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The Art of Stopping The brake system seems to be one of the forgotten parts of aircraft maintenance Jeff Simon



A



ircraft brake systems rarely get the respect they deserve. To most aircraft owners, preflight checks and routine maintenance apply to the components that keep them in the air, such as spark plugs, magnetos, oil, etc. Unfortunately, they often gloss over the things that help them get back down safely. A common cause of accidents and incidents on the ground is brake failure. That’s a shame because most brake failures could have been easily prevented if only the proper inspections and maintenance had been performed. On most aircraft, the major brake system components are easy to access and inspect. At most, you may have to remove the wheel pants to expose the brake calipers or slide upside down under the panel to inspect the master cylinders at the pedals. On certificated aircraft, brake maintenance is not a legal owner-maintenance task. However, it makes sense for aircraft owners to fully understand the operation and maintenance of the aircraft’s brake system. This way they can do a much better inspection prior to flight and spot minor problems before they become major ones. While many types of aircraft brake systems exist, the most common by far are the Cleveland (Parker Hannifin) systems used on most Cessna, Piper, Beech and Grumman aircraft.



The basic design is simple: When a brake pedal is depressed, a master cylinder attached to the brake pedal forces hydraulic fluid through the brake lines to the brake caliper at the wheel. A slave cylinder in the caliper then expands and causes a clamping force on the brake disc, which is sandwiched between two brake pads in the caliper. Since differential braking is critical to the operation of many aircraft, there are two separate brake systems—one for the left brake and one for the right. In light aircraft, it’s a simple plumbing affair, really, with none of the complications of automotive braking systems such as power assist pumps. Hydraulic fluid is supplied to the master cylinders from a reservoir. In many cases this is an internal reservoir, but in some aircraft, such as some Pipers, the master cylinders are supplied by a reservoir mounted on the firewall or some other convenient location.



Because the hoses are deteriorating from the inside out, there may be no signs of impending failure before the hose bursts.
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Points of Failure Hydraulic fluid leaks. As long as the system stays sealed and intact, it’s fairly bulletproof. However, wear, age, and corrosion all take their toll, and there are many potential points of failure that must be inspected and maintained. The most common failure in aircraft braking systems is loss of fluid. Hydraulic fluid is noncompressible, and



moving parts. If these O-rings deteriorate or tear, they lose the ability to hold this seal and fluid will leak through. Flexible brake hoses are another point of failure. Most hydraulic hoses should be replaced every five years. As these hoses age, they can deteriorate from the inside. Small pieces of rubber can flake off and contaminate the system. In addition, because the hoses are deteriorating from the inside out, there may be no signs of impending failure before the hose bursts. Hard lines are just as vulnerable. In this case, the enemy is corrosion, fatigue and wear. Corrosion can come from the outside or the inside. The outside of the lines should be carefully inspected for cracks, corroAs the piston in the caliper expands, the brake disc is clamped sion or fretting between the floating pressure plate and the backing plate. wear at each place the lines contact another component. The inside of the lines can corrode as well if water or other this is the key to a positive connection between the brake pedal and the wheel. Air, on the other hand, can be compressed easily. Anytime that hydraulic fluid is leaking out, chances are that air is leaking in. The result is, at best, a spongy feeling when pressing the brake pedal. At worst, it can be a complete loss of braking capability. The fault first shows up as the need to apply different pressure to each brake pedal to brake evenly. The pedals may or may not appear uneven when the airplane is at rest. There are many reasons leaks develop in the system. Within both the master and slave cylinders there are O-rings that provide the seal for the



contaminants enter the system. The best preventive maintenance is to change the fluid on a regular basis. Aluminum brake lines are rarely replaced until they show signs of failure. The problem is that in some installations, even these hard lines must flex when in use. Over the years, this flexing causes metal fatigue and can eventually result in failure under pressure. Mechanical Failures. Most mechanical failures occur at the wheel and caliper. Again, wear and corrosion are the culprits. The brake caliper and pressure plate have to move in order to clamp down on the brake disc. Two smooth pins on the caliper fit through a bracket (or torque plate) attached to the axle. If these pins become corroded, the caliper will stick and will not operate properly. There are two brake pads on each caliper. One is riveted to the back plate and the other is riveted to the floating pressure plate. If these pads are allowed to wear beyond their limits, the rivets can scrape against the disc and the linings can crack and fail.



Brake discs can corrode both on the disc surface as well as where the disc turns to attach the wheel.
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Using the proper tool makes proper brake lining removal and installation a snap.



The final mechanical failure is one of the disc itself. The friction surface of the disc can become rusted and pitted if the aircraft sits for long periods of time without flying. Every time the brakes are used in normal operations, the brake pads naturally clear the disc of light rust. When the aircraft is not flown for some time, this light rust can progress into serious damage. And the disc surface is not the only area susceptible to failure. In some cases, corrosion at the joint where the disc surface turns to enter the wheel can become so serious that the entire disc is in danger of falling apart.



Brake Maintenance Most types of brake maintenance are fairly simple. The most common maintenance task is replacing the brake linings that wear over time. In automobiles, brake linings are permanently attached to metal backing plates and the entire assembly is disposable. On aircraft, the linings 92
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are riveted to permanent parts of the caliper assembly. In order to replace the linings, the old ones must first be removed. This is a good example of the importance of using the right tool for the job. Most aviation tool supply houses sell low-cost brake-riveting tools that are specifically made to punch out the old rivets and press in the new ones. I bought mine from Aircraft Tool Supply for less than $25. These tools are very simple to use. Simply position the backing or pressure plate in the tool and screw down the shaft until the rivet is carefully punched out. Reinstallation of the new linings is just as simple. Remove the punch-out adapter from the tool, place a new rivet in the hole through the new liner and twist the shaft until the rivet is properly set. The problem with not using the proper tool is that it is very easy to elongate the rivet holes and damage the pressure or backing plates. Also,



maintenance & restoration if you set the rivets with a hammer, you can easily crack the brake lining. Since aircraft parts are rarely inexpensive, spending $25 on the proper tool is a good investment. Be sure to consult the manufacturer’s manual for the proper break-in procedures for new brakes. It’s very important to get the new linings properly seated so that you’ll have maximum braking when you need it most. Brake Disc Replacement. You’ll need to consult the manufacturer’s maintenance manuals in order to determine the wear tolerances for your brake discs. However, rusted, pitted or warped discs should always be replaced. Replacing the disc is as easy as changing a tire. (Actually it’s easier.) Remove the wheel from the aircraft and deflate the tire completely. This step is critical to your safety! You’ll need to remove the through bolts in the wheel in order to remove and replace the disc. Any air pressure in the tire could cause the wheel to blow apart in your face as you remove the bolts, so be very careful. One of the strange idiosyncrasies of the FARs is that, while changing a tire on a production airplane is considered preventive maintenance, changing a brake disc is not. So you can legally disassemble the wheel, set the brake disc aside, change the tire, and reassemble everything without an A&P sign-off. However, if you happen to reassemble the wheel using a new disc, you’ll be in violation without the supervision of an A&P. There are many different types of discs on the market today, including chrome discs that resist corrosion. Before selecting a new type of disc for your aircraft, be sure to consult the brake manufacturer to ensure compatibility of the brake disc and the brake lining. While some discs may resist corrosion better than others, they often have different braking properties as well. Bleeding the Brakes. As we discussed earlier, air in the brake system can dramatically reduce braking effectiveness. The problem is that anytime you replace a component in the system, you’ll be letting air into the system. The only way to purge the air from the system is to “bleed” the brakes. Bleeding the brakes entails forcing new hydraulic fluid through the system, flushing out all of the air. Unfortunately, it’s not always as easy as it would seem. For one thing, aircraft designers are not known for their attention to future maintenance access. For this reason, you may find that you’ll need one person under the panel at the brake pedals and another one down at the brake caliper. If you have a choice, choose to be the one outside the plane. The guy under the panel often comes out cranky and covered in brake fluid. Because air rises, the most effective way to flush the air out of the system is to force pressurized fluid up from the caliper, through the lines and into the master cylinder. 94
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The replaceable brake linings are riveted to the pressure plate and the backing plate.



The floating pressure plate rides on these two pins. If the pins corrode, the caliper will stick and braking will be compromised.



This is usually done by attaching “pressure pot” to the bleeder screw on each caliper. Of course, you’ll need a place for the excess fluid to go. If you have master cylinders with built-in reservoirs, you’ll need to attach a hose to the top of the cylinder at the fill hole. If you use a clear hose, you can watch the exiting fluid and see when there are no more bubbles coming out of the system. This entire process will have to be done for both the left and right wheels. Once the lines have been bled, reseal the bleeder screw and remove the pressure pot. Then, before putting everything away, test the brakes multiple times to ensure that they are firm and no air is left in the system. Sometimes you may need to bleed a system more than once to get all of the air out. If repeated attempts still leave air in the system, you may need to bleed fluid from many different points in the system. This can be done by bleeding through hose fittings, one at a time, while the system is under pressure. Carefully loosen each fitting until fluid starts to leak out, let enough fluid flow to force any trapped air out of the joint, and tighten the fitting. High points in the brake system are often the most challenging areas from which to purge air. Remember, getting the aircraft safely stopped is as important as getting it into the air. With a good dose of preventive maintenance, brakes can be one of the most reliable systems on your aircraft.



Jeff Simon is the president of Approach Aviation, a provider of educational products, tools and supplies for aircraft owners. To learn more about aircraft ownership and maintenance, visit www.approachaviation. com, or call 877/564-4457.
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