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building basics Aircraft Control Cables, Part 1 Background and manufacture Dr. J.M Thorn & T.C. Hagovsky, Purdue University



C



ontrol cables are easily one of the most overlooked parts on an aircraft. When the system works properly, control cables are quiet, efficient, and reliable. While the proper rigging of the control surfaces can sometimes prove a source of annoyance for pilots, builders, and mechanics, cableoperated control systems have a reputation for working properly for years with few problems. Aircraft cable is called “wire rope” by the companies that make it. Wire rope can be used for everything from securing radio towers to towing ships. Much of the published data for making cable ends and the part specifications for cable ends actually dates back to the early telegraph and telephone companies. All aircraft control cable is manufactured basically the same way: strands of fine wire are spun together in a spiraling fashion. The composition of the strands and the number of bundles of the strands is one way to identify cable types. The designation indicates the number of bundles and the number of strands in the bundle. For example, 7 x 19 cable means it has seven bundles wrapped together, with seven strands in each bundle. A 1 x 7 cable has one bundle of seven strands, and 1 x 7 or 1 x 19 cables don’t bend well, which is why they are called “nonflexible.” While this cable doesn’t bend well



around pulleys, it might be used for biplane bracing wires or as the drag wires inside the wing, where all the wires have to do is pull in a straight line. Cable made of smaller strands in more bundles gives it the flexibility to bend around pulleys and fairleads. The most common aircraft types 7 x 7 (flexible) and the 7 x 19 (extra flexible) cable. The smaller diameter wires allow the wire to bend without putting as much compression or tension strain on the individual wire. On a large diameter



wire the large volume of material being compressed and pulled simultaneously during a bend causes it to fatigue and break. Smaller diameter wires do not have as much steel to be compressed or stretched during a bend, so the strain on the steel is not as great. Aircraft cables may come with a nylon coating. When exposed to the environment cables often pick up contamination like dirt. They are also susceptible to internal corrosion as humidity, rain, or salt-laden air penetrates the bundles. Dirt acts



A deconstructed 7 x 19 cable shows the seven separated bundles.
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building basics as an abrasive in cables as they bend around pulleys, wearing on the individual strands. The nylon coating helps protect the strands from contamination. Coated cable is reputed to have greater life span than that of bare cable. For aircraft in relatively clean conditions, the life of a bare An example of a straight shank Kerney® fitting can be seen where cable may be sufficient. For aircraft cable ends are attached to turnbuckles. operating in harsh environments— such as sandy or salty conditions— cations concerning the ductility of does not come from one of these the nylon-coated wire may be nec- the steel (how many times can you manufacturers, it is not MIL SPEC essary. bend it before it breaks), how well certificated. It may be “equivalent The steel in the cables should not the coatings stick, the breaking to” MIL SPEC, but it is not MIL have magnetic properties and strength, stretch limits, perform- SPEC. should not have a tendency to ance at high and low temperatures, There are two other requirements develop magnetic properties and resistance to common chemi- worth mentioning. Aircraft cables because this can attract contamina- cals used in aircraft. must be lubricated during manufaction that causes strand wear affect To identify the cable’s manufac- ture. This allows the individual compass deviations. Cables made to turer, each company weaves in a col- strands to slide against each other as military specification, or MIL SPEC, ored thread: Continental Cable Co. they bend around a pulley. Without (see box) called MIL-C-18375, have (red and blue), Gustav Wolf Rope & this lubricant, the strands tend to better non-magnetic properties Wire Factories (brown and white), wear quickly and the cable can fail compared to MIL-W-83420 cables, Loos & Co. (red and yellow), Strand from the inside of the bundle outeven though the 18375 cables are Core Inc. (black and green), Wire ward. Typically the most wear on not as strong. Rope Corp. of America Inc. (red and cable strands occurs inside the cable Cables can be made of corrosion- white), and Carolina Steel & Wire bundles. resistant (stainless steel) or regular Corp. (red and orange). If a cable An endurance test is the other carbon steel. The non-corMIL SPEC requirement. Figure 1. rosion steel cable is made Placed in a test rig under from regular carbon steel a load, the cable endures and is hot dipped or eleca specified number of troplated with either zinc cycles to see how long it or tin over zinc to provide takes for the cable some measure of corrostrands to begin breaksion protection for the ing. Figure 1 shows how 16 inch diameter drum strands. All cables used in the MIL SPEC requires 13.5 inches oscillating at 120 certificated aircraft are the test rig to be arranged minimum reversals per minute supposed to be manufacand the amount of tentured to MIL SPEC stansion the cable must hold 11.5 inch diameter minimum dards. MIL-C-18375 and at the conclusion of the MIL-W-83420 (now test. The endurance test known as MIL-DTLensures that the cable 83420) cover the requirewill bend a minimum ments for flexible wire number of times before Test rope. strands begin to break. Load The cable’s diameter, Think of bending a surface smoothness of the wire coat hanger until it strands, the tightness of breaks, and then considNumber of Breaking strength the strand wrap, and how er the operation of an Construction Reversals after test Test Load Cable Diameter 7X7 70,000 216 5.0 the strands are to be aileron cable. On a typi1/16 7X7 70,000 420 9.0 3/32 7X7 70,000 780 18.0 wrapped is specified. All of cal Cessna 150 flight, let’s 1/8 7x19 130,000 1,200 24.0 5/32 7X19 130,000 1,740 37.0 these can affect the ability say you make an aileron 3/16 7X19 130,000 2,280 50.0 7/32 7x19 130,000 2,940 64.0 of a cable end to hold on input once every five sec1/4 7X19 130,000 3,660 78.0 9/32 7X19 130,000 4,560 90.0 to the cable during swagonds. That’s 12 times a 5/16 7X19 130,000 6,600 120.0 3/8 ing. There are also specifiminute, 720 times an 98
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hour, and if the airplane has flown 4,000 hours on the same cables, those wire ropes have flexed around their pulleys 2.88 million times. There is a pretty good chance the wire coat hanger would not have lasted that long! For any mechanic or homebuilder, the new FAA Advisory Circular 43.13 section on cables and cable ends is a useful document. People who first look at the tables in Section 8 in Chapter 7 can occasionally get confused as to what the tables mean. Tables 7-3 and 7-4 tell the diameter of the cable, the tolerance for variations in cable diameter, and the rated breaking strength of the cable. Table 7-3 provides data for flexible cable, and Table 7-4 provides the same data for non-flexible cables. These are the tables to be referenced when deciding what proof load to apply to cable ends after they are swaged onto cables. These tables are the guidelines that should be used for finding the rated



strength of the cable. When ends are swaged onto cables, AC 43.13 specifies that 60 percent of the cable’s rated breaking strength must be applied to the cables and the cable ends—consistent with the MIL SPEC instructions for cable end attachment. Table 7-5 provides data for straight shank terminals, which attach cables to turnbuckles. There are several different types of these



What is MIL SPEC? Military Specifications have served as the central collection point of accumulated knowledge on many technical areas—both military and civilian. This became apparent in 1992 when Secretary of Defense William Perry mandated their elimination. Over the following 10 years it became apparent that while many unnecessary specifications could go away (i.e., the U.S. Army was unlikely to need large numbers of cavalry saddles any time soon), other MIL SPECs were still necessary to ensure that aircraft parts would continue to be manufactured to a standard based on the 100 years of testing and collected data. Without conformance to MIL SPECs, some products began to be made with subtle (or not so subtle) variations, which all too often created unforeseen and undesirable failures in the materials. In recent years the policy of eliminating all Military Specifications has been re-evaluated, and many critical specifications have been reinstated. EAA Sport Aviation
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kinds of terminals. Table 7-5 also gives breaking strength data, which is the rated breaking strength of the swaged on cable ends—not the cable itself. In some cases the rated strength of the cable and the cable end may be the same, and in some cases it may not. The rated breaking strength of the cable from Tables 7-3 and 7-4 should be used for the 60 percent proof-loading test. Table 7-5 refer-
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building basics ring to the straight shank cable ends provides other critical data concerning the proper diameters and length of the terminal ends being used. The diameters of ends before and after they are swaged are given. Swaging refers to the squeezing of the cable ends onto the cable using a tool specifically designed to compress the cable end a predetermined amount. If the terminal ends do not meet



the diameter and length limits specified in AC 43.13, do not install the cable. If the terminal end diameter is not small enough or the terminal length is not long enough, it could mean that the wrong terminal end has been used, the cable is the wrong size, or the wrong size tool has been used to swage it. These problems could arise because the technician has accidentally selected the wrong size parts or tools. The problems



could also be that the parts have been manufactured incorrectly. Next month, we’ll discuss swaging techniques and troubleshooting of control cables. References Department of Defense (2000). Qualified Products List of Products Qualified Under MIL-DTL-83420 Wire Rope, Flexible, for Aircraft Control (QPL-83420-10). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 Department of Defense (2000). Wire Rope, Flexible, Type I, Composition A (MIL-DTL-83420/1B). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 Department of Defense (2000). Wire Rope, Flexible, Type I, Composition B (MIL-DTL-83420/2B). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 Department of Defense (2000). Wire Rope, Flexible, Type II (Jacketed), Composition A (MIL-DTL83420/3B). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 Department of Defense (2000). Wire Rope, Flexible, Type II (Jacketed), Composition B (MIL-DTL83420/4B). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 Department of Defense (2001). Wire Rope, Flexible, Corrosion-Resisting, Non-magnetic, for Aircraft Control (MIL-DTL-18375F). Standardization Documents Order Desk, 700 Robins Avenue, Building 4D, Philadelphia, PA 19111-5094 U.S. Department of Transportation; Federal Aviation Administration (1998). Aircraft Inspection, Repair & Alteration: Acceptable Methods, Techniques, and Practices (AC43.131B/2A). Washington, D.C. Government Printing Office.
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building basics Swaging & Troubleshooting Aircraft control cables, part 2 Dr. J.M Thorn & T.C. Hagovsky, Purdue University



T



he new FAA Advisory Circular 43.13-1B/2A, “Acceptable Methods, Techniques, and Practices,” contains simplified and more understandable sections on cables and cable ends that will benefit mechanics and homebuilders alike. In Chapter 7, Table 7-3 (flexible cable) and 7-4 (non-flexible) tell the respective cable’s diameter, the tolerance for diameter variations, and rated breaking strength. Table 7-5 provides data for straight-shank terminals, which attach cables to turnbuckles, and for swaged-on cable ends, not the cable itself. In some cases the rated strength of the cable end and the cable itself may be the same, and in some cases it may not. Table 7-5 referring to the straight-shank cable ends provides other critical data concerning the proper diameters and length of the terminal ends being used. The diameters of ends before and after they are swaged are given. Swaging is the process of squeezing the cable ends onto the cable using a tool specifically designed for the job. Using a hammer or pliers to compress a cable end is not sufficient and will not properly attach a cable end to the cable. Also, use Table 7-5 to ensure you’re using cable ends of the proper diameter. If the terminal end diameter is not small enough or if the terminal length is not long enough, it could mean that you’re using the wrong terminal end, the cable is the wrong
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size, or the wrong size tool has been used to swage it.



Kerney System



Kerney swagers are expensive, starting at $2,500 for manual models to more than $10,000 for those powered by hydraulics. Even small airframe and powerplant (A&P) shops don’t often have them. If you need Kerney cable ends, look for premade cables or find a larger maintenance operation that has one.



As discussed in AC 43.13, the Kerney system swages straight-shank terminal ends onto the cable using a special tool that passes the terminal ends between two precision diameter cams, compressing the terminal with several thousands of pounds of Nicopress System pressure. For aircraft use, a Kerney The Nicopress cable swaging system swager is the only permissible way to attach a straight-shank terminal to a cable. The tables show that the terminal ends swaged onto cables using this system hold up to, or beyond, the breaking strength of the The eye and thimble of the Nicopress system. cable itself.



Broken strands from inside the cable can eventually become exposed and can be found by running a shop towel across the cable.



This Kerney swaging tool is passing a turnbuckle end between its two compression cams. makes the looped cable ends by squeezing a copper thimble onto the cable, and AC 43.13 gives examples of many ways you can use these cable ends, which are capable of



A Nicopress swaging tool makes a single swage on a 3/32 cable thimble.



holding the cable’s full rated breaking strength. Another benefit is that the Nicopress swaging tool is relatively inexpensive compared to the Kerney system. For less than $300



you can find a swager that can support up to four different cable diameters, and it includes a go/no-go gauge to measure the post-swage thimble diameters.
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building basics AC 43.13 Tables 7-6 and 7-7 provide several different yet very important pieces of information regarding thimble swages: the before and after swaging diameter of the components. They also provide the rated breaking strength of the swaged ends and data for what swaging tool to use for which size cable. In its part number, each copper thimble has a letter designator unique to the cable size. For example, an 18-2G thimble is for 3/32 diameter cable. To properly compress the thimble the swaging tool must have jaws with a G designation. Table 7-6 provides the letter designator for the thimble size, even if the package the thimbles come in does not, and the letter is stamped on the jaws of the swaging tool.



ated by weaving the cable strands back into the cable itself, a process first used on the lines that festooned sailing ships. After making a loop in the cable, the body of the cable was twisted open, and the individual strands of the cable end were woven into the body of the cable. Once that was done, small diameter safety wire was wrapped around the woven section to secure the woven strands in place. The new version of AC 43.13 no



longer recognizes this as an acceptable maintenance practice. The woven eye is only rated for 75 percent of the cable’s rated breaking strength, and that rating is heavily influenced by the technique of the person weaving the eye. Because of the simplicity, low cost, and reliability of the Nicopress swaging system, builders and restorers would be well advised to avoid woven loops on all aircraft except historically correct museum aircraft.



Woven Cable Ends
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These straight shank Kerney fittings connect cable ends to turnbuckles.



C L A S S I C S • WA R B I R D S • R O T O R C R A F T • C U S T O M B U I LT S • U LT R A L I G H T S • A N T I Q U E S



ARLINGTON N



O



R



T



H



W



E



S



T



E A A F LY- I N The West’s Premier Sport Aviation Event



2004 Airshow Everyday Young Eagles Flights Special Guest Speakers Homebuilder’s Workshop Aircraft Judging & Awards Exhibits • Forums • Fly Market Night Airshow • Runway Theater



JULY 7-11 Information • Tickets • Camping Reservations Now Available Online at:



w w w. n w e a a . o r g ph: (360) 435-5857 • fax: (360) 435-6480 4700 188th St. NE • Arlington, WA 98223 Paid for in part by a grant from the Snohomish County Hotel-Motel tax fund.



C U S T O M B U I LT S • U LT R A L I G H T S • A N T I Q U E S • C L A S S I C S • WA R B I R D S • R O T O R C R A F T



MAY 2004



CLASSICS • WARBIRDS • ROTORCRAFT • CUSTOMBUILTS • ULTRALIGHTS • ANTIQUES



CLASSICS • WARBIRDS • ROTORCRAFT • CUSTOMBUILTS • ULTRALIGHTS • ANTIQUES



The old version of AC 43.13 included a loop and eye type cable end cre-



Proof Loading In paragraph 7-146, AC 43.13 requires a cable end to be proof loaded, or stretched, to verify its integrity. The test requires a measured load of 60 percent of the cable’s rated breaking strength be applied to the cable for three minutes. Both of these numbers are important. The amount of pull on the cable must be high enough to cause a failure of an incorrectly assembled end, but not so high that it damages the cable or end. The three minutes is important because it may take that long for the cable end to pull out. If the cable end fails the proofloading test, re-examine the process used, the tools used, the part numbers of the parts, and finally the preswaging dimensions of the parts used. A cable that is just barely undersized or a fitting with just a slightly thin wall thickness can reduce the holding power of the cable end by a significant amount. The mechanisms for proof loading cables can be as creative as the person making them, but the bottom line is reaching the 60 percent figure. In shops specializing in cable assembly, there are hydraulic benches with calibrated gauges that can pull smoothly on the cable ends to just the desired amount of tension. Most builders don’t have such a system, so they can stretch the cables between opposite walls, from the roof rafters, or between two tiedowns on the ramp. No matter what system you devise, keep the cable clean. The lubricant on cable picks up sand and dirt from the floors and ramp and can cause abrasion of the cable. Second, accurately measure the tension on the cable with a tensiometer or a hydraulic gauge attached to the hydraulic cylinder pulling on the cable. When applying the tension, make it smooth, steady, and consistent. A jerking or non-uniform tension on the cable can cause damage to the cable or the ends. Finally, be careful to not dent, deform, or damage the cable EAA Sport Aviation
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in any way. Cable pulls are usually done in a straight line, but there are ways to wrap the cable around a drum to reduce the distance between the ends. When wrapping cable around anything, avoid sharp corners that could make indentations in the cable. Don’t let the cable cross over itself, because that also causes indentations. Any of these conditions are grounds for rejecting the cable, even if it does not look “bad.”



Troubleshooting Even minor damage to cable strands can significantly reduce the cable’s strength, and older cables lose strength over time due to fatigue and corrosion. Internal corrosion may be the most damaging, and it’s difficult to detect. If there is external corrosion, suspect internal corrosion as well and inspect the cables for slight bulges. Internal corrosion causes the strands to expand the cable diameter from the inside out. Replacement is the only
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building basics way to “fix” cable corrosion. Broken strands can also weaken control cables, and the easiest way to find them is to run a shop towel along the cable. Broken strands work their way out of the middle of the bundle and protrude, snagging on the shop towel. Don’t run your bare hand along the cable because rusty broken strands are sharp and can lead to unpleasant cuts and unscheduled tetanus shots. AC 43.13 also recommends that uninstalled cables be twisted open slightly and examined with a 7X magnifying glass to look for worn, corroded, or broken strands. This is a judgment call, and it might actually be less expensive to simply have a new cable made. Cables are supposed to bend freely. A cable that feels stiff and makes a crunching sound when flexed is another sign of internal corrosion. If the cable wears a nylon jacket, and that jacket is cracked or



the cable diameter is narrower at some point, reject the cable. A cracked jacket allows contaminants to reach the cable, and a narrower diameter can indicate broken strands. Because you can’t inspect the individual bundles and strands in a nylon-covered cable, any damage to the nylon may be the only indicator of cable damage. AC 43.13 provides easy to understand criteria for the inspection of aircraft cables in paragraphs 7-149. Illustrations provide a guide for the amount of allowable wear where cables rub on fairleads, pulleys, and rubber gap seals. As a general rule, replace cables when individual strands are worn to the point where individual strands appear to be blended together, which usually occurs when 40 percent to 50 percent of individual strands’ diameters are worn through. Inexpensive and easy to repair, cables and their ends are among the



best deals in aviation. Cables typically run from 20 cents to 40 cents per foot. Straight-shank terminals are $5 to $10 each, and you can make loop-and-thimble ends for less than $1 each. Even if a homebuilder has to pay to have Kerney ends swaged on to cables, that cost is minor. Ends can be swaged on and tested in less than an hour, so there’s really no good excuse for having worn, corroded, or damaged cables on an aircraft. Properly constructed cable systems using proper hardware are some of the most reliable systems on the aircraft. To guarantee this, use Mil Spec cable. It is even better if the cable comes with FAA Form 8130, which verifies aircraft quality parts. Do not use cable from the hardware store, and be wary of cable made “equivalent to Mil Spec.” The issue there becomes who has made the determination of equivalency and what exactly does equivalent mean?
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