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Craft & Technique: Torque Wrench Care - Size

When you use any wrench, you have a feel for how tightly ... Most wrenches, though, were sent in just to verify they were .... writer and consultant based near. 
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craft & technique Torque Wrench Care For precision and accuracy T I M K ERN



M



ost of the time when using torque wrenches, it’s not so much the torque we’re interested in; it’s the amount of tension or crushing force we’re exerting on the assembly through the tightening of the fastener. Because the threads, materials, and finishes in highquality nuts and bolts are standardized, a given amount of torque, or twisting force, on a given threaded fastener will produce a fairly consistent amount of tension in the fastener. Because it’s difficult to directly measure the tension in the fastener, we do the next best thing: check the torque applied to the nut. Different thread designs exist for different purposes. A relatively porous aluminum casting, for instance, will generally get a deeper, coarse thread necessary in the softer material, while a rolled plate or a steel bolt and nut, to provide the greatest strength, will be fine-threaded, maintaining the largest amount of metal in the parts. Measuring the tension in either case will keep the tension from being so low that the full strength of the fastener isn’t being used, or so high that the fastener or whatever it’s clamping may be deformed. Applying a precise amount of torque to the assembly will yield an optimum solution. A fastener can deliver its optimum strength only with the correct tension. Thus it follows that the bestmaintained structures may be built with fasteners that are as light as possible. The trade-off is that significant care must be used in assembly and maintenance. Since aircraft 102
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are designed closer to optimal (as opposed to, say, your wheelbarrow), aircraft fasteners need more attention. A good torque wrench will deliver a predictable amount of torque to a fastener, time after time. A simple “bar” torque wrench uses a stiff handle and an indicator with a free end. As more torque is applied to the work, the free end of the indicator shows the amount of bend in the handle, giving a reasonable indication of the torque being applied. A more sophisticated device uses a compression spring to hold the drive head of the wrench in position inside a hollow tube



A precise torque wrench will “snap” at exactly the same torque setting, time after time.



handle. When sufficient torque is applied to the head, the compression spring can no longer hold all the internal parts in alignment and the parts “snap” out of line, indicating that a preset torque has been reached. Because these parts are more consistently made and quality-controlled, and because the design is more protective of the critical parts, the “snap” torque wrench and its derivatives are favored by professionals. There are two parameters we must consider: precision and accuracy. A precise torque wrench will “snap” at exactly the same torque setting, time after time. An accurate torque wrench will “snap” at the torque that it is set to, but



maybe a little over one time and a little under the next. Is precision or accuracy more important? This is aviation, so the answer is “both.”



How Do You Know It’s Working? When you use any wrench, you have a feel for how tightly you’re twisting the nut. If you do a lot of work with a particular size and type of fastener under controlled conditions, your hands will eventually become extremely accurate in judging torque. A good mechanic will often apply an adequate torque, but the more critical the assembly (and aircraft assemblies are critical!) the more important is getting the right torque on the assembly. A torque wrench is essential. When we work on our own experimental, amateurbuilt airplanes, we are not required to use calibrated torque wrenches or to ever calibrate them. But it’s a good idea to know what we should do to ensure our wrench’s accuracy and protect its precision. The only way to know your torque wrench is working properly is to have the torque wrench calibrated, or professionally checked. A metrology lab is the place to send it. While visiting James M. Cox Dayton International Airport (DAY), Dayton, Ohio, I was invited to nearby Tool Testing Lab (TTL), a broad-service metrology lab where 60 percent of its business is testing torque wrenches and transducers up to 2,500 foot-pounds (the twisting force exerted by a 2,500-pound mass at the end of a foot-long lever). Robb Thomas, TTL’s lab manager, said the most common repairs are on misused, damaged, or dropped tools; some lived in difficult environmental situations, and some had stripped ratchets. “You get what you pay for,” Robb said.



The most common repair is of stripped ratchets. “You generally get what you pay for,” says TTL’s Lab Manager, Robb Thomas.



When you send your torque wrench in for calibration, the first and last steps determine how close to perfect the wrench is calibrated. This bench can test up to 2500 foot pounds.



Most wrenches, though, were sent in just to verify they were working properly. For all the sophistication of the test equipment, the basic torque wrench is a simple device, so its calibration is straightforward. Allowing variances in manufacture means that whatever inevitable errors are built into the wrench are, in the calibration phase, placed as near the middle of the range as practical, so that, overall, errors are minimized. And for the wrench to be certified, no error throughout the tool’s range may exceed manufacturers’ tolerances. (See sidebar.)



Old-tech equipment like this precision optical comparator is as accurate as ever; it can measure .0001-inch differences.



EAA Sport Aviation



103



craft & technique



When the calibrated torque value is exceeded, the compression spring can no longer hold all the parts in alignment, and they “snap,” hitting the hollow handle and producing the familiar “click.” Here, the parts have been lined up in an exaggerated fashion, to illustrate what happens.



Get Into the Loop!



Torque is applied and measured in both directions. Readings are used in calibration and kept for certification records.



Subscribe to e-Hot Line, EAA’s free weekly members-only electronic newsletter



To start receiving e-Hot Line this week, visit the members only site at www.eaa.org, or simply click on the “Subscribe to e-Hot Line” box on the home page.
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TTL sells pro-grade torque wrenches and can recondition many brands; it also sells and services tensiometers, so you’ll know your cables are under proper tension. The firm’s other services include mechanical-gauge size verification (down to a millionth of an inch); electronics-instrument testing; cable and thermal (thermocouple) testing and verification; some weights and measures…well, you get the idea. For reference, torque wrench calibration fees run from $31.50 (1/4inch drive) to $115 for a 2,500 footpound, 1-inch drive unit. Your typical



half-inch ratchet-drive wrench will be tested, calibrated, and certified accurate for $41.50.



Torque Wrench Dos and Don’ts: • Don’t use a torque wrench to break nuts loose. • Don’t use a torque wrench beyond its setting or limits. • Don’t drop it. • Don’t use it as a pry bar, hammer, doorstop, or other unintended use. • Do reduce the tension on a torque wrench when you’re through using it, but…



Torque Wrench Types and Typical Tolerances Contributed by Robb Thomas, Lab Manager, Tool Testing Lab
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ost of the torque wrenches being used on aircraft are the same units that car mechanics are using in auto shops. Most are made to American National Standards Institute or American Society of Mechanical Engineers specs. Airline mechanics generally use the same makes and models as other professional mechanics, but their wrenches are tested on a regular cycle, using measurements that trace back to the government through an unbroken chain. It pays to hear an explanation of torque tolerances:



Click type: Some are certified in both directions; some are clockwise only. They may be 3 percent in both directions or have different tolerances in different directions—4 percent clockwise and 6 percent counterclockwise, for example. This is based on the manufacturer’s specs. Dial type: Most are certified in both directions, with a typical tolerance of 2 percent both ways. Digitals: They are much like the click type when it comes to tolerance, even though in general they tend to be a bit more accurate.



• Don’t “unwind it all the way,” especially beyond its lowest calibrated setting.



Tips and Wisdom From the Fastener Industry



Here, a TTL tensiometer is being tested against a known cable at a known tension. Proper cable tension is key to longevity, smooth operation, and safety of many primary flight controls.



Most of these caveats are of more importance when the fastener is used in tension rather than in shear. • Bolts (or studs), nuts, and washers are designed as sets. Don’t mix different grades. • Nuts are softer than their corresponding bolts or studs, and they wear out sooner. Wear occurs each time a nut is tightened. Ideally, you should not reuse nuts in tension applications. • Washers are designed to deform, once. Don’t reuse washers. Use a washer under every nut. • When you have the choice, don’t turn the bolt head; turn the nut. • Don’t bottom the nut on the threads of the bolt. EAA Sport Aviation
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craft & technique Unless otherwise specified, torque ratings are given for new, dry, clean assemblies. Oil, water, sweat, dirt, or an anti-seize or anti-corrosion coating on the threads will change the required torque. Consult both the fastener and the coating manufacturer before torquing. Some final advice when using a torque wrench: “Checking the torque” does not mean tightening it more. Always use safety wire where called for.



Tim Kern is a private pilot and certified aviation manager as well as an aviation writer and consultant based near Indianapolis. You can find him online at www.TimKern.com.



A Metrology Lab Near You TTL was kind enough to let us into its lab, but there are many metrology labs that can help you, if you know where to look. Here’s where to look: The Thomas Register (www.ThomasNet.com) is a favorite industrial source for metrology labs. A quick browser search of “torque wrench calibration service” will also yield a number of possibilities, and adding your location will narrow it down very quickly. Just be sure the service is certified before you send your tools to what could be an unknown lab.



Tool Testing Lab Inc. 11180 North Dixie Dr. Vandalia, OH 45377 937-898-5696 www.TTLCal.com
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