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Preface

he Standard Aircraft Handbook for Mechanics and Technicians, Eighth
Edition, is presented in shop terms for the mechanics and technicians

engaged in building, maintaining, overhauling, and repairing metal and
composite aircraft. It is also useful for the student mechanic, who must
acquire the basic mechanical skills fundamental to every technical specialty.

This handbook is a relatively complete guide to all basic shop practices,
such as use of basic tools, drilling, riveting, sheet-metal forming, use of
threaded fasteners, and installation of plumbing, cables, and electrical
wiring. Chapters on nondestructive testing (NDT) and corrosion detection
and control provide a guide to advanced technology inspection and
detection equipment, techniques, and procedures.

For the eighth edition, the authors updated all existing chapters with new
relevant information and figures to reflect current technologies, hardware,
and materials used for aircraft maintenance. New sections were added to
Chap. 2 to provide information about wood structures and welding
techniques. Two new chapters were added to the handbook to provide
information about aircraft weight and balance and Federal Aviation
Administration (FAA) regulations and aircraft inspections.

The information presented in this handbook was obtained from
techniques and procedures developed by various aircraft and equipment
manufacturers and is in general compliance with manufacturing
specifications.

This handbook is not intended to replace, substitute for, or supersede any
FAA regulations, shop and quality-control standards of an aircraft
manufacturer, repair station, or manufacturer’s maintenance manual.
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CHAPTER 1
Introduction

any aircraft configurations have been built, such as flying wing,
tailless, canard, and biplane; however, the basic airplane configuration

consists of a monoplane with a fuselage and tail assembly. See Figs. 1-1 and
1-2.

FIGURE 1-1 Major components of a piston-engine–powered light airplane.



FIGURE 1-2 Major components of a turbine-powered airliner.

Although other construction methods are, or have been, used, such as
wood, fabric, steel tube, composites, and plastics, the basic all-metal
aluminum alloy structure predominates with steel and/or titanium in high-
stress or high-temperature locations.

The airframe components are composed of various parts called
structural members (i.e., stringers, longerons, ribs, formers, bulkheads, and
skins). These components are joined by rivets, bolts, screws, and welding.



Aircraft structural members are designed to carry a load or to resist stress.
A single member of the structure could be subjected to a combination of
stresses.

In designing an aircraft, every square inch of wing and fuselage, every
rib, spar, and each metal fitting must be considered in relation to the
physical characteristics of the metal of which it is made. Every part of the
aircraft must be planned to carry the load to be imposed upon it. The
determination of such loads is called stress analysis. Although planning the
design is not the function of the aviation mechanic, it is nevertheless
important that he or she understand and appreciate the stresses involved in
order to avoid changes in the original design through improper repairs or
poor workmanship.

Fuselage Structure
The monocoque (single shell) fuselage relies largely on the strength of the
skin or covering to carry the primary stresses. Most aircraft, however, use
the semimonocoque design inasmuch as the monocoque type does not
easily accommodate concentrated load points, such as landing gear fittings,
powerplant attachment, wing fittings, etc.

The semimonocoque fuselage (Fig. 1-3) is constructed primarily of
aluminum alloy, although steel and titanium are used in areas of high
temperatures and/or high stress. Primary loads are taken by the longerons,
which usually extend across several points of support. The longerons are
supplemented by other longitudinal members, called stringers. Stringers are
more numerous and lighter in weight than longerons and usually act as
stiffeners. The vertical structural members are referred to as bulkheads,
frames, and formers. The heaviest of these vertical members are located at
intervals to carry concentrated loads and at points where fittings are used to
attach other units, such as the wings, powerplants, and stabilizers.



FIGURE 1-3 Typical metal aircraft fuselage structure.

Location Numbering Systems
Various numbering systems are used to facilitate the location of specific
wing frames, fuselage bulkheads, or any other structural members on an
aircraft. Most manufacturers use some system of station marking; for
example, the nose of the aircraft may be designated zero station, and all
other stations are located at measured distances in inches behind the zero
station. Thus, when a blueprint reads “fuselage frame station 137,” that
particular frame station can be located 137 inches behind the nose of the
aircraft. However, the zero station may not be the nose of the fuselage, as in
Fig. 1-4.



FIGURE 1-4 Typical drawing showing fuselage stations.

To locate structures to the right or left of the center line of an aircraft,
many manufacturers consider the center line as a zero station for structural
member location to its right or left as shown in Fig. 1-5. With such a



system, the stabilizer frames can be designated as being so many inches
right or left of the aircraft center line.

FIGURE 1-5 Typical drawing showing buttock stations.

1.   Fuselage stations (FS) are numbered in inches from a reference or
zero point known as the reference datum. The reference datum is an
imaginary vertical plane at or near the nose of the aircraft from
which all horizontal distances are measured. The distance to a given
point is measured in inches parallel to a center line extending
through the aircraft from the nose through the center of the tail cone.

2.   Buttock line or butt line (BL) is a width measurement left or right
of, and parallel to, the vertical center line.

3.   Waterline (WL) is the measurement of height in inches per–
pendicular from a horizontal plane located a fixed number of inches
below the bottom of the aircraft fuselage; see Fig. 1-6.



FIGURE 1-6 Typical drawing showing waterline station numbers.

Chapter 10, Aircraft Drawings, provides additional information
regarding aircraft drawings generally referred to as blueprints.

Wing Structure
The wings of most aircraft are of cantilever design; that is, they are built so
that no external bracing is needed. The skin is part of the wing structure and



carries part of the wing stresses. Other aircraft wings use external bracings
(struts) to assist in supporting the wing and carrying the aerodynamic and
landing loads. Aluminum alloy is primarily used in wing construction. The
internal structure is made up of spars and stringers running spanwise, and
ribs and formers running chordwise (leading edge to trailing edge). See Fig.
1-7. The spars are the principal structural members of the wing. The skin is
attached to the internal multiengine members and can carry part of the wing
stresses. During flight, applied loads, which are imposed on the wing
structure, are primarily on the skin. From the skin, they are transmitted to
the ribs and from the ribs to the spars. The spars support all distributed
loads, as well as concentrated weights, such as fuselage, landing gear, and,
on aircraft, the nacelles or pylons.

FIGURE 1-7 All-metal wing structure.

Various points on the wing are located by station number. Wing station 0
(zero) is located at the center line of the fuselage, and all wing stations are
measured outboard from that point, in inches.

Empennage or Tail Assembly
The fixed and movable surfaces of the typical tail assembly (Fig. 1-8) are
constructed similarly to the wing. Each structural member absorbs some of
the stress and passes the remainder to other members and, eventually, to the
fuselage.



FIGURE 1-8 Typical vertical stabilizer and rudder construction.



CHAPTER 2
Tools and How to Use Them

Safety Considerations
Before commencing work on an aircraft, personal safety must become
habit. Putting on safety glasses must be as much a part of the act of drilling
a hole as picking up the drill motor.

The responsibility for this attitude lies with the mechanic, but this
responsibility goes further. A mechanic’s family needs him whole, with
both eyes intact, both hands with all fingers intact, and above all, in good
health.

Safety glasses or face shields must be worn during all of the following
operations:

•   Drilling
•   Reaming
•   Countersinking
•   Driving rivets
•   Bucking rivets
•   Operating rivet squeezer
•   Operating any power tool
•   Near flying chips or around moving machinery

Ear plugs should be used as protection against the harsh noises of the
rivet gun and general factory din. If higher noise levels than the rivet gun
are experienced, a full-ear-coverage earmuff should be used because it is a
highly sound-absorbent device.



For people with long hair, a snood-type cap that keeps the hair from
entangling with turning drills should be worn. Shirt sleeves should be short
and long sleeves should be rolled up at least to the elbow. Closed-toe, low-
heel shoes should be worn. Open-toed shoes, sandals, ballet slippers,
moccasins, and canvas-type shoes offer little or no protection for feet and
should not be worn in the shop or factory. Safety shoes are recommended.

Compressed air should not be used to clean clothes or equipment.

General-Purpose Hand Tools

Hammers
Hammers include ball-peen and soft hammers (Fig. 2-1). The ball-peen
hammer is used with a punch, with a chisel, or as a peening (bending,
indenting, or cutting) tool. Where there is danger of scratching or marring
the work, a soft hammer (for example, brass, plastic, or rubber) is used.
Most accidents with hammers occur when the hammerhead loosens. The
hammer handle must fit the head tightly. A sweaty palm or an oily or greasy
handle might let the hammer slip. Oil or grease on the hammer face might
cause the head to slip off the work and cause a painful bruise. Striking a
hardened steel surface sharply with a ball-peen hammer is a safety hazard.
Small pieces of sharp, hardened steel might break from the hammer and
also break from the hardened steel. The result might be an eye injury or
damage to the work or the hammer. An appropriate soft hammer should be
used to strike hardened steel. If a soft hammer is not available, a piece of
copper, brass, fiber, or wood material should be placed on the hardened
steel and struck with the hammer, not the hardened steel.

FIGURE 2-1 Types of hammers.



Screwdrivers
The screwdriver is a tool for driving or removing screws. Frequently used
screwdrivers include the common, crosspoint, and offset. Also in use are
various screwdriver bits that are designed to fit screws with special heads.
These special screwdrivers are covered in Chap. 7.

A common screwdriver must fill at least 75 percent of the screw slot
(Fig. 2-2). If the screwdriver is the wrong size, it will cut and burr the screw
slot, making it worthless. A screwdriver with the wrong blade size might
slip and damage adjacent parts of the structures. The common screwdriver
is used only where slotted head screws or fasteners are used on aircraft.



FIGURE 2-2 Types of screwdrivers.

The two common recessed head screws are the Phillips and the Reed and
Prince. As shown in Fig. 2-2, the Reed and Prince recessed head forms a
perfect cross. The screwdriver used with this screw is pointed on the end.
Because the Phillips screw has a slightly larger center in the cross, the
Phillips screwdriver is blunt on the end. The Phillips screwdriver is not
interchangeable with the Reed and Prince. The use of the wrong type of
screwdriver results in mutilation of the screwdriver and the screwhead. A
screwdriver should not be used for chiseling or prying.

Pliers
The most frequently used pliers in aircraft repair work include the needle
nose, duckbill, slip joint, diagonal cutter, water-pump, and vise grip pliers
as shown in Fig. 2-3. The size of pliers indicates their overall length,
usually ranging from 5 to 12 inches. In repair work, 6-inch, slip-joint pliers
are the preferred size. Needle nose and duckbill pliers are used to reach
where the fingers alone cannot and to bend small pieces of metal. Slip-joint
pliers are used to grip flat or round stock and to bend small pieces of metal
to desired shapes. Diagonal-cutting pliers or diagonals or dikes are used to



perform such work as cutting safety wire and removing cotter pins. Water-
pump pliers, which have extra-long handles, are used to obtain a very
powerful grip. Vise-grip pliers (sometimes referred to as a vise-grip wrench)
have many uses. Examples are to hold small work as a portable vise, to
remove broken studs, and to pull cotter pins.

FIGURE 2-3 Types of pliers (from left to right: needle-nose, duckbill,
diagonal cutter, and water-pump pliers).

Pliers are not an all-purpose tool. They are not to be used as a wrench for
tightening a nut, for example. Tightening a nut with pliers causes damage to
both the nut and the plier jaw serrations. Also, pliers should not be used as a
prybar or as a hammer.



Punches
Punches are used to start holes for drilling; to punch holes in sheet metal; to
remove damaged rivets, pins, or bolts; and to align two or more parts for
bolting together. A punch with a mushroomed head should never be used.
Flying pieces might cause an injury. Typical punches used by the aircraft
mechanic are shown in Fig. 2-4.



FIGURE 2-4 Typical punches.

Wrenches



Wrenches are tools used to tighten or remove nuts and bolts. The wrenches
that are most often used are shown in Fig. 2-5a: open-end, box-end,
adjustable, socket, and Allen wrenches. All have special advantages. The
good mechanic will choose the one best suited for the job at hand. Sockets
are used with the various handles (ratchet, hinge, and speed) and extension
bars are shown in Fig. 2-5b. Extension bars come in various lengths. The
ratchet handle and speed wrench can be used in conjunction with suitable
adapters and various types of screwdriver bits to quickly install or remove
special-type screws. However, if screws must be torqued to a specific
torque value, a torque wrench must be used. Adjustable wrenches should be
used only when other wrenches do not fit. To prevent rounding off the
corners of a nut, properly adjust the wrench. The wrench should always be
pulled so that the handle moves toward the adjustable jaw. A wrench should
always be pulled. It is dangerous to push on it. A pipe should not be used to
increase wrench leverage. Doing so might break the wrench. A wrench
should never be used as a hammer.



FIGURE 2-5a Wrenches and sockets (from top to bottom: ratchet wrench,
open-end ratchet combination wrench, flare-nut wrench, box-end wrench,
open-ended wrench, and combination wrench).



FIGURE 2-5b Socket set (sockets, extension, ratchet, universal joint, flare-
nut, and open-ended extension).

Proper torquing of nuts and bolts is important. Overtorquing or
undertorquing might set up a hazardous condition. Specified torque values
and procedures should always be observed.

Torque Wrenches
The three most commonly used torque wrenches are the flexible beam,
rigid, and ratchet types (Fig. 2-6). New electronic setting-type torque
wrenches are now available that provide a high accuracy. When using the
flexible-beam and rigid-frame torque wrenches, the torque value is read
visually on a dial or scale mounted on the handle of the wrench. To ensure
that the amount of torque on the fasteners is correct, all torque wrenches
must be tested at least once per month (or more often, if necessary).



FIGURE 2-6 Common types of torque wrenches.

The standard torque table presented in Chap. 7 should be used as a guide
in tightening nuts, studs, bolts, and screws whenever specific torque values
are not called out in maintenance procedures.

Metal-Cutting Tools

Hand Snips
Hand snips serve various purposes. Straight, curved, hawksbill, and aviation
snips are commonly used (Fig. 2-7). Straight snips are used to cut straight
lines when the distance is not great enough to use a squaring shear, and to
cut the outside of a curve. The other types are used to cut the inside of
curves or radii. Snips should never be used to cut heavy sheet metal.



FIGURE 2-7 Various types of snips.

Aviation snips are designed especially to cut heat-treated aluminum alloy
and stainless steel. They are also adaptable for enlarging small holes. The
blades have small teeth on the cutting edges and are shaped to cut very
small circles and irregular outlines. The handles are the compound-leverage
type, making it possible to cut material as thick as 0.051 inch. Aviation
snips are available in three types, those that cut straight, those that cut from
right to left, and those that cut from left to right.

Unlike the hacksaw, snips do not remove any material when the cut is
made, but minute fractures often occur along the cut. Therefore, cuts should
be made about  inch from the layout line and finished by hand-filing
down to the line.

Hacksaws
The common hacksaw has a blade, a frame, and a handle. The handle can
be obtained in two styles: pistol grip and straight grip. Both are shown in
Fig. 2-8. When installing a blade in a hacksaw frame, the blade should be
mounted with the teeth pointing forward, away from the handle.



FIGURE 2-8 Pistol- and straight-grip hacksaws.

Blades are made of high-grade tool steel or tungsten steel and are
available in sizes from 6 to 16 inches in length. The 10-inch blade is most
commonly used. The two types include the all-hard blade and the flexible
blade. In flexible blades, only the teeth are hardened. Selection of the best
blade for the job involves finding the right type of pitch. An all-hard blade
is best for sawing brass, tool steel, cast iron, and heavy cross-section
materials. A flexible blade is usually best for sawing hollow shapes and
metals having a thin cross section.

The pitch of a blade indicates the number of teeth per inch. Pitches of 14,
18, 24, and 32 teeth per inch are available. See Fig. 2-9.



FIGURE 2-9 Typical uses for various pitch hacksaw blades.

1.   Select an appropriate saw blade for the job.
2.   Assemble the blade in the frame so that the cutting edge of the teeth

points away from the handle.
3.   Adjust tension of the blade in the frame to prevent the saw from

buckling and drifting.
4.   Clamp the work in the vise in such a way that it will provide as

much bearing surface as possible and will engage the greatest
number of teeth.

5.   Indicate the starting point by nicking the surface with the edge of a
file to break any sharp corner that might strip the teeth. This mark
will also aid in starting the saw at the proper place.

6.   Hold the saw at an angle that will keep at least two teeth in contact
with the work at all times. Start the cut with a light, steady, forward
stroke just outside the cutting line. At the end of the stroke, relieve
the pressure and draw the blade back. (The cut is made on the
forward stroke.)



7.   After the first few strokes, make each stroke as long as the hacksaw
frame will allow. This will prevent the blade from overheating.
Apply just enough pressure on the forward stroke to cause each
tooth to remove a small amount of metal. The strokes should be long
and steady with a speed not more than 40 to 50 strokes per minute.

8.   After completing the cut, remove chips from the blade, loosen
tension on the blade, and return the hacksaw to its proper place.

Chisels
A chisel is a hard steel cutting tool that can be used to cut and chip any
metal softer than the chisel itself. It can be used in restricted areas and for
such work as shearing rivets, or splitting seized or damaged nuts from bolts
(Fig. 2-10).



FIGURE 2-10 Chisels.

The size of a flat cold chisel is determined by the width of the cutting
edge. Lengths will vary, but chisels are seldom fewer than 5 inches or more
than 8 inches long.

A chisel should be held firmly in one hand. With the other hand, the
chisel head should be struck squarely with a ball-peen hammer.

When cutting square corners or slots, a special cold chisel, called a cape
chisel, should be used. It is like a flat chisel, except that the cutting edge is
very narrow. It has the same cutting angle and is held and used in the same
manner as any other chisel.

Rounded or semicircular grooves and corners that have fillets should be
cut with a roundnose chisel. This chisel is also used to recenter a drill that
has moved away from its intended center.



The diamond-point chisel is tapered square at the cutting end, then
ground at an angle to provide the sharp diamond point. It is used to cut or
for cutting grooves and inside sharp angles.

Files
Files are used to square ends, file rounded corners, remove burrs and slivers
from metal, straighten uneven edges, file holes and slots, and smooth rough
edges. Common files are shown in Fig. 2-11.



FIGURE 2-11 Different types of files.



Files are usually made in two styles: single cut and double cut. The
single-cut file has a single row of teeth extending across the face at an angle
of 65 to 85 degrees with the length of the file. The size of the cuts depends
on the coarseness of the file. The double-cut file has two rows of teeth that
cross each other. For general work, the angle of the first row is 40 to 45
degrees. The first row is generally referred to as overcut; the second row is
called upcut. The upcut is somewhat finer and not so deep as the overcut.

The following methods are recommended for using files:

•   Crossfiling Before attempting to use a file, place a handle on the tang
of the file. This is essential for proper guiding and safe use. In
moving the file endwise across the work (commonly known as
crossfiling), grasp the handle so that its end fits into and against the
fleshy part of your palm with your thumb lying along the top of the
handle in a lengthwise direction. Grasp the end of the file between
your thumb and first two fingers. To prevent undue wear, relieve the
pressure during the return stroke.

•   Drawfiling A file is sometimes used by grasping it at each end,
crosswise to the work, then moving it lengthwise with the work.
When done properly, work can be finished somewhat finer than
when crossfiling with the same file. In drawfiling, the teeth of the
file produce a shearing effect. To accomplish this shearing effect, the
angle at which the file is held, with respect to its line of movement,
varies with different files, depending on the angle at which the teeth
are cut. Pressure should be relieved during the backstroke.

•   Rounding corners The method used in filing a rounded surface
depends upon its width and the radius of the rounded surface. If the
surface is narrow or if only a portion of a surface is to be rounded,
start the forward stroke of the file with the point of the file inclined
downward at approximately a 45-degree angle. Using a rocking-
chair motion, finish the stroke with the heel of the file near the
curved surfaced. This method allows use of the full length of the file.

•   Removing burred or slivered edges Practically every cutting
operation on sheet metal produces burrs or slivers. These must be
removed to avoid personal injury and to prevent scratching and
marring of parts to be assembled. Burrs and slivers will prevent parts



from fitting properly and should always be removed from the work
as a matter of habit.

Particles of metal collect between the teeth of a file and might make
deep scratches in the material being filed. When these particles of metal are
lodged too firmly between the teeth and cannot be removed by tapping the
edge of the file, remove them with a file card or wire brush. Draw the brush
across the file so that the bristles pass down the gullet between the teeth.

Drilling and Countersinking
Drilling and countersinking techniques are covered in Chap. 4.

Reamers
Reamers and reaming technique are covered in Chap. 4.

Layout and Measuring Tools
Layout and measuring devices are precision tools. They are carefully
machined, accurately marked, and, in many cases, consist of very delicate
parts. When using these tools, be careful not to drop, bend, or scratch them.
The finished product will be no more accurate than the measurements or the
layout; therefore, it is very important to understand how to read, use, and
care for these tools.

Rules
Rules are made of steel and are either rigid or flexible. The flexible steel
rule will bend, but it should not be bent intentionally because it could be
broken rather easily (Fig. 2-12).



FIGURE 2-12 Steel rules.

In aircraft work, the unit of measure most commonly used is the inch.
The inch is separated into smaller parts by means of either common or
decimal fraction divisions. The fractional divisions for an inch are found by
dividing the inch into equal parts: halves (½), quarters (¼), eighths (⅛),
sixteenths ( ), thirty-seconds ( ), and sixty-fourths ( ). The fractions of
an inch can be expressed in decimals called decimal equivalents of an inch.
For example, ⅛ inch is expressed as 0.125 (one hundred twenty-five ten-
thousandths of an inch), or more commonly, twelve and one-half
thousandths (see decimal equivalents chart on page xvi).

Rules are manufactured with two presentations: divided or marked in
common fractions; divided or marked in decimals or divisions of 0.01 inch.
A rule can be used either as a measuring tool or as a straightedge.

Combination Sets
The combination set (Fig. 2-13), as its name implies, is a tool with several
uses. It can be used for the same purposes as an ordinary trisquare, but it
differs from the trisquare in that the head slides along the blade and can be
clamped at any desired place. Combined with the square or stock head are a
level and scriber. The head slides in a central groove on the blade or scale,
which can be used separately as a rule.



FIGURE 2-13 A combination set.

The spirit level in the stock head makes it convenient to square a piece of
material with a surface and, at the same time, know whether one or the
other is plumb or level. The head can be used alone as a simple level.

The combination of square head and blade can also be used as a marking
gauge (to scribe at a 45-degree angle), as a depth gauge, or as a height
gauge.

Scriber
The scriber (Fig. 2-14) is used to scribe or mark lines on metal surfaces.

FIGURE 2-14 Scriber.

Dividers and Calipers
Dividers have two legs tapered to a needle point and joined at the tip by a
pivot. They are used to scribe circles and to transfer measurements from the
rule to the work.

Calipers are used to measure diameters and distances or to compare
distances and sizes. The most common types of calipers are the inside and
the outside calipers (see Fig. 2-15).



FIGURE 2-15 Typical outside and inside calipers.

Micrometer Calipers



Four micrometer calipers are each designed for a specific use: outside,
inside, depth, and thread. Micrometers are available in a variety of sizes,
either 0- to ½-inch, 0- to 1-inch, 1- to 2-inch, 2- to 3-inch, 3- to 4-inch, 4- to
5-inch, or 5- to 6-inch sizes. Larger sizes are available.

The 0- to 1-inch outside micrometer (Fig. 2-16) is used by the mechanic
more often than any other type. It can be used to measure the outside
dimensions of shafts, thickness of sheet metal stock, diameter of drills, and
for many other applications.

FIGURE 2-16 Digital micrometer and caliper.

The smallest measurement that can be made with a steel rule is one
sixty-fourth of an inch in common fractions, and one one-hundredth of an
inch in decimal fractions. To measure more closely than this (in thousandths
and ten-thousandths of an inch), a micrometer is used. If a dimension given
in a common fraction is to be measured with the micrometer, the fraction
must be converted to its decimal equivalent. The micrometer consists of
several parts as shown in Fig. 2-17.



FIGURE 2-17 Parts of a micrometer.

Reading a Micrometer
Because the pitch of the screw thread on the spindle is  inch (or 40
threads per inch in micrometers graduated to measure in inches), one
complete revolution of the thimble advances the spindle face toward or
away from the anvil face precisely  inch, 0.025 inch.

The reading line on the sleeve is divided into 40 equal parts by vertical
lines that correspond to the number of threads on the spindle. Therefore,
each vertical line designates  inch or 0.025 inch, and every fourth line,
which is longer than the others, designates hundreds of thousandths. For
example: the line marked “1” represents 0.100 inch, the line marked “2”
represents 0.200 inch, and the line marked “3” represents 0.300 inch, etc.

The beveled edge of the thimble is divided into 25 equal parts with each
line representing 0.001 inch and every line numbered consecutively.
Rotating the thimble from one of these lines to the next moves the spindle
longitudinally ½ of 0.025 inch, or 0.001 inch; rotating two divisions
represents 0.002 inch, etc. Twenty-five divisions indicate a complete
revolution, 0.025 inch or  of an inch.

To read the micrometer in thousandths, multiply the number of vertical
divisions visible on the sleeve by 0.025 inch; to this, add the number of
thousandths indicated by the line on the thimble that coincides with the
reading line on the sleeve.



Example: Refer to Fig. 2-18.

FIGURE 2-18 Reading a micrometer.

Some micrometers are equipped with a vernier scale that makes it
possible to directly read the fraction of a division that is indicated on the
thimble scale. The vernier graduations divide the 0.001 inch graduation on
the thimble into 10 equal parts, each equal to 0.0001 inch. Newer digital
micrometers as shown in Fig. 2-16 are very easy to read on a LCD screen
and provide accurate measurements to 0.0001 inch.

Example: Refer to Fig. 2-18. In the first example in Fig. 2-18, the barrel
reads 0.275 inch and the thimble reads more than 0.019 inch. The number 1
graduation on the thimble is aligned exactly with the number 4 graduation
on the vernier scale. Thus, the final reading is 0.2944 inch. In the second
example in Fig. 2-18, the barrel reads 0.275 inch, and the thimble reads
more than 0.019 inch and less than 0.020 inch. On the vernier scale the
number 7 graduation coincides with a line on the thimble. This means that
the thimble reading would be 0.0197 inch. Adding this to the barrel reading
of 0.275 inch gives a total measurement of 0.2947 inch.

Slide Calipers
Slide calipers are used to measure the length of an object. This versatile tool
can measure inside, outside, and depth dimensions. Vernier, dial, and digital
calipers are available as shown in Fig. 2-19.



FIGURE 2-19 Slide calipers (from top to bottom: vernier, dial, and digital
calipers).

Taps and Dies
A tap is used to cut threads on the inside of a hole, and a die is used to cut
external threads on round stock. Taps and dies are made of hard-tempered
steel and ground to an exact size. Four threads can be cut with standard taps
and dies: national coarse, national fine, national extra fine, and national
pipe.

Hand taps are usually provided in sets of three taps for each diameter
and thread series. Each set contains a taper, a plug, and a bottoming tap.



The taps in a set are identical in diameter and cross section; the only
difference is the amount of taper (Fig. 2-20).

FIGURE 2-20 Hand taps.

The taper tap is used to begin the tapping process because it is tapered
back for six to seven threads. This tap cuts a complete thread when it is
needed to tap holes that extend through thin sections. The plug tap
supplements the taper tap for tapping holes in thick stock.

The bottoming tap is not tapered. It is used to cut full threads to the
bottom of a blind hole.

Dies can be classified as adjustable round split and plain round split (Fig.
2-21). The adjustable-split die has an adjusting screw that can be controlled.
Solid dies are not adjustable; therefore, several thread fits cannot be cut.



FIGURE 2-21 Die types.

Many wrenches turn taps and dies: T-handle, adjustable tap, and diestock
for round split dies (Fig. 2-22) are common. Information on thread sizes,
fits, types, and the like is in Chap. 7.



FIGURE 2-22 Diestock and tap wrenches.

Shop Equipment
Only the simpler metalworking machines, such as used in the service field,
are presented in this manual. These include the powered and nonpowered
metal-cutting machines, such as the various types of saws, powered and
nonpowered shears, and nibblers. Also included is forming equipment (both
power-driven and nonpowered), such as brakes and forming rolls, the bar
folder, and shrinking and stretching machines. Factory equipment, such as
hydropresses, drop-forge machines, and sparmills, for example, are not
described.

Holding Devices
Vises and clamps are used to hold materials of various kinds on which some
type of operation is being performed. The operation and the material that is
held determines which holding device is used. A typical vise is shown in
Fig. 2-23.



FIGURE 2-23 A machinist’s vise.

Squaring Shears
Squaring shears provide a convenient means of cutting and squaring metal.
Three distinctly different operations can be performed on the squaring
shears:

•   Cutting to a line
•   Squaring
•   Multiple cutting to a specific size

A squaring shear is shown in Chap. 3.

Throatless Shears
Throatless shears (Fig. 2-24) are best used to cut 10-gauge mild carbon steel
sheet metal and 12-gauge stainless steel. The shear gets its name from its
construction; it actually has no throat. It has no obstructions during cutting
because the frame is throatless. A sheet of any length can be cut, and the
metal can be turned in any direction to cut irregular shapes. The cutting
blade (top blade) is operated by a hand lever.



FIGURE 2-24 Throatless shears (Beverly shears).

Bar Folder
The bar folder (Fig. 2-25) is designed to make bends or folds along edges of
sheets. This machine is best suited for folding small hems, flanges, seams,
and edges to be wired. Most bar folders have a capacity for metal up to 22
gauge thickness and 42 inches long.



FIGURE 2-25 Manually operated bar folder.

Sheet-Metal Brake
The sheet-metal brake (Fig. 2-26) has a much greater range of usefulness
than the bar folder. Any bend formed on a bar folder can be made on the
sheet-metal brake. The bar folder can form a bend or edge only as wide as
the depth of the jaws. In comparison, the sheet-metal brake allows the sheet
that is to be folded or formed to pass through the jaws from front to rear
without obstruction.



FIGURE 2-26 Sheet-metal brake (box-and-pan brake).



Slip Roll Former
The slip roll former (Fig. 2-27) is manually operated and consists of three
rolls, two housings, a base, and a handle. The handle turns the two front
rolls through a system of gears enclosed in the housing. By properly
adjusting the roller spacing, metal can be formed into a curve.



FIGURE 2-27 Slip roll former.

Grinders
A grinder is a cutting tool with a large number of cutting edges arranged so
that when they become dull they break off and new cutting edges take their
place.

Silicon carbide and aluminum oxide are the abrasives used in most
grinding wheels. Silicon carbide is the cutting agent to grind hard, brittle
material, such as cast iron. It is also used to grind aluminum, brass, bronze,
and copper. Aluminum oxide is the cutting agent to grind steel and other
metals of high tensile strength.

The size of the abrasive particles used in grinding wheels is indicated by
a number that corresponds to the number of meshes per linear inch in the
screen, through which the particles will pass. As an example, a #30 abrasive
will pass through a screen with 30 holes per linear inch, but will be retained
by a smaller screen, with more than 30 holes per linear inch.

A common bench grinder, found in most metalworking shops, is shown
in Fig. 2-28. This grinder can be used to dress mushroomed heads on
chisels, and points on chisels, screwdrivers, and drills. It can be used to
remove excess metal from work and to smooth metal surfaces.



FIGURE 2-28 Bench grinder.

As a rule, it is not good practice to grind work on the side of an abrasive
wheel. When an abrasive wheel becomes worn, its cutting efficiency is
reduced because of a decrease in surface speed. When a wheel becomes
worn in this manner, it should be discarded and a new one installed.

Before using a bench grinder, the abrasive wheels should be checked to
be sure that they are firmly held on the spindles by the flange nuts. If an
abrasive wheel flies off or becomes loose, it could seriously injure the
operator, in addition to ruining the grinder.

Another hazard is loose tool rests. A loose tool rest could cause the tool
or piece of work to be “grabbed” by the abrasive wheel and cause the
operator’s hand to come in contact with the wheel.

Goggles should always be worn when using a grinder—even if eye
shields are attached to it. Goggles should fit firmly against your face and
nose. This is the only way to protect your eyes from the fine pieces of steel.

The abrasive wheel should be checked for cracks before using the
grinder. A cracked abrasive wheel is likely to fly apart when turning at high
speeds. A grinder should never be used unless it is equipped with wheel
guards.



Rotary Punch
Figure 2-29 shows a rotary punch which is used to punch holes in metal
parts. The rotary punch can cut radii in corners, make washers, and perform
many other jobs where holes are required. The diameter of the punch is
stamped on the front of each die holder. Each punch has a point in its center
that is placed in the center punch mark to punch the hole in the correct
location.

FIGURE 2-29 Rotary punch.



CHAPTER 3
Materials and Fabricating

Aircraft Woods
Many light aircraft that have been produced and are still in use have made
use of wood primary and secondary components, such as wing spars, ribs,
and control surfaces. There are two principal types of wood: hardwoods and
softwoods. The distinction between hardwoods and softwoods is based on
the cellular structure of the wood. Softwood has a high strength-to-weight
ratio and is used as a solid wood for spars, cap strips, and compression
members and as a veneer for plywood cores. Examples are Sitka spruce,
Douglas fir, Port Oxford white cedar, and western hemlock. Sitka spruce is
considered the best wood for use in aircraft structures because of its
combination of lightness, strength, stiffness per unit weight, and toughness
when compared to other species. Other species could be used (see Table 3-1
for additional information). Hardwoods are generally heavier than
softwoods and are used where their strength advantage makes the extra
weight acceptable over the softwoods. Hardwoods are commonly used as
solid wood for support blocks and tip bows, and as veneers for the facing
and core material of plywood. Hardwoods commonly used in aircraft
structures include mahogany, birch, and white ash.



TABLE 3-1 Wood Substitutions

Wood Substitutions
When repairing or rebuilding wood components, species substitution may
be allowed if the structural strength of the component is not reduced. Table
3-1 shows types of wood that may be considered for substitution, with
spruce being the reference wood.

Plywood



Plywood is composed of an uneven number of layers (plies) of wood veneer
assembled with the grain of each layer at an angle of 45 to 90 degrees to the
adjacent layers. The layers of plywood are bonded with an adhesive. It must
be emphasized that aircraft plywood is of much higher quality than
commercial grades. The advantages of plywood over solid wood are that
plywood is not likely to warp, is highly resistant to cracking, and its
strength is almost equal in any direction when stresses are applied along the
length or width of a panel. The most commonly used types of plywood for
aircraft manufacture are mahogany and birch.

Laminated Wood
Laminated wood is several layers of solid wood bonded together with an
adhesive. Laminated wood differs from plywood in that each layer of wood
has the grain running in the same direction, whereas plywood has the grain
direction of each layer at a large angle to the previous layer. Laminated
wood is used for components that require a curved shape, such as wing-tip
bows and fuselage formers, and is used in place of solid wood, such as for
solid-type wing spars.

Bonding of Wood Structures
Most modern synthetic adhesives used for bonding wood structures are urea
formaldehyde, resorcinol formaldehyde, phenol formaldehyde, and epoxy
types. Adhesives consist typically of two parts that need to be mixed. The
manufacturer’s product data sheets must be followed regarding mixing,
usable temperature range, and the open and closed assembly times. It is
very important that this type of glue is used at the recommended
temperatures because the full strength of the joint cannot be relied on if
assembly and curing temperatures are below 70°F. With that in mind, higher
temperatures shorten the working life because of a faster cure rate, and open
and closed assembly times must be shortened. The process of mixing the
adhesive requires that the speed of mixing be slow enough so that air is not
whipped into the mixture. Air would result in a weak adhesive joint.

Wood surfaces to be bonded should be smooth and true. Chapped or
loosened grain, machine marks, and other surface irregularities are



objectionable. Joints of maximum strength are made between two planed or
smoothly sawed surfaces that are equally true. Softwoods should not be
sanded when preparing the surface for bonding. Sanding fills the wood
pores with wood dust and prevents the adhesive from properly penetrating
the surface. The moisture content of wood when it is bonded has a great
effect on the warping of bonded members, the development of checks in the
wood, and the final strength of the joints. A moisture content at the time of
bonding that is between 8 and 12 percent is generally regarded as
satisfactory. Adhesive should be spread evenly over both surfaces forming
the adhesive joint. Either a brush or a soft-edged spreader may be used to
apply the adhesive. If a brush is used, careful inspection must be made after
spreading the adhesive for any bristles that may have broken off.

The functions of pressure on an adhesive joint are as follows: (1) to
squeeze the adhesive into a thin, continuous film between the wood layers,
(2) to force air from the joint, (3) to bring the wood surfaces into intimate
contact with the adhesive, and (4) to hold the surfaces in intimate contact
during the setting of the adhesive. A light pressure is used with thin
adhesive and a heavy pressure is used with thick adhesive. The method of
applying pressure depends on the size, shape, and contour of the surface.
Pressure can be applied by the use of clamps, nails, weights, nail strips,
vacuum bags, or screws.

To ensure the maximum strength of the bonded surfaces, apply even
force to the joint. Nonuniform gluing pressure commonly results in weak
areas and strong areas in the same joint.

The amount of pressure required to produce strong joints in aircraft
assembly operations may vary from 10 to 150 psi for softwoods and as high
as 200 psi for hardwoods. Insufficient pressure to poorly machined or fitted
wood joints usually results in a thick glue line, indicating a weak joint, and
should be carefully avoided.

Inspection of Wood Structures
Before a major inspection is started on an aircraft with wood structures, the
aircraft should be perfectly dry. In a warm, dry climate, this presents no
problem; however, in other areas it is well to have the aircraft stored in a
dry, well-ventilated hangar for a few days prior to the inspection. Humidity



(moisture in the air) causes wood to swell, thus closing cracks and open
adhesive joints so they are not easily detected.

The aircraft mechanic must carefully inspect each piece of wood that is
going to be used for construction or repair of an aircraft. When evaluating
wood, the following defects are not acceptable: checks, shakes, splits,
decay, compression wood, compression failure, and spike knots.

Defects that might be acceptable, depending on their size, location, and
condition, are hard knots, pin knot clusters, mineral streaks, and
irregularities in grain direction. Evaluation criteria for these defects are
given in Table 3-2.



TABLE 3-2 Wood Defects

Dry Rot and Decay
Dry rot and decay are essentially the same and are caused by fungus in
damp or wet wood. The wood may be black, brown, gray, or some
combination of the three colors. It may be breaking down into particles, or
there may be a softening of the surface. Dry rot and decay can also be
detected by pressing a sharp-pointed instrument such as a scribe into the
wood to determine the force necessary to penetrate the wood. If the force
required is less than that required for the same depth of penetration in sound
wood, it is a sign that deterioration has taken place. These conditions
require replacement of the defective part.

Adhesive Joints
Wherever an adhesive joint is found open or separated, the structure must
be rebuilt.



Deterioration of adhesive joints is caused by aging and deterioration of
the adhesive. Casein adhesive that was not treated to prevent fungus will
deteriorate in the presence of moisture. Synthetic resin adhesives are not
generally subject to this type of deterioration. Deteriorated adhesive joints
require rebuilding of the structure affected.

Cracks
Shrinkage of the wood or stress applied to it can cause cracks. Whatever the
cause, the cracked member must be replaced.

Compression Failure
Compression failure is caused by a compressive force acting essentially
parallel to the grain of the wood. Compression failure is indicated by a line
or lines extending across the grain where the wood fibers have been
crushed. A test for a compression failure is to apply a small amount of free-
running ink to the wood near the suspected break. The ink will flow along
the normal grain until it reaches a compression failure. At this point it will
flow cross-grain along the failure.

Surface Crushing
Surface crushing is caused when the wood is struck by a hard object. This
produces indentation, abrasion, and rupture of the wood fibers. Damaged
parts should be replaced or repaired.

Staining
Stains that are caused by moisture indicate that an adhesive joint has failed
or that the protective coating is deteriorating. This type of stain is usually
dark in color and tends to expand along the grain of the wood. When water
stains are found, the cause must be corrected and the affected parts replaced
or repaired. Surface stains that are easily removed without removing wood
do not usually require replacement of affected parts. The protective coating
on such parts must be restored.



Corrosion
Corrosion of attachment bolts, screws, nails, and fittings in or on wood
structures indicates the presence of moisture. Corroded parts should be
replaced, and the cause of moisture intrusion should be eliminated.

Slope of a Grain
The slope of a grain line is determined by looking at the side of a board and
noting the angle that the grain line makes with the edge of the board.
Ideally, the grain lines will be parallel to the edge of the board, but a
deviation or slope of 1:15 is allowed. This means that a grain line starting at
the edge of the board may not move more than 1 inch [2.54 cm] from the
edge of the board when it is 15 inches [38.1 cm] from the starting point, as
shown in Fig. 3-1.

FIGURE 3-1 The maximum slope allowed in aircraft wood is 1:15.



Wood Repairs
Scarf joints are the most satisfactory method of fabricating an end joint
between two solid wood members. When the scarf splice is used to repair a
solid wood component, the mechanic must be aware of the direction and
slope of the grain. To ensure the full strength of the joint, the scarf cut is
made in the general direction of the grain on both connecting ends of the
wood and then correctly oriented to each other when glued. A scarf must be
precisely cut on both adjoining pieces to ensure an even thin glue line;
otherwise, the joint may not achieve full strength. The primary difficulty
encountered in making this type of joint is obtaining the same bevel on each
piece. Figure 3-2 shows acceptable and not acceptable scarf joints.

FIGURE 3-2 Scarf joints.

Wing spars—Unless otherwise specified by the aircraft manufacturer, a
damaged spar may be spliced at almost any point except at wing attachment
fittings, landing gear fittings, engine mount fittings, or lift-and-inter-plane
strut fittings. These fittings may not overlap any part of the splice. If a spar
has been repaired twice, it is generally considered to be unrepairable. Figure
3-3 shows an example of a spar repair.



FIGURE 3-3 Example of repair of a solid or laminated wooden wing spar.

Repair of Damaged Plywood Structures
Always splice and reinforce plywood webs with the same type of plywood
as the original. Do not use solid wood to replace plywood webs because
plywood is stronger in shear than solid wood of the same thickness. There
are five repair procedures for plywood skin that can be used. They vary in
complexity, and their use may be restricted based on the location of the
damage, size of the damaged area, and thickness of the plywood, as shown
in Table 3-3.



TABLE 3-3 Plywood Repair Selection

Aircraft Fabrics
Fabric covering for aircraft has been in use for many years because of its
low cost, ease of installation, ease of repair, light weight, strength, and
durability. Traditional covering materials such as cotton and linen have been
replaced by polyester and fiberglass systems. Polyester fabrics are
manufactured under the trade names of Stits Polyfiber, Superflight, and
Ceconite. These materials come in a variety of weights, thread counts, and
tensile strengths. These fabrics have become very popular as replacements
for organic materials due to their ease of installation and resistance to



deterioration when compared to organic materials. Covering materials are
typically sold as a system that includes fabric, base and top coats, and
cements. Razorback is the most widely used type of fiberglass material for
covering aircraft. It has an advantage over all other types of materials in
that it is not affected by deterioration, heat, and most chemicals. It is often
used for aircraft in agricultural operations. Table 3-4 shows a selection of
approved aircraft covering systems.

TABLE 3-4 Approved Aircraft Covering Systems

Surface tape: Surface tape, also called finishing tape, is usually cut from
the same material that is used to cover the aircraft. The edges are pinked
(cut with a saw-toothed edge) to provide better adhesion when installed.
Surface tape is used to reinforce the fabric covering at openings and
fittings, protect and seal rib attachment processes, and streamline
surface irregularities.
Reinforcing tape: Reinforcing tape is a special product that has a much
larger warp thread than fill thread. It is used over ribs between the
lacing cord and fabric covering to prevent the cord from cutting or
wearing through the fabric and to help distribute the air loads.
Sewing threads: Sewing threads are used to join two fabric edges
together during the installation or repair of fabric covering materials.



Lacing cords: Cords are heavy threads used where a significant amount
of strength is required of each stitch, such as when attaching a fabric
covering to wing ribs or fuselage stringers.
Grommets: Grommets are installed where it is necessary to reinforce
holes used for drainage, lacing, or inspection.
Inspection rings: Inspection rings are installed on the fabric of the
fuselage or wing where it is necessary to examine fittings, internal
bracing, cables, and similar items inside the covered structure.
Special fasteners: While the use of rib lacing is the classic method of
attaching fabric to structures, several other methods are employed such
as self-tapping screws, pull-type rivets with large heads, and various
types of metal clips.

Dopes and Finishing Materials
Aircraft dope has been defined as a colloidal solution of cellulose acetate
butyrate or cellulose nitrate; however, other solutions have been developed
for aircraft that use polyester or fiberglass material that serve the function of
dope for sealing, tautening, and protecting airplane fabric coverings. Dopes
are supplied as a clear coating material or as a pigmented material. The
most common pigment is aluminum oxide, which gives the dope a silver
color and reflects the sun’s ultraviolet rays. Nitrate and butyrate dopes
shrink as they dry. This feature is used in organic and fiberglass covering
operations to create a taut fabric finish. This tautening feature is not desired
with polyester materials. Polyester materials use heat from an iron to shrink
the material. The use of synthetic fabrics has introduced new finishing
products that are typically part of a covering system. When you buy a
covering system, it will include the covering material, finishing materials,
and the required dopes or top coats and cements to install this system on the
aircraft.

Supplemental Type Certificates
The use of modern fabric covering systems available from Stits Polyfiber,
Superflight, and Ceconite is often preferred over organic products such as
cotton or linen. These modern products are approved through supplemental



type certificates (STCs) for use on most, if not all, production aircraft
having fabric coverings. If covering with these products is desired, contact
the manufacturer or one of their dealers for full details on material
selection.

Minimum Fabric Requirements
The minimum strength of a fabric used to recover an airframe must meet
the minimum strength requirements of the original covering material used
on the aircraft. For aircraft originally covered with cotton, this depends on
the aircraft vne (red line airspeed) and the wing loading. The vne can be in
aircraft specifications, type certificate data sheet, or approved operator’s
handbook. If the vne is greater than 160 mph, grade A cotton is the
minimum fabric type that can be used on the aircraft. The wing loading is
found by dividing the maximum gross weight of the aircraft by the wing
area. If the wing loading is greater than 9 pounds per square foot grade A
cotton must be used.

Fabric Seams
Fabric seams are used to join pieces of fabric together and to attach fabric
to the aircraft structure. Machine-sewn seams are used to join large pieces
of fabric together to form blankets or envelops by using a sewing machine.
There are four types of machine-sewn seams: plain overlap, folded fell,
French fell, and the modified French fell. Figure 3-4 shows common types
of seam.



FIGURE 3-4 Types of seams.

Covering Methods
There are two methods to cover a structure: the envelope method and the
blanket method. The envelope method involves making or buying a sleeve
that can slide over the prepared structure. The sleeve has been sewn
together on a sewing machine, so only a small portion of the material must
be closed by hand sewing or a doped seam. In most covering processes,
doped seams have eliminated the need for hand-sewing operations. Figure
3-5 illustrates the envelope and blanket method.





FIGURE 3-5 Prominent steps in making and installing an envelope cover.

The blanket method involves the use of fabric as it comes off the roll.
The material is cut to size and folded over the structure. If the structure is
too large to be covered by the material that comes off the roll, multiple
pieces will have to be sewn together. Figure 3-6 shows the blanket method.



FIGURE 3-6 Covering an aileron by the blanket method.

Hand Sewing



Hand sewing is performed by starting at one end of the opening, folding the
fabric edges under until the edges of the fabric just touch. There should be
at least ½ inch [12.7 mm] of material folded under, with any excessive
amount of material being cut off. The needle is pushed through the fabric no
more than ¼ inch [6.4 mm] from the edge of the fold, pushed through the
other fold, and tied in a square knot locked with a half hitch on each side. A
baseball stitch is then used, as shown in Fig. 3-7, until the opening is
closed.

FIGURE 3-7 Hand sewing.

Table 3-5 shows a summary of the fabric covering processes that are
required by material and manufacturers of fabric covering systems.



TABLE 3-5 Summary of Fabric Covering Processes

Rib Lacing
After installation the fabric must be connected to the internal structure.
Several mechanical ways are available, and these include screws, rivets, and
metal clips, but often a rib-stitching process is used. Figure 3-8 shows an
example of rib lacing. Rib lacing or rib stitching must be accomplished in
accordance with the aircraft manufacturer’s instructions. The spacing
between the stitches can be determined from the covering removed from the
aircraft or from the maintenance instructions. If this information is not
available, the chart in Fig. 3-9 may be used.



FIGURE 3-8 Rib lacing.



FIGURE 3-9 Chart to show spacing of rib stitching.

Fabric Inspection
The strength of the fabric is based on its tensile strength. Normal testing
techniques involve the use of a Seyboth or Maule “punch” tester. A Seyboth
tester uses colored bands to indicate the fabric strength. A Maule-type tester
has a scale to indicate the fabric strength. These testers are shown in Fig. 3-
10. The punch tester should be held at right angles to the fabric being
checked (see Fig. 3-11). The Seyboth tester penetrates the fabric and
indicates the strength of the fabric by a scale on the top of the tester. The
Maule tester applies pressure to the fabric and is not normally used with
enough force to penetrate airworthy fabric. A scale on the side of the Maule
tester indicates the force that is being applied in pounds per inch of tensile
strength.



FIGURE 3-10 A Seyboth tester, on the left, and a Maule-type tester on the
right.

FIGURE 3-11 Correct way of using a punch tester.

To perform an exact test of fabric, a tensile test should be made. When
performing this test, a sample of fabric is taken from the weakest area of the
aircraft covering. Determine the weakest fabric on the aircraft by punch
testing. A strip of fabric 1 inch [2.54 cm] wide and several inches long is



cut from the installed material. All the dope is removed from the fabric. The
fabric is then clamped at one end to a supporting fixture, and a clamp on the
other end is attached to a load. The load is increased until the minimum
standards are met or until the fabric breaks. Figure 3-12 shows one method
of performing this test.

FIGURE 3-12 Testing the tensile strength of a fabric sample.

Tears in Fabric
Tears in a fabric covering can usually be repaired by sewing and doping on
a fabric patch. The objective is to restore the original strength and finish to
the repaired area. A single tear should be repaired by removing all of the
pigmented and aluminized dope around the area to be covered with the
patch and then sewing the tear using a baseball stitch, as shown in Fig. 3-
13.



FIGURE 3-13 Sewing a tear with a baseball stitch.

Many different materials go into the manufacture of an aerospace
vehicle. Some of these materials are:

•   Aluminum and aluminum alloys
•   Titanium and titanium alloys
•   Magnesium and magnesium alloys
•   Steel and steel alloys

Aluminum and Aluminum Alloys
Aluminum is one of the most widely used metals in modern aircraft
construction. It is lightweight, yet some of its alloys have strengths greater
than that of structural steel. It has high resistance to corrosion under the
majority of service conditions. The metal can easily be worked into any
form, and it readily accepts a wide variety of surface finishes.

Being lightweight is perhaps aluminum’s best-known characteristic. The
metal weighs only about 0.1 pound per cubic inch, as compared with 0.28
for iron.

Commercially pure aluminum has a tensile strength of about 13,000
pounds per square inch. Its usefulness as a structural material in this form,
thus, is somewhat limited. By working the metal, as by cold rolling, its
strength can be approximately doubled. Much larger increases in strength
can be obtained by alloying aluminum with small percentages of one or
more other metals, such as manganese, silicon, copper, magnesium, or zinc.
Like pure aluminum, the alloys are also made stronger by cold working.
Some of the alloys are further strengthened and hardened by heat
treatments. Today, aluminum alloys with tensile strengths approaching
100,000 pounds per square inch are available.

A wide variety of mechanical characteristics, or tempers, is available in
aluminum alloys through various combinations of cold work and heat
treatment. In specifying the temper for any given product, the fabricating
process and the amount of cold work to which it will subject the metal
should be kept in mind. In other words, the temper specified should be such



that the amount of cold work that the metal will receive during fabrication
will develop the desired characteristics in the finished products.

When aluminum surfaces are exposed to the atmosphere, a thin invisible
oxide skin forms immediately that protects the metal from further oxidation.
This self-protecting characteristic gives aluminum its high resistance to
corrosion. Unless exposed to some substance or condition that destroys this
protective oxide coating, the metal remains fully protected against
corrosion. Some alloys are less resistant to corrosion than others,
particularly certain high-strength alloys. Such alloys in some forms can be
effectively protected from the majority of corrosive influences, however, by
cladding the exposed surface or surfaces with a thin layer of either pure
aluminum or one of the more highly corrosion-resistant alloys. Trade names
for some of the clad alloys are Alclad and Pureclad.

The ease with which aluminum can be fabricated into any form is one of
its most important assets. The metal can be cast by any method known; it
can be rolled to any desired thickness down to foil thinner than paper;
aluminum sheet can be stamped, drawn, spun, or roll-formed. The metal
also can be hammered or forged. There is almost no limit to the different
shapes in which the metal might be extruded.

The ease and speed that aluminum can be machined is one of the
important factors contributing to the use of finished aluminum parts. The
metal can be turned, milled, bored, or machined at the maximum speeds of
which the majority of machines are capable. Another advantage of its
flexible machining characteristics is that aluminum rod and bar can readily
be used in the high-speed manufacture of parts by automatic screw
machines.

Almost any method of joining is applicable to aluminum, riveting,
welding, brazing, or soldering. A wide variety of mechanical aluminum
fasteners simplifies the assembly of many products. Adhesive bonding of
aluminum parts is widely used in joining aircraft components.

Alloy and Temper Designations
Aluminum alloys are available in the cast and wrought form. Aluminum
castings are produced by pouring molten aluminum alloy into sand or metal
molds. Aluminum in the wrought form is obtained three ways:



•   Rolling slabs of hot aluminum through rolling mills that produce
sheet, plate, and bar stock.

•   Extruding hot aluminum through dies to form channels, angles, T
sections, etc.

•   Forging or hammering a heated billet of aluminum alloy between a
male and female die to form the desired part.

Cast and Wrought Aluminum Alloy Designation
System
A system of four-digit numerical designations is used to identify wrought
aluminum and wrought aluminum alloys. The first digit indicates the alloy
group, as follows:

The second digit indicates modifications of the original alloy or impurity
limits. The last two digits identify the aluminum alloy or indicate the
aluminum purity. Figure 3-14 shows the percentage of alloying elements in
common aluminum alloys.



FIGURE 3-14 Nominal composition of wrought aluminum alloys.

Aluminum
In the first group (1xxx) for minimum aluminum purities of 99.00 percent
and greater, the last two of the four digits in the designation indicate the
minimum percentage. Because of its low strength, pure aluminum is seldom
used in aircraft.

Aluminum Alloys
In the 2xxx through 8xxx alloy groups, the last two of the four digits in the
designation have no special significance, but serve only to identify the
different aluminum alloys in the group. The second digit in the alloy
designation indicates alloy modifications. If the second digit in the
designation is zero, it indicates the original alloy; integers 1 through 9,
which are assigned consecutively, indicate alloy modifications.

Temper Designation System



Where used, the temper designation follows the alloy designation and is
separated from it by a dash: 7075-T6, 2024-T4, etc. The temper designation
consists of a letter that indicates the basic temper that can be more
specifically defined by the addition of one or more digits. Designations are
shown in Fig. 3-15.



FIGURE 3-15 Aluminum-alloy temper designation chart.



Characteristics of Aluminum Alloys
In high-purity form, aluminum is soft and ductile. Most aircraft uses,
however, require greater strength than pure aluminum affords. This is
achieved in aluminum first by the addition of other elements to produce
various alloys, which singly or in combination impart strength to the metal.
Further strengthening is possible by means that classify the alloys roughly
into two categories, nonheat treatable and heat treatable.

Nonheat-Treatable Alloys
The initial strength of alloys in this group depends upon the hardening
effect of elements, such as manganese, silicon, iron, and magnesium, singly
or in various combinations. The nonheat-treatable alloys are usually
designated, therefore, in the 1000, 3000, 4000, or 5000 series. Because
these alloys are work-hardenable, further strengthening is made possible by
various degrees of cold working, denoted by the “H” series of tempers.
Alloys containing appreciable amounts of magnesium when supplied in
strain-hardened tempers are usually given a final elevated-temperature
treatment, called stabilizing, to ensure stability of properties.

Heat-Treatable Alloys
The initial strength of alloys in this group is enhanced by the addition of
such alloying elements as copper, magnesium, zinc, and silicon. Because
these elements singly or in various combinations show increasing solid
solubility in aluminum with increasing temperature, it is possible to subject
them to thermal treatments that will impart pronounced strengthening.

The first step, called heat treatment or solution heat treatment, is an
elevated-temperature process designed to put the soluble element or
elements in solid solution. This is followed by rapid quenching, usually in
water, which momentarily “freezes” the structure and, for a short time,
renders the alloy very workable; selected fabricators retain this more-
workable structure by storing the alloys at below-freezing temperatures
until initiating the formation process. Ice box rivets are a typical example.
At room or elevated temperatures, the alloys are unstable after quenching,



however, and precipitation of the constituents from the super-saturated
solution begins.

After a period of several days at room temperature, termed aging or
room-temperature precipitation, the alloy is considerably stronger. Many
alloys approach a stable condition at room temperature, but selected alloys,
particularly those containing magnesium and silicon or magnesium and zinc
continue to age-harden for long periods of time at room temperature.

By heating for a specified time at slightly elevated temperatures, even
further strengthening is possible and properties are stabilized, called
artificial aging or precipitation hardening. By the proper combination of
solution heat treatment, quenching, cold working, and artificial aging, the
highest strengths are obtained.

Clad Alloys
The heat-treatable alloys in which copper or zinc are major alloying
constituents are less resistant to corrosive attack than the majority of
nonheat-treatable alloys. To increase the corrosion resistance of these alloys
in sheet and plate form, they are often clad with high-purity aluminum, a
low magnesium-silicon alloy, or an alloy that contains 1 percent zinc. The
cladding, usually from 2½ to 5 percent of the total thickness on each side,
not only protects the composite because of its own inherently excellent
corrosion resistance, but also exerts a galvanic effect that further protects
the core material.

Annealing Characteristics
All wrought aluminum alloys are available in annealed form. In addition, it
might be desirable to anneal an alloy from any other initial temper, after
working, or between successive stages of working, such as deep drawing.

Most aluminum alloys are heated to a temperature of 750 to 775°F for
two hours in a furnace. After two hours, the furnace will be shut off and the
alloy will be allowed to slowly cool in the furnace.

Typical Uses of Aluminum and Its Alloys
Various aluminum alloys are used for aircraft fabrication:



•   1000 series Aluminum of 99 percent or higher purity has practically
no application in the aerospace industry. These alloys are
characterized by excellent corrosion resistance, high thermal and
electrical conductivity, low mechanical properties, and excellent
workability. Moderate increases in strength can be obtained by strain
hardening. Soft, 1100 rivets are used in nonstructural applications.

•   2000 series Copper is the principal alloying element in this group.
These alloys require solution heat treatment to obtain optimum
properties; in the heat-treated condition, mechanical properties are
similar to, and sometimes exceed, those of mild steel. In some
instances, artificial aging is used to further increase the mechanical
properties. This treatment materially increases yield strength. These
alloys in the form of sheet are usually clad with a high-purity alloy.
Alloy 2024 is perhaps the best known and most widely used aircraft
alloy. Most aircraft rivets are of alloy 2117.

•   3000 series Manganese is the major alloying element of alloys in
this group, which are generally nonheat-treatable. One of these is
3003, which has limited use as a general-purpose alloy for moderate-
strength applications that require good workability, such as cowlings
and nonstructural parts. Alloy 3003 is easy to weld.

•   4000 series This alloy series is seldom used in the aerospace
industry.

•   5000 series Magnesium is one of the most effective and widely used
alloying elements for aluminum. When it is used as the major
alloying element, or with manganese, the result is a moderate- to
high-strength nonheat-treatable alloy. Alloys in this series possess
good welding characteristics and good resistance to corrosion in
various atmospheres. It is widely used for the fabrication of tanks
and fluid lines.

•   6000 series Alloys in this group contain silicon and magnesium in
approximate proportions to form magnesium silicide, thus making
them heat-treatable. The major alloy in this series is 6061, one of the
most versatile of the heat-treatable alloys. Although less strong than
most of the 2000 or 7000 alloys, the magnesium-silicon (or
magnesium-silicide) alloys possess good formability and corrosion
resistance, with medium strength.



•   7000 series Zinc is the major alloying element in this group. When
coupled with a smaller percentage of magnesium, the results are
heat-treatable alloys with very high strength. Usually other elements,
such as copper and chromium, are also added in small quantities.
The outstanding member of this group is 7075, which is among the
highest-strength alloys available and is used in airframe structures
and for highly stressed parts.

Heat Treatment of Aluminum Alloys
The heat treatment of aluminum alloys is summarized in Fig. 3-16.

FIGURE 3-16 Conditions for heat treatment of aluminum alloys. Heating
times vary with the product, type of furnace, and thickness of material.
Quenching is normally in cold water, although hot water or air blasting can
be used for bulky sections. For information only. Not to be used for actual
heat treatment.

There are several heat-treating processes to improve the strength or
workability of aluminum alloys. These processes are solution heat
treatment, artificial aging (also called precipitation heat treatment), and
annealing.

The hardening of an aluminum alloy by heat treatment consists of four
steps:

1.   Heating to a predetermined temperature.



2.   Soaking at temperature for a specified length of time.
3.   Rapidly quenching to a relatively low temperature.
4.   Aging or precipitation hardening at room temperature or as a result

of a low-temperature heat treatment.

The first three steps above are known as solution heat treatment. Some
alloys like the 2000 series of aluminum alloys will age at room temperature,
but the 7000 series of alloys remain unstable and will need an additional
heat treatment to age. This is called artificial aging or precipitation heat
treatment. Figure 3-16 shows the solution and precipitation heat-treatment
conditions.

Identification of Aluminum
To provide a visual means to identify the various grades of aluminum and
aluminum alloys, these metals are usually marked with such symbols as
Government Specification Number, the temper or condition furnished, or
the commercial code marking. Plate and sheet are usually marked with
specification numbers or code markings in rows approximately six inches
apart. Tubes, bars, rods, and extruded shapes are marked with specification
numbers or code markings continuously or at intervals of 3 to 5 feet along
the length of each piece. The commercial code marking consists of a
number that identifies the particular composition of the alloy. In addition,
letter suffixes designate the temper designation. See Fig. 3-17.



FIGURE 3-17 Commercial code marking of aluminum sheet, bar, shapes,
and tubes.

Handling Aluminum
The surface of “clad” aluminum alloy is very soft and scratches easily.
Special care must be used when handling this material. Some suggestions
include:

•   Keep work area and tables clean.
•   Lift material from surface to move it. Do not slide material.



•   Keep tools and sharp objects off the surface unless necessary for
trimming, drilling, or holding.

•   Do not stack sheets of metal together unless interleaved with a
neutral kraft paper.

•   Prevent moisture from accumulating between sheets.
•   Protect material, as necessary, to prevent damage when transporting

on “A” frames.

Forming Aluminum Alloys

Forming at the Factory
Present-day aircraft manufacturers maintain service departments that
include complete spare parts inventories. Detailed parts catalogs are
available for all aircraft, including individual wing ribs and pilot-drilled
skin panels, for example. For this reason, it is normally not necessary for
the field mechanic to be skilled in all phases of sheet-metal forming. It is
more cost effective to procure parts from the factory, rather than fabricate
them from scratch.

Although the field mechanic might not be required to fabricate
individual parts, he should be familiar with the forming processes used by
the factory. Also, he will be required to fabricate complete assemblies from
factory-supplied parts during repair operations.

Parts are formed at the factory on large presses or by drop hammers
equipped with dies of the correct shape. Every part is planned by factory
engineers, who set up specifications for the materials to be used so that the
finished part will have the correct temper when it leaves the machines. A
layout for each part is prepared by factory draftsmen.

The verb form means to shape or mold into a different shape or in a
particular pattern, and thus would include even casting. However, in most
metal-working terminology, “forming” is generally understood to mean
changing the shape by bending and deforming solid metal.

In the case of aluminum, this is usually at room temperature. In metal-
working, “forming” includes bending, brake forming, stretch forming, roll



forming, drawing, spinning, shear forming, flexible die forming, and high-
velocity forming.

Other “forming” methods, such as machining, extruding, forging, and
casting, do change the shape of the metal by metal removal or at elevated
temperatures. However, these processes use different tooling and/or
equipment.

Manufacturers form aluminum by rolling, drawing, extruding, and
forging to create the basic aluminum shapes from which the metalworker, in
turn, makes all types of end products. As a group, the aluminum products
fabricated from ingot by the producers are called mill products.

The principal mill products utilized by the metalworker in forming are
sheet, plate, rod, bar, wire, and tube. Sheet thickness ranges from 0.006
through 0.249 inch; plate is 0.250 inch or more; rod is ⅜-inch diameter or
greater; bar is rectangular, hexagonal, or octagonal in cross section, having
at least one perpendicular distance between faces of ⅜ inch or greater. Wire
is 0.374 inch or less.

Most parts are formed without annealing the metal, but if extensive
forming operations, such as deep draws (large folds) or complex curves, are
planned, the metal is in the dead-soft or annealed condition. During the
forming of some complex parts, operations might have to be stopped and
the metal annealed before the process can be continued or completed. Alloy
2024 in the “O” condition can be formed into almost any shape by the
common forming operations, but it must be heat treated afterward.

Blanking
Blanking is a cutting operation that produces a blank of the proper size and
shape to form the desired product. Sawing, milling, or routing are generally
used to produce large or heavy-gauge blanks. Routing is the most common
method used in the aerospace industry to produce blanks for forming.

Bending
Light-gauge aluminum is easily bent into simple shapes on the versatile
hand-operated bending brake. This machine also is commonly known by
several other names, including apron or leaf brake, cornice brake, bar



folder, or folding brake (see Chap. 2). More complex shapes are formed by
bending on press brakes fitted with proper dies and tooling.

Allowances must be made for springback in bending age-hardened or
work-hardened aluminum. Soft alloys of aluminum have comparatively
little springback. Where springback is a factor, it is compensated by
“overforming” or bending the material beyond the limits actually desired in
the final shape. Thick material springs back less than thinner stock in a
given alloy and temper.

The proper amount of overforming is generally determined by trial, then
controlled by the metalworker in hand or bending brake operations. In
press-brake bending, springback is compensated for by die and other tool
design, use of adjustable dies, or adjustment of the brake action.

Press-Brake Forming
Hydraulic and mechanical presses are used to form aluminum (and other
metals) into complex shapes. Precisely shaped mating dies of hardened tool
steel are made in suitable lengths to produce shapes in one or more steps or
passes through the press. The dies are changed as required. See Fig. 3-18.

FIGURE 3-18 Typical mating punches and dies for press-brake work; cross
section of the formed shape is indicated for each operation. Punch and die
are as long as required for workpiece and press capacity.



Bends made on press brakes usually are done either by the air-bending or
by the bottoming method. In air bending, the punch has an acute angle
between 30 and 60 degrees, thus providing enough leeway so that for many
bends springback compensation can be made by press adjustments alone.
See Fig. 3-19. The term air bending is derived from the fact that the
workpiece spans the gap between the nose of the punch and the edges of the
ground die.

FIGURE 3-19 Air-bend and bottoming dies.

In bottoming, the workpiece is in contact with the complete working
surfaces of both punch and die, and accurate angular tolerances can thus be
obtained. Bottoming requires three to five times greater pressure than air
bending.

Stretch Forming
Compound curves, accurate dimensions, minimum reduction in material
thickness, closely controlled properties, wrinkle-free shapes, and sometimes
cost savings over built-up components can be achieved in a single stretch



beyond its yield point. Airplane skins are typical stretch-formed products in
aluminum. See Fig. 3-20.

FIGURE 3-20 One type of stretch forming where the work is stretched over a
fixed male die.

Forming of nonheat-treatable alloys usually is done in the soft O temper;
heat-treatables in W, O, or T4 tempers.

HydroPress Forming
Seamless, cup-like aluminum shapes are formed without wrinkles or
drastically altering original metal thickness on standard single-action
presses for most shallow shells and on double-action presses for deeper and
more difficult draws. Both mechanical or hydraulic power is used, the latter
offering more control, which is particularly advantageous for deep and
some complex shapes. The part is formed between a male and female die
attached to hydropress bed or platen and the hydraulic actuated ram,
respectively.

Roll Forming
A series of cylindrical dies in sets of two—male and female—called roll
sets are arranged in the roll-bending machine so that sheet or plate is
progressively formed to the final shape in a continuous operation. See Fig.
3-21. By changing roll sets, a wide variety of aluminum products, including



angles and channels, such as used for stringers, can be produced at high
production rates of 100 feet per minute and faster.

FIGURE 3-21 Evolution of a rolled shape.

Flexible-Die Forming
Under high pressure, rubber and similar materials act as a hydraulic
medium, exerting equal pressure in all directions. In drawing, rubber serves
as an effective female die to form an aluminum blank around a punch or
form block that has been contoured to the desired pattern. The rubber exerts



(transmits) the pressure because it resists deformation; this serves to control
local elongation in the aluminum sheet being formed. See Fig. 3-22.

FIGURE 3-22 Flexible die-forming process forms parts using rubber pad
“punch” in large hydraulic presses ranging from 1000 to 10,000 tons
capacity. Note: Rubber pad is really the “die” and depth to which any part
can be formed is a function of the thickness of the pad and many other
variables.

Use of rubber pads for the female die greatly reduces die costs,
simplifies machine setup, reduces tool wear, and eliminates die marks on
the finished product. Identical parts, but in different gauges of material, can
be made without making tool changes.

Several flexible-die processes are used to form aluminum. Although the
operating details vary, these processes can be classified under two broad
categories:

•   Shallow-draw methods rely on the pressure exerted against the
rubber pad to hold the blank as well as form the part.

•   Deeper-draw methods have independent blank-holding mechanisms.



Machining
Lathes, drills, milling cutters, and other metal-removal machines commonly
found in metalworking shops are routinely used to shape aluminum alloys.

For aluminum, cutting speeds are generally much higher than for other
metals; the cutting force required is low, the as-cut finish is generally
excellent, the dimensional control is good, and the tool life is outstanding.

Single-point tools are used to turn, bore, plane, and shape. In turning and
boring, the work generally is rotated while the cutting tool remains
stationary; however, when boring is performed on a milling machine or
boring mill, the tool rotates and the work is stationary. In planing, the work
moves and indexes while the tool is stationary; in shaping, the work is fixed
and the tool moves.

Drilling
Drilling is covered in detail in Chap. 4.

Turret Lathes and Screw Machines
Multi-operation machining is carried out in a predetermined sequence on
turret lathes, automatic screw machines, and similar equipment. Speeds and
feeds are generally near or at upper limits for each type of cutting, with
each new operation following in rapid sequence the one just completed.

Automatic screw machines mass produce round solid and hollow parts
(threaded and/or contoured) from continuously fed bar or rod, using as
many as eight or more successive (and some simultaneous) operations on a
variety of complex-tooled turrets, cross-slides, cutting attachments, and
stock-feeding devices.

Milling
Aluminum is one of the easiest metals to shape by milling. High spindle
speeds and properly designed cutters, machines, fixtures, and power sources
can make cuts in rigid aluminum workpieces at high rates of speed.



Milling machines range in size from small, pedestal-mounted types to
spar and skin mills with multiple cutting heads and individual motor drives,
mounted on gantries that run on the entire 200- to 300-foot length of the
machines’ beds. These latter machines use computer numeric control
(CNC) and are capable of complex contour milling while holding
remarkably close tolerances over entire lengths of the part.

Routing
Routers used for machining aluminum have evolved from similar
equipment originally and currently used in woodworking. These machines
include portable hand routers, hinged and radial routers, and profile routers.
Both plain and carbide-tipped high-speed steel tools, rotating at 20,000 rpm
(or faster), are used.

The principal router applications for aluminum are for edge-profiling
shapes from single or stacked sheet or plate, and for area removal of any
volume of metal when the router is used as a skin or spar mill.

Forging
Hammering or squeezing a heated metal into a desired shape is one of the
oldest metalworking procedures; such “forging” was one of the first
fabricating processes used for making things of aluminum.

Die forgings, also called close die forgings, are produced by hammering
or squeezing the metal between a suitable punch and die set. Excellent
accuracy and detail are attained and advantageous grain-flow patterns are
established, imparting maximum strength to the alloy used.

Consider, as an example, the manufacture of an airplane landing gear
part from alloy 7075. This alloy basically contains 5.5 percent zinc, 2.5
percent magnesium, and 1.5 percent copper, and is age hardenable.

Refer to the flow chart (Fig. 3-23). The alloy is prepared by melting, and
an ingot is cast. The ingot is homogenized, and then hot forged between two
dies of the desired shape. The finished forging is solution heat treated at
about 900°F and quenched in water.



FIGURE 3-23 Fabrication sequence for an airplane landing gear.

After solution heat treating, it is age hardened at about 250°F. Some final
surface machining completes the part, and it is ready to assemble on the
airplane.

Casting
Three basic casting processes are sand casting, permanent mold casting, and
die casting.

Sand casting uses a mold made from sand, based on the use of a pattern.
The mold is destroyed when the cast part is removed. Sand castings are
used for small-quantity runs. The finished casting has a rough surface and
usually requires some machining.

Permanent mold casting utilizes a permanent mold of iron or steel that
can be used repeatedly. A finished part is produced with smooth surfaces.
Dimensional accuracy of the finished part is close to that of a die-cast part.

Die casting uses a permanent mold, where molten metal is forced into
the die cavity under pressure. It produces a dimensionally accurate, thin-
sectioned, and smooth-surfaced part.



Chemical Milling
Chemical milling is a dimensional etching process for metal removal. In
working aluminum, it is the preferred method of removing less than 0.125
inch from large, intricate surfaces, such as integrally stiffened wing skins
for high-performance aircraft. Sodium-hydroxide-base or other suitable
alkaline solutions are generally used to chemically mill aluminum. Process
is carried out at elevated temperatures. Metal removal (dissolution) is
controlled by masking, rate of immersion, duration of immersion, and the
composition and temperature of bath.

Dissolution of a 0.01-inch thickness of aluminum per minute is a typical
removal rate. Economics dictates the removal of thicknesses greater than
0.250 inch by mechanical means. The choice of method between the
aforementioned 0.125- and 0.250-inch metal-removal thickness depends on
the fillet ratio and weight penalty.

Making Straight-Line Bends
Forming at the factory (as covered in the previous section) involves
specialized equipment and techniques. Therefore, it is generally beyond the
scope of the field mechanic. However, an example of straight-line bends is
appropriate.

When forming straight bends, the thickness of the material, its alloy
composition, and its temper condition must be considered. Generally
speaking, the thinner the material, the sharper it can be bent (the smaller the
radius of bend), and the softer the material, the sharper the bend. Other
factors that must be considered when making straight-line bends are bend
allowance, setback, and the brake or sight line.

The radius of bend of a sheet of material is the radius of the bend, as
measured on the inside of the curved materials. The minimum radius of
bend of a sheet of material is the sharpest curve, or bend, to which the sheet
can be bent without critically weakening the metal at the bend. If the radius
of bend is too small, stresses and strains will weaken the metal and could
result in cracking.

A minimum radius of bend is specified for each type of aircraft sheet
metal. The kind of material, thickness, and temper condition of the sheet are



factors that affect the minimum radius. Annealed sheet can be bent to a
radius approximately equal to its thickness. Stainless steel and 2024-T
aluminum alloy require a fairly large bend radius.

A general rule for minimum bend radii is:

•   1 × thickness for O temper.
•   2½ × thickness for T4 temper.
•   3 × thickness for T3 temper.

Bend Allowance
When making a bend or fold in a sheet of metal, the bend allowance must
be calculated. Bend allowance is the length of material required for the
bend. This amount of metal must be added to the overall length of the
layout pattern to ensure adequate metal for the bend (Fig. 3-24).

FIGURE 3-24 Bend-allowance terminology.

Bending a strip compresses the material on the inside of the curve and
stretches the material on the outside of the curve. However, at some
distance between these two extremes lies a space that is not affected by
either force. This is known as the neutral line or neutral axis. It occurs at a
distance approximately 0.445 times the metal thickness (0.455 × T) from
the inside of the radius of the bend.



When bending metal to exact dimensions, the length of the neutral line
must be determined so that sufficient material can be allowed for the bend.
To save time in calculating the bend allowance, formulas and charts for
various angles, radii of bends, material thicknesses, and other factors have
been established.

By experimenting with actual bends in metals, aircraft engineers have
found that accurate bending results could be obtained by using the
following formula for any degree of bend from 1 to 180 degrees:

Bend allowance = (0.01743 × R + 0.0078 × T) × N

This formula can be used in the absence of a bend-allowance chart. To
determine the bend allowance for any degree of bend by use of the chart
(Fig. 3-25), find the allowance per degree for the number of degrees in the
bend.



FIGURE 3-25 Bend-allowance chart.

The radius of bend is given as a decimal fraction on the top line of the
chart. Bend allowance is given directly below the radius figures. The top
number in each case is the bend allowance for a 90-degree angle, whereas
the lower-placed number is for a 1-degree angle. Material thickness is given
in the left column of the chart.

To find the bend allowance when the sheet thickness is 0.051 inch, the
radius of bend is ¼ inch (0.250 inch), and the bend is to be 90 degrees.



Reading across the top of the bend-allowance chart, find the column for a
radius of bend of 0.250 inch. Now, find the block in this column that is
opposite the gauge of 0.051 in the column at left. The upper number in the
block is 0.428, the correct bend allowance in inches for a 90-degree bend
(0.428-inch bend allowance).

If the bend is to be other than 90 degrees, use the lower number in the
block (the bend allowance for 1-degree) and compute the bend allowance.
The lower number in this case is 0.004756. Therefore, if the bend is to be
120 degrees, the total bend allowance in inches will be 120 × 0.004756,
which equals 0.5707 inch.

When bending a piece of sheet stock, it is necessary to know the starting
and ending points of the bend so that the length of the “flat” of the stock
can be determined. Two factors are important in determining this: the radius
of bend and the thickness of the material.

Notice that setback is the distance from the bend tangent line to the mold
point. The mold point is the point of intersection of the lines that extend
from the outside surfaces, whereas the bend tangent lines are the starting
and end points of the bend. Also notice that the setback is the same for the
vertical flat and the horizontal flat.

To calculate the setback for a 90-degree bend, merely add the inside
radius of the bend to the thickness of the sheet stock:

Setback = R + T (Fig. 3-26)



FIGURE 3-26 Setback, 90° bend.

To calculate setback for angles larger or smaller than 90 degrees, consult
standard setback charts or the K chart (Fig. 3-27) for a value called K, and
then substitute this value in the formula:



FIGURE 3-27 K chart.

Setback = K (R + T).

The value for K varies with the number of degrees in the bend. For
example:

Calculate the setback for a 120-degree bend with a radius of bend of
0.125 inch for a sheet 0.032 inch thick;



Brake or Sight Line
The brake or sight line is the mark on a flat sheet that is set even with the
nose of the radius bar of the cornice brake and serves as a guide when
bending. The brake line can be located by measuring out one radius from
the bend tangent line closest to the end that is to be inserted under the nose
of the brake or against the radius form block. The nose of the brake or
radius bar should fall directly over the brake or sight line, as shown in Fig.
3-28.

FIGURE 3-28 Sight line.

J Chart for Calculating Bend Allowance
The J chart can be used to determine the setback and total developed width
(TDW) of a flat pattern layout when the inside bend radius, bend angle, and
thickness are known. The instructions on how to use the J chart are located
on the bottom of the J chart shown in Fig. 3-29.



FIGURE 3-29 J chart.

Making Layouts



It is wise to make a layout or pattern of the part before forming it. This
technique reduces wasted material and allows a greater degree of accuracy
in the finished part. Where straight-angle bends are concerned, correct
allowances must be made for setback and bend allowance.

Relief Holes
Wherever two bends intersect, material must be removed to make room for
the material contained in the flanges. Holes are therefore drilled at the
intersection. These holes, called relief holes (Fig. 3-30), prevent strains
from being set up at the intersection of the inside-bend tangent lines that
would cause the metal to crack. Relief holes also provide a neatly trimmed
corner from which excess material can be trimmed.

FIGURE 3-30 Locating relief holes.

The size of a relief hole varies with the thickness of the material. The
size should be not less than ⅛-inch diameter for aluminum alloy sheet stock
up to and including 0.064 inch thick; it should be  inch for stock ranging
from 0.072- to 0.128-inch thickness. The most common method of
determining the diameter of a relief hole is to use the radius of bend for this



dimension, provided that it is not less than the minimum allowance (⅛
inch).

Relief holes must touch the intersection of the inside-bend tangent lines.
To allow for possible error in bending, make the relief holes so that they
extend  to  inch behind the inside end tangent lines. The intersection of
these lines should be used as the center for the holes. The line on the inside
of the curve is cut at an angle toward the relief holes to allow for the
stretching of the inside flange.

Miscellaneous Shop Equipment and Procedures
Selected pieces of shop equipment are presented in Chap. 2. Figure 3-31
shows a hand-operated brake for bending sheet metal. Larger brakes are
power operated.



FIGURE 3-31 Hand-operated brake.



Bends of a more complicated design, like a sheet-metal rib having
flanges around its contour, should be made over a form block shaped to fit
the inside contour of the finished part. Bending the flanges over this die can
be accomplished by hand forming, a slow (but practical) method for
experimental work (Fig. 3-32).



FIGURE 3-32 Simple form block and hold-down plate for hand forming. A
speedier and better production is the use of the hydropress.

Machining involves all forms of cutting, whether performed on sheet
stock, castings, or extrusions and involves such operations as shearing (Fig.
3-33), sawing, routing, and lathe and millwork, and such hand operations as
drilling, tapping, and reaming.



FIGURE 3-33 Power-operated shear.

Magnesium and Magnesium Alloys
Magnesium, the world’s lightest structural metal, is a silvery-white material
that weighs only two-thirds as much as aluminum. Magnesium does not
possess sufficient strength in its pure state for structural uses, but when
alloyed with zinc, aluminum, and manganese, it produces an alloy having
the highest strength-to-weight ratio of any of the commonly used metals.

Some of today’s aircraft require in excess of one-half ton of this metal
for use in hundreds of vital spots. Selected wing panels are fabricated
entirely from magnesium alloys. These panels weigh 18 percent less than
standard aluminum panels and have flown hundreds of satisfactory hours.
Among the aircraft parts that have been made from magnesium with a
substantial savings in weight are nosewheel doors, flap cover skins, aileron
cover skins, oil tanks, floorings, fuselage parts, wingtips, engine nacelles,



instrument panels, radio antenna masts, hydraulic fluid tanks, oxygen bottle
cases, ducts, and seats.

Magnesium alloys possess good casting characteristics. Their properties
compare favorably with those of cast aluminum. In forging, hydraulic
presses are ordinarily used, although, under certain conditions, forging can
be accomplished in mechanical presses or with drop hammers.

Magnesium alloys are subject to such treatments as annealing,
quenching, solution heat treatment, aging, and stabilizing. Sheet and plate
magnesium are annealed at the rolling mill. The solution heat treatment is
used to put as much of the alloying ingredients as possible into solid
solution, which results in high tensile strength and maximum ductility.
Aging is applied to castings following heat treatment if maximum hardness
and yield strength are desired.

Magnesium embodies fire hazards of an unpredictable nature. When in
large sections, high thermal conductivity makes it difficult to ignite and
prevents it from burning; it will not burn until the melting point is reached,
which is 1204°F. However, magnesium dust and fine chips can be ignited
easily. Precautions must be taken to avoid this, if possible. If a fire occurs, it
can be extinguished with an extinguishing powder, such as powdered
soapstone or graphite powder. Water or any standard liquid or foam fire
extinguishers cause magnesium to burn more rapidly and can cause
explosions.

Magnesium alloys produced in the United States consist of magnesium
alloyed with varying proportions of aluminum, manganese, and zinc. These
alloys are designated by a letter of the alphabet, with the number 1
indicating high purity and maximum corrosion resistance.

Heat Treatment of Magnesium Alloys
Magnesium alloy castings respond readily to heat treatment, and about 95
percent of the magnesium used in aircraft construction is in the cast form.
Heat treatment of magnesium alloy castings is similar to the heat treatment
of aluminum alloys because the two types of heat treatment are solution and
precipitation (aging). Magnesium, however, develops a negligible change in
its properties when allowed to age naturally at room temperatures.



Titanium and Titanium Alloys
In aircraft construction and repair, titanium is used for fuselage skins,
engine shrouds, firewalls, longerons, frames, fittings, air ducts, and
fasteners. Titanium is used to make compressor disks, spacer rings,
compressor blades and vanes, through bolts, turbine housings and liners,
and miscellaneous hardware for turbine engines.

Titanium falls between aluminum and stainless steel in terms of
elasticity, density, and elevated temperature strength. It has a melting point
from 2730 to 3155°F, low thermal conductivity, and a low coefficient of
expansion. It is light, strong, and resistant to stress-corrosion cracking.
Titanium is approximately 60 percent heavier than aluminum and about 50
percent lighter than stainless steel.

Because of the high melting point of titanium, high-temperature
properties are disappointing. The ultimate yield strength of titanium drops
rapidly above 800°F. The absorption of oxygen and nitrogen from the air at
temperatures above 1000°F makes the metal so brittle on long exposure that
it soon becomes worthless. However, titanium does have some merit for
short-time exposure up to 3000°F, where strength is not important. Aircraft
firewalls demand this requirement.

Titanium is nonmagnetic and has an electrical resistance comparable to
that of stainless steel. Some of the base alloys of titanium are quite hard.
Heat treating and alloying do not develop the hardness of titanium to the
high levels of some of the heat-treated alloys of steel. A heat-treatable
titanium alloy was only recently developed. Prior to the development of this
alloy, heating and rolling was the only method of forming that could be
accomplished. However, it is possible to form the new alloy in the soft
condition and heat treat it for hardness.

Iron, molybdenum, and chromium are used to stabilize titanium and
produce alloys that will quench harden and age harden. The addition of
these metals also adds ductility. The fatigue resistance of titanium is greater
than that of aluminum or steel.

Titanium Designations
The A-B-C classification of titanium alloys was established to provide a
convenient and simple means to describe titanium alloys. Titanium and



titanium alloys possess three basic crystals: A (alpha), B (beta), and C
(combined alpha and beta), that have specific characteristics:

•   A (alpha) All-around performance, good weldability, tough and
strong both cold and hot, and resistant to oxidation.

•   B (beta) Bendability, excellent bend ductility, strong both cold and
hot, but vulnerable to contamination.

•   C (combined alpha and beta for compromise performances) Strong
when cold and warm, but weak when hot; good bendability;
moderate contamination resistance; and excellent forgeability.

Titanium is manufactured for commercial use in two basic compositions:
commercially pure and alloyed. A-55 is an example of a commercially pure
titanium; it has a yield strength of 55,000 to 80,000 psi and is a general-
purpose grade for moderate to severe forming. It is sometimes used for
nonstructural aircraft parts and for all types of corrosion-resistant
applications, such as tubing.

Type A-70 titanium is closely related to type A-55, but has a yield
strength of 70,000 to 95,000 psi. It is used where higher strength is
required, and it is specified for many moderately stressed aircraft parts. For
many corrosion applications, it is used interchangeably with type A-55.
Type A-55 and type A-70 are weldable.

One of the widely used titanium-base alloys is C-110M. It is used for
primary structural members and aircraft skin, has 110,000 psi minimum
yield strength, and contains 8 percent manganese.

Type A-110AT is a titanium alloy that contains 5 percent aluminum and
2.5 percent tin. It also has a high minimum yield strength at elevated
temperatures with the excellent welding characteristics inherent in alpha-
type titanium alloys.

Corrosion Characteristics
The corrosion resistance of titanium deserves special mention. The
resistance of the metal to corrosion is caused by the formation of a
protective surface film of stable oxide or chemi-absorbed oxygen. Film is
often produced by the presence of oxygen and oxidizing agents.



Titanium corrosion is uniform. There is little evidence of pitting or other
serious forms of localized attack. Normally, it is not subject to stress
corrosion, corrosion fatigue, intergranular corrosion, or galvanic corrosion.
Its corrosion resistance is equal or superior to 18-8 stainless steel.

Treatment of Titanium
Titanium is heat treated for the following purposes:

•   Relief of stresses set up during cold forming or machining.
•   Annealing after hot working or cold working, or to provide

maximum ductility for subsequent cold working.
•   Thermal hardening to improve strength.

Working with Titanium
Unlike familiar metals, such as aluminum and steel, which generally require
no special techniques and procedures for machining, drilling, tapping or
forming, working with titanium requires consideration of its special
characteristics. Therefore, a more-detailed discussion of titanium’s
workability is in order.

Machining of Titanium
Titanium can be economically machined on a routine production basis if
shop procedures are set up to allow for the physical characteristics common
to the metal. The factors that must be given consideration are not complex,
but they are vital to the successful handling of titanium.

Most important is that different grades of titanium (i.e., commercially
pure and various alloys) will not all have identical machining
characteristics. Like stainless steel, the low thermal conductivity of titanium
inhibits dissipation of heat within the workpiece itself, thus requiring proper
application of coolants.

Generally, good tool life and work quality can be ensured by rigid
machine set-ups, use of a good coolant, sharp and proper tools, slower
speeds, and heavier feeds. The use of sharp tools is vital because dull tools



will accentuate heat build-up to cause undue galling and seizing, leading to
premature tool failure.

Milling
The milling of titanium is a more-difficult operation than that of turning.
The cutter mills only part of each revolution, and chips tend to adhere to the
teeth during that portion of the revolution that each tooth does not cut. On
the next contact, when the chip is knocked off, the tooth could be damaged.

This problem can be alleviated to a great extent by using climb milling,
instead of conventional milling. In this type of milling, the cutter is in
contact with the thinnest portion of the chip as it leaves the cut, minimizing
chip “welding.”

For slab milling, the work should move in the same direction as the
cutting teeth. For face milling, the teeth should emerge from the cut in the
same direction as the work is fed.

In milling titanium, when the cutting edge fails, it is usually because of
chipping. Thus, the results with carbide tools are often less satisfactory than
with cast-alloy tools. The increase in cutting speeds of 20 to 30 percent,
which is possible with carbide, does not always compensate for the
additional tool-grinding costs. Consequently, it is advisable to try both cast-
alloy and carbide tools to determine the better of the two for each milling
job. The use of a water-base coolant is recommended.

Turning
Commercially pure and alloyed titanium can be turned with little difficulty.
Carbide tools are the most satisfactory for turning titanium. The “straight”
tungsten carbide grades of standard designations C1 through C4, such as
Metal Carbides C-91 and similar types, provide the best results. Cobalt-type
high-speed steels appear to be the best of the many types of high-speed steel
available. Cast-alloy tools, such as Stellite, Tantung, Rexalloy, etc., can be
used when carbide is not available and when the cheaper high-speed steels
are not satisfactory.



Drilling
Successful drilling can be accomplished with ordinary high-speed steel
drills. One of the most important factors in drilling titanium is the length of
the unsupported section of the drill.

This portion of the drill should be no longer than necessary to drill the
required depth of hole and still allow the chips to flow unhampered through
the flutes and out of the hole. This permits the application of maximum
cutting pressure, as well as rapid removal and reengagement to clear chips,
without drill breakage. Use of “Spiro-Point” drill grinding is desirable.

Tapping
The best results in tapping titanium have been with a 65 percent thread.
Chip removal is a problem that makes tapping one of the more-difficult
machining operations. However, in tapping through-holes, this problem can
be simplified by using a gun-type tap with which chips are pushed ahead of
the tap. Another problem is the smear of titanium on the land of the tap,
which can result in the tap freezing or binding in the hole. An activated
cutting oil, such as a sulfurized-and-chlorinated oil, is helpful in avoiding
this.

Grinding
The proper combination of grinding fluid, abrasive wheel, and wheel speeds
can expedite this form of shaping titanium. Both alundum and silicon
carbide wheels are used. The procedure recommended is to use
considerably lower wheel speeds than in conventional grinding of steels. A
water-sodium nitrite mixture produces excellent results as a coolant.
However, this solution can be very corrosive to equipment, unless proper
precautions are used.

Sawing
Slow speeds (in the 50-fpm range) and heavy, constant blade pressure
should be used. Standard blades should be reground to provide improved



cutting efficiency and blade life.

Cleaning After Machining
It is recommended that machined parts that will be exposed to elevated
temperatures should be thoroughly cleaned to remove all traces of cutting
oils. An acceptable recommended solvent is methyl-ethyl-ketone (MEK).

It is advisable not to use low-flash-point cutting oils because the high
heat generated during machining could cause the oil to ignite. Water-soluble
oils or cutting fluids with a high flash point are recommended.

Shop-Forming Titanium
Titanium sheet material can be cold or hot formed, although the latter is
usually preferable. Forming is best accomplished by one of four basic
methods (hydropress, power brake, stretch, or drop hammer), using
somewhat more gradual application of pressure than with steel. Titanium
mill products are generally shipped in the annealed condition, and thus are
in their most workable condition for forming, as received.

Initial forming operations—the preparation of blanks—are much like
those used for 18-8 stainless steel: shearing, die blanking, nibbling, and
sawing are all satisfactory. To prevent cracks or tears during forming
operations of titanium, blanks should be deburred to a round, smooth edge.

Stress Relief
As an aid to cold forming, it is usually necessary to stress relieve where
more than one stage of fabrication is involved. For example, a part should
be stress relieved after brake forming prior to stretching and also between
room-temperature hydropress forming stages. After cold-forming
operations are complete, heat treatment is necessary to relieve residual
stresses imposed during forming.

Ferrous Aircraft Metals



Ferrous applies to the group of metals having iron as their principal
constituent.

Identification
If carbon is added to iron, in percentages ranging up to approximately 1
percent, the product is vastly superior to iron alone and is classified as
carbon steel. Carbon steel forms the base of those alloy steels produced by
combining carbon steel with other elements known to improve the
properties of steel. A base metal, such as iron, to which small quantities of
other metals have been added is called an alloy. The addition of other
metals changes or improves the chemical or physical properties of the base
metal for a particular use.

The steel classification of the SAE (Society of Automotive Engineers) is
used in specifications for all high-grade steels used in automotive and
aircraft construction. A numerical index system identifies the composition
of SAE steels.

Each SAE number consists of a group of digits: the first digit represents
the type of steel; the second, the percentage of the principal alloying
element; and, usually, the last two or three digits, the percentage, in
hundredths of 1 percent, of carbon in the alloy. For example, the SAE
number 4130 indicates a molybdenum steel containing 1 percent
molybdenum and 0.30 percent carbon.



Metal stock is manufactured in several forms and shapes, including
sheets, bars, rods, tubings, extrusions, forgings, and castings. Sheet metal is
made in a number of sizes and thicknesses. Specifications designate
thicknesses in thousandths of an inch. Bars and rods are supplied in a
variety of shapes, such as round, square, rectangular, hexagonal, and
octagonal. Tubing can be obtained in round, oval, rectangular, or
streamlined shapes. The size of tubing is generally specified by outside
diameter and wall thickness.

The sheet metal is usually formed cold in such machines as presses,
bending brakes, drawbenches, or rolls. Forgings are shaped or formed by
pressing or hammering heated metal in dies. Castings are produced by
pouring molten metal into molds. The casting is finished by machining.

Types, Characteristics, and Uses of Alloyed Steels
Steel that contains carbon in percentages range from 0.10 to 0.30 percent is
considered low-carbon steel. The equivalent SAE numbers range from 1010
to 1030. Steels of this grade are used to make such items as safety wire,
selected nuts, cable bushings, or threaded rod ends. This steel, in sheet
form, is used for secondary structural parts and clamps, and in tubular form
for moderately stressed structural parts.



Steel that contains carbon in percentages that range from 0.30 to 0.50
percent is considered medium-carbon steel. This steel is especially
adaptable for machining or forging, and where surface hardness is desirable.
Selected rod ends and light forgings are made from SAE 1035 steel.

Steel that contains carbon in percentages ranging from 0.50 to 1.05
percent is high-carbon steel. The addition of other elements in varying
quantities add to the hardness of this steel. In the fully heat-treated
condition, it is very hard, will withstand high shear and wear, and will have
minor deformation. It has limited use in aircraft. SAE 1095 in sheet form is
used to make flat springs and in wire form to make coil springs.

The various nickel steels are produced by combining nickel with carbon
steel. Steels containing from 3 to 3.75 percent nickel are commonly used.
Nickel increases the hardness, tensile strength, and elastic limit of steel
without appreciably decreasing the ductility. It also intensifies the
hardening effect of heat treatment. SAE 2330 steel is used extensively for
aircraft parts, such as bolts, terminals, keys, clevises, and pins.

Chromium steel has high hardness, strength, and corrosion-resistant
properties and is particularly adaptable for heat-treated forgings that require
greater toughness and strength than can be obtained in plain carbon steel.
Chromium steel can be used for such articles as the balls and rollers of
antifriction bearings.

Chrome-nickel (stainless) steels are the corrosion-resistant metals. The
anticorrosive degree of this steel is determined by the surface condition of
the metal, as well as by the composition, temperature, and concentration of
the corrosive agent.

The principal alloy of stainless steel is chromium. The corrosion-
resistant steel most often used in aircraft construction is known as 18-8 steel
because it is 18 percent chromium and 8 percent nickel. One distinctive
feature of 18-8 steel is that its strength can be increased by coldworking.

Stainless steel can be rolled, drawn, bent, or formed to any shape.
Because these steels expand about 50 percent more than mild steel and
conduct heat only about 40 percent as rapidly, they are more difficult to
weld. Stainless steel can be used for almost any part of an aircraft. Some of
its common applications are in the fabrication of exhaust collectors, stacks
and manifolds, structural and machine parts, springs, castings, tie rods, and
control cables.



Chrome-vanadium steels are made of approximately 18 percent
vanadium and about 1 percent chromium. When heat treated, they have
strength, toughness, and resistance to wear and fatigue. A special grade of
this steel in sheet form can be cold formed into intricate shapes. It can be
folded and flattened without signs of breaking or failure. SAE 6150 is used
for making springs, while chrome-vanadium with high-carbon content, SAE
6195, is used for ball and roller bearings.

Molybdenum in small percentages is used in combination with
chromium to form chrome-molybdenum steel, which has various uses in
aircraft. Molybdenum is a strong alloying element that raises the ultimate
strength of steel without affecting ductility or workability. Molybdenum
steels are tough and wear resistant, and they harden throughout when heat
treated. They are especially adaptable for welding and, for this reason, are
used principally for welded structural parts and assemblies. This type of
steel has practically replaced carbon steel in the fabrication of fuselage
tubing, engine mounts, landing gears, and other structural parts. For
example, a heat-treated SAE 4130 tube is approximately four times as
strong as an SAE 1025 tube of the same weight and size.

A series of chrome-molybdenum steel most used in aircraft construction
contains 0.25 to 0.55 percent carbon, 0.15 to 0.25 percent molybdenum, and
0.50 to 1.10 percent chromium. These steels, when suitably heat treated, are
deep hardening, easily machined, readily welded by either gas or electric
methods, and are especially adapted to high-temperature service.

Inconel is a nickel-chromium-iron alloy that closely resembles stainless
steel in appearance. Because these two metals look very much alike, a
distinguishing test is often necessary. One method of identification is to use
a solution of 10 grams of cupric chloride in 100 cubic centimeters of
hydrochloric acid. With a medicine dropper, place one drop of the solution
on a sample of each metal to be tested, and allow it to remain for two
minutes. At the end of this period, slowly add three or four drops of water
to the solution on the metal samples, one drop at a time; then wash the
samples in clear water and dry them. If the metal is stainless steel, the
copper in the cupric chloride solution will be deposited on the metal leaving
a copper-colored spot. If the sample is inconel, a new-looking spot will be
present.

The tensile strength of inconel is 100,000 psi annealed, and 125,000 psi,
when hard rolled. It is highly resistant to salt water and is able to withstand



temperatures as high as 1600°F. Inconel welds readily and has working
qualities quite similar to those of corrosion-resistant steels.

Heat Treatment of Ferrous Metals
The first important consideration in the heat treatment of a steel part is to
know its chemical composition. This, in turn, determines its upper critical
point. When the upper critical point is known, the next consideration is the
rate of heating and cooling to be used. Carrying out these operations
involves the use of uniform heating furnaces, proper temperature controls,
and suitable quenching mediums.

Heat treating requires special techniques and equipment that are usually
associated with manufacturers or large repair stations. Figure 3-34 shows
the various heat-treating procedures for steel. The heat treatment of alloy
steels includes hardening, tempering, annealing, normalizing,
casehardening, carburizing, and nitriding.



FIGURE 3-34 Heat-treatment procedures for steels.
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CHAPTER 4
Drilling and Countersinking

lthough drilling holes seems a simple task, it requires a great deal of
knowledge and skill to do it properly and in accordance with

specifications. It is one of the most important operations performed by
riveters or mechanics. With enough study and a considerable amount of
practice, practically anyone can learn to perform the operation.

Rivet Hole Preparation
Preparing holes to specifications requires more than just running a drill
through a piece of metal. This chapter outlines the fundamentals of
preparing proper holes, primarily for all types of rivets and rivet-type
fasteners; however, the information is also generally applicable to bolts,
pins, or any other devices that require accurately drilled holes.

Countersinking is another phase of preparing holes for certain types of
fasteners. Countersinking procedures and other related data are also
included in this chapter.

Rivet Hole Location
Before drilling any hole, it is necessary to know where to drill it. This can
be done by any one or a combination of the following methods:

•   By pilot holes punched while the part is being made on a punch
press and enlarging the holes to full size on assembly.

•   By use of a template.
•   By drilling through drill bushings in a jig on assembly.



•   By using a “hole finder” to locate holes in the outer skin over the
pilot or predrilled hole in the substructure.

•   By laying out the rivet pattern by measurements from a blueprint.
When it is necessary to mark hole locations, a colored pencil that
contains no lead, or a water soluble fine point felt pen should be
used. The carbon in lead pencils is highly incompatible with
aluminum and should not be used. Never use a scriber or other
similar object that would scratch the metal.

Drills
Rivet holes are generally made with an air drill motor and a standard
straight shank twist drill, as shown in Fig. 4-1.



FIGURE 4-1 Standard straight shank twist drill.



Twist drills for most aircraft work are available in three different size
groups: letter sizes A through Z; number sizes 80 through 1; and fractional
sizes, from diameters of  inch up to 1¼ inch, increasing in increments of 

 inch. Fractional sizes are also available in larger diameters but are not
used for rivet fasteners. All drill sizes are marked on the drill shank. See
Fig. 4-2 for normally available drill sizes.

FIGURE 4-2 Sizes and designations of fraction, number, and letter drills.

Drills are made from the following materials:



•   Carbon Steel Not normally used in the aerospace industry because of
its inferior working qualities to high-speed steel.

•   High-Speed Steel Most drills used in the aerospace industry are high-
speed steel because of good physical characteristics, ready
availability, and because they do not present any difficult problems
in resharpening.

•   Cobalt Alloy Steels Used on high heat-treated steels over 180,000
psi.

•   Cemented Carbide Inserts Used for cutting very hard and abrasive
materials. Limited use in the aerospace industry.

Drill sizes are not always readable on the drill shank because the drill
chuck has spun on the drill and removed the markings. If the drill size
cannot easily be read on the drill, always use a drill gauge, shown in Fig. 4-
3.



FIGURE 4-3 Drill gauges: fractions on the left and number on the right.
Decimal equivalents are also given. (Courtesy L.S. Starret Company.)

Drill Sharpening
The twist drill should be sharpened at the first sign of dullness. Faulty
sharpening accounts for most of the difficulty encountered in drilling.
Although drills can be sharpened by hand, a drill-sharpening jig should be
used when available. Using the drill gauge (Fig. 4-4), rotating the drill
about its central axis will not provide the 12-degree lip clearance required.
The drill must be handled so that the heel will be ground lower than the lip.
Using the drill gauge, it is possible to maintain equal length lips that form
equal angles with the central axis. If the drill is rotated slightly the gauge
will indicate whether the heel has sufficient clearance.

FIGURE 4-4 Drill-sharpening gauge. (Courtesy L.S. Starret Company.)

Typical procedures for sharpening drills are as follows (see Fig. 4-5):





FIGURE 4-5 Drill-sharpening procedure.

1.   Adjust the grinder tool rest to a convenient height for resting the
back of the hand while grinding.

2.   Hold the drill between the thumb and index finger of the right or left
hand. Grasp the body of the drill near the shank with the other hand.

3.   Place the hand on the tool rest with the centerline of the drill making
a 59-degree angle with the cutting face of the grinding wheel. Lower
the shank end of the drill slightly.

4.   Slowly place the cutting edge of the drill against the grinding wheel.
Gradually lower the shank of the drill as you twist the drill in a
clockwise direction. Maintain pressure against the grinding surface
only until you reach the heel of the drill.

5.   Check the results of grinding with a gauge to determine whether or
not the lips are the same length and at a 59 degree or other desired
angle.

Drill Points
Drills are made with a number of different points or are ground to different
angles for a specific application, as shown in Fig. 4-6. Always select the
correct shape point for the job. As a general rule, the point angle should be
flat or large for hard and tough materials, and sharp or small for soft
materials.



FIGURE 4-6 Typical drill points for drilling various materials.

A 135-degree split point drill point is most often used to drill heat-
treated aluminum alloys. The split point reduces the tendency of “drill
walking” during the start of the drilling operation.

Drilling Equipment
The air drill motor is used in the aerospace industry in preference to an
electric motor because the air motor has no fire or shock hazards, has a
lower initial cost, requires less maintenance, and running speed is easier to
control. Air motors are available in a variety of sizes, shapes, running
speeds, and drilling head angles (Fig. 4-7).



FIGURE 4-7 Typical air motors used for sheet metal repair.

Drilling Operations

Chucking the Drill

WARNING Before installing or removing drill bits, countersinks, or other
devices in an air motor, be sure that the air line to the motor is
disconnected. Failure to observe this precaution can cause serious
injury.

1.   Install proper drill in the motor and tighten with proper size chuck
key. Be sure to center the drill in the chuck. Do not allow flutes to
enter the chuck.

2.   Connect the air hose to the motor inlet fitting.
3.   Start the drill motor and check the drill for wobble. The drill must

run true, or an oversize hole will be made. Replace bent drills.



Drilling Holes
1.   Hold the motor firmly. Hold the drill at 90-degree angle to the

surface, as shown in Fig. 4-8.

FIGURE 4-8 Square drill with work.

2.   Start the hole by placing the point of the drill on the marked
centerline. With the fingers, turn the chuck until an indentation is
made. (Omit this step when drilling through a drill bushing or when
a pilot hole exists.)

3.   Position thumb and forefinger to prevent the drill from going too far
through the work, which can cause damage to items on the other
side or result in an oversized hole.

4.   Drill the hole by starting the drill motor and exerting pressure on the
centerline of the drill. Exert just enough pressure to start the drill
cutting a fairly large size of chip and maintain this pressure until the
drill starts to come through the work.

5.   Decrease the pressure and cushion the breakthrough with the fingers
when the drill comes through. Do not let the drill go any farther
through the hole than is necessary to make a good, clean hole. Do
not let the drill spin in the hole any longer than necessary.

6.   Withdraw the drill from the hole in a straight line perpendicular to
the work. Keep motor running while withdrawing drill.



To ensure proper centering and a correct, final-sized hole, rivet holes are
usually pilot drilled with a drill bit that is smaller than the one used to finish
the hole. Selected larger-diameter holes must be predrilled after pilot
drilling and before final-sized drilling to ensure a round, accurate hole for
the rivet. This procedure is sometimes referred to as step drilling.

Note: When drilling thin sheet-metal parts, support the part from the rear
with a wooden block or other suitable material to prevent bending.

For enlarging holes in thin sheet metal use:
Plastic-type drills for hole diameter �⁄� inch and under.
Hole saws for holes over �⁄�-inch diameter (Fig. 4-9). Do not use

counterbores or spotfacers.

FIGURE 4-9 For cutting clean, large-diameter holes in thin sheet metal, hole
saws are commonly used.

Drill Stops and Drill Bushings
Always use a drill stop shown in Fig. 4-10 to prevent excessive drill
penetration that might damage underlying structure, injure personnel, and
prevent the drill chuck from marring the surface. Drill bushings as shown in
Fig. 4-11 are used to hold the drill perpendicular to the part and prevent
excessive drill penetration and possible damage to the aircraft skin.

FIGURE 4-10 Drill stop.



FIGURE 4-11 Drill bushings.

Using an Extension Drill
Special drills can be used with the air-drill motor. The long drill (sometimes
called a flexible drill) comes in common drill sizes and in 6-inch, 8-inch,
10-inch, or longer lengths. Do not use a longer drill than necessary. See Fig.
4-12.



FIGURE 4-12 Select a drill of the correct length and size.

CAUTION

1.   Before starting the motor, hold the extension near the flute end with
one hand as shown in Fig. 4-13. Don’t touch the flutes and don’t
forget to wear safety glasses or a face shield.

2.   Drill through the part. Do not let go of the drill shank. Keep the
motor running as the drill is removed.



FIGURE 4-13 Hold the extension drill near the flute end with one hand. An
unsupported drill might whip around and cause injury.

Drilling Aluminum and Aluminum Alloys
Drilling these materials has become quite commonplace and few difficulties
are experienced. Some of the newer aluminum alloys of high silicon content
and some of the cast alloys still present several problems. General-purpose
drills can be used for all sheet material.

High rates of penetration can be used when drilling aluminum; hence,
disposal of chips or cuttings is very important. To permit these high-
penetration rates and still dispose of the chips, drills have to be free cutting
to reduce the heat generated and have large flute areas for the passage of
chips.

Although the mechanic has no direct indication of drill motor speed, a
relatively high rpm can be used.

Drilling Titanium and Titanium Alloys
Titanium and its alloys have low-volume specific heat and low thermal
conductivity, causing them to heat readily at the point of cutting, and
making them difficult to cool because the heat does not dissipate readily.

Thermal problems can best be overcome by reducing either the speed or
the feed. Fortunately, titanium alloys do not work-harden appreciably, thus



lighter feed pressures can be used.
When using super-high-speed drills containing high carbon, vanadium,

and cobalt to resist abrasion and high drilling heats, a speed (rpm)
considerably slower than for aluminum must be used.

See Chap. 3 for further information regarding the drilling of titanium.

Drilling Stainless Steel
Stainless steel is more difficult to drill than aluminum alloys and straight
carbon steel because of the work-hardening properties. Because of work
hardening, it is most important to cut continuously with a uniform speed
and feed. If the tool is permitted to rub or idle on the work, the surface will
become work hardened to a point where it is difficult to restart the cut.

For best results in cutting stainless steel, the following should be adhered
to:

•   Use sharp drills, point angle 135 degrees.
•   Use moderate speeds.
•   Use adequate and uniform feeds.
•   Use an adequate amount of sulfurized mineral oil or soluble oil as a

coolant, if possible.
•   Use drill motor speeds the same as for titanium.

Hint
When drilling through dissimilar materials, drill through the harder material
first to prevent making an egg-shaped hole in the softer material.

Deburring
Drilling operations cause burrs to form on each side of the sheet and
between sheets. Removal of these burrs, called debunking or burring, must
be performed if the burrs tend to cause a separation between the parts being
riveted. Burrs under either head of a rivet do not, in general, result in
unacceptable riveting. The burrs do not have to be removed if the material
is to be used immediately; however, sharp burrs must be removed, if the



material is to be stored or stacked, to prevent scratching of adjacent parts or
injury to personnel.

Care must be taken to limit the amount of metal removed when burrs are
removed. Removal of any appreciable amount of material from the edge of
the rivet hole will result in a riveted joint of lowered strength. Deburring
shall not be performed on predrilled holes that are to be subsequently form
countersunk.

Remove drill chips and dirt prior to riveting to prevent separation of the
sheets being riveted. Burrs and chips can be minimized by clamping the
sheets securely during drilling and backing up the work if the rear member
is not sufficiently rigid. A chip chaser (Fig. 4-14) can be used when
necessary to remove loose chips between the material.

FIGURE 4-14 A chip chaser can be used to remove chips between material.



Countersinking
Flush head rivets (100 degree countersunk) require a countersunk hole
prepared for the manufactured rivet head to nest in. This is accomplished by
one of two methods: machine countersinking or form countersinking
(dimpling), as shown in Fig. 4-15.

FIGURE 4-15 Countersinking and dimpling.

Types of Countersinking Cutters
The straight shank cutter is shown in Fig. 4-16. The cutting angle is marked
on the body. Cutting angles commonly used are 100 and 110 degrees. The
diameter of the body varies from ¼ to 1½ inch. A countersink of ⅜-inch
diameter is most commonly used.



FIGURE 4-16 Straight shank and rosebud countersinking cutters.

A countersink cutter (rose bud) for angle drills, also shown in Fig. 4-16,
is used if no other countersink will do the job.

The stop countersink (Fig. 4-17) consists of the cutter and a cage. The
cutter has a threaded shank to fit the cage and an integral pilot. The cutting
angle is marked on the body. The cage consists of a foot piece, locking
sleeve, locknut, and spindle. The footpiece is also available in various
shapes and sizes. Stop countersinks must be used in all countersinking
operations, except where there is not enough clearance.



FIGURE 4-17 The stop countersink set with go no-go gages.

CAUTION When using a stop countersink, always hold the skirt firmly with
one hand. If the countersink turns or vibrates, the material will be
marred and a ring will be made around the hole.

Back (inserted) countersinks (Fig. 4-18) should be used when access for
countersinking is difficult. The back countersink consists of two pieces: a
rod, of the same diameter as the drilled hole, which slips through the hole,
and a cutter that is attached on the far side.



FIGURE 4-18 A back countersink.

Countersinking Holes
To countersink holes, proceed as follows:

1.   Inspect the holes to be countersunk. The holes must be of the proper
size, perpendicular to the work surface, and not be elongated.

2.   Select the proper size of countersink. The pilot should just fit the
hole and turn freely in the hole. If the hole is too tight, the cutter will
“freeze-up” in the hole and might break.

3.   Check the angle of the countersink.
4.   Set the depth of the stop countersink on a piece of scrap before

countersinking a part. Always check for proper head flushness by
driving a few rivets of the required type and size in the scrap
material. The rivet heads should be flush after driving. In some
cases, where aerodynamic smoothness is a necessity, the blueprint
might specify that countersunk holes be made so that flush head
fasteners will be a few thousandths of an inch high. Such fasteners
are shaved to close limits after driving.

5.   Countersink the part. Be sure to hold the skirt to keep it from
marking the part and apply a steady pressure to the motor to keep
the cutter from chattering in the hole.

Minimum Countersinking Depth



If countersinking is done on metal below a certain thickness, a knife edge
with less than the minimum bearing surface or actual enlarging of the hole
may result. The general rule for countersinking and flush fastener
installation procedures has been reevaluated in recent years because
countersunk holes have been responsible for fatigue cracks in aircraft
pressurized skin. In the past, the general rule for countersinking held that
the fastener head must be contained within the outer sheet. A combination
of countersinks too deep (creating a knife edge), number of pressurization
cycles, fatigue, deterioration of bonding materials, and working fasteners
caused a high stress concentration that resulted in skin cracks and fastener
failures. Some manufacturers are currently recommending the countersink
depth be no more than ⅔ the outer sheet thickness or down to 0.020-inch
minimum fastener shank depth, whichever is greater. Dimple the skin if it is
too thin for machine countersinking. Figure 4-19 shows the countersink
dimension.



FIGURE 4-19 Countersinking dimensions.

Form Countersinking (Dimpling)
Blueprints often specify form countersinking to form a stronger joint than
machine countersinking provides. The sheet is not weakened by cutting
metal away, but is formed to interlock with the substructure. The two types
of form countersinking accepted are coin dimpling and modified radius
dimpling.

If flush rivets are required but the aircraft skin is too thin to be machine
countersunk, the skin must be dimpled.



Coin Dimpling
Coin dimpling is accomplished by using either a portable or a stationary
squeezer fitted with special dimpling dies (Fig. 4-20). These special dies
consist of a male die held in one jaw of the squeezer and a female die held
in the other jaw. In the female die, a movable coining ram exerts controlled
pressure on the underside of a hole, while the male die exerts controlled
pressure on the upper side to form a dimple. Pressure applied by the coining
ram forms, or “coins,” a dimple in the exact shape of the dies. Coin
dimpling does not bend or stretch the material, as did the now-obsolete
radius-dimpling system, and the dimple definition is almost as sharp as that
of a machine countersink. Because the lower and upper sides of the dimple
are parallel, any number of coined dimples can be nested together or into a
machine countersink, and the action of the coining ram prevents cracking of
the dimple.



FIGURE 4-20 Dimpling techniques.

Coin dimpling is used on all skins when form countersinking is
specified, and wherever possible, on the substructure. When it is impossible
to get coin-dimpling equipment into difficult places on the substructure, a
modified radius dimple can be used, and a coin dimple can then nest in
another coin dimple, or a machine countersink, or a modified radius dimple.
Unless the drawing specifies otherwise, dimpling shall be performed only
on a single thickness of material.

Modified-Radius Dimpling
The modified-radius dimple is similar to the coin dimple, except that the
coining ram is stationary in the female die and is located at the bottom of
the recess (Fig. 4-21). Because the pressure applied by the stationary



coining ram cannot be controlled, the amount of forging or coining is
limited. The modified-radius dimple does not have as sharp a definition as
the coin dimple. Because the upper and lower sides of the modified-radius
dimple are not parallel, this type of dimple can never nest into another
dimple or countersink, and when used must always be the bottom dimple.
The advantage of the modified-radius dimple is that the dimpling
equipment can be made smaller and can get into otherwise inaccessible
places on the substructure. Dimples for panel fasteners, such as Dzus,
Camloc, and Airloc fasteners, might be modified-radius dimpled.

FIGURE 4-21 Modified-radius dimple dies.

Heat is used with some types of material when doing either type of form
dimpling. Magnesium, titanium, and certain aluminum alloys must be
dimpled with heated dies. Primed surfaces can be hot or cold dimpled,
depending on the metal, and heat can be used to dimple any material, except
stainless steel, to prevent cracking. A ram coin hot dimpler is shown in Fig.
4-22.



FIGURE 4-22 100° combination predimple and countersink method.

100 Degree Combination Predimple and
Countersink Method
Metals of different thicknesses are sometimes joined by a combination of
dimpling and countersinking. See Fig. 4-22. A countersink well made to
receive a dimple is called a subcountersink. These are most often seen
where a thin web is attached to heavy structure. It is also used on thin gap
seals, wear strips, and repairs for worn countersinks.

Hole Preparation for Form Countersinking
Preparation of holes for form countersinking is of great importance because
improperly drilled holes result in defective dimples. Holes for solid-shank
rivets must be size drilled, before dimpling, by using the size drills
recommended for regular holes. Holes for other fasteners must be predrilled
before dimpling, and then drilled to size, according to the blueprint or
applicable specification after dimpling. Do not burr holes to be form
countersunk, except on titanium.

CAUTION Form countersinking equipment (coin dimpling and modified-
radius dimpling) is normally operated only by certified operators who
have been instructed and certified to operate this equipment.



To accomplish general dimpling, proceed as follows:

1.   Fit skin in place on substructure.
2.   Pilot drill all holes (Cleco often).
3.   Drill to proper size for dimpling: final size for conventional rivets;

predrill size for all other rivets.
4.   Mark all holes according to NAS523 rivet code letters (see Chap.

11) to show the type and size of fastener before removing the skin or
other parts from the assembly. Mark “DD,” which means dimple
down, with a grease pencil on the head side of the part.

5.   Remove the skin and have it dimpled.
6.   Have the substructure dimpled or countersunk as specified on the

blueprint. Mark it, as in step 4.
7.   Size drill holes when necessary.
8.   Fit the skin.
9.   Install the rivets.

Shaving Flush Head Fasteners
Rivets, bolts, screws, or other fasteners that protrude above the surface
(beyond allowable tolerances for aerodynamic smoothness) might require
shaving. The amount that a rivet can protrude above the surface of the skin
varies with each airplane model and with different surfaces on the airplane.
Rivet shaving (milling) is accomplished with an air-driven, high-speed
cutter in a rivet shaver, as shown in Fig. 4-23.



FIGURE 4-23 Typical rivet shaver.

After shaving, fasteners should be flush within 0.001 inch above the
surface—even though a greater protuberance is allowable in that particular
area for unshaved fasteners.

WARNING Shaved fasteners have a sharp edge and could be a hazard to
personnel.

Shaved rivets and abraded areas adjacent to shaved rivets and blind
rivets that have broken pin ends and are located in parts, for which
applicable drawings specify paint protection, must be treated for improved
paint adhesion.

Reamers
Reamers are used to smooth and enlarge holes to the exact size. Hand
reamers have square end shanks so that they can be turned with a tap
wrench or a similar handle. Various reamers are illustrated in Fig. 4-24.



FIGURE 4-24 Typical reamers.

A hole that is to be reamed to exact size must be drilled about 0.003- to
0.007-inch undersize. A cut that removes more than 0.007 inch places too
much load on the reamer and should not be attempted.

Reamers are made of either carbon tool steel or high-speed steel. The
cutting blades of a high-speed steel reamer lose their original keenness
sooner than those of a carbon steel reamer; however, after the first
superkeenness is gone, they are still serviceable. The high-speed reamer
usually lasts much longer than the carbon steel type.



Reamer blades are hardened to the point of being brittle and must be
handled carefully to avoid chipping them. When reaming a hole, rotate the
reamer in the cutting direction only. Turn the reamer steadily and evenly to
prevent chattering, marking, and scoring the hole area.

Reamers are available in any standard size. The straight-fluted reamer is
less expensive than the spiral-fluted reamer, but the spiral type has less
tendency to chatter. Both types are tapered for a short distance back of the
end to aid in starting. Bottoming reamers have no taper and are used to
complete the reaming of blind holes.

For general use, an expansion reamer is the most practical. This type is
furnished in standard sizes from ¼ to 1 inch, increasing in diameter by -
inch increments. Taper reamers, both hand- and machine-operated, are used
to smooth and true tapered holes and recesses.
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CHAPTER 5
Riveting

iveting is the strongest practical means of fastening airplane skins and
the substructure together. Although the cost of installing one rivet is

small, the great number of rivets used in airplane manufacture represents a
large percentage of the total cost of any airplane.

Solid-Shank Rivets
Although many special rivets are covered later in this chapter, solid-shank
(conventional) rivets are the most commonly used rivets in aircraft
construction. They consist of a manufactured head, a shank, and a driven
head. The driven head, sometimes called a shop head or upset head, is
caused by upsetting the shank with a rivet gun or rivet squeezer. The shank
actually expands slightly while being driven so the rivet fits tightly in the
drilled hole (Fig. 5-1).



FIGURE 5-1 Rivet nomenclature and basic operation.

Material
Solid-shank rivets are manufactured from several kinds of metal or different
alloys of these metals to fulfill specific requirements. These different metals
and alloys are usually specified in a rivet designation by a system of letters.
They are further identified by a system of markings on the rivet head. In
some cases, the absence of a head marking signifies the alloy within a
particular alloy group, or a particular color is used for a particular alloy.
Figure 5-2 shows the more commonly used aluminum alloy rivets.





FIGURE 5-2 Rivet identification.

Rivet Types and Identification
In the past, solid-shank rivets with several different types of heads were
manufactured for use on aircraft; now only two basic head types are used:
countersunk and universal. However, in special cases, there are a few
exceptions to this rule (Fig. 5-3).



FIGURE 5-3 Common rivet head styles.

Briles Rivets (Modified 120-Degree Countersunk Rivet)
The Briles rivet as shown in Fig. 5-4 has a modified 120-degree head and is
being used on several new aircraft. The Briles rivets are available in
aluminum and titanium/columbium alloys (D - no mark on rivet head, KE -
impressed ring on rivet head). The rivet holes can be drilled with standard
drill bit sizes, but a special piloted counterbore/countersink must be used,
due to the modified 120-degree head of the Briles rivet. Flushness can be
checked by using a “dual gage.” The Briles rivet can be driven with
standard pneumatic rivet guns using standard “mushroom” rivet sets, or
hand or pneumatic rivet squeezers. The rivet head expands simultaneously
while upsetting the buck-tail. A major advantage of this rivet is that it can
be driven in the heat-treated condition just like an AD rivet.

FIGURE 5-4 Briles modified 120-degree countersunk-counterbore rivet and
reduced head universal rivet.

Reduced Universal Head Rivet (BACR15FT)
Another new rivet development is the reduced head or modified universal
head rivets. These rivets were developed for use in areas where
aerodynamic smoothness is unimportant. They look like universal head
rivets with the head diameter reduced. By reducing the outer diameter, a
small weight savings is realized. Small reductions like this add up to many
pounds and lighter aircraft.



Rivets are identified by their MS (Military Standard) number, which
superseded the old AN (Army-Navy) number. Both designations are still in
use, however (Fig. 5-5).

FIGURE 5.5 Code breakdown.

The 2017-T and 2024-T rivets (Fig. 5-6) are used in aluminum alloy
structures, where more strength is needed than is obtainable with the same
size of 2117-T rivet. These rivets are annealed and must be kept refrigerated
until they are to be driven. The 2017-T rivet should be driven within
approximately one hour and the 2024-T rivet within 10 to 20 minutes after
removal from refrigeration (Fig. 5-6).



FIGURE 5-6 Icebox rivets: Type D, 2017-T (left) and Type DD, 2024-T
(right).

These rivets, type D and DD, require special handling because they are
heat treated, quenched, and then placed under refrigeration to delay the age-
hardening process. The rivets are delivered to the shop as needed and are
constantly kept under refrigeration until just before they are driven with a
rivet gun or squeezer set.

Remember these points about icebox rivets:

•   Take no more than can be driven in 15 minutes.
•   Keep rivets cold with dry ice.
•   Hit them hard, not often.
•   Never put rivets back in the refrigerator.
•   Put unused rivets in the special container provided.

SAFETY PRECAUTION Dry ice has a temperature of −105°F. Handle
carefully; it can cause a severe burn.

The 5056 rivet is used to rivet magnesium alloy structures because of its
corrosion-resistant qualities in combination with magnesium.

E rivets made from 7050 aluminum alloy are a replacement for DD
icebox rivets. They can be driven in the T condition and don’t need to be
refrigerated like DD rivets.

Riveting Practice



Edge Distance
Edge distance is the distance from the edge of the material to the center of
the nearest rivet hole (Fig. 5-7). If the drawing does not specify a minimum
edge distance, also called edge margin for protruding head rivets (universal
rivet), it is two times the diameter of the rivet shank, and for flush rivets the
edge distance is 2½ times the rivet shank as shown in Fig. 5-8.

FIGURE 5-7 Illustration of edge distance.

FIGURE 5-8 Minimum edge distance/edge margin.

Rivet Length
Solid-shank rivet lengths are never designated on the blueprint; the
mechanic must select the proper length (Fig. 5-9).



FIGURE 5-9 Predrive protrusion and formed head dimensions.

The standard rule for AD rivets is that the predriven length of the rivet is
1.5 times the diameter of the rivet. However, the predriven and formed head
dimensions depend on the rivet material. The harder materials D, E, and M
have a little shorter predriven length than the softer A, AD, B, and DD
rivets.

Rivet Spacing



Rivet spacing consists of rivet pitch and transfer pitch. Rivet pitch is the
distance between the centers of neighboring rivets in the same row. Typical
rivet spacing is between 4- and 6-rivet diameters (4D-6D). One-and three-
row layouts have a minimum pitch of 3-rivet diameters, a two-row layout
has a minimum pitch of 4-rivet diameters as shown in Figs. 5-10 and 5-11.
The pitch for countersunk rivets is larger than for universal head rivets.
Transverse pitch is the perpendicular distance between rivet rows. It is
usually 75 percent of the rivet pitch. The smallest allowable transverse pitch
is 2.5 rivet diameters.



FIGURE 5-10 Rivet layout.



FIGURE 5-11 Minimum and preferred rivet spacing.

Hole Preparation
Consult Chap. 4 for hole-preparation details and for information on
countersinking the holes and shaving of flush-head rivets. Drill sizes for
various rivet diameters are shown in Fig. 5-12. Holes must be clean, round,
and of the proper size. Forcing a rivet into a small hole will usually cause a
burr to form under the rivet head.

FIGURE 5-12 Drill sizes for various rivet diameters.

Use of Clecos
A cleco is a spring-loaded clamp used to hold parts together for riveting.
Special pliers are used to insert clecos into holes (Fig. 5-13).



FIGURE 5-13 Clecos are inserted into holes with special cleco pliers. Cleco
sizes are identified by colors.

Driving Solid-Shank Rivets
Solid rivets can sometimes be driven and bucked by one operator using the
conventional gun and bucking bar method when there is easy access to both
sides of the work. In most cases, however, two operators are required to
drive conventional solid-shank rivets.

Rivet Guns
Rivet guns vary in size, type of handle, number of strokes per minute,
provisions for regulating speed, and a few other features. But, in general
operation, they are all basically the same (Fig. 5-14). The mechanic should
use a rivet-gun size that best suits the size of the rivet being driven. Avoid
using too light a rivet gun because the driven head should be upset with the
fewest blows possible.



FIGURE 5-14 Standard 3X and recoilless rivet gun.

NOTE Always select a rivet gun size and bucking bar weight that will drive
the rivet with as few blows as possible.

Rivet Sets
Rivet sets (Fig. 5-15) are steel shafts that are inserted into the barrel of the
rivet gun to transfer the vibrating power from the gun to the rivet head (Fig.
5-16).



FIGURE 5-15 Rivet sets.

FIGURE 5-16 The rivet gun and set go together like this.

Select a rivet set for the style of head and size of the rivet. Universal
rivet sets can be identified with the tool number and size of the rivet. Flush
sets can be identified only with the tool number (Fig. 5-17). Also shown in
Fig. 5-17 is the result of using incorrect sets.



FIGURE 5-17 The correct set must be used for the rivet being driven.

Bucking Bars
A bucking bar is a piece of steel used to upset the driven head of the rivet.
Bucking bars are made in a variety of sizes and shapes to fit various
situations. Bucking bars must be handled carefully to prevent marring
surfaces. When choosing a bucking bar to get into small places, choose one
in which the center of gravity falls as near as possible over the rivet shank.
Avoid using too light of a bucking bar because this causes excessive
deflection of the material being riveted that, in turn, might cause marking of
the outer skin by the rivet set. A bucking bar that is too heavy will cause a
flattened driven head and might cause a loose manufactured head.
Remember, you should use as heavy a bar as possible to drive the rivet with
as few blows as possible. Figure 5-18 shows some typical bucking bar
shapes.



FIGURE 5-18 Some typical bucking bars.

Riveting Procedure
Operate a rivet gun and install rivets as follows:

1.   Install the proper rivet set in gun and attach the rivet set retaining
spring, if possible. Certain flush sets have no provision for a
retaining spring.

2.   Connect the air hose to the gun.
3.   Adjust the air regulator (Fig. 5-19), which controls the pressure or

hitting power of the rivet gun, by holding the rivet set against a
block of wood while pulling the trigger, which controls the
operating time of the gun. The operator should time the gun to form
the head in one “burst,” if possible.





FIGURE 5-19 Adjust the air regulator that controls the hitting power of the
gun by holding the rivet set against a block of wood.

4.   Insert proper rivet in hole.
5.   Hold or wait for the bucker to hold the bucking bar on the shank of

the rivet. The gun operator should “feel” the pressure being applied
by the bucker and try to equalize this pressure.

6.   Pull the gun trigger to release a short burst of blows. The rivet
should now be properly driven, if the timing was correct, and
provided that the bucking bar and gun were held firmly and
perpendicular (square) with the work (Fig. 5-20).

FIGURE 5-20 Holding rivet gun and bucking bar on rivet.

Rivet gun operators should always be familiar with the type of structure
beneath the skin being riveted and must realize the problems of the bucker



(Fig. 5-21).

FIGURE 5-21 The bucker should not let the sharp corner of a bucking bar
contact an inside radius of the skin or any other object.

CAUTION Never operate a rivet gun on a rivet, unless it is being bucked. The
bucker should always wait for the gun operator to stop before getting off
a rivet.

Skilled riveters:

•   Use a slow action gun; it’s easier to control.
•   Use a 1⅛-inch bell-type rivet set for general-purpose flush riveting.
•   Adjust the air pressure sufficiently to drive a rivet in two or three

seconds.
•   Use your body weight to hold the rivet gun and set firmly against the

rivet.
•   Hold the gun barrel at a 90-degree angle to the material.
•   Squeeze the trigger by gripping it with your entire hand, as though

you were squeezing a sponge rubber ball. Be sure that the bucking
bar is on the rivet.

•   Operate the rivet gun with one hand; handle rivets with your other
hand.

•   Spot rivet the assembly; avoid reaming holes for spot rivets.
•   Plan a sequence for riveting the assembly.
•   Drive the rivets to a rhythm.



See Fig. 5-22.

FIGURE 5-22 Skilled riveters develop a set procedure and work to a rhythm.



Blind Bucking
In many places on an airplane structure, riveting is visually limited. A long
bucking bar might have to be used and, in some cases, the bucker will not
be able to see the end of the rivet. Much skill is required to do this kind of
bucking in order to hold the bucking bar square with the rivet and to
prevent it from coming into contact with the substructure. The driven head
might have to be inspected by means of a mirror, as shown in Fig. 5-23.

FIGURE 5-23 Blind bucking and inspection.

Tapping Code
A tapping code (Fig. 5-24) has been established to enable the rivet bucker
to communicate with the mechanic driving the rivet:



FIGURE 5-24 Tapping code.



1.   One tap on the rivet by the rivet bucker means: start or resume
driving the rivet.

2.   Two taps on the rivet by the rivet bucker means that the rivet is
satisfactory.

3.   Three taps on the rivet by the rivet bucker means that the rivet is
unsatisfactory and must be removed.

CAUTION Always tap on the rivet; do not tap on the skin or any part of the
aircraft structure.

The use of modern communication methods such as two-way radios
have improved the communication between the riveter and the bucker.

Hand Riveting
Hand riveting might be necessary in some cases. It is accomplished by
holding a bucking bar against the rivet head, using a draw tool and a
hammer to bring the sheets together, and a hand set and hammer to form the
driven head (Fig. 5-25). For protruding head rivets, the bucking bar should
have a cup the same size and shape as the rivet head. The hand set can be
short or long, as required. Do not hammer directly on the rivet shank.



FIGURE 5-25 Hand riveting procedure.

Rivet Squeezers



Solid rivets can also be driven by using hand squeezers (Fig. 5-26), table
riveters (Fig. 5-27), and pneumatic portable and stationary rivet squeezers
(Fig. 5-28).

FIGURE 5-26 Hand rivet squeezer for small rivets.



FIGURE 5-27 Table riveter for dimpling and rivet installation.



FIGURE 5-28 Stationary and portable rivet squeezers.

On some stationary squeezers, the rivets are automatically fed to the
rivet sets so that the riveting operation is speeded up; on other types, the
machines will punch the holes and drive the rivets as fast as the operation
permits.

WARNING Always disconnect the air hose before changing sets in a rivet
squeezer.

Inspection After Riveting



Manufactured heads should be smooth, free of tool marks, and have no gap
under the head after riveting. No cracks should be in the skin around the
rivet head. The driven head should not be cocked or cracked. The height of
the bucked head should be 0.5 times the rivet diameter and the width should
be 1.5 times the rivet diameter. There are a few minor exceptions to these
rules, but the mechanic should strive to make all rivets perfect. Figure 5-29
illustrates examples of good and bad riveting.

FIGURE 5-29 Typical rivet defects.

Rivet Removal
Solid-shank rivet removal is accomplished by the procedures shown in Fig.
5-30.



FIGURE 5-30 Solid-shank rivet removal procedures.

NACA Method of Double Flush Riveting
A rivet installation technique known as the National Advisory Committee
for Aeronautics (NACA) method has primary applications in fuel tank areas
(Fig. 5-31). To make a NACA rivet installation, the shank is upset into a 82-
degree countersink. In driving, the gun may be used on either the head or
the shank side. The upsetting is started with light blows, then the force
increased and the gun or bar moved on the shank end so as to form a head



inside the countersink well. If desired, the upset head may be shaved flush
after driving.

FIGURE 5-31 NACA riveting method.

Blind Rivets
There are many places on an aircraft where access to both sides of a riveted
structure or structural part is impossible, or where limited space will not
permit the use of a bucking bar.

Blind rivets are rivets designed to be installed from one side of the work
where access to the opposite side cannot be made to install conventional
rivets. Although this was the basic reason for the development of blind
rivets, they are sometimes used in applications that are not blind. This is
done to save time, money, work-hours, and weight in the attachment of
many nonstructural parts, such as aircraft interior furnishings, flooring,
deicing boots, and the like, where the full strength of solid-shank rivets is
not necessary. These rivets are produced by several manufacturers and have
unique characteristics that require special installation tools, special
installation procedures, and special removal procedures.

Basically, nearly all blind rivets depend upon the principle of drawing a
stem or mandrel through a sleeve to accomplish the forming of the bucked
(upset) head.

Although many variations of blind rivets exist, depending on the
manufacturer, there are essentially three types:



•   Hollow, pull-through rivets (Fig. 5-32), used mainly for
nonstructural applications.

FIGURE 5-32 Pull-through rivets (hollow).

•   Self-plugging, friction-lock rivets (Fig. 5-33), whereby the stem is
retained in the rivet by friction. Although strength of these rivets
approaches that of conventional solid-shank rivets, there is no
positive mechanical lock to retain the stem.



FIGURE 5-33 Self-plugging (friction) lock rivets. Two different types of
pulling heads are available for friction-lock rivets.

•   Mechanical locked-stem self-plugging rivets (Fig. 5-34), whereby a
locking collar mechanically retains the stem in the rivet. This
positive lock resists vibration that could cause the friction-lock rivets
to loosen and possibly fall out. Self-plugging mechanical-lock rivets
display all the strength characteristics of solid-shank rivets; in almost
all cases, they can be substituted rivet for rivet.



FIGURE 5-34 The bulbed CherryMax® rivet includes a locking collar to
firmly retain the portion of the stem in the rivet sleeve.

Mechanical Locked-Stem Self-Plugging Rivets
Mechanical locked-stem self-plugging rivets are manufactured by Olympic,
Huck, and Cherry Fasteners. The bulbed CherryMax® (Fig. 5-34) is used as
an example of a typical blind rivet that is virtually interchangeable,
structurally, with solid rivets.



FIGURE 5-35 CherryMax® rivet puller.

The installation of all mechanical locked-stem self-plugging rivets
requires hand or pneumatic pull guns with appropriate pulling heads. Many
types are available from the rivet manufacturers; examples of hand and
pneumatic-operated pull guns are shown in Fig. 5-35.



The sequence of events in forming the bulbed CherryMax® rivet is
shown in Fig. 5-36. Figure 5-37 illustrates the numbering system for bulbed
CherryMax® rivets.

FIGURE 5-36 CherryMax® blind rivet installation.



FIGURE 5-37 CherryMax® numbering system.

Hole Preparation
The bulbed CherryMax® rivets are designed to function within a specified
hole size range, and countersink dimensions as listed in Fig. 5-38.

FIGURE 5-38 Recommended drill-sized, hole-sized, and countersunk
diameter limits.

Grip Length
Grip length refers to the maximum total sheet thickness to be riveted and is
measured in 16ths of an inch. This is identified by the second dash number.
All CherryMax® rivets have their grip length (maximum grip) marked on
the rivet head, and have a total grip range of �⁄�� of an inch. (Example: A -4
grip rivet has a grip range of 0.188 to 0.250 inch; Fig. 5-39.) To determine
the proper grip rivet to use, measure the material thickness with a Cherry®

selector gauge, as shown in Fig. 5-40. Always read to the next higher
number.



FIGURE 5-39 Illustration of grip length.



FIGURE 5-40 Determining the proper grip using a grip gage.

Further data on bulbed CherryMax® rivets, including materials available,
is included in Chap. 14, Standard Parts.

Complete installation manuals and pulling tool catalogs are available
from the rivet manufacturers.

Removal of Mechanically Locked Blind Rivets
Mechanically locked blind rivets are a challenge to remove because they are
made from strong, hard metals. Lack of access poses yet another problem
for the aviation technician. Designed for and used in difficult-to-reach
locations means there is often no access to the blind side of the rivet or any
way to provide support for the sheet metal surrounding the rivet’s location
when the aviation technician attempts removal. The stem is mechanically
locked by a small lock ring that needs to be removed first. Use a small
center drill to provide a guide for a larger drill on top of the rivet stem and
drill away the upper portion of the stem to destroy the lock. Try to remove
the lock ring or use a prick punch or center punch to drive the stem down a
little and remove the lock ring. After the lock ring is removed, the stem can
be driven out with a drive punch. After the stem is removed, the rivet can be
drilled out in the same way as a solid rivet. If possible, support the back
side of the rivet with a backup block to prevent damage to the aircraft skin.



Sheet-Metal Repair
Metal aircraft get damaged and need to be repaired by mechanics and
returned to service and airworthy status. The mechanic should always
consult the Structural Repair Manual (SRM) of the airplane that he/she
works on. In some cases, the AC43.13-1B could be used to develop a repair
if no SRM is available. The following discussion is a general description of
repair techniques and should not be used in place of the SRM.

Damage Removal
To prepare a damaged area for repair:

1.   Remove all distorted skin and structure in damaged area.
2.   Remove damaged material so that the edges of the completed repair

match existing structure and aircraft lines.
3.   Round all square corners.
4.   Smooth out any abrasions and/or dents.
5.   Remove and incorporate into the new repair any previous repairs

joining the area of the new repair.

Repair Material Thickness
The repair material must duplicate the strength of the original structure. If
an alloy weaker than the original material has to be used, a heavier gauge
must be used to give equivalent cross-sectional strength. A lighter gauge
material should not be used even when using a stronger alloy. At times, the
original material is not available and the material needs to be substituted by
another alloy. Figure 5-41 shows a material substitution chart.



FIGURE 5-41 Material substitution chart.

Rivet Selection



Normally, the rivet size and material should be the same as the original
rivets in the part being repaired. If a rivet hole has been enlarged or
deformed, the next larger size rivet must be used after reworking the hole.
When this is done, the proper edge distance for the larger rivet must be
maintained. Where access to the inside of the structure is impossible and
blind rivets must be used in making the repair, always consult the applicable
aircraft maintenance manual for the recommended type, size, spacing, and
number of rivets needed to replace either the original installed rivets or
those that are required for the type of repair being performed. As a general
rule, the rivet diameter is three times the thickness of the thicker sheet. For
example, if the repair material is .040 inch thick, the rivet must be 3 × 0.032
= 0.120 inch. Select a �⁄� (0.125) rivet diameter.

Rivet Spacing and Edge Distance
The rivet pattern for a repair must conform to instructions in the applicable
aircraft manual. The existing rivet pattern on the aircraft is used whenever
possible. The typical rivet spacing is 4 to 6D. Figures 5-8 and 5-11 contain
information about minimum acceptable rivet spacing and edge distance.
Figure 5-42 shows different ways to lay out a rivet pattern.

FIGURE 5-42 Rivet spacing layout.



Repair Approval
FAA Form 337, Major Repair and Alteration, must be completed for repairs
to the following parts of an airframe and repairs of the following types
involving the strengthening, reinforcing, splicing, and manufacturing of
primary structural members or their replacement, when replacement is by
fabrication, such as riveting or welding.

•   Box beams
•   Monocoque or semimonocoque wings or control surfaces
•   Wing stringers or chord members
•   Spars
•   Spar flanges
•   Members of truss-type beams
•   Thin sheet webs of beams
•   Keel and chine members of boat hulls or floats
•   Corrugated sheet compression members that act as flange material of

wings or tail surfaces
•   Wing main ribs and compression members
•   Wing or tail surface brace struts, fuselage longerons
•   Members of the side truss, horizontal truss, or bulkheads
•   Main seat support braces and brackets
•   Landing gear brace struts
•   Repairs involving the substitution of material
•   Repair of damaged areas in metal or plywood stressed covering

exceeding 6 inches in any direction
•   Repair of portions of skin sheets by making additional seams
•   Splicing of thin sheets
•   Repair of three or more adjacent wing or control surface ribs or the

leading edge of wings and control surfaces between such adjacent
ribs



For major repairs made in accordance with a manual or specifications
acceptable to the administrator, a certificated repair station may use the
customer’s work order upon which the repair is recorded in place of the
FAA Form 337.

Typical Sheet-Metal Repairs
The following section will discuss several standard type of repairs of
aircraft sheet-metal structures.

Patches
Skin patches may be classified as two types: lap or scab patch and flush
patch.

Lap or Scab Patch
The lap or scab type of patch is an external patch where the edges of the
patch and the skin overlap each other. The overlapping portion of the patch
is riveted to the skin. Lap patches may be used in most areas where
aerodynamic smoothness is not important. Figure 5-43 shows a typical
patch for a crack and/or for a hole.



FIGURE 5-43 Lap or scab patch.

Flush Patch



A flush patch is a filler patch that is flush to the skin when applied, it is
supported by and riveted to a reinforcement plate which is, in turn, riveted
to the inside of the skin. Figure 5-44 shows a typical flush patch repair of a
leading edge, and Fig. 5-45 shows a flush repair of a nonpressurized
structure. The doubler is inserted through the opening and rotated until it
slides in place under the skin. The filler must be of the same gauge and
material as the original skin. The doubler should be of material one gauge
heavier than the skin.



FIGURE 5-44 Flush repair of leading edge.



FIGURE 5-45 Flush repair of nonpressurized structure.

Mechanics should always consult the SRM of the aircraft they are
working on but the following figures show some typical repairs to illustrate
what those repairs look like. Figure 5-46 shows the details of a typical
repair of a pressurized structure, Fig. 5-47 shows the details of a bulk head
repair, and Fig. 5-48 shows the details of a wing-rib and lightening hole
repair.



FIGURE 5-46 Pressurized skin repair.





FIGURE 5-47 Bulkhead repair.

FIGURE 5-48 Wing rib and lightening hole repair.



A

CHAPTER 6
Welding

ircraft steel tubular frames, landing gear fittings, and engine mounts are
examples of welded aircraft parts that need to be built, repaired, and

inspected. There are several different welding types. The most common
types used in aviation are oxyacetylene (or oxyfuel) welding, commonly
called gas welding, and inert-gas arc welding. For a more in-depth
discussion, refer to: Aircraft Maintenance and Repair edition 8.

Welding Processes
Gas welding produces heat by burning a properly balanced mixture of
oxygen and acetylene or other fuels as the mixture flows from the tip of a
welding torch. The temperature of an oxyacetylene flame at the tip point of
the torch may be 5700°F [3149°C] to 6000°F [3316°C], which is hot
enough to melt any of the common metals.

Inert-gas-arc welding is a process in which an inert gas such as helium or
argon blankets the weld area to prevent oxidation of the heated metal. This
is particularly important in welding titanium, magnesium, stainless steels,
and other metals that are easily oxidized when subjected to melting
temperatures. Tungsten inert-gas (TIG) welding and metal inert-gas (MIG)
welding are commonly used forms of inert-gas welding.

Types of Weld Joints
Five different types of joints, illustrated in Fig. 6-1, are used to weld the
various forms of metal. These are (1) butt joints, (2) tee joints, (3) lap
joints, (4) corner joints, and (5) edge joints.



FIGURE 6-1 Welded joints.

Parts of a Weld
Figure 6-2 shows the names of the parts of a weld. The face is the exposed
surface of the weld. The root is the zone at the bottom, or base, of the weld.



The throat is the distance through the center of the weld from the root to the
face. The toe is the edge formed where the face of the weld meets the base
metal. The reinforcement is the quantity of weld metal added above the
surface of the base metal to give the weld a greater thickness in cross
section.

FIGURE 6-2 Parts of a weld.

Proportions of a Weld
The three most important proportions of a weld are (1) the depth of
penetration, which should be at least one-fourth the thickness of the base
metal; (2) the width of the bead, which should be between two and three
times as great as the thickness of the base metal; and (3) the height of the
reinforcement, which should be not less than one-half the thickness of the
base metal.

Correct Formation of a Weld
A weld must be formed correctly to provide strength and to resist fatigue in
a joint. If it is not made properly, the weld may have less than 50 percent of
the strength for which the joint was designed. Figure 6-3 shows correct lap
joints; Fig. 6-4 shows correct tee joints; Fig. 6-5 shows good corner joints;
and Fig. 6-6 illustrates properly formed butt joints.



FIGURE 6-3 Lap joints.

FIGURE 6-4 Tee joints.

FIGURE 6-5 Corner joints.



FIGURE 6-6 Butt joints.

Oxyacetylene Welding Equipment
Portable oxyacetylene welding equipment consists of one cylinder
containing oxygen; another containing acetylene, acetylene and oxygen
pressure regulators, complete with pressure gauges and connections; a
welding torch with a mixing head, tips, and connections; two lengths of
colored hose, with adapter connections for the torch and regulators; a
special wrench; a pair of welding goggles; a safety flint and file gas lighter
as shown in Fig. 6-7.



FIGURE 6-7 Portable welding equipment.

Acetylene
Acetylene is a flammable, colorless gas with a distinctive odor that is easily
detected. When acetylene is mixed with air or oxygen, it forms a highly
combustible gas. Under low pressure at normal temperature, when free
from air, acetylene is a stable compound; however, when it is compressed in
an empty container to a pressure greater than 15 psi [103 kPa], it becomes
unstable. At 29.4 psi [202.74 kPa) pressure, it becomes self-explosive, and
only a slight shock is required to cause it to explode even when it is not
mixed with air or oxygen. As a general rule, the technician should never
allow the acetylene pressure in the welding system to exceed 15 psi [103
kPa]. Although this gas is highly explosive, it is shipped in cylinders under
high pressure with a high degree of safety. This is possible because the



manufacturers place a porous substance inside the acetylene cylinder and
then saturate this substance with acetone, which is a flammable liquid
chemical that absorbs many times its own volume of acetylene. A cylinder
containing a correct amount of acetone can be charged to a pressure of more
than 250 psi [1724 kPa] with safety under normal conditions of handling
and temperature.

Oxygen
Oxygen is a tasteless, colorless, odorless gas that forms about 23 percent by
weight and about 21 percent of volume of the atmosphere. Oxygen is an
extremely active element. It combines with almost all materials under
suitable conditions, sometimes with disastrous results. For example, grease
and oil are highly combustible in the presence of pure oxygen; hence, it is
important to avoid bringing pure oxygen into contact with oil or grease.
Such a mixture of oxygen and oil can produce a violent explosion. Oxygen
is necessary to make acetylene burn at a temperature high enough to melt
metal in welding.

Acetylene and Oxygen Regulators
Acetylene and oxygen regulators are mechanical instruments used to reduce
the high pressure of the gases flowing from their containers and to supply
the gases to the torch at a constant pressure and volume, as required by the
torch tip or nozzle. Regulators on cylinders are usually equipped with two
pressure gauges. A high-pressure gauge shows the pressure of the gas in the
cylinder, and a low-pressure gauge indicates the pressure of the gases
flowing to the torch. Figure 6-8 shows an oxygen regulator, and Fig. 6-9
shows an acetylene regulator.



FIGURE 6-8 Oxygen regulator.

FIGURE 6-9 Acetylene regulator.



Welding Torches
A welding torch is a device used to mix oxygen and acetylene together in
the correct proportions and to provide a means of directing and controlling
the quality and size of the flame. Welding torches are available in different
styles and sizes, and they are obtainable for use with several tip sizes, which
are interchangeable. The selection of the tip size depends upon the amount
of heat and the size of the flame required for the kind and thickness of the
metal to be welded. The size of the torch tip opening determines the amount
of heat supplied and not the temperature. Figure 6-10 illustrates a balanced
type welding torch.

FIGURE 6-10 Balanced type welding torch.

Welding, or Filler, Rod
The welding rod, sometimes called a filler rod, is filler metal, in wire or rod
form, drawn or cast, used to supply the additional metal required to form a
joint. During welding, the rod is melted into the joint, where it fuses with
the molten base metal. The metal from the rod will become a large
proportion of the actual weld metal.

Safety Equipment



Welding goggles, such as those shown in Fig. 6-11, are fitted with colored
lenses to keep out heat and the ultraviolet and infrared rays produced during
welding.

FIGURE 6-11 Welding goggles.

Welding Gloves
The material, manufacturing quality, and fit must be such that the gloves
protect the hands and wrists from burns and flying sparks.

Spark Lighter
A spark lighter is a hand-operated device used to light a gas torch safely. It
consists of steel, a flint, a shield, and a spring (see Fig. 6-12). Never use
cigarette lighters or matches. Always use the spark lighter just described or
a pilot flame. If a cigarette lighter or matches are used, the puff of the flame
from the torch may burn the hand.



FIGURE 6-12 Spark lighter.

Setting the Pressure
When ready to open the cylinder valves, the welder should open the
acetylene cylinder valve about one complete turn and open the oxygen
valve all the way, slowly in both cases. Then the welder sets the working
pressure for the oxygen and the acetylene by turning the adjusting screw on
the regulator to the right (clockwise) until the desired pressure reading is
obtained on the gauge. The exact pressure required for any job primarily
depends upon the thickness of the metal, and this determines the size of the
welding tip used. Do not allow the acetylene pressure to exceed 15 psi.

Lighting the Torch
To light the torch, the welder opens the acetylene needle valve on the torch
three-quarters of a turn and then uses the spark lighter to light the acetylene
as it leaves the tip. The welder should do this as quickly as possible in order
to prevent a large cloud of gas from developing. The flame should be large,
very white, and smoky on the outer edges. If the flame produces much
smoke, the welder should “crack” the oxygen needle valve very slightly and
as soon as the flame appears to be under control, continue slowly to open
the oxygen needle valve until a well-shaped bluish-white inner cone
appears near the tip of the torch. This cone is surrounded by a second outer
cone or envelope that varies in length, depending upon the size of the



welding tip being used. This is known as a neutral flame and is represented
by the upper drawing in Fig. 6-13.

FIGURE 6-13 Neutral, carburizing, and oxidizing flames.

Oxyacetylene Flames
A welding flame is called neutral when the gas quantities are adjusted so all
the oxygen and acetylene are burned together. The neutral flame has a
temperature of about 6300°F [3482°C] and has a well-rounded, smooth,
clearly defined, blue-white central cone. The outer cone, or envelope, flame
should be blue with a purple tinge at the point and edges. A neutral flame
melts metal without changing its properties and leaves the metal clear and
clean.

A carburizing, or reducing, flame is represented by the middle drawing
of Fig. 6-13. This occurs when there is more acetylene than oxygen feeding



into the flame. Since the oxygen furnished through the torch is not
sufficient to complete the combustion of the carbon, carbon escapes without
being burned. There are three flame zones instead of the two found in the
neutral flame. The end of the brilliant white inner core is not as well defined
as it was in the neutral flame. Surrounding the inner cone is an intermediate
white cone with a feathery edge, sometimes described as greenish-white
and brush-like. The outer cone, or envelope, flame is bluish and similar to
the outer cone, or envelope, flame of the neutral flame. A carburizing flame
is commonly used with the nickel alloys Monel and Inconel.

An oxidizing flame is represented by the lower drawing of Fig. 6-13. It
is caused by an excess of oxygen flowing through the torch. There are only
two cones, but the inner cone is shorter and more pointed than the inner
cone of the neutral flame, and it is almost purple. The outer cone, or
envelope, flame is shorter than the corresponding portion of either the
neutral flame or of the reducing flame and is of a much lighter blue color
than the neutral flame. In addition to the size, shape, and color, the
oxidizing flame can be recognized by a harsh, hissing sound, similar to the
noise of air under pressure escaping through a very small nozzle. An
oxidizing flame burns the metal and is not used to weld.

Backfire and Flashback
A backfire is a momentary backward flow of gases at the torch tip, causing
the flame to go out and then immediately to come on again. A backfire is
always accompanied by a snapping or popping noise. There are five
common causes of backfires: (1) there may be dirt or some other
obstruction in the end of the welding tip; (2) the gas pressures may be
incorrect; (3) the tip may be loose; (4) the tip may be overheated; or (5) the
welder may have touched the work with the tip of the torch or allowed the
inner cone of the flame to touch the molten metal (puddle).

Flashback is the burning back of the flame into or behind the mixing
chamber of the torch. Where flashback occurs, the flame disappears entirely
from the tip of the torch and does not return. In some instances, unless
either the oxygen or the acetylene or both are turned off, the flame may
burn back through the hose and pressure regulator into the gas supply (the
manifold or the cylinder), causing great damage. The welder must always



remember that if a flashback occurs, there will be a shrill hissing or
squealing, and the flame will burn back into the torch. The welder must
quickly close the acetylene and oxygen needle valves to confine the flash to
the torch and let the torch cool off before lighting it again.

Shutting Down the Welding Apparatus
The procedure for shutting down the welding apparatus is as follows:

1.   Close the acetylene needle valve on the torch to shut off the flame
immediately.

2.   Close the oxygen needle valve on the torch.
3.   Close the acetylene cylinder valve.
4.   Close the oxygen cylinder valve.
5.   Remove the pressure on the regulators’ working-pressure gauges by

opening the acetylene valve on the torch to drain the acetylene hose
and regulator.

6.   Turn the acetylene-regulator adjusting screw counterclockwise (to
the left) to relieve the pressure on the diaphragm, and then close the
torch’s acetylene valve.

Gas Welding Techniques
Certificated aviation maintenance technicians are not always expected to be
expert welders, but they need to be able to inspect a weld, and they should
be able to perform basic welding operations.

Holding the Torch
Figure 6-14 shows one method for holding the torch when welding light-
gauge metal. Figure 6-15 shows how the torch can be held for welding
heavier work.



FIGURE 6-14 Pencil grip for light-gauge metal.

FIGURE 6-15 Hammer grip for welding heavier work.

Forming the Puddle and Adding Filler
Material

In the fusion welding process, the base material (the materials to be joined)
are brought to a molten state in the area of the joint, producing a puddle.
The puddle is moved over the joint area, allowing the molten material from



one part to intermingle with the other. To provide reinforcement to the joint,
filler material is added by placing the filler rod in the puddle. The heat from
the molten metal melts the filler material, and it too intermingles. Note that
the filler material is melted by the puddle, not the torch flame.

Torch Motions
The welder may use either a semicircular, crescent, or a continuous circular
motion, shown in Fig. 6-16. Regardless of the motion, the welder keeps the
motion of the torch as uniform as possible in order to make smooth, even-
spaced ripples. These ripples are the small, wavelike marks left on the
surface of the completed weld by the action of the torch and welding rod.



FIGURE 6-16 Acceptable welding motions.

Forehand welding, sometimes called forward welding, is a welding
technique in which the torch flame is pointed forward in the direction the
weld is progressing. In other words, it is pointed toward the unwelded
portion of the joint, and the rod is fed in from the front of the torch or flame
(see Fig. 6-17).



FIGURE 6-17 Forehand welding technique.

Backhand welding, sometimes called backward welding, is a
technique in which the flame is directed back toward the finished weld,
away from the direction the weld is progressing, and the rod is fed in from
the back of the torch or flame. This is the method illustrated in Fig. 6-18.

FIGURE 6-18 Backhand welding technique.

Reducing Distortion and Residual Stress
To reduce distortion and residual stress produced by welding, the expansion
and contraction of the metal should be controlled. The distortion is
especially noticeable in welding long sections of thin sheet metal because
the thinner the metal being welded, the greater the distortion.



Four things a welder can do to control the action of those forces that
adversely affect the finished weld are the following: (1) distribute the heat
more evenly; (2) put a smaller amount of heat into the weld; (3) use special
fixtures to hold the metal rigidly in place while it is being welded; and (4)
provide a space between the edges of the joint. The nature of each welding
job determines whether only one or all four of these methods should be
used.

One of the “tricks of the trade” is to use a method called stagger
welding, shown in Fig. 6-19. The operator welds briefly at the beginning of
the seam, skips to the center, then jumps to the end, comes back to where
the first weld ended, and repeats this staggered process until the weld is
finished.

FIGURE 6-19 Stagger welding to control distortion.

Weld Quality
The properly completed weld should have the following characteristics:

1.   The seam should be smooth and of a uniform thickness.
2.   The weld should be built up to provide extra thickness at the seam.
3.   The weld metal should taper off smoothly into the base metal.
4.   No oxide should be formed on the base metal at a distance of more

than 12 inches [12.7 mm] from the weld.



5.   The weld should show no signs of blowholes, porosity, or projecting
globules.

6.   The base metal should show no sign of pitting, burning, cracking, or
distortion.

Gas Welding Aluminum, Magnesium, and
Titanium

It is strongly recommended that the appropriate type of inert-gas welding be
employed when aluminum, magnesium, or titanium parts must be joined by
welding. These metals and their alloys oxidize very rapidly when heated,
and it is difficult to protect the surfaces from oxidation in gas welding even
though flux is applied liberally. When magnesium reaches a sufficiently
high temperature, it burns with a very bright flame. Care must, therefore, be
taken to avoid a situation where magnesium shavings, particles, or scraps
can be ignited. Titanium, in the molten state, reacts rapidly with oxides and
oxygen. When being welded, it must be completely protected from oxygen.

Pure aluminum and some of its alloys can be gas welded. Designations
for weldable aluminum and alloys are 1100, 3003, 4043, and 5052. Alloys
6053, 6061, and 6151 can be welded if provision is made for heat treating
after welding.

Aluminum should be welded with a soft neutral flame or a slightly
reducing flame when either acetylene or hydrogen is used for the welding
gas. This ensures that there will be no oxygen in the flame to combine with
the aluminum.

Types of Inert-Gas Welding
Tungsten inert-gas (TIG) welding is accomplished by means of a torch with
a nonconsumable tungsten electrode. The electrode is used to sustain the arc
and the molten pool of metal. Filler rod is added to the pool to develop the
desired thickness of bead. Inert gas, usually argon, is fed to the weld area
through the gas cup on the torch. The gas cup surrounds the electrode and
directs the gas in a pattern to prevent the intrusion of oxygen and nitrogen
from the air. In some cases, it has been found beneficial to mix small



amounts of oxygen and other gases with the inert gas to gain the best
results. TIG welding is often used to weld 4130 steel tubing, stainless steel,
aluminum, and titanium. The welding techniques for TIG welding are
similar to gas welding techniques. One hand holds the torch, and the other
hand will feed the filler rod in the welding puddle.

Metal Inert-Gas (MIG) Welding
Another type of inert-gas welding utilizes a metal electrode, which melts
and is carried into the weld pool to provide the extra thickness desired. This
type of weld has been called metal inert-gas (MIG) welding. In this type of
welding, the metal electrode must be of the same material as the base metal
being welded. Since the electrode is consumed in this process, the electrode
wire is automatically fed through the torch so that the torch is held a
constant distance from the work surface. Carbon dioxide added to argon gas
is commonly used for the MIG process.

Advantages of Inert-Gas Welding
Inert-gas welds, because of 100 percent protection from the atmosphere, are
stronger, more ductile, and more corrosion-resistant than welds made with
ordinary metal-arc processes. In addition, the fact that no flux is required
makes welding applicable to a wider variety of joint types. Corrosion due to
flux entrapment cannot occur, and expensive postwelding cleaning
operations are eliminated. The entire welding action takes place without
spatter, sparks, or fumes. Fusion welds can be made in nearly all metals
used industrially. These include aluminum alloys, stainless steels,
magnesium alloys, titanium, and numerous other metals and alloys. The
inert-gas process is also widely used for welding various combinations of
dissimilar metals and for applying hard-facing and surfacing materials to
steel.

Soldering and Brazing



In general, soldering may be described as either soft or hard, depending
upon the type of material used for the soldering bond, which determines the
temperature required in the process. The difference between soft soldering
and brazing, or hard soldering, is in the temperature. By definition, if the
filler metal has a melting point of more than 800°F [426.67°C], the process
is called brazing, or hard soldering. Because the soldering processes depend
upon capillary action to draw the solder into the joint, soldered joints
require very small clearances. One common fault in maintenance soldering
is to attempt to fill an area with solder without first minimizing the distance
between the mating materials. The use of soft or hard soldering for the
repair of aircraft parts is strictly limited. Generally, these processes should
not be employed for any stressed (load-bearing) part.

In soft soldering, the sealing and securing of a joint between two metal
pieces is accomplished with solder that consists of an alloy of tin and lead.
The percentages of the two metals vary according to the particular type of
solder and the strength required. Common solders are referred to as 40–60,
50–50, and 60–40, the first number being the percentage of tin (Sn) and the
second number being the percentage of lead (Pb). If electric power is
available, it is common practice to employ electric soldering irons because
of their convenience.

Silver soldering is the process of hard soldering most frequently used by
the technician; since soft-soldered gasoline- and oil-pipe joints and similar
joints fracture with repeated vibration, this type of solder is used. It is
suitable for bronze parts, copper, stainless steel, and brass. Since the solder
cannot be melted with a soldering copper, it is necessary to use a neutral
torch flame for heating the solder and the joint. It is usually necessary to
heat the parts and the solder to a red heat in order to melt the solder and
cause it to flow into the joint. The correct type of flux must be used for the
materials being soldered.



V

CHAPTER 7
Bolts and Threaded Fasteners

arious types of fastening devices allow quick dismantling or
replacement of aircraft parts that must be taken apart and put back

together at frequent intervals. Bolts and screws are two types of fastening
devices that give the required security of attachment and rigidity. Generally,
bolts are used where great strength is required, and screws are used where
strength is not the deciding factor.

The threaded end of a bolt usually has a nut screwed onto it to complete
the assembly. The threaded end of a screw might fit into a female
receptacle, or it might fit directly into the material being secured. A bolt has
a fairly short threaded section and a comparatively long grip length or
unthreaded portion, whereas a screw has a longer threaded section and
might have no clearly defined grip length. A bolt assembly is generally
tightened by turning the nut on the bolt; the head of the bolt might not be
designed for turning. A screw is always tightened by turning its head.

The modern high-performance jet aircraft, however, uses very few
“standard” hex head bolts and nuts in its assembly. Also, the “standard”
slotted and Phillips head screws are in the minority. Some of these
advanced fasteners are described later in this chapter.

In many cases, a bolt might be indistinguishable from a screw, thus the
term threaded fastener. Also, many threaded fasteners, such as the Hi-Lok®

and Hi-Lok®/Hi-Tigue® fasteners, are essentially permanent installations,
like a rivet.

Aircraft threaded fasteners are fabricated from alloy steel, corrosion-
resistant (stainless) steel, aluminum alloys, and titanium. Most bolts used in
aircraft are either alloy steel, cadmium plated, general-purpose AN bolts,
NAS close-tolerance, or MS bolts. Aluminum bolts are seldom used in the
primary structure. In certain cases, aircraft manufacturers make threaded



fasteners of different dimensions or greater strength than the standard types.
Such threaded fasteners are made for a particular application, and it is of
extreme importance to use similar fasteners in replacement.

Aircraft Bolts
Most, but not all, aircraft bolts are designed and fabricated according to
government standards with the following specifications:

•   AN, Air Force/Navy
•   NAS, National Aerospace Standards
•   MS, Military Standards

See Chap. 15, Standard Parts, for more information concerning
government standards.

General-Purpose Bolts
The hex-head aircraft bolt (AN-3 through AN-20) is an all-purpose
structural bolt used for general applications involving tension or shear loads
where a light-drive fit is permissible (0.006-inch clearance for a ⅝-inch
hole, and other sizes in proportion). They are fabricated from SAE 2330
nickel steel and are cadmium plated.

Alloy steel bolts smaller than No. 10-32 ( -inch diameter, AN-3) and
aluminum alloy bolts smaller than ¼-inch diameter are not used in primary
structures. Aluminum alloy bolts and nuts are not used where they will be
repeatedly removed for purposes of maintenance and inspection.

The AN73-AN81 (MS20073-MS20074) drilled-head bolt is similar to
the standard hex-bolt, but has a deeper head that is drilled to receive wire
for safetying. The AN3-AN20 and the AN73-AN81 series bolts are
interchangeable, for all practical purposes, from the standpoint of tension
and shear strengths (see Chap. 15, Standard Parts).

Close-Tolerance Bolts



This type of bolt is machined more accurately than the general-purpose
bolt. Close-tolerance bolts can be hex-headed (AN-173 through AN-186) or
have a 100-degree countersunk head (NAS-80 through NAS-86). They are
used in applications where a tight drive fit is required (the bolt will move
into position only when struck with a 12- to 14-ounce hammer).

Classification of Threads
Aircraft bolts, screws, and nuts are threaded in either the NC (American
National Coarse) thread series, the NF (American National Fine) thread
series, the UNC (American Standard Unified Coarse) thread series, or the
UNF (American Standard Unified Fine) thread series. Threads are
designated by the number of times the incline (threads) rotates around a 1-
inch length of a given diameter bolt or screw. For example, a 4-28 thread
indicates that a ¼-inch-diameter bolt has 28 threads in 1 inch of its threaded
length.

Threads are also designated by the class of fit. The class of a thread
indicates the tolerance allowed in manufacturing. Class 1 is a loose fit, class
2 is a free fit, class 3 is a medium fit, and class 4 is a close fit. Aircraft bolts
are almost always manufactured in the class 3, medium fit. A class-4 fit
requires a wrench to turn the nut onto a bolt, whereas a class-1 fit can easily
be turned with the fingers. Generally, aircraft screws are manufactured with
a class-2 thread fit for ease of assembly. The general-purpose aircraft bolt,
AN-3 through AN-20 has UNF-3 threads (American Standard Unified Fine,
class 3, medium fit).

Bolts and nuts are also produced with right-hand and left-hand threads.
A right-hand thread tightens when turned clockwise; a left-hand thread
tightens when turned counterclockwise. Except in special cases, all aircraft
bolts and nuts have right-hand threads.

Identification and Coding
Threaded fasteners are manufactured in many shapes and varieties. A clear-
cut method of classification is difficult. Threaded fasteners can be identified
by the shape of the head, method of securing, material used in fabrication,



or the expected usage. Figure 7-1 shows the basic head styles and
wrenching recesses.

FIGURE 7-1 Fastener head styles and wrenching recesses.

AN-type aircraft bolts can be identified by the code markings on the
boltheads. The markings generally denote the bolt manufacturer,
composition of the bolt, and whether the bolt is a standard AN-type or a
special-purpose bolt. AN standard steel bolts are marked with either a
raised dash or asterisk (Fig. 7-2), corrosion-resistant steel is indicated by a



single raised dash, and AN aluminum alloy bolts are marked with two
raised dashes. Additional information, such as bolt diameter, bolt length,
and grip length can be obtained from the bolt part number. See Chap. 15,
Standard Parts.



FIGURE 7-2 Aircraft bolt identification.

MS- and NAS-style bolts often show the partnumber on the head and are
readily identified.

Aircraft Nuts
Aircraft nuts are manufactured in a variety of shapes and sizes, made of
alloy steel, stainless steel, aluminum alloy, brass, or titanium. No
identification marks or letters appear on nuts. They can be identified only
by the characteristic metallic luster or by color of the aluminum, brass, or
the insert, when the nut is of the self-locking type. They can be further
identified by their construction.

Like aircraft bolts, most aircraft nuts are designed and fabricated in
accordance with AN, NAS, and MS standards and specifications.

Aircraft nuts can be divided into two general groups: nonself-locking
and self-locking nuts. Nonself-locking nuts (Fig. 7-3) must be safetied by
external locking devices, such as cotter pins, safety wire, or locknuts. Self-
locking nuts (Figs. 7-4 and 7-5) contain the locking feature as an integral
part. Self-locking nuts can be further subdivided into low temperature
(250°F or less) and high temperature (more than 250°F).



FIGURE 7-3 Nonself-locking, castellated, and plain nuts.

FIGURE 7-4 High-temperature (more than 250°F) self-locking nuts.



FIGURE 7-5 Low-temperature (250°F or less) self-locking nut (elastic stop
nut, AN365, MS20365).

Most of the familiar nuts (plain, castle, castellated shear, plain hex, light
hex, and plain check) are the non-selflocking type (Fig. 7-3).

The castle nut, AN-310, is used with drilled-shank AN hex-head bolts,
clevis bolts, eyebolts, drilled head bolts, or studs. It is fairly rugged and can
withstand large-tension loads. Slots (castellations) in the nut are designed to
accommodate a cotter pin or lock wire for safety. The AN-310 castellated,
cadmium-plated steel nut is by far the most commonly used airframe nut.
See Chap. 15, Standard Parts.

The castellated shear nut, AN-320, is designed for use with devices
(such as drilled clevis bolts and threaded taper pins) that are normally
subjected to shearing stress only. Like the castle nut, it is castellated for
safetying. Note, however, that the nut is not as deep or as strong as the
castle nut; also notice that the castellations are not as deep as those in the
castle nut.

Self-Locking Nuts to 250çF
The elastic stop nut is essentially a standard hex nut that incorporates a fiber
or nylon insert (Fig. 7-5). The inside diameter of the red insert is
deliberately smaller than the major diameter of the matching bolt. The nut
spins freely on the bolt until the bolt threads enter the locking insert, where
they impress, but do not cut, mating threads in the insert. This compression
forces a metal-to-metal contact between the top flanks of the nut threads
and the bottom flanks of the bolt threads. This friction hold plus the
compression hold of the insert essentially “locks” the nut anywhere on the
bolt.



After the nut has been tightened, the rounded or chamfered end of bolts,
studs, or screws should extend at least the full round or chamfer through the
nut. Flat-end bolts, studs, or screws should extend at least  inch through
the nut. When fiber-type self-locking nuts are reused, the fiber should be
carefully checked to be sure that it has not lost its locking friction or
become brittle. Locknuts should not be reused if they can be run up to a
finger-tight position. Bolts  inch diameter and larger, with cotter pin
holes, can be used with self-locking nuts, but only if they are free from
burrs around the holes. Bolts with damaged threads and rough ends are not
acceptable.

Self-locking nuts should not be used at joints that subject either the nut
or the bolt to rotation. They can be used with antifriction bearings and
control pulleys, provided that the inner face of the bearing is clamped to the
supporting structure by the nut and bolt.

High-Temperature Self-Locking Nuts
All-metal locknuts are constructed with either the threads in the locking
insert out-of-phase with the load-carrying section (Fig. 7-6) or with a saw-
cut insert with a pinched-in thread in the locking section. The locking action
of the all-metal nut depends upon the resiliency of the metal when the
locking section and load-carrying section are engaged by screw threads.



FIGURE 7-6 The Boot’s self-locking, all-metal nut.

Miscellaneous Nut Types
Self-locking nut bases are made in a number of forms and materials for
riveting and welding to aircraft structure or parts (Fig. 7-7). Certain
applications require the installation of self-locking nuts in channels, an
arrangement that permits the attachment of many nuts with only a few
rivets. These channels are track-like bases with regularly spaced nuts that
are either removable or nonremovable. The removable type carries a
floating nut that can be snapped in or out of the channel, thus making
possible the easy removal of damaged nuts. Clinch and spline nuts, which
depend on friction for their anchorage, are not acceptable for use in aircraft
structures.



FIGURE 7-7 Self-locking nut bases.

Various types of anchor nuts (Fig. 7-8) are available for riveting to the
structure for application as removable panels.

FIGURE 7-8 Examples of anchor nuts.

Sheet spring nuts, sometimes called speed nuts, are used with standard
and sheet-metal self-tapping screws in nonstructural locations. They find
various uses in supporting line clamps, conduit clamps, electrical equipment
access doors, etc., and are available in several types. Speed nuts are made
from spring steel and are arched prior to tightening. This arched spring lock
prevents the screw from working loose. These nuts should be used only
where originally used in fabrication of the aircraft (Fig. 7-9).



FIGURE 7-9 Sheet spring nuts are used with self-tapping screws in
nonstructural locations.

Aircraft Washers
Aircraft washers used in airframe repair are plain, lock, or special washers.

Plain Washers
The plain washer, AN-960 (Fig. 7-10), is used under hex nuts. It provides a
smooth bearing surface and acts as a shim in obtaining correct grip length
for a bolt and nut assembly. It is used to adjust the position of castellated
nuts with respect to drilled cotter pin holes in bolts. Plain washers should be
used under lock washers to prevent damage to the surface material.



FIGURE 7-10 Plain and lock washers.

Lock Washers
Lock washers (AN-935 and AN-936) can be used with machine screws or
bolts whenever the self-locking or castellated nut is not applicable. They are
not to be used as fastenings to primary or secondary structures, or where
subject to frequent removal or corrosive conditions.

Installation of Nuts and Bolts



Boltholes must be normal to the surface involved to provide full bearing
surface for the bolthead and nut and must not be oversized or elongated. A
bolt in such a hole will carry none of its shear load until parts have yielded
or deformed enough to allow the bearing surface of the oversized hole to
contact the bolt.

In cases of oversized or elongated holes in crucial members, obtain
advice from the aircraft or engine manufacturer before drilling or reaming
the hole to take the next larger bolt. Usually, such factors as edge distance,
clearance, or load factor must be considered. Oversized or elongated holes
in noncrucial members can usually be drilled or reamed to the next larger
size.

Many boltholes, particularly those in primary connecting elements, have
close tolerances. Generally, it is permissible to use the first lettered drill size
larger than the normal bolt diameter, except where the AN hexagon bolts
are used in light-drive fit (reamed) applications and where NAS close-
tolerance bolts or AN clevis bolts are used.

Light-drive fits for bolts (specified on the repair drawings as .0015-inch
maximum clearance between bolt and hole) are required in places where
bolts are used in repair, or where they are placed in the original structure.

The fit of holes and bolts is defined in terms of the friction between the
bolt and hole when sliding the bolt into place. A tight-drive fit, for example,
is one in which a sharp blow of a 12- or 14-ounce hammer is required to
move the bolt. A bolt that requires a hard blow and sounds tight is
considered to fit too tightly. A light-drive fit is one in which a bolt will
move when a hammer handle is held against its head and pressed by the
weight of the body.

Examine the markings on the bolthead to determine that each bolt is of
the correct material. It is of extreme importance to use similar bolts in
replacement. In every case, refer to the applicable maintenance instruction
manual and the illustrated parts breakdown.

Be sure that washers are used under the heads of bolts and nuts, unless
their omission is specified. A washer guards against mechanical damage to
the material being bolted and prevents corrosion of the structural members.

Be certain that the bolt grip length is correct. The grip length is the
length of the unthreaded portion of the bolt shank (Fig. 7-11). Generally
speaking, the grip length should equal the thickness of the materials being



bolted together. However, bolts of slightly greater grip length can be used if
washers are placed under the nut or the bolthead. In the case of plate nuts,
add shims under the plate.

FIGURE 7-11 Bolt installation.

A nut is not run to the bottom of the threads on the bolt. A nut so
installed cannot be pulled tight on the structure and probably will be twisted
off while being tightened. A washer will keep the nut in the proper position
on the bolt.

In the case of self-locking stop nuts, if from one to three threads of the
bolt extend through the nut, it is considered to be satisfactory (Fig. 7-12).

FIGURE 7-12 Minimum bolt protrusion through the nut. Note: Do not use
self-locking nuts on bolts drilled for cotter pins.



Palnuts (AN-356) should be tightened securely, but not excessively.
Finger-tight plus one to two turns is good practice, two turns being more
generally used.

Torque Tables
The standard torque table (Fig. 7-13a) should be used as a guide in
tightening nuts, studs, bolts, and screws whenever specific torque values are
not caged out in maintenance procedures.



FIGURE 7-13 (a) Standard torque table.



Calculate the correct torque value using the information in Fig. 7-13b if
an extension needs to be used with the torque wrench. The extension could
alter the actual torque value.



FIGURE 7-13 (b) Adjusting toque value if extensions are used with torque
wrench.

Cotter Pin Hole Line-Up
When tightening castellated nuts on bolts, the cotter pin holes may not line
up with the slots in the nuts for the range of recommended values. Except in
cases of highly stressed engine parts, the nut may not be overtorqued.
Remove hardware and realign the holes. A thicker or extra washer might be
required to correctly line up the holes. The torque loads specified may be
used for all unlubricated cadmium-plated steel nuts of the fine- or coarse-
thread series which have an approximately equal number of threads and
equal face-bearing areas. These values do not apply where special torque
requirements are specified in the maintenance manual. If the head end,
rather than the nut, must be turned in the tightening operation, maximum
torque values may be increased by an amount equal to shank friction,
provided the latter is first measured by a torque wrench.

Safetying of Nuts, Bolts, and Screws
It is very important that all bolts or nuts, except the self-locking type, be
safetied after installation. This prevents them from loosening in flight
because of vibration.

Safety wiring is the most positive and satisfactory method of safetying
capscrews, studs, nuts, boltheads, and turnbuckle barrels that cannot be



safetied by any other practical means. It is a method of wiring together two
or more units in such a manner that any tendency of one to loosen is
counteracted by the tightening of the wire (Fig. 7-14).

FIGURE 7-14 Typical safety wiring methods.

Cotter Pin Safetying
Cotter pin installation is shown in Fig. 7-14. Castellated nuts are used with
bolts that have been drilled for cotter pins. The cotter pin should fit neatly
into the hole with very little sideplay.

Installation: Bolts, Washers, Nuts, and
Cotter Pins

Use Fig. 7-15 as a guide to match all components of a bolted assembly.



FIGURE 7-15 Guide for installation of bolt, washer, nut, and cotter pin
assembly.

Miscellaneous Threaded Fasteners
As stated earlier in this chapter, standard hex, slotted, and Phillips head-
threaded fasteners are seldom used for structural applications on high-
performance aircraft. For example, most threaded fasteners on the L-1011
jet transport aircraft are Tri-Wing, developed by the Phillips Screw
Company. Other types in general use are Torq-Set and Hi-Torque®. All of
these patented fasteners require special driving bits that fit into standard
holders and screwdriver handles.

The Tri-Wing is shown in Fig. 7-16. Other fastener wrenching recesses
are shown in Fig. 7-1. Various fasteners are illustrated in Chap. 15,
Standard Parts.



FIGURE 7-16 Tri-Wing heads are numbered for easy identification and must
be fitted with a similarly numbered bit for effective driving.

Screws
Screws are the most commonly used threaded fastening devices on aircraft.
They differ from bolts in as much as they are generally made of lower
strength materials. They can be installed with a loose-fitting thread, and the
head shapes are made to engage a screwdriver or wrench. Some screws
have a clearly defined grip or unthreaded portion, while others are threaded
along their entire length. Several types of structural screws differ from the
standard structural bolts only in head style. The material in them is the
same, and a definite grip length is provided. The AN525 washer head screw
and the NAS220 through NAS227 series are such screws.

Commonly used screws are classified in three groups: (1) structural
screws, which have the same strength as equal-size bolts; (2) machine
screws, which include the majority of types used for general repair; and (3)
self-tapping screws, which are used for attaching lighter parts, see Fig. 7-
17.



FIGURE 7-17 Screws from left to right: structural screw, machine screw, and
self-tapping screw.

Structural Screws
Structural screws are made of alloy steel, are properly heat treated, and can
be used as structural bolts. These screws are found in the NAS204 through
NAS235 and AN509 and AN525 series. They have a definite grip and the
same shear strength as a bolt of the same size. Shank tolerances are similar
to AN hex-head bolts, and the threads are National Fine. Structural screws
are available with round, brazier, or countersunk heads. The recessed head
screws are driven by either a Phillips or a Reed and Prince screwdriver. The
AN509 (100-degree) flathead screw is used in countersunk holes where a
flush surface is necessary. The AN525 washer head structural screw is used
where raised heads are not objectionable. The washer head screw provides a
large contact area.

Machine Screws
Machine screws are usually of the flathead (countersunk), roundhead, or
washer head types. These are general-purpose screws and are available in



low-carbon steel, brass, corrosion-resistant steel, and aluminum alloy.
Roundhead screws, AN515 and AN520, have either slotted or recessed
heads. The AN515 screw has coarse threads, and the AN520 has fine
threads. Countersunk machine screws are listed as AN505 and AN510 for
82 degrees, and AN507 for 100 degrees. The AN505 and AN510
correspond to the AN515 and AN520 roundhead in material and usage. The
fillister head screw, AN500 through AN503, is a general-purpose screw and
is used as a capscrew in light mechanisms. This could include attachments
of cast aluminum parts such as gearbox cover plates. The AN500 and
AN501 screws are available in low-carbon steel, corrosion-resistant steel,
and brass. The AN500 has coarse threads, while the AN501 has fine
threads. They have no clearly defined grip length. Screws larger than No. 6
have a hole drilled through the head for safetying purposes. The AN502 and
AN503 fillister head screws are made of heat-treated alloy steel, have a
small grip, and are available in fine and coarse threads. These screws are
used as capscrews where great strength is required. The coarse-threaded
screws are commonly used as capscrews in tapped aluminum alloy and
magnesium castings because of the softness of the metal.

Self-Tapping Screws
Self-tapping screws are listed as AN504 and AN506. The AN504 screw has
a roundhead, and the AN506 is 82-degree countersunk. These screws are
used for attaching removable parts, such as nameplates, to castings and
parts in which the screw cuts its own threads.

AN530 and AN531 self-tapping sheet-metal screws, such as the Parker-
Kalon Z-type sheet metal screw, are blunt on the end. They are used in the
temporary attachment of metal for riveting, and in the permanent assembly
of nonstructural assemblies. Self-tapping screws should not be used to
replace standard screws, nuts, bolts, or rivets.

Dzus Fasteners
Although not a threaded fastener, the Dzus fastener is an example of a
quick-disconnect fastener, such as used on a cowling or nacelle.

The Dzus turnlock fastener consists of a stud, grommet, and receptacle.
Figure 7-18 illustrates an installed Dzus fastener and the various parts.



FIGURE 7-18 Dzus fastener.

The grommet is made of aluminum or aluminum alloy material. It acts as
a holding device for the stud. Grommets can be fabricated from 1100
aluminum tubing, if none are available from normal sources.

The spring is made of steel, cadmium-plated to prevent corrosion. The
spring supplies the force that locks or secures the stud in place when two
assemblies are joined.

The studs are fabricated from steel and are cadmium plated. They are
available in three head styles: wing, flush, and oval.



A quarter of a turn of the stud (clockwise) locks the fastener. The
fastener can be unlocked only by turning the stud counterclockwise. A Dzus
key (or a specially ground screwdriver) locks or unlocks the fastener.
Special installation tools and instructions are available from the
manufacturers.

Camloc Fasteners
Camloc fasteners are made in a variety of styles and designs. Included
among the most commonly used are the 2600, 2700, 40S51, and 4002 series
in the regular line, and the stressed panel fastener in the heavy duty line.
The latter is used in stressed panels which carry structural loads. The
Camloc fastener is used to secure aircraft cowlings and fairings. It consists
of three parts: a stud assembly, a grommet, and a receptacle. Two types of
receptacles are available: rigid and floating as shown in Fig. 7-19. The stud
and grommet are installed in the removable portion; the receptacle is riveted
to the structure of the aircraft. The stud and grommet are installed in either
a plain, dimpled, countersunk, or counterbored hole, depending upon the
location and thickness of the material involved. A quarter turn (clockwise)
of the stud locks the fastener. The fastener can be unlocked only by turning
the stud counterclockwise.



FIGURE 7-19 Camloc fastener.

Hi-Lok ®, Hi-Tigue ®, and Hi-Lite ®
Fasteners

Hi-Lok® Fastening System
The threaded end of the Hi-Lok® two-piece fastener contains a hexagonal-
shaped recess as shown in Fig. 7-20. The hex tip of an Allen wrench
engages the recess to prevent rotation of the pin while the collar is being



installed (Fig. 7-21). The pin is designed in two basic head styles. For shear
applications, the pin is made in countersunk style and in a compact
protruding head style. For tension applications, the MS24694 countersunk
and regular protruding head styles are available. The self-locking, threaded
Hi-Lok® collar has an internal counterbore at the base to accommodate
variations in material thickness. At the opposite end of the collar is a
wrenching device that is torqued by the driving tool until it shears off
during installation, leaving the lower portion of the collar seated with the
proper torque without additional torque inspection. This shear-off point
occurs when a predetermined preload or clamp-up is attained in the fastener
during installation.

FIGURE 7-20 Hi-Lok® fastener and collar.



FIGURE 7-21 Hi-Lok® installation.

The advantages of Hi-Lok® two-piece fastener include its light weight,
high fatigue resistance, high strength, and its inability to be overtorqued.
The pins, made from alloy steel, corrosion-resistant steel, or titanium alloy,
come in many standard and oversized shank diameters. The collars are
made of aluminum alloy, corrosion-resistant steel, or alloy steel. The collars
have wrenching flats, fracture point, threads, and a recess. The wrenching
flats are used to install the collar. The fracture point has been designed to
allow the wrenching flats to shear when the proper torque has been reached.
The threads match the threads of the pins and have been formed into an
ellipse that is distorted to provide the locking action. The recess serves as a
built-in washer. This area contains a portion of the shank and the transition
area of the fastener. The hole shall be prepared so that the maximum
interference fit does not exceed 0.002 inch. This avoids build up of
excessive internal stresses in the work adjacent to the hole.

The Hi-Lok® pin has a slight radius under its head to increase fatigue
life. After drilling, deburr the edge of the hole to allow the head to seat fully
in the hole. The Hi-Lok® is installed in interference- fit holes for aluminum
structure and a clearance fit for steel, titanium, and composite materials.
Figure 7-21 shows an example of a Hi-Lok® basic partnumber.



Hi-Tigue® Fastening System
The Hi-Tigue® fastener offers all of the benefits of the Hi-Lok® fastening
system along with a unique bead design that enhances the fatigue
performance of the structure making it ideal for situations that require a
controlled interference fit. The Hi-Tigue® fastener assembly consists of a
pin and collar. These pin rivets have a radius at the transition area. During
installation in an interference-fit hole, the radius area will “cold work” the
hole. These fastening systems can be easily confused, and visual reference
should not be used for identification. Use part numbers to identify these
fasteners. Figure 7-22 shows the differences between a Hi-Lok® and a Hi-
Tigue® pin.

FIGURE 7-22 The Hi-Lok® and Hi-Lok®/Hi-Tigue® pins have a slight
radius under their heads (courtesy Hi-Shear Corporation).

Hi-Lite® Fastening System
The Hi-Lite® fastener is similar in design and principle to the Hi-Lok®

fastener, but the Hi-Lite® fastener has a shorter transition area between the
shank and the first load-bearing thread. Hi-Lite® has approximately one less
thread. All Hi-Lite® fasteners are made of titanium. These differences
reduce the weight of the Hi-Lite® fastener without lessening the shear
strength, but the Hi-Lite® clamping forces are less than that of a Hi-Lok®

fastener. The Hi-Lite® collars are also different and thus are not
interchangeable with Hi-Lok® collars. Hi-Lite® fasteners can be replaced
with Hi-Lok® fasteners for most applications, but Hi-Loks® cannot be
replaced with Hi-Lites®.



Installation of Hi-Lok®, Hi-Tigue®, and
Hi-Lite® Fasteners

Hole Preparation
Hi-Lok® pins require reamed and chamfered holes, and in some cases, an
interference fit. For standard Hi-Lok® pins, it is generally recommended
that the maximum interference fit shall not exceed 0.002 inch. The Hi-
Tigue®-type Hi-Lok® pin is normally installed in a hole with a 0.002- to
0.004-inch diametral interference.

The Hi-Lok® pin has a slight radius under its head (Fig. 7-22). After
drilling, deburr the edge of the hole. This permits the head to fully seat in
the hole. See the appropriate Hi-Lok® standards for head radius dimensions.
For example, the  protruding head has a 0.015/0.025 radius, and the 
flush head has a 0.025/0.030 radius.

Pin Grip Length
Standard pin lengths are graduated in  inch increments. The material
thickness can vary  inch without changing pin lengths. Adjustment for
variations in material thickness in between the pin -inch graduations is
automatically made by the counterbore in the collar (Fig. 7-23). The grip
length is determined, as shown in Fig. 7-24.



FIGURE 7-23 Table showing installed Hi-Lok® pin protrusion limits
(courtesy Hi-Shear Corporation).



FIGURE 7-24 Determining grip length using a special scale (courtesy Hi-
Shear Corporation).

Installation Tools
Hi-Lok® fasteners are rapidly installed by one person working from one
side of the work using standard power or hand tools and Hi-Lok® adaptor
tools.

Hi-Lok® adaptor tools are fitted to high-speed pistol grip and ratchet
wrench drives in straight, 90-degree, offset extension, and automatic collar-
feed configurations. Figure 7-25 shows a few of the hand and power tools
available for installing Hi-Lok® and Hi-Lok®/Hi-Tigue® fasteners.



FIGURE 7-25 A few of the hand and power tools available for installing Hi-
Lok® and Hi-Lok®/Hi-Tigue® fasteners (courtesy Hi-Shear Corporation).

The basic consideration in determining the correct hand tool is to match
the socket-hex tip dimensions of the tool with the Hi-Lok®/Hi-Tigue® pin
hex recess and collar-driving hex of the particular pin-collar combination to
be installed. Figure 7-26 indicates the hex dimensions that must match.



FIGURE 7-26 Determining the correct hand tool by matching hex
dimensions (courtesy Hi-Shear Corporation).

Installation Steps for an Interference-Fit Hole
Figure 7-27 shows the installation steps in a non-interference fit hole. When
Hi-Lok®/Hi-Tigues® are installed in an interference-fit, the pins should be
driven in using a standard rivet gun and Hi-Tigue® pin driver, as shown in
Fig. 7-28. The structure must be supported with a draw bar, as shown.



FIGURE 7-27 Installation steps in non-interference fit hole (courtesy Hi-
Shear Corporation).



FIGURE 7-28 Installing an interference fit Hi-Tigue® pin using a rivet gun
(courtesy Hi-Shear Corporation).

When Hi-Lok®/Hi-Tigue® pins are pressed or tapped into holes, the fit is
sufficiently tight to grip the pin to prevent it from rotating. Hi-Lok® driver
tools are available that use a finder pin, instead of the hex wrench tip to
locate the tool on the collar and pin (Fig. 7-29). Otherwise, installation steps
for interference-fit holes are the same as for standard Hi-Lok® fasteners.

FIGURE 7-29 Finder pin on Hi-Lok® driving tool (courtesy Hi-Shear
Corporation).



For field service, all sizes of Hi-Lok® fasteners can be installed with
hand tools (standard Allen hex keys and open-end or ratchet-type
wrenches).

Inspection After Installation
Hi-Lok® and Hi-Lok®/Hi-Tigue® fasteners are visually inspected. No
torque wrenches are required.

The Hi-Lok® protrusion gauges offer a convenient method to check Hi-
Lok® pin-protrusion limits after the Hi-Lok® pin has been inserted in the
hole and before or after collar installation (Fig. 7-30). Individual gauges
accommodate Hi-Lok® pin diameter sizes of  inch,  inch, ¼ inch, 
inch, and ⅜ inch. Gauges are made of 0.012- inch stainless steel and are
assembled as a set on a key chain.

FIGURE 7-30 Protrusion limits for standard Hi-Lok® pins; �⁄� gauge is shown
as an example (courtesy Hi-Shear Corporation).

Removal of the Installed Fastener
Removal of fasteners is accomplished with standard hand tools in a manner
similar to removing a nut from a bolt. By holding the pin with a standard
Allen wrench, the collar can be removed with pliers. Hollow mill-type
cutters attached to power tools can also remove the collars without damage
to the pin, and the pins can be reused if they are undamaged. Special hand
and power removal tools are also available.



Lockbolt Fastening Systems
The lockbolt is a two-piece fastener that combines the features of a high-
strength bolt and a rivet with advantages over each (Fig. 7-31). In general, a
lockbolt is a nonexpanding fastener that has either a collar swaged into
annular locking groves on the pin shank or a type of threaded collar to lock
it in place. Available with either countersunk or protruding heads, lockbolts
are permanent type fasteners assemblies and consist of a pin and a collar.

FIGURE 7-31 Shear and tension lockbolts.

Often called huckbolts, lockbolts are manufactured by companies such
as Cherry® Aerospace (Cherry® Lockbolt), Alcoa Fastening Systems
(Hucktite® Lockbolt System), and SPS Technologies. Used primarily for
heavily stressed structures that require higher shear and clamp-up values
than can be obtained with rivets. Three types of lockbolts are commonly
used: pull-type, stump-type, and blind-type.

The pull-type lockbolt is mainly used in aircraft primary and secondary
structure. It is installed very rapidly and has approximately one-half the
weight of equivalent AN steel bolts and nuts. A special pneumatic pull gun
is required for installation of this type lockbolt, which can be performed by
one operator since buckling is not required. The stump-type lockbolt,
although not having the extended stem with pull grooves, is a companion
fastener to the pull-type lockbolt. It is used primarily where clearance does



not permit effective installation of the pull-type lockbolt. It is driven with a
standard pneumatic riveting hammer, with a hammer set attached for
swaging the collar into the pin locking grooves, and a bucking bar. The
blind-type lockbolt comes as a complete unit or assembly and has
exceptional strength and sheet pull-together characteristics. Blind-type
lockbolts are used where only one side of the work is accessible and
generally where it is difficult to drive a conventional rivet. This type
lockbolt is installed in a manner similar to the pull-type lockbolt.

Installation Procedure
Installation of lockbolts involves proper drilling. The hole preparation for a
lockbolt is similar to hole preparation for a Hi-Lok®. An interference fit is
typically used for aluminum, and a clearance fit is used for steel, titanium,
and composite materials. A pneumatic pull gun is used as shown in Fig. 7-
32.

FIGURE 7-32 Installation of pull-type lockbolt.

Lockbolt Inspection



After installation, a lockbolt needs to be inspected to determine if
installation is satisfactory as shown in Fig. 7-33.

FIGURE 7-33 Lockbolt inspection.

Inspect the lockbolt as follows:

1.   The head must be firmly seated.
2.   The collar must be tight against the material and have the proper

shape and size.
3.   Pin protrusion must be within limits.

Lockbolt Removal



The best way to remove a lockbolt is to remove the collar and drive out the
pin. The collar can be removed with a special collar cutter attached to a drill
motor that mills off the collar without damaging the skin. If this is not
possible, a collar splitter or small chisel can be used. Use a backup block on
the opposite side to prevent elongation of the hole.

Blind Bolts
Blind bolts have a higher strength than blind rivets and are used for joints
that require high strength. Sometimes, these bolts can be direct
replacements for the Hi-Lok® and lockbolt. Many of the new generation
blind bolts are made from titanium and rated at 90 KSI shear strength,
which is twice as much as most blind rivets. Blind bolts are available in a
pull or drive style.

Cherry Maxibolt® Blind Bolt System
The Cherry Maxibolt® blind bolt, available in alloy steel and A-286 CRES
materials, comes in four different nominal and oversized head styles (Fig.
7-34). One tool and pulling head installs all three diameters. The blind bolts
create a larger blind side footprint and they provide excellent performance
in thin sheet and nonmetallic applications. The flush breaking stem
eliminates shaving while the extended grip range accommodates different
application thicknesses.



FIGURE 7-34 Cherry Maxibolt® installation information.

Cherry Maxibolts® are primarily used in structures where higher loads
are required. The steel version is 112 KSI shear. The A286 version is 95
KSI shear. The Cherry® G83, G84, or G704 installation tools are required
for installation. Figure 7-35 shows the installation procedure.



FIGURE 7-35 Cherry Maxibolt® installation procedure.

Drive-Nut-Type Blind Bolt
Jo-bolts, Visu-Lok®, Composi-Lok®, OSI Bolt®, and Radial-Lok® fasteners
use the drive nut concept and are composed of a nut, sleeve, and a draw bolt
as shown in Fig. 7-36. These types of blind bolts are used for high-strength
applications in metals and composites when there is no access to the blind
side. Available in steel and titanium alloys, they are installed with special
tooling. Both powered and hand tooling is available. During installation, the
nut is held stationary while the core bolt is rotated by the installation
tooling. The rotation of the core bolt draws the sleeve into the installed
position and continues to retain the sleeve for the life of the fastener. The
bolt has left-hand threads and driving flats on the threaded end. A break-off
relief allows the driving portion of the bolt to break off when the sleeve is
properly seated. These types of bolts are available in many different head
styles, including protruding head, 100-degree flush head, 130-degree flush
head, and hex head.



FIGURE 7-36 Drive-nut-type blind bolt.



CHAPTER 8
Aircraft Plumbing

Fluid Lines
Aircraft plumbing lines usually are made of metal tubing and fittings or of
flexible hose. Metal tubing is widely used in aircraft for fuel, oil, coolant,
oxygen, instrument, and hydraulic lines. Flexible hose is generally used
with moving parts or where the hose is subject to considerable vibration.

In modern aircraft, aluminum alloy, corrosion-resistant steel, or titanium
tubing have generally replaced copper tubing.

The workability, resistance to corrosion, and light weight of aluminum
alloy are major factors in its adoption for aircraft plumbing.

Aluminum Alloy Tubing
Tubing made from 1100 H14 (½-hard) or 3003 H14 (½-hard) is used for
general purpose lines of low or negligible fluid pressures, such as
instrument lines and ventilating conduits. Tubing made from 2024-T3,
5052-O, and 6061-T6 aluminum alloy materials is used in general- purpose
systems of low and medium pressures, such as hydraulic and pneumatic
1000 to 1500 psi systems, and fuel and oil lines.

Steel
Corrosion-resistant steel tubing, either annealed CRES 304, CRES 321, or
CRES 304-1/8-hard, is used extensively in high-pressure hydraulic systems
(3000 psi or more) for the operation of landing gear, flaps, brakes, and in
fire zones. Its higher tensile strength permits the use of tubing with thinner
walls; consequently, the final installation weight is not much greater than



that of the thicker wall aluminum alloy tubing. Steel lines are used where
there is a risk of foreign object damage (FOD); that is the landing gear and
wheel well areas. Although identification markings for steel tubing differ,
each usually includes the manufacturer’s name or trademark, the Society of
Automotive Engineers (SAE) number, and the physical condition of the
metal.

Titanium 3AL-2.5V
This type of tubing and fitting is used extensively in transport category and
high-performance aircraft hydraulic systems for pressures above 1500 psi.
Titanium is 30 percent stronger than steel and 50 percent lighter than steel.
Cryofit fittings or swaged fittings are used with titanium tubing. Do not use
titanium tubing and fittings in any oxygen system assembly. Titanium and
titanium alloys are oxygen reactive. If a freshly formed titanium surface is
exposed in gaseous oxygen, spontaneous combustion could occur at low
pressures.

Tubing Identification
Aluminum alloy, steel, or titanium tubing can be identified readily by sight
where it is used as the basic tubing material. However, it is difficult to
determine whether a material is carbon steel or stainless steel, or whether it
is 1100, 3003, 5052-O, 6061-T6, or 2024-T3 aluminum alloy. To positively
identify the material used in the original installation, compare code
markings of the replacement tubing with the original markings on the
tubing being replaced. On large aluminum alloy tubing, the alloy
designation is stamped on the surface. On small aluminum tubing, the
designation may be stamped on the surface; but more often it is shown by a
color code, not more than 4 inches in width, painted at the two ends and
approximately midway between the ends of some tubing. When the band
consists of two colors, one-half the width is used for each color. Figure 8-1
shows the color coding for aluminum tubing.



FIGURE 8-1 Aluminum tubing identification codes.

Sizes
Metal tubing is sized by outside diameter (o.d.), which is measured
fractionally in sixteenths of an inch. Thus, number 6 tubing is  inch (or ⅜
inch) and number 8 tubing is  inch (or ½ inch), and so forth. The tube
diameter is typically printed on all rigid tubing. In addition to other
classifications or means of identification, tubing is manufactured in various
wall thicknesses. Thus, it is important when installing tubing to know not
only the material and outside diameter, but also the thickness of the wall.
The wall thickness is typically printed on the tubing in thousands of an
inch. To determine the inside diameter (i.d.) of the tube, subtract twice the
wall thickness from the outside diameter. For example, a number 10 piece
of tubing with a wall thickness of 0.063 inch has an inside diameter of
0.625 inch – 2(0.063 inch) = 0.499 inch.

Flexible Hose
Flexible hose is used in aircraft plumbing to connect moving parts with
stationary parts in locations subject to vibration or where a great amount of
flexibility is needed. It can also sense a connector in metal tubing systems.



Synthetics
Synthetic materials most commonly used in the manufacture of flexible
hose are Buna-N, Neoprene, Butyl, and Teflon. Buna-N is a synthetic
rubber compound that has excellent resistance to petroleum products. Do
not confuse with Buna-S. Do not use for phosphate ester-based hydraulic
fluid (Skydrol). Neoprene is a synthetic rubber compound that has an
acetylene base. Its resistance to petroleum products is not as good as Buna-
N, but it has better abrasive resistance. Do not use for phosphate ester-based
hydraulic fluid (Skydrol). Butyl is a synthetic rubber compound made from
petroleum raw materials. It is an excellent material to use with phosphate
ester-based hydraulic fluid (Skydrol). Do not use it with petroleum
products. Teflon is the DuPont trade name for tetrafluorethylene resin. It has
a broad operating temperature range (−65°F to 450°F). It is compatible with
nearly every substance or agent used. It offers little resistance to flow;
sticky viscous materials will not adhere to it. It has less volumetric
expansion than rubber, and the shelf and service life is practically limitless.

Rubber Hose
Flexible rubber hose consists of a seamless synthetic rubber inner tube
covered with layers of cotton braid and wire braid, and an outer layer of
rubber-impregnated cotton braid. This type of hose is suitable for use in
fuel, oil, coolant, and hydraulic systems. The types of hose are normally
classified by the amount of pressure they are designed to withstand under
normal operating conditions:

•   Low pressure; any pressure below 250 psi, and fabric braid
reinforcement.

•   Medium pressure; pressures up to 3000 psi, and one wire braid
reinforcement. Smaller sizes carry pressure up to 3000 psi; larger
sizes carry pressure up to 1000 psi.

•   High pressure; all sizes up to 3000 psi operating pressures.

Teflon Hose



Teflon hose is a flexible hose designed to meet the requirements of higher
operating temperatures and pressures in present aircraft systems. It can
generally be used in the same manner as rubber hose. Teflon hose is
processed and extruded into tube shapes of a desired size. It is covered with
stainless steel wire, which is braided over the tube for strength and
protection.

Teflon hose is unaffected by any known fuel, petroleum, or synthetic-
based oils, alcohol, coolants, or solvents commonly used in aircraft.
Although it is highly resistant to vibration and fatigue, the principle
advantage of this hose is its operating strength.

Identification of Hose
Identification markings of lines, letters, and numbers are printed on the hose
(Fig. 8-2). These code markings show such information as hose size,
manufacturer, date of manufacture, and pressure and temperature limits.
Code markings assist in replacing a hose with one of the same specification
or a recommended substitute. A hose suitable for use with phosphate ester-
based hydraulic fluid is marked “Skydrol use.” In some instances, several
types of hose might be suitable for the same use. Therefore, to make the
correct hose selection, always refer to the maintenance or parts manual for
the particular aircraft.



FIGURE 8-2 Hose-identification markings.

Size Designation
The size of flexible hose is determined by its inside diameter. Sizes are in 

 inch increments and are identical to corresponding sizes of rigid tubing,
with which it can be used.



Identification of Fluid Lines
Fluid lines in aircraft are often identified by markers consisting of color
codes, words, and geometric symbols. These markers identify each line’s
function, content, and primary hazard, as well as the direction of fluid flow.
Figure 8-3 illustrates the various color codes and symbols used to designate
the type of system and its contents.



FIGURE 8-3 Identification of fluid lines.

In addition to the previously mentioned markings, certain lines can be
further identified regarding specific function within a system: DRAIN,
VENT, PRESSURE, or RETURN.

Generally, tapes and decals are placed on both ends of a line and at least
once in each compartment through which the line runs. In addition,
identification markers are placed immediately adjacent to each valve,
regulator, filter, or other accessory within a line. Where paint or tags are
used, location requirements are the same as for tapes and decals.

Plumbing Connections
Plumbing connectors, or fittings, attach one piece of tubing to another or to
system units. The four types are flared, flareless, bead and clamp, and
swaged and welded. The beaded joint, which requires a bead and a section
of hose and hose clamps, is used only in low- or medium-pressure systems,
such as vacuum and coolant systems. The flared, flareless, and swaged
types can be used as connectors in all systems, regardless of the pressure.

Flared-Tube Fittings



A flared-tube fitting consists of a sleeve and a nut, as shown in Fig. 8-4.
The nut fits over the sleeve and, when tightened, draws the sleeve and
tubing flare tightly against a male fitting to form a seal. Tubing used with
this type of fitting must be flared before installation.

FIGURE 8-4 Flared tube fitting using AN parts.

The AN standard fitting is the most commonly used flared-tubing
assembly for attaching the tubing to the various fittings required in aircraft
plumbing systems. The AN standard fittings include the AN818 nut and
AN819 sleeve. The AN819 sleeve is used with the AN818 coupling nut. All
of these fittings have straight threads, but they have different pitch for the
various types.

Flared-tube fittings are made of aluminum alloy, steel, or copper-based
alloys. For identification purposes, all AN steel fittings are colored black
and all AN aluminum alloy fittings are colored blue. The AN819 aluminum
bronze sleeves are cadmium plated and are not colored. The size of these
fittings is given in dash numbers, which equal the nominal tube outside
diameter (O.D.) in sixteenths of an inch.

Flareless-Tube Fittings
The MS (military standard) flareless-tube fittings are finding wide
application in aircraft plumbing systems. Using this fitting eliminates all
tube flaring, yet provides safe, strong, dependable tube connections (Fig. 8-
5).



FIGURE 8-5 A flareless-tube fitting.

Swaged Fittings
A popular repair system for connecting and repairing hydraulic lines on
transport category aircraft is the use of Permaswage™ fittings. Swaged
fittings create a permanent connection that is virtually maintenance free.
Swaged fittings are used to join hydraulic lines in areas where routine
disconnections are not required and are often used with titanium and
corrosion-resistant steel tubing. The fittings are installed with portable
hydraulically powered tooling, which is compact enough to be used in tight
spaces as shown in Fig. 8-6. If the fittings need to be disconnected, cut the
tubing with a tube cutter. Special installation tooling is available in portable
kits. Always use the manufacturer’s instructions to install swaged fittings.
One of the latest developments is the Permalite™ fitting. Permalite™ is a
tube fitting that is mechanically attached to the tube by axial swaging. The
movement of the ring along the fitting body results in deformation of the
tube with a leak-tight joint.



FIGURE 8-6 Installation of Permaswage™ fittings.

Cryofit Fittings
Many transport category aircraft use Cryofit fittings to join hydraulic lines
in areas where routine disconnections are not required. Cryofit fittings are
standard fittings with a cryogenic sleeve. The sleeve is made of a shape
memory alloy, Tinel™. The sleeve is manufactured 3 percent smaller,
frozen in liquid nitrogen, and expanded to 5 percent larger than the line.
During installation, the fitting is removed from the liquid nitrogen and
inserted onto the tube. During a 10- to 15-second warming up period, the
fitting contracts to its original size (3 percent smaller), biting down on the
tube, forming a permanent seal. Cryofit fittings can only be removed by
cutting the tube at the sleeve, though this leaves enough room to replace it
with a swaged fitting without replacing the hydraulic line. It is frequently
used with titanium tubing. The shape memory technology is also used for
end fittings, flared fittings, and flareless fittings.

Tube Cutting



When cutting tubing, it is important to produce a square end, free of burrs.
Tubing can be cut with a tube cutter (Fig. 8-7) or a hacksaw. The cutter can
be used with any soft metal tubing, such as copper, aluminum, or aluminum
alloy.

FIGURE 8-7 A hand-operated tube cutter.

Special chipless cutters are available for cutting aluminum 6061-T6,
corrosion-resistant steel, and titanium tubing.



If a tube cutter is not available, or if hard material tubing is to be cut, use
a fine-tooth hacksaw, preferably one having 32 teeth per inch. After sawing,
file the end of the tube square and smooth, removing all burrs.

Deburring
After cutting the tubing, carefully remove any burrs from inside and outside
the tube. Use a knife or the burring edge attached to the tube cutter. The
deburring operation can be accomplished by the use of a deburring tool as
shown in Fig. 8-8. This tool is capable of removing both the inside and
outside burrs by just turning the tool end for end. When performing the
deburring operation, use extreme care that the wall thickness of the end of
the tubing is not reduced or fractured. Very slight damage of this type can
lead to fractured flares or defective flares which will not seal properly. Use
a fine-tooth file to file the end square and smooth.



FIGURE 8-8 Deburring tool.

Tube Bending
The objective in tube bending is to obtain a smooth bend without flattening
the tube. Tubing less than ¾ inch in diameter usually can be bent with a
hand bending tool (Fig. 8-9). For larger sizes, a factory tube-bending
machine is usually used.



FIGURE 8-9 A hand tube bender.

Tube-bending machines for all types of tubing are generally used in
repair stations and large maintenance shops. With such equipment, proper
bends can be made on large-diameter tubing and on tubing made from hard
material. The production tube bender is one example.

Bend the tubing carefully to avoid excessive flattening, kinking, or
wrinkling. A small amount of flattening in bends is acceptable, but the
small diameter of the flattened portion must not be less than 75 percent of
the original outside diameter. Tubing with flattened, wrinkled, or irregular
bends should not be installed. Wrinkled bends usually result from trying to
bend thin-wall tubing without using a tube bender. Examples of correct and
incorrect tubing bends are shown in Fig. 8-10.



FIGURE 8-10 Examples of tube bends.

Figure 8-11 shows the minimum bend radii for tubing using hand
benders and production benders. The mechanic should always consult the
minimum bend radius chart before bending tubing because damage to the
tubing could result from bends that are made too tight.



FIGURE 8-11 Minimum tube bend radii chart.

Tube Flaring
The flaring tools (Fig. 8-12) used for aircraft tubing has male and female
dies ground to produce a flare of 35 to 37 degrees. Under no circumstances
is it permissible to use an automotive flaring tool, which produces a 45-
degree flare.



FIGURE 8-12 Single- and double-flaring tools.

Two kinds of flares are generally used in aircraft plumbing systems:
single and double (Fig. 7.13).



FIGURE 8-13 Single and double flares.



In forming flares, cut the tube ends square, file them smooth, remove all
burrs and sharp edges, and thoroughly clean the edges. Slip the fitting nut
and sleeve on the tube before flaring it.

Assembling Sleeve-Type Fittings
Sleeve-type end fittings for flexible hose are detachable and can be reused
if they are determined to be serviceable. The inside diameter of the fitting is
the same as the inside diameter of the hose to which it is attached. Common
sleeve-type fittings are shown in Fig. 8-14.

FIGURE 8-14 A sleeve end fitting for flexible hose.

Refer to manufacturer’s instructions for detailed assembly procedures, as
outlined in Fig. 8-15.





FIGURE 8-15 Assemble of MS fitting to flexible hose.

Proof-Testing After Assembly
All flexible hose must be proof-tested after assembly by plugging or
capping one end of the hose and applying pressure to the inside of the hose
assembly. The proof-test medium can be a liquid or a gas. For example,
hydraulic, fuel, and oil lines are generally tested using hydraulic oil or
water, whereas air or instrument lines are tested with dry, oil-free air or
nitrogen. When testing with a liquid, all trapped air is bled from the
assembly prior to tightening the cap or plug. Hose tests, using a gas, are
conducted underwater. In all cases, follow the hose manufacturer’s
instructions for the proof-test pressure and fluid to be used when testing a
specific hose assembly.

Place the hose assembly in a horizontal position and observe it for
leakage while maintaining the test pressure. Proof-test pressures should be
maintained for at least 30 seconds.

Figure 8-16 shows the test and burst pressures for flexible aircraft hose.





FIGURE 8-16 Aircraft hose specifications.

Installing Flexible Hose Assemblies
Figure 8-17 shows examples of flexible hose installation.

FIGURE 8-17 Installation of flexible hose assemblies.

Installing Rigid Tubing
Never apply compound to the faces of the fitting or the flare because the
compound will destroy the metal-to-metal contact between the fitting and
flare, a contact that is necessary to create the seal. Be sure that the line
assembly is properly aligned before tightening the fittings. Do not pull the
installation into place with torque on the nut (Fig. 8-18).



FIGURE 8-18 Correct and incorrect methods of tightening flared-tube
fittings (courtesy Aeroquip Corporation).

Always tighten fittings to the correct torque value (Fig. 8-19) when
installing a tube assembly. Overtightening a fitting might badly damage or
completely cut off the tube flare, or it might ruin the sleeve or fitting nut.
Failure to tighten sufficiently also can be serious; it might allow the line to
blow out of the assembly or to leak under system pressure.



FIGURE 8-19 Torque values for tightening flared-tube fittings.

The use of torque wrenches and the prescribed torque values prevents
overtightening or undertightening. If a tube-fitting assembly is tightened
properly, it can be removed and retightened many times before reflaring is
necessary.

Never select a path that does not require bends in the tubing. A tube
cannot be cut or flared accurately enough that it can be installed without
bending and still be free from mechanical strain. Bends are also necessary
to permit the tubing to expand or contract under temperature changes and to
absorb vibration. If the tube is small (less than �⁄� inch) and can be hand
formed, casual bends can be made to allow for this. If the tube must be
machine formed, definite bends must be made to avoid a straight assembly.

Start all bends a reasonable distance from the fittings because the sleeves
and nuts must be slipped back during the fabrication of flares and during
inspections. In all cases, the new tube assembly should be so formed prior
to installation that it will not be necessary to pull or deflect the assembly
into alignment by means of the coupling nuts.

Support Clamps
Support clamps are used to secure the various lines to the airframe or
powerplant assemblies. Several types of support clamps are used for this
purpose, most commonly the rubber-cushioned and plain clamps. The



rubber-cushioned clamp is used to secure lines subject to vibration; the
cushioning prevents chafing of the tubing. The plain clamp is used to secure
lines in areas not subject to vibration.

A Teflon-cushioned clamp is used in areas where the deteriorating effect
of Skydrol 500, hydraulic fluid (MIL-0-5606), or fuel is expected.
However, because Teflon is less resilient, it does not provide as good of a
vibration-damping effect as other cushion materials.

Use bonded clamps to secure metal hydraulic, fuel, and oil lines in place.
Unbonded clamps should be used only to secure wiring. Remove any paint
or anodizing from the portion of the tube at the bonding clamp location. All
plumbing lines must be secured at specified intervals. The maximum
distance between supports for rigid tubing is shown in Fig. 8-20.

FIGURE 8-20 Maximum distance between supports for fluid lines.

Rigid Tubing Inspection and Repair
Minor dents and scratches in tubing may be repaired. Scratches or nicks not
deeper than 10 percent of the wall thickness in aluminum alloy tubing,
which are not in the heel of a bend, may be repaired by burnishing with
hand tools. The damage limits for hard, thinwalled corrosion-resistant steel
and titanium tubing are considerably less than for aluminum tubing, and
might depend on the aircraft manufacturer. Consult the aircraft maintenance
manual for damage limits. Replace lines with severe die marks, seams, or
splits in the tube. Any crack or deformity in a flare is unacceptable and is



cause for rejection. A dent of less than 20 percent of the tube diameter is
not objectionable, unless it is in the heel of a bend. A severely damaged line
should be replaced. However, the line may be repaired by cutting out the
damaged section and inserting a tube section of the same size and material.
Flare both ends of the undamaged and replacement tube sections and make
the connection by using standard unions, sleeves, and tube nuts. Aluminum
6061-T6, corrosion resistant steel 304-1/8h, and Titanium 3AL-2.5V tubing
can be repaired by swaged fittings. If the damaged portion is short enough,
omit the insert tube and repair by using one repair union as shown in Fig. 8-
21. When repairing a damaged line, be very careful to remove all chips and
burrs. Any open line that is to be left unattended for some time should be
sealed, using metal, wood, rubber, or plastic plugs or caps. When repairing
a low-pressure line using a flexible fluid connection assembly, position the
hose clamps carefully to prevent overhang of the clamp bands or chafing of
the tightening screws on adjacent parts. If chafing can occur, the hose
clamps should be repositioned on the hose. Figure 8-22 illustrates the
design of a flexible fluid connection assembly and gives the maximum
allowable angular and dimensional offset.



FIGURE 8-21 PermaswageTM repair.



FIGURE 8-22 Repair of low-pressure rigid tube with a flexible hose.
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CHAPTER 9
Control Cables

hree mechanical control systems commonly used are cable, push-pull
(Fig. 9-1), and torque tube. Many aircraft incorporate control systems

that are combinations of all three.

FIGURE 9-1 Push-pull tube assembly.

Cables are the most widely used linkage in primary flight control
systems. Cable linkage is also used in engine controls, emergency extension
systems for the landing gear, and other systems throughout the aircraft.

Cable Assembly
The conventional cable assembly consists of flexible cable (Fig. 9-2)
terminals (end fittings) for attaching to other units, and turnbuckles. Cable
tension must be adjusted frequently because of stretching and temperature
changes. Aircraft-control cables are fabricated from carbon steel or stainless
steel.



FIGURE 9-2 7 × 19 extra flexibility and 7 × 7 medium flexibility aircraft
cables.

Fabricating a Cable Assembly
Terminals for aircraft-control cables are normally fabricated using three
different processes:

•   Swaging, as used in all modern aircraft.
•   Nicopress process.
•   Handwoven splice terminal.

Handwoven splices are used in many older aircraft; however, this time-
consuming process is considered unnecessary with the availability of
mechanically fabricated splices. Various swage terminal fittings are shown
in Fig. 9-3.



FIGURE 9-3 Various types of swaged terminal fittings.

Swaging



Swage terminals, manufactured in accordance with Air Force/Navy
Aeronautical Standard Specifications, are suitable for use in civil aircraft up
to and including maximum cable loads. When swaging tools are used, it is
important that all the manufacturers’ instructions, including “go-no-go”
dimensions (Fig. 9-4), are followed in detail to avoid defective and inferior
swaging. Observance of all instructions should result in a terminal
developing the full-rated strength of the cable.

FIGURE 9-4 A typical gauge for checking swaged terminals.

Nicopress Process
A patented process using copper sleeves may be used up to the full-rated
strength of the cable when the cable is looped around a thimble as shown in
Fig. 9-5. This process may also be used in place of the 5-tuck splice on
cables up to and including ⅜-inch diameter. Whenever this process is used
for cable splicing, it is imperative that the tools, instructions, and data
supplied by Nicopress® be followed exactly to ensure the desired cable
function and strength is attained. The use of sleeves that are fabricated of
material other than copper requires engineering approval for the specific
application by the FAA.



FIGURE 9-5 Nicopress® thimble-eye splice.

To make a satisfactory copper sleeve installation, it is important that the
amount of sleeve pressure be kept uniform. The completed sleeves should
be checked periodically with the proper gauge. The gauge should be held so
that it contacts the major axis of the sleeve. The compressed portion at the
center of the sleeve should enter the gauge opening with very little
clearance, as shown in Fig. 9-6. If it does not, the tool must be adjusted
accordingly.

FIGURE 9-6 Typical go-no-go gauge for Nicopress terminals.



Turnbuckles
A turnbuckle assembly is a mechanical screw device that consists of two
threaded terminals and a threaded barrel. Figure 9-7 illustrates a typical
turnbuckle assembly.

FIGURE 9-7 A typical turnbuckle assembly.

Turnbuckles are fitted in the cable assembly for the purpose of making
minor adjustments in cable length and to adjust cable tension. One of the
terminals has right-handed threads and the other has left-handed threads.
The barrel has matching right- and left-handed internal threads. The end of
the barrel with the left-handed threads can usually be identified by a groove
or knurl around that end of the barrel.

When installing a turnbuckle in a control system, it is necessary to screw
both of the terminals an equal number of turns into the barrel. It is also
essential that all turnbuckle terminals be screwed into the barrel until not
more than three threads are exposed on either side of the turnbuckle barrel.
After a turnbuckle is properly adjusted, it must be safetied.

Safety Methods for Turnbuckles
After a turnbuckle has been properly adjusted, it must be safetied. There are
several methods of safetying turnbuckles; however, only two methods
(Figs. 9-8 and 9-9) are covered in this chapter. The clip-locking method
(Fig. 9-8) is used only on modern aircraft. Older aircraft still use
turnbuckles that require the wire-wrapping method.



FIGURE 9-8 Clip-style locking device.

FIGURE 9-9 Turnbuckle safety wiring methods.



Double-Wrap Method
Of the methods using safety wire for safetying turnbuckles, the double-wrap
method is preferred, although the single-wrap method is satisfactory. The
method of double-wrap safetying is shown in Fig. 9-9. Two separate lengths
of the proper wire, as shown in Fig. 9-10, are used. One end of the wire is
run through the hole in the barrel of the turnbuckle. The ends of the wire are
bent toward opposite ends of the turnbuckle.

FIGURE 9-10 Guide for selecting turnbuckle safety wire.

Then the second length of the wire is passed into the hole in the barrel
with the ends bent along the barrel on the side opposite of the first. Then the
wires at the end of the turnbuckle are passed in opposite directions through
the holes in the turnbuckle eyes or between the jaws of the turnbuckle fork,
as applicable.



The laid wires are bent in place before cutting off the wrapped wire. The
remaining length of safety wire is wrapped at least four turns around the
shank, and cut off. The procedure is repeated at the opposite end of the
turnbuckle.

When a swaged terminal is being safetied, the ends of both wires are
passed, if possible, through the hole provided in the terminal for this
purpose and both ends are wrapped around the shank, as described
previously.

If the hole is not large enough to allow passage of both wires, the wire
should be passed through the hole and looped over the free end of the other
wire, and then both ends are wrapped around the shank, as described.

Cable Tension Adjustment
Control cable tension should be carefully adjusted, in accordance with the
airframe manufacturer’s recommendations. On large aircraft, the
temperature of the immediate area should be taken into consideration when
using a tensionmeter (Fig. 9-11). For long cable sections, the average of two
or three temperature readings should be made for extreme surface
temperature variations that might be encountered if the aircraft is operated
primarily in unusual geographic or climatic conditions, such as arctic, arid,
or tropical locations. Figure 9-12 shows a typical cable rigging chart.



FIGURE 9-11 Typical cable tensionmeter.



FIGURE 9-12 Typical cable rigging chart.

Cable Guides
Pulleys are used to guide cables and also to change the direction of cable
movement. Pulley bearings are sealed and need no lubrication other than
the lubrication done at the factory. Brackets fastened to the structure of the
aircraft support the pulleys. Cables passing over pulleys are kept in place by
guards. The guards are close fitting to prevent jamming or to prevent the
cables from slipping off when they slacken due to temperature variations.
Fairleads may be made from a nonmetallic material, such as phenolic, or a
metallic material, such as soft aluminum. The fairlead completely encircles
the cable where it passes through holes in bulkheads or other metal parts.
Fairleads are used to guide cables in a straight line through or between
structural members of the aircraft. Fairleads should never deflect the



alignment of a cable more than 3 degrees from a straight line. Pressure seals
are installed where cables (or rods) move through pressure bulkheads. The
seal grips tightly enough to prevent excess air pressure loss but not enough
to hinder movement of the cable. Figure 9-13 shows the various types of
cable guides.

FIGURE 9-13 Various types of control cable guides.



CHAPTER 10
Electrical Wiring and Installation

Material Selection
Aircraft service imposes severe environmental conditions on electrical wire.
To ensure satisfactory service, the wire should be inspected at regular
intervals for abrasions, defective insulation, condition of terminal posts, and
corrosion under or around swaged terminals.

For the purpose of this section, a wire is described as a single, solid
conductor, or as a stranded conductor covered with an insulating material
(Fig. 10-1).



FIGURE 10-1 Aircraft electrical wire.

The term cable, as used in aircraft electrical installations, includes:

1.   Two or more separately insulated conductors in the same jacket
(multiconductor cable).

2.   Two or more separately insulated conductors twisted together
(twisted pair).

3.   One or more insulated conductors, covered with a metallic braided
shield (shielded cable).

4.   A single insulated center conductor with a metallic braided outer
conductor (radio-frequency cable). The concentricity of the center
conductor and the outer conductor is carefully controlled during
manufacturing to ensure that they are coaxial.



The term “wire harness” is used when an array of insulated conductors
are bound together by lacing cord, metal bands, or other binding in an
arrangement suitable for use only in specific equipment for which the
harness was designed; it may include terminations. Wire harnesses are
extensively used in aircraft to connect all the electrical components.

Wire Size
Wire is manufactured in sizes according to a standard known as the AWG
(American wire gauge). As shown in Fig. 10-2, the wire diameters become
smaller as the gauge numbers become larger. See the appendix for a table of
wire gauges.

FIGURE 10-2 AWG wire gauge.

To use the wire gauge, the wire to be measured is inserted in the smallest
slot that will accommodate the bare wire. The gauge number corresponding
to that slot indicates the wire size. The slot has parallel sides and should not
be confused with the semicircular opening at the end of the slot. The



opening simply permits the free movement of the wire all the way through
the slot.

Gauge numbers are useful in comparing the diameter of wires, but not all
types of wire or cable can be accurately measured with a gauge. Large wires
are usually stranded to increase their flexibility. In such cases, the total area
can be determined by multiplying the area of one strand (usually computed
in circular mils when the diameter or gauge number is known) by the
number of strands in the wire or cable.

Factors that Affect the Selection of Wire Size
Tables and procedures are available for selecting correct wire sizes. For
purposes of this manual, it is assumed that wire sizes were specified by the
manufacturer of the aircraft or equipment.

Factors that Affect the Selection of Conductor Material
Although silver is the best conductor, high cost limits its use to special
circuits where a substance with high conductivity is needed.

The two most generally used conductors are copper and aluminum. Each
has characteristics that make its use advantageous under certain
circumstances. Also, each has certain disadvantages.

Copper has a higher conductivity; it is more ductile (can be drawn), has
relatively high tensile strength, and can be easily soldered. It is more
expensive and heavier than aluminum.

Although aluminum has only about 60 percent of the conductivity of
copper, it is used extensively. Its lightness makes possible long spans, and
its relatively large diameter for a given conductivity reduces corona, which
is the discharge of electricity from the wire when it has a high potential.
The discharge is greater when small-diameter wire is used than when large-
diameter wire is used. Some bus bars are made of aluminum instead of
copper, where there is a greater radiating surface for the same conductance.

Conductor insulation material varies with the type of installation. Such
insulation as rubber, silk, and paper are no longer used extensively in
aircraft systems.

Insulation materials for new aircraft designs are made of Tefzel®,
Teflon®/Kapton®/Teflon®, and PTFE/Polyimide/PTFE.



Stripping Insulation
Attaching the wire to connectors or terminals requires the removal of
insulation to expose the conductors, commonly known as stripping. When
stripping the wire, remove no more insulation than is necessary. Stripping
can be accomplished in many ways; however, the following basic principles
should be followed:

•   Be sure that all cutting tools used for stripping are sharp.
•   When using special wire stripping tools, adjust the tool to avoid

nicking, cutting, or otherwise damaging the strands. A light-duty
hand-operated wire stripper is shown in Fig. 10-3.

FIGURE 10-3 Wire strippers.



•   Automatic stripping tools should be carefully adjusted; the
manufacturer’s instructions should be followed to avoid nicking,
cutting, or otherwise damaging strands. This is especially important
for aluminum wires and for copper wires smaller than No. 10.
Smaller wires have larger numbers.

Terminals
Terminals are attached to the ends of electric wires to facilitate connection
of the wires to terminal strips or items of equipment. Terminals specifically
designed for use with the standard sizes of aircraft wire are available
through normal supply channels. A haphazard choice of commercial
terminals can contribute to overheated joints, vibration failures, and
corrosion difficulties.

For most applications, soldered terminals have been replaced by
solderless terminals. The solder process has disadvantages that have been
overcome by use of the solderless terminals.

The terminal manufacturer will normally provide a special crimping or
swaging tool for joining the solderless terminal to the electric wire.
Aluminum wire presents special difficulty in that each individual strand is
insulated by an oxide coating. This oxide coating must be broken down in
the crimping process and some method used to prevent its reforming. In all
cases, terminal manufacturer’s instructions should be followed when
installing solderless terminals.

Copper wires are terminated with solderless, preinsulated, straight
copper terminal lugs. The insulation is part of the terminal lug and extends
beyond its barrel so that it will cover a portion of the wire insulation,
making the use of an insulation sleeve unnecessary (Fig. 10-4).



FIGURE 10-4 Preinsulated terminal lug.

In addition, preinsulated terminal lugs contain an insulation grip (a metal
reinforcing sleeve) beneath the insulation for extra gripping strength on the
wire insulation. Preinsulated terminals accommodate more than one size of
wire; the insulation is usually color-coded to identify the wire sizes that can
be terminated with each of the terminal lug sizes.

Some types of uninsulated terminal lugs are insulated after assembly to a
wire by means of pieces of transparent flexible tubing called sleeves. The
sleeve provides electrical and mechanical protection at the connection.
When the size of the sleeving used is such that it will fit tightly over the
terminal lug, the sleeving need not be tied; otherwise, it should be tied with
lacing cord, as illustrated in Fig. 10-5.



FIGURE 10-5 Insulating a terminal lug with a transparent, flexible tubing
sleeve.

Aluminum Wire Terminals
The use of aluminum wire in aircraft systems is increasing because of its
weight advantage over copper. However, bending aluminum will cause
“work hardening” of the metal, making it brittle. This results in failure or
breakage of strands much sooner than in a similar case with copper wire.
Aluminum also forms a high-resistant oxide film immediately upon
exposure to air. To compensate for these disadvantages, it is important to
use the most reliable installation procedures.

Only aluminum terminal lugs are used to terminate aluminum wires. All
aluminum terminals incorporate an inspection hole (Fig. 10-6), which
permits checking the depth of wire insertion. The barrel of aluminum
terminal lugs is filled with a petrolatum-zinc dust compound. This
compound removes the oxide film from the aluminum by a grinding process
during the crimping operation. The compound will also minimize later
oxidation of the completed connection by excluding moisture and air. The
compound is retained inside the terminal lug barrel by a plastic or foil seal
at the end of the barrel.



FIGURE 10-6 Inserting aluminum wire into aluminum terminal lugs.

Connecting Terminal Lugs to Terminal Blocks
Terminal lugs should be installed on terminal blocks so that they are locked
against movement in the direction of loosening (Fig. 10-7).



FIGURE 10-7 Connecting terminals to a terminal block.

Terminal blocks are normally supplied with studs secured in place by a
plain washer, an external tooth lockwasher, and a nut. In connecting
terminals, it is recommended to place copper terminal lugs directly on top
of the nut, followed with a plain washer and elastic stop nut, or with a plain
washer, split steel lockwasher, and plain nut.

Aluminum terminal lugs should be placed over a plated brass plain
washer, followed with another plated brass plain washer, split steel
lockwasher, and plain nut or elastic stop nut. The plated brass washer
should have a diameter equal to the tongue width of the aluminum terminal
lug. The manufacturer’s instructions should be consulted for recommended
dimensions of these plated brass washers. No washer should be placed in
the current path between two aluminum terminal lugs or between two
copper terminal lugs. Also, no lockwasher should be placed against the
tongue or pad of the aluminum terminal.

To join a copper terminal lug to an aluminum terminal lug, a plated brass
plain washer should be placed over the nut that holds the stud in place,
followed with the aluminum terminal lug, a plated brass plain washer, the
copper terminal lug, plain washer, split steel lockwasher, and a plain nut or
a self-locking, all-metal nut. As a general rule, a torque wrench should be
used to tighten nuts to ensure sufficient contact pressure. Manufacturer’s
instructions provide installation torques for all types of terminals.

Wiring Identification



The proper identification of electrical wires and cables with their circuits
and voltages is necessary to provide safety of operation, safety to
maintenance personnel, and ease of maintenance. All wire used on aircraft
must have its type identification imprinted along its length. It is common
practice to follow this part number with the five digit/letter Commercial and
Government Entity (CAGE) code identifying the wire manufacturer. You
can identify the performance capabilities of existing installed wire you need
to replace, and avoid the inadvertent use of a lower performance and
unsuitable replacement wire.

Placement of Identification Markings
Identification markings should be placed at each end of the wire and at 15-
inch maximum intervals along the length of the wire. Wires less than 3
inches in length need not be identified. Wires 3 to 7 inches in length should
be identified approximately at the center. Added identification marker
sleeves should be located so that ties, clamps, or supporting devices need
not be removed to read the identification. The wire identification code must
be printed to read horizontally (from left to right) or vertically (from top to
bottom). The two methods of marking wire or cable are as follows:

1.   Direct marking is accomplished by printing the cable’s outer
covering as shown in Fig. 10-8.

FIGURE 10-08 Wire markings for single wire without sleeve.



2.   Indirect marking is accomplished by printing a heat-shrinkable
sleeve and installing the printed sleeve on the wire or cables outer
covering. Indirectly-marked wire or cable should be identified with
printed sleeves at each end and at intervals not longer than 6 feet,
see Fig. 10-9.

FIGURE 10-9 Spacing of printed identification marks.

Wire Groups and Bundles
Grouping or bundling certain wires, such as electrically unprotected power
wiring and wiring going to duplicate vital equipment, should be avoided.

Wire bundles should generally contain fewer than 75 wires, or 1½ inch
to 2 inch in diameter where practicable. When several wires are grouped at
junction boxes, terminal blocks, panels, and the like, the identity of the
group within a bundle (Fig. 10-10) can be retained.

FIGURE 10-10 Groups and bundle ties.

The flexible nylon cable tie (Fig. 10-11) has almost completely replaced
cord for lacing or tying wire bundles. Nylon cable ties are available in
various lengths and are self-locking for a permanent, neat installation.



FIGURE 10-11 Flexible nylon cable ties have almost completely replaced
cord for lacing or tying cable bundles.

Single wires or wire bundles should not be installed with excessive
slack. Slack between supports should normally not exceed a maximum of ½
inch deflection with normal hand force (Fig. 10-12).

FIGURE 10-12 Maximum recommended slack in wire bundles between
supports.

Spliced Connections in Wire Bundles
Splicing is permitted on wiring as long as it does not affect the reliability
and the electromechanical characteristics of the wiring. Splicing of
electrical wire should be kept to a minimum and avoided entirely in
locations subject to extreme vibrations. Many types of aircraft splice
connector are available for use when splicing individual wires. Use of a
self-insulated splice connector is preferred; however, a noninsulated splice
connector may be used provided the splice is covered with plastic sleeving
that is secured at both ends.

•   There should be no more than one splice in any one wire segment
between any two connectors or other disconnect points. Exceptions



include when attaching to the spare pigtail lead of a potted
connector, when splicing multiple wires to a single wire, when
adjusting wire size to fit connector contact crimp barrel size, and
when required to make an approved repair.

•   Splices in bundles must be staggered to minimize any increase in the
size of the bundle, preventing the bundle from fitting into its
designated space or causing congestion that adversely affects
maintenance as shown in Fig. 10-13.

FIGURE 10-13 Staggered placement of splices in a wire bundle.

•   Splices should not be used within 12 inches of a termination device,
except when attaching to the pigtail spare lead of a potted
termination device, to splice multiple wires to a single wire, or to
adjust the wire sizes so that they are compatible with the contact
crimp barrel sizes.

Bend Radii
Bends in wire groups or bundles should not be less than 10 times the
outside diameter of the wire group or bundle. However, at terminal strips,
where wire is suitably supported at each end of the bend, a minimum radius
of three times the outside diameter of the wire, or wire bundle, is normally
acceptable. There are, of course, exceptions to these guidelines in the case
of certain types of cable; for example, coaxial cable should never be bent to
a smaller radius than six times the outside diameter.

Routing and Installations



All wiring should be installed so that it is mechanically and electrically
sound and neat in appearance. Whenever practicable, wires and bundles
should be routed parallel with, or at right angles to, the stringers or ribs of
the area involved. An exception to this general rule is coaxial cable, which
is routed as directly as possible.

The wiring must be adequately supported throughout its length. A
sufficient number of supports must be provided to prevent undue vibration
of the unsupported lengths. Wire clamps should be spaced at intervals not
exceeding 24 inches.

When wiring must be routed parallel to combustible fluid or oxygen
lines for short distances, as much fixed separation as possible should be
maintained. The wires should be on a level with, or above, the plumbing
lines. Clamps should be spaced so that if a wire is broken at a clamp, it will
not contact the line. Where a 6 inch separation is not possible, both the wire
bundle and the plumbing line can be clamped to the same structure to
prevent any relative motion. If the separation is less than 2 inch, but more
than ½ inch, a polyethylene sleeve can be used over the wire bundle to give
further protection. Also, two cable clamps back-to-back, as shown in Fig.
10-14, can be used to maintain a rigid separation only, and not for support
of the bundle. No wire should be routed so that it is located nearer than ½
inch to a plumbing line. Neither should a wire or wire bundle be supported
from a plumbing line that carries flammable fluids or oxygen.

FIGURE 10-14 Method of separating wires from plumbing lines.



Wiring should be routed to maintain a minimum clearance of at least 3
inch from control cables. If this cannot be accomplished, mechanical guards
should be installed to prevent contact between the wiring and control
cables.

Cable clamps should be installed with regard to the proper angle, as
shown in Fig. 10-15. The mounting screw should be above the wire bundle.
It is also desirable that the back of the cable clamp rest against a structural
member where practicable.

FIGURE 10-15 Proper and improper angles for installation of cable clamps.

Care should be taken that wires are not pinched in cable clamps. Where
possible, the cables should be mounted directly to structural members, as
shown in Figs. 10-16 and 10-17. Clamps can be used with rubber cushions



to secure wire bundles to tubular structures. Such clamps must fit tightly,
but should not be deformed when locked in place.

FIGURE 10-16 Various methods of mounting cable clamps.

FIGURE 10-17 Mounting cable clamp to structure.

Protection Against Chafing
Wires and wire groups should be protected against chafing or abrasion in
those locations where contact with sharp surfaces or other wires would
damage the insulation. Damage to the insulation can cause short circuits,
malfunction, or inadvertent operation of equipment. Cable clamps should be
used to support wire bundles at each hole through a bulkhead (Fig. 10-18).
If wires come closer than �⁄� inch to the edge of the hole, a suitable grommet
should be used in the hole, as shown in Fig. 10-18.



FIGURE 10-18 Cable clamps at bulkhead opening.

Bonding and Grounding
Bonding is the electrical connecting of two or more conducting objects not
otherwise adequately connected. Grounding is the electrical connecting of a
conducting object to the primary structure for a return path for current.
Primary structure is the main frame, fuselage, or wing structure of the
aircraft, commonly referred to as ground. Bonding and grounding
connections are made in aircraft electrical systems to do the following:



•   Protect aircraft and personnel against hazards from lightning
discharge

•   Provide current return paths
•   Prevent development of radio frequency potentials
•   Protect personnel from shock hazards
•   Provide stability of radio transmission and reception
•   Prevent accumulation of static charge

Bonding jumpers should be made as short as practicable and be installed
in such a manner that the resistance of each connection does not exceed
0.003 Ω. The jumper must not interfere with the operation of movable
aircraft elements, such as surface controls, nor should the normal movement
of these elements result in damage to the bonding jumper.

To ensure a low-resistance connection, nonconducting finishes, such as
paint and anodizing films, should be removed from the attachment surface
to be contacted by the bonding terminal. Electric wiring should not be
grounded directly to magnesium parts.

Electrolytic action can rapidly corrode a bonding connection if suitable
precautions are not taken. Aluminum alloy jumpers are recommended for
most cases; however, copper jumpers should be used to bond together parts
made of stainless steel, cadmium-plated steel, copper, brass, or bronze.
Where contact between dissimilar metals cannot be avoided, the choice of
jumper and hardware should be such that corrosion is minimized, and the
part likely to corrode would be the jumper or associated hardware. Figure
10-19 shows the proper hardware combination for making a bond
connection. At locations where finishes are removed, a protective finish
should be applied to the completed connection to prevent subsequent
corrosion.



FIGURE 10-19 Bolt and nut bonding or grounding to flat surface.

The use of solder to attach bonding jumpers should be avoided. Tubular
members should be bonded by means of clamps to which the jumper is
attached. Proper choice of clamp material will minimize the probability of
corrosion.

AN/MS Connectors
Connectors (plugs and receptacles) facilitate maintenance when frequent
disconnection is required. There is a multitude of types of connectors. The
connector types that use crimped contacts are generally used on aircraft.



Some of the more common types are the round cannon type, the
rectangular, and the module blocks. Environmentally resistant connectors
should be used in applications subject to fluids, vibration, heat, mechanical
shock, and/or corrosive elements. Connectors must be identified by an
original identification number derived from MIL Specification (MS) or
OEM specification. Figure 10-20 provides information about MS style
connectors.



FIGURE 10-20 MS-connector information sheet.

Wire Inspection



Aircraft service imposes severe environmental condition on electrical wire.
To ensure satisfactory service, inspect wire annually for abrasions, defective
insulation, condition of terminations, and potential corrosion. Grounding
connections for power, distribution equipment, and electromagnetic
shielding must be given particular attention to ensure that electrical bonding
resistance has not been significantly increased by the loosening of
connections or corrosion.

Electrical Components

Switches
Switches are devices that open and close circuits. They consist of one or
more pair of contacts. The current in the circuit flows when the contacts are
closed. Switches with momentary contacts actuate the circuit temporarily,
and they return to the normal position with an internal spring when the
switch is released. Switches with continuous contacts remain in position
when activated. Hazardous errors in switch operation can be avoided by
logical and consistent installation. Two-position on/off switches should be
mounted so that the on position is reached by an upward or forward
movement of the toggle. When the switch controls movable aircraft
elements, such as landing gear or flaps, the toggle should move in the same
direction as the desired motion. Inadvertent operation of a switch can be
prevented by mounting a suitable guard over the switch as shown in Fig.
10-21.



FIGURE 10-21 Switch with guard.

Toggle and rocker switches control most of aircraft’s electrical
components. Rotary switches are commonly found on radio control panels
and micro-switches are used to detect position or to limit travel of moving
parts, such as landing gear, flaps, spoilers, etc.

Relays and Solenoids
Relays are used to control the flow of large currents using a small current.
A low-power DC circuit is used to activate the relay and control the flow of
large AC currents. They also switch motors and other electrical equipment
on and off to protect them from overheating. A solenoid is a special type of
relay that has a moving core. The electromagnet core in a relay is fixed.
Solenoids are mostly used as mechanical actuators but can also be used for
switching large currents. Relays are only used to switch currents.

Fuses
A fuse is placed in series with the voltage source, and all current must flow
through it. The fuse consists of a strip of metal that is enclosed in a glass or
plastic housing. The metal strip has a low melting point and is usually made



of lead, tin, or copper. When the current exceeds the capacity of the fuse,
the metal strip heats up and breaks. As a result of this, the flow of current in
the circuit stops. There are two basic types of fuses: fast acting and slow
blow. The fast-acting type opens very quickly when their particular current
rating is exceeded. This is important for electric devices that can quickly be
destroyed when too much current flows through them for even a very small
amount of time. Slow blow fuses have a coiled construction inside. They
are designed to open only on a continued overload, such as a short circuit.

Circuit Breakers
A circuit breaker is an automatically operated electrical switch designed to
protect an electrical circuit from damage caused by an overload or short
circuit. Figure 10-22 shows a circuit breaker panel. Its basic function is to
detect a fault condition and immediately discontinue electrical flow. Unlike
a fuse that operates once and then has to be replaced, a circuit breaker can
be reset to resume normal operation. All resettable circuit breakers should
open the circuit in which they are installed regardless of the position of the
operating control when an overload or circuit fault exists. Such circuit
breakers are referred to as trip-free. Automatic reset circuit breakers
automatically reset themselves. They should not be used as circuit
protection devices in aircraft. When a circuit breaker trips, the electrical
circuit should be checked and the fault removed before the circuit breaker is
reset. Sometimes circuit breakers trip for no apparent reason, and the circuit
breaker can be reset one time. If the circuit breaker trips again, there exists
a circuit fault, and the technician must troubleshoot the circuit before
resetting the circuit breaker.



FIGURE 10-22 Circuit breaker panel.
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CHAPTER 11
Aircraft Drawings

drawing is a method to convey ideas concerning the construction or
assembly of objects. This is done with the help of lines, notes,

abbreviations, and symbols. It is very important that the aviation mechanic
who is to make or assemble the object understand the meaning of the
different lines, notes, abbreviations, and symbols that are used in a drawing.

Although blueprints as such are no longer used, the term blueprint or
print is generally used in place of drawing.

Orthographic Projection
In order to show the exact size and shape of all the parts of complex
objects, a number of views are necessary. This is the system used in
orthographic projection.

Orthographic projection shows six possible views of an object because
all objects have six sides: front, top, bottom, rear, right side, and left side.
See Fig. 11-1.



FIGURE 11-1 Orthographic projection.

It is seldom necessary to show all six views to portray an object clearly;
therefore, only those views necessary to illustrate the required
characteristics of the object are drawn. One-view, two-view, and three-view
drawings are the most common.



Advanced computer-aided design (CAD) and computer-aided
manufacturing (CAM) programs are used to generate drawings and
computer numeric (NC) data and have replaced the traditional blueprint or
print used in the past. These programs are used to design, analyze, test, and
manufacture complete aircraft structures.

Working Drawings
Working drawings must give such information as size of the object and all
of its parts, its shape and that of all of its parts, specifications as to the
material to be used, how the material is to be finished, how the parts are to
be assembled, and any other information essential to making and
assembling the particular object.

Working drawings can be divided into three classes: detail, assembly,
and installation.

Detail Drawing
A detail drawing is a description of a single part, given in such a manner as
to describe by lines, notes, and symbols the specifications as to size, shape,
material, and methods of manufacture that are to be used in making the part.
Detail drawings are usually rather simple and, when single parts are small,
several detail drawings might be shown on the same sheet or print.

Assembly Drawing
An assembly drawing is a description of an object consisting of two or more
parts. It describes the object by giving, in a general way, the size and shape.
Its primary purpose is to show the relationship of the various parts. An
assembly drawing is usually more complex than a detail drawing and is
often accompanied by detail drawings of various parts.

Installation Drawing
An installation drawing is one that includes all necessary information for a
part or an assembly of parts in the final position in the aircraft. It shows the



dimensions necessary for the location of specific parts with relation to the
other parts and reference dimensions that are helpful in later work in the
shop.

A pictorial drawing is similar to a photograph. It shows an object as it
appears to the eye, but it is not satisfactory for showing complex forms and
shapes. Pictorial drawings are useful in showing the general appearance of
an object and are used extensively with orthographic projection drawings.
Pictorial drawings are used in maintenance and overhaul manuals.

Title Block
All working drawings include a title block with the following information
as shown in Fig. 11-2.

FIGURE 11-2 Title block.

•   The name of the company that produces the part.
•   Number of the drawing. If it is a detail drawing, the drawing number

is also the part number.
•   The scale to which it is drawn. Although a part is normally

accurately drawn, the drawn part should not be scaled to obtain a
dimension.

•   The date of the finished drawing.



•   The names and signatures of the draftsman, checker, and persons
approving the drawing.

•   If the drawing applies to an aircraft, the manufacturer’s model
number will be included.

Bill of Material
A list of the materials and parts necessary for the fabrication or assembly of
a component or system is often included on the drawing. The list is usually
in ruled columns in which are listed the part number, name of the part,
material from which the part is to be constructed, the quantity required, and
the source of the part or material. A typical bill of material is shown in Fig.
11-3. On drawings that do not have a bill of material, the data may be
indicated directly on the drawing.

FIGURE 11-3 Bill of material.

Other Data
Depending on the complexity of the items on the drawing, a revision block
might be included to indicate any changes to the original. Notes are
sometimes added for various clarifying reasons. Finish marks are used to



indicate the surfaces that must be machine finished. Most dimensions will
include tolerances or the total allowable variation of a size.

Sectional Views
A section or sectional view is obtained by cutting away part of an object to
show the shape and construction at the cutting plane. The part or parts cut
away are shown by the use of section (cross-hatching) lines as shown in
Fig. 11-4.

FIGURE 11-4 Sectional view of a cable connector.

Sectional views are used when the interior construction or hidden
features of an object cannot be shown clearly by exterior views.

The Lines on a Drawing
Every drawing is composed of lines. Lines mark the boundaries, edges, and
intersection of surfaces. Lines are used to show dimensions and hidden
surfaces, and to indicate centers. Obviously, if the same kind of line is used
to show all of these things, a drawing becomes a meaningless collection of



lines. For this reason, various kinds of standardized lines are used on
aircraft drawings, as shown in Fig. 11-5.

FIGURE 11-5 Example of correct use of lines.

Most drawings use three widths or intensities of lines: thin, medium, or
thick. These lines might vary somewhat on different drawings, but there
will always be a noticeable difference between a thin and a thick line. The
width of the medium line will be somewhere between the two. Figure 11-5
shows the correct use of lines by example.

Rivet Symbols Used on Drawings
(Blueprints)

Rivet locations are shown on drawings by symbols. These symbols provide
the necessary information by the use of code numbers or code letters or a
combination of both. The meaning of the code numbers and code letters is
explained in the general notes section of the drawing on which they appear.

The rivet code system has been standardized by the National Aerospace
Standards Committee (NAS Standard) and has been adopted by most major
companies in the aircraft industry. This system has been assigned the
number NAS523 in the NAS Standard book.

The NAS523 basic rivet symbol consists of two lines crossing at a 90-
degree angle, which form four quadrants. Code letters and code numbers
are placed in these quadrants to give the desired information about the rivet.



Each quadrant has been assigned a name: northwest (NW), northeast (NE),
southwest (SW), and southeast (SE) (Fig. 11-6).

FIGURE 11-6 Basic rivet symbol quadrant configuration.

The rivet type, head type, size, material, and location are shown on the
field of the drawing by means of the rivet code, with one exception. Rivets
to be instated flush on both sides are not coded, but are called out and
detailed on the drawing. An explanation of the rivet codes for each type of
rivet used is shown on the field of the drawing. Figure 11-7 shows examples
of rivet coding on the drawing and Fig. 11-8 is a sample of rivet coding.

FIGURE 11-7 Examples of rivet coding on a drawing.



FIGURE 11-8 Typical examples of rivet coding. This list will vary according
to the requirements of each manufacturer.

Hole and countersink dimensions for solid-shank and blind rivets are
omitted on all drawings because it is understood that the countersink angle
is 100 degrees, and the countersink should be of such depth that the fastener
fits flush with the surface after driving.

Where a number of identical rivets are in a row, the rivet code is shown
for the first and last rivet in the row only, and an arrow will show the
direction in which the rivet row runs. The location of the rivets between the
rivet codes are marked only with crossing centerlines, as shown in Fig. 11-
9.



FIGURE 11-9 Method of illustrating rivet codes and the location where a
number of identical rivets are in a row.
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CHAPTER 12
Nondestructive Testing (NDT) or
Nondestructive Inspection (NDI)

nlike the previous chapters, which provided hands-on, detailed
procedures for accomplishing a given task (such as drilling, riveting,

etc.), this presentation of NDT is more general. Detailed procedures for
using all of the NDT methods in use today are beyond the scope of this
book. Therefore, a broad overview of each of the NDT methods is
presented to familiarize the technician with the many variations of this
important subject.

Visual Inspection
Visual inspection is the oldest of the nondestructive methods of testing. It is
a quick and economical method to detect various types of cracks before
they progress to failure. Its reliability depends upon the ability and
experience of the inspector. He or she must know how to search for
structural failures and how to recognize areas where such failures are likely
to occur. Defects that would otherwise escape the naked eye can often be
detected with the aid of optical devices.

The equipment necessary for conducting a visual inspection usually
consists of a strong flashlight, a mirror with a ball joint, and a 2.5× to 4×
magnifying glass. A 10× magnifying glass is recommended for positive
identification of suspected cracks. Visual inspection of some areas can be
made only with the use of a borescope, see Fig. 12-1.



FIGURE 12-1 Borescope.

Many borescopes provide images that can be displayed on a computer or
video monitor for better interpretation of what is being viewed and to
record images for future reference.

NDT Beyond Visual Inspection
Advanced NDT methods have rapidly evolved in the last decade, and the
introduction of composite structures has introduced several new NDT
methods that are unique to composite structures. The five major methods
for metallic aircraft are discussed first and followed by three NDT methods
that have been developed for composite structures. The five most common
methods used for metallic aircraft are liquid penetrant, magnetic particle,
eddy current, ultrasonic, and radiography. Additional NDT methods used
for composite structures are coin or tap test, thermography, and
shearography. The field of NDT is constantly evolving, and new methods
are introduced frequently.

Liquid Penetrant Inspection



Penetrant inspection is a nondestructive test for defects open to the surface
in parts made of any nonporous material. It is used with equal success on
such metals as aluminum, magnesium, brass, copper, cast iron, stainless
steel, and titanium. It may also be used on ceramics, plastics, molded
rubber, and glass. Penetrant inspection will detect such defects as surface
cracks or porosity. These defects may be caused by fatigue cracks,
shrinkage cracks, shrinkage porosity, cold shuts, grinding and heat-treat
cracks, seams, forging laps, and bursts. Penetrant inspection will also
indicate a lack of bond between joined metals.

The main disadvantage of penetrant inspection is that the defect must be
open to the surface in order to let the penetrant get into the defect. For this
reason, if the part in question is made of material which is magnetic, the use
of magnetic particle inspection is generally recommended.

Penetrant inspection uses a penetrating liquid that enters a surface
opening and remains there, making it clearly visible to the inspector, see
Fig. 12-2. It calls for visual examination of the part after it has been
processed, increasing the visibility of the defect so that it can be detected.
Visibility of the penetrating material is increased by the addition of one of
two types of dye, visible or fluorescent. There are two types of liquid
penetrant kits available: a visible penetrant kit, which shows the defect
directly; and a fluorescent kit, which contains a black light assembly to
make the defect visible.



FIGURE 12-2 Dye penetrant operation.

Eddy-Current Inspection
Electromagnetic analysis is a term which describes the broad spectrum of
electronic test methods involving the intersection of magnetic fields and
circulatory currents. The most widely used technique is the eddy current.
Eddy currents are composed of free electrons under the influence of an
induced electromagnetic field which are made to “drift” through metal.
Figure 12-3 shows eddy-current inspection equipment.



FIGURE 12-3 Eddy-current inspection equipment.

Basic Principles
When an alternating current is passed through a coil, it develops a magnetic
field around the coil, which in turn induces a voltage of opposite polarity in
the coil and opposes the flow of original current. If this coil is placed in
such a way that the magnetic field passes through an electrically conducting
specimen, eddy currents will be induced into the specimen. The eddy
currents create their own field which varies the original field’s opposition to
the flow of original current. The specimen’s susceptibility to eddy currents
determines the current flow through the coil. The magnitude and phase of
this counter field is dependent primarily upon the resistance and
permeability of the specimen under consideration, and which enables us to
make a qualitative determination of various physical properties of the test
material. The interaction of the eddy current field with the original field
results in a power change that can be measured by utilizing electronic
circuitry similar to a Wheatstone bridge as shown in Fig. 12-4. The
specimen is either placed in or passed through the field of an
electromagnetic induction coil, and its effect on the impedance of the coil or
on the voltage output of one or more test coils is observed. The process,
which involves electric fields made to explore a test piece for various



conditions, involves the transmission of energy through the specimen much
like the transmission of x-rays, heat, or ultrasound. Eddy-current inspection
can frequently be performed without removing the surface coatings such as
primer, paint, and anodized films. It can be effective in detecting surface
and subsurface corrosion, and heat-treat condition.

FIGURE 12-4 Eddy-current basic circuitry.

Ultrasonic Inspection
Ultrasonic detection equipment makes it possible to locate defects in all
types of materials. Ultrasonic methods are frequently used to inspect
advanced composite structures. Minute cracks, checks, and voids too small
to be seen by x-ray can be located by ultrasonic inspection. An ultrasonic
test instrument requires access to only one surface of the material to be
inspected and can be used with either straight line or angle-beam testing
techniques.

Ultrasonic inspection has proven to be a very useful tool for the
detection of internal delaminations, voids, or inconsistencies in composite
components not otherwise discernable using visual or tap methodology.
There are many ultrasonic techniques; however, each technique uses sound



wave energy with a frequency above the audible range. A high-frequency
(usually several MHz) sound wave is introduced into the part and may be
directed to travel normal to the part surface, or along the surface of the part,
or at some predefined angle to the part surface. You may need to try
different directions to locate the flow. The introduced sound is then
monitored as it travels its assigned route through the part for any significant
change. Ultrasonic sound waves have properties similar to light waves.
When an ultrasonic wave strikes an interrupting object, the wave or energy
is either absorbed or reflected back to the surface. The disrupted or
diminished sonic energy is then picked up by a receiving transducer and
converted into a display on an oscilloscope or a chart recorder. The display
allows the operator to evaluate the discrepant indications comparatively
with those areas known to be good. To facilitate the comparison, reference
standards are established and utilized to calibrate the ultrasonic equipment.

The two main methods of ultrasonic inspection are pulse-echo and
through-transmission. Other methods, such as phased array and bond tester,
are frequently used for composite structures. Figure 12-5 shows the basic
through-transmission and pulse-echo methods.



FIGURE 12-5 Pulse-echo and through-transmission inspection methods.

Through-Transmission Ultrasonic Inspection
Through-transmission ultrasonic inspection uses two transducers, one on
each side of the area to be inspected. The ultrasonic signal is transmitted
from one transducer to the other transducer. The loss of signal strength is
then measured by the instrument. The instrument shows the loss as a
percent of the original signal strength or the loss in decibels. The signal loss
is compared to a reference standard. Areas with a greater loss than the
reference standard indicate a defective area.

Pulse-Echo Ultrasonic Inspection
Single-side ultrasonic inspection may be accomplished using pulse-echo
techniques. In this method, a single search unit is working as a transmitting
and a receiving transducer that is excited by high-voltage pulses. Each
electrical pulse activates the transducer element. This element converts the
electrical energy into mechanical energy in the form of an ultrasonic sound
wave. The sonic energy travels through a Teflon® or methacrylate contact
tip into the test part. A waveform is generated in the test part and is picked
up by the transducer element. Any change in amplitude of the received
signal, or time required for the echo to return to the transducer, indicates the
presence of a defect. Pulse-echo inspections are used to find cracks in
metallic aircraft and delaminations, cracks, porosity, water, and disbonds in
composite aircraft structures. Figure 12-6 shows pulse-echo test equipment.



FIGURE 12-6 Pulse-echo test equipment.

Phased Array Inspection
Phased array inspection is one of the latest ultrasonic instruments to detect
flaws in composite structures. It operates under the same principle of
operation as pulse echo, but it uses 64 sensors at the same time, which
speeds up the process. Figure 12-7 shows a phased array tester.



FIGURE 12-7 Phased array tester.

Magnetic Particle Inspection
Magnetic particle inspection is a method of detecting invisible cracks and
other defects in ferromagnetic materials such as iron and steel. It is not
applicable to nonmagnetic materials. The inspection process consists of
magnetizing the part and then applying ferromagnetic particles to the
surface area to be inspected. The ferromagnetic particles (indicating
medium) may be held in suspension in a liquid that is flushed over the part;
the part may be immersed in the suspension liquid; or the particles, in dry
powder form, may be dusted over the surface of the part. The wet process is
more commonly used in the inspection of aircraft parts. If a discontinuity is
present, the magnetic lines of force will be disturbed and opposite poles will
exist on either side of the discontinuity. The magnetized particles thus form
a pattern in the magnetic field between the opposite poles. This pattern,
known as an “indication,” assumes the approximate shape of the surface
projection of the discontinuity. A discontinuity may be defined as an
interruption in the normal physical structure or configuration of a part, such
as a crack, forging lap, seam, inclusion, porosity, and the like. The
permanent magnetism remaining after inspection must be removed by a



demagnetization operation if the part is to be returned to service. Figure 12-
8 shows a fixed general-purpose magnetizing unit.



FIGURE 12-8 (a) Fixed general-purpose magnetizing unit. (b) Magnetic
particle inspection in progress.

Radiography
X and gamma radiations, because of their unique ability to penetrate
material and disclose discontinuities, have been applied to the radiographic
(x-ray) inspection of metal fabrications and nonmetallic products. The
penetrating radiation is projected through the part to be inspected and
produces an invisible or latent image in the film. Figure 12-9 shows the
basic principle of radiography. When processed, the film becomes a
radiograph or shadow picture of the object. The traditional film is now often
replaced by a digital image. This inspection medium and portable unit
provides a fast and reliable means for checking the integrity of airframe
structures and engines. Operators should always be protected by sufficient
lead shields, as the possibility of exposure exists either from the x-ray tube
or from scattered radiation. Maintaining a minimum safe distance from the
x-ray source is always essential.

FIGURE 12-9 Radiography.

The following three NDT methods are used extensively on composite
structures. Ultrasonic methods are also often used. Figure 12-10 shows



what type of NDT method could be used to inspect composite structures.

FIGURE 12-10 Comparison of NDT methods for inspection of composite
structures.

Tap or Coin Test
Sometimes referred to as audio, sonic, or coin tap, this technique makes use
of frequencies in the audible range (10 Hz to 20 Hz). A surprisingly
accurate method in the hands of experienced personnel, tap testing is
perhaps the most common technique used for the detection of delamination
and/or disbonds in composite materials. The method is accomplished by
tapping the inspection area with a solid round disk or lightweight hammer-
like device and listening to the response of the structure to the hammer, see
Fig. 12-11. A clear, sharp, ringing sound is indicative of a well-bonded solid
structure, while a dull or thud-like sound indicates a discrepant area.



FIGURE 12-11 Tap testing of honeycomb sandwich structure with tap
hammer.

Thermography
Thermography is a popular inspection method to inspect composite
honeycomb structures. Thermal inspection comprises all methods in which
heat-sensing devices are used to measure temperature variations for parts
under inspection. The basic principle of thermal inspection consists of
measuring or mapping of surface temperatures when heat flows from, to, or
through a test object. All thermographic techniques rely on differentials in
thermal conductivity between normal, defect-free areas, and those having a
defect. Normally, a heat source is used to elevate the temperature of the part
being examined while observing the surface heating effects. Because
defect-free areas conduct heat more efficiently than areas with defects, the
amount of heat that is either absorbed or reflected indicates the quality of
the bond. The type of defects that affect the thermal properties include
debonds, cracks, impact damage, panel thinning, and water ingress into
composite materials and honeycomb core. Thermal methods are most
effective for thin laminates or for defects near the surface.

Shearography
Shearography is an optical NDI technique that detects defects by measuring
the variations in reflected light (speckle pattern) from the surface of the



object. Using a laser light source, an original image of the illuminated
surface is recorded via a video image. The part is subsequently stressed by
heating, changes in pressure, or acoustic vibrations during which a second
video image is made. Changes in the surface contour caused by disbonding
or delaminating become visible on the video display. Shearography is being
used in production environments for rapid inspection of bonded composite
structure assemblies, including carbon/epoxy skin and Nomex core
sandwiches. This is accomplished by inducing stresses by partial vacuum.
Partial vacuum stressing causes air content defects to expand, leading to
slight surface deformations that are detected before and during stressing
comparisons. Display of the computer-processed video image comparisons
reveals defects as bright and dark concentric circles of constructive and
destructive reflected light wave interference.



M

CHAPTER 13
Corrosion Detection and Control

etal corrosion is the deterioration of the metal by chemical or
electrochemical attack and can occur internally, as well as on the

surface. This deterioration may change the smooth surface, weaken the
interior, or damage or loosen adjacent parts.

Water or water vapor containing salt combines with oxygen in the
atmosphere to produce the main source of corrosion in aircraft. Aircraft
operating in a marine environment or in areas where the atmosphere
contains corrosive industrial fumes are particularly susceptible to corrosive
attacks.

Corrosion can cause eventual structural failure if left unchecked. The
appearance of the corrosion varies with the metal. On aluminum alloys and
magnesium, it appears as surface pitting and etching, often combined with a
grey or white powdery deposit. On steel, it forms a reddish rust. When the
grey, white, or reddish deposits are removed, each of the surfaces might
appear etched and pitted, depending on the length of exposure and the
severity of attack. If these surface pits are not too deep, they might not
significantly alter the strength of the metal; however, the pits might become
sites for crack development. Some types of corrosion can travel beneath
surface coatings and can spread until the part fails.

Types of Corrosion
Two general classifications of corrosion, direct chemical attack and
electrochemical attack, cover most of the specific forms. In both types of
corrosion, the metal is converted into a metallic compound, such as an
oxide, hydroxide, or sulfate. The corrosion process always involves two
simultaneous changes: The metal that is attacked or oxidized suffers what



might be called anodic change, and the corrosive agent is reduced and
might be considered as undergoing a cathodic change.

Direct Chemical Attack
Direct chemical attack, or pure chemical corrosion, is an attack that results
from a direct exposure of a bare surface to caustic liquid or gaseous agents.
Unlike electrochemical attack, where the anodic and cathodic changes
might be occurring a measurable distance apart, the changes in direct
chemical attack are occurring simultaneously at the same point. The most
common agents causing direct chemical attack on aircraft are:

•   Spilled battery acid or fumes from batteries
•   Residual flux deposits resulting from inadequately cleaned, welded,

brazed, or soldered joints
•   Entrapped caustic cleaning solutions

Spilled battery acid is becoming less of a problem with the advent of
aircraft using nickel-cadmium batteries, which are usually closed units.

Electrochemical Attack
The electrochemical attack is responsible for most forms of corrosion on
aircraft structure and component parts.

An electrochemical attack can be likened chemically to the electrolytic
reaction that occurs in electroplating, anodizing, or in a dry-cell battery. The
reaction in this corrosive attack requires a medium, usually water, which is
capable of conducting a tiny current of electricity. When a metal comes in
contact with a corrosive agent and is also connected by a liquid or gaseous
path through which electrons flow, corrosion begins as the metal decays by
oxidation. During the attack, the quantity of corrosive agent is reduced and,
if not renewed or removed, might completely react with the metal (become
neutralized). Different areas of the same metal surface have varying levels
of electrical potential and, if connected by a conductor, such as salt water,
will set up a series of corrosion cells so that corrosion will commence as
shown in Fig. 13-1.



FIGURE 13-1 Electrochemical corrosion attack.

All metals and alloys are electrically active and have a specific electrical
potential in a given chemical environment as shown in Fig. 13-2. The
constituents in an alloy also have specific electrical potentials that are
generally different from each other. Exposure of the alloy surface to a
conductive, corrosive medium causes the more active metal to become
anodic and the less-active metal to become cathodic, thereby establishing
conditions for corrosion. These are called local cells. The greater the
difference in electrical potential between the two metals, the greater the
severity of a corrosive attack if the proper conditions are allowed to
develop.





FIGURE 13-2 The galvanic series of metals and alloys.

As can be seen, the conditions for these corrosive reactions are a
conductive fluid and metals having a difference in potential. If, by regular
cleaning and surface refinishing, the medium is removed and the minute
electrical circuit is eliminated, corrosion cannot occur; this is the basis for
effective corrosion control.

Forms of Corrosion

Surface Corrosion
Surface corrosion appears as a general roughening, etching, or pitting of the
surface of a metal, frequently accompanied by a powdery deposit of
corrosion products.

Filiform Corrosion
Filiform corrosion gives the appearance of a series of small worms under
the paint surface. It is often seen on surfaces that have been improperly
chemically treated prior to painting. Figure 13-3 shows filiform corrosion.



FIGURE 13-3 Filiform corrosion.

Pitting Corrosion
Extensive pitting damage, as shown in Fig. 13-4, may result from contact
between dissimilar metal parts in the presence of a conductor. While surface
corrosion may or may not be taking place, a galvanic action, not unlike
electroplating, occurs at the points or areas of contact where the insulation
between the surfaces has broken down or been omitted.



FIGURE 13-4 Pitting corrosion.

Intergranular Corrosion
This type of corrosion is an attack along the grain boundaries of an alloy
and commonly results from a lack of uniformity in the alloy structure.
Aluminum alloys and some stainless steels are particularly susceptible to
this form of electrochemical attack; see Fig. 13-5. The lack of uniformity is
caused by changes that occur in the alloy during heating and cooling during
the material’s manufacturing process.

FIGURE 13-5 Intergranular corrosion of 7075-T6 alloy.

Exfoliation Corrosion
Very severe intergranular corrosions as shown in Fig. 13-6, may sometimes
cause the surface of a metal to “exfoliate.” This is a lifting or flaking of the
metal at the surface due to delamination of the grain boundaries caused by
the pressure of corrosion residual product buildup.



FIGURE 13-6 Exfoliation corrosion.

Stress Corrosion
Stress corrosion occurs as the result of the combined effect of sustained
tensile stresses and a corrosive environment. Stress corrosion cracking is
found in most metal systems; however, it is particularly characteristic of
aluminum, copper, certain stainless steels, and high-strength alloy steels
(over 240,000 psi).

Fretting Corrosion
Fretting corrosion occurs when two mating surfaces, normally at rest with
respect to one another, are subject to slight relative motion (Fig. 13-7). It is
characterized by pitting of the surfaces and the generation of considerable
quantities of finely divided debris.



FIGURE 13-7 Fretting corrosion.

Effects of Corrosion
Most metals are subject to corrosion, but corrosion can be minimized by use
of corrosion-resistant metals and finishes. The principal material used in
airframe structures is high-strength aluminum alloy sheet coated (clad) with
a pure aluminum coating (Alclad), which is highly resistant to corrosive
attack. However, with an accumulation of airborne salts and/or industrial
pollutants with an electrolyte (moisture), pitting of the Alclad will occur.
Once the Alclad surface is broken, rapid deterioration of the high-strength
aluminum alloy below occurs. Other metals commonly used in airframe
structure, such as nonclad high-strength aluminum alloys, steel, and
magnesium alloys, require special preventive measures to guard against
corrosion. The characteristics of corrosion in commonly used aircraft
metals is summarized in Fig. 13-8.



FIGURE 13-8 Results of corrosion attack on metals.

The degree of severity, the cause, and the type of corrosion depend on
many factors, including the size or thickness of the part, the material, heat
treatment of the material, protective finishes, environmental conditions,
preventative measures, and design. Thick structural sections are generally
more susceptible to corrosive attack because of variations in their
composition, particularly if the sections are heat treated during fabrication.



Corrosion Control
Nearly any durable coating that creates a moisture barrier between a metal
substrate and the environment will help control or prevent corrosion. Paints,
waxes, lubricants, water-displacing compounds, penetrating oils, or other
hard or soft coatings can provide an effective moisture barrier.

Exposure to marine atmosphere, moisture, acid rain, tropical temperature
conditions, industrial chemicals, and soils and dust in the atmosphere
contribute to corrosion. Limit, whenever possible, the requirement for
operation of aircraft in adverse environments.

Corrosion preventive compounds, such as LPS Procyon, Dinol, Zip-
Chem (or equivalent products), and later advanced developments of such
compounds, can be used to effectively reduce the occurrence of corrosion.
Results of corrosion inspections should be reviewed to help establish the
effectiveness of corrosion-preventive compounds and determine the
reapplication interval of them (see Fig. 13-9).

FIGURE 13-9 Corrosion inhibitor compounds are available in aerosol cans
for touch-up or 1-gallon, 5-gallon, and 55-gallon containers for spraying
with a wand. These compounds produce a transparent film, resistant to salt
spray, moisture, and most typical corrosive elements. (Courtesy LPS
Laboratories, Inc.)



Inspection Requirements
Except for special requirements in trouble areas, inspection for corrosion
should be a part of routine maintenance inspections. Trouble areas,
however, are a different matter, and experience shows that certain
combinations of conditions result in corrosion in spite of routine inspection
requirements. These trouble areas might be peculiar to particular aircraft
models, but similar conditions are usually found on most aircraft. Most
manufacturers’ handbooks of inspection requirements are complete enough
to cover all parts of the aircraft or engine, and no part or area of the aircraft
should go unchecked. Use these handbooks as a general guide when an area
is to be inspected for corrosion.

Corrosion Prevention
Corrosion preventive maintenance includes the following specific
functions:

1.   Adequate cleaning
2.   Thorough periodic lubrication
3.   Detailed inspection for corrosion and failure of protective systems
4.   Prompt treatment of corrosion and touch-up of damaged paint areas
5.   Keeping drain holes free of obstructions
6.   Daily draining of fuel cell sumps
7.   Daily wipe down of exposed critical areas
8.   Sealing of aircraft against water during foul weather and proper

ventilation on warm, sunny days
9.   Maximum use of protective covers on parked aircraft

Corrosion-Prone Areas
Exhaust trail areas
Battery compartments and battery



Vent openings
Bilge areas
Wheel well and landing gear
Water entrapment areas
Engine frontal areas and cooling air vents
Wing flap and spoiler recesses
External skin areas

Corrosion-Removal Techniques
When active corrosion is apparent, a positive inspection and rework
program is necessary to prevent any further deterioration of the structure.
The following methods of assessing corrosion damage and procedures for
reworking corroded areas could be used during the cleanup programs. In
general, any rework could involve the cleaning and stripping of all finish
from the corroded area, the removal of corrosion products, and restoration
of surface-protective film.

The repair of corrosion damage includes removing all corrosion and
corrosion products. When the corrosion damage exceeds the damage limits
set by the aircraft manufacturer in the structural repair manual, the affected
part must be replaced or an FAA-approved engineering authorization for
continued service for that part must be obtained.

If the corrosion damage on large structural parts is in excess of that
allowed in the structural repair manual and where replacement is not
practical, contact the aircraft manufacturer for rework limits and
procedures.

Several standard methods are available for corrosion removal. The
methods normally used to remove corrosion are mechanical and chemical.
Mechanical methods include hand sanding using abrasive mat, abrasive
paper, or metal wool; and powered mechanical sanding, grinding, and
buffing, using abrasive mat, grinding wheels, sanding discs, and abrasive
rubber mats. However, the method used depends upon the metal and the
degree of corrosion.

Detailed procedures for removing corrosion and evaluating the damage
are beyond the scope of this book.



Surface Damage by Corrosion
To repair of superficial corrosion on clad or nonclad aluminum alloy sheet,
use the following procedure (see Fig. 13-10).

FIGURE 13-10 Repair of superficial surface corrosion on clad or nonclad
aluminum alloy sheet.

1.   Remove corrosion from aluminum alloy sheet by the following
methods:

2.   Apply 5 percent solution by weight of chromic acid after cleanup.
Rinse with tap water to remove any chromic acid stains.



CHAPTER 14
Composites

Introduction
New-generation aircraft are often designed with all composite fuselage and
wing structures, and the repair of these advanced composite materials
requires an in-depth knowledge of composite structures, materials, and
tooling. The primary advantages of composite materials are their high
strength, relatively low weight, fatigue resistance, and corrosion resistance.

Definition of Composite Materials
Composite materials consist of a combination of materials that are mixed
together to achieve specific structural properties. The individual materials
do not dissolve or merge completely in the composite, but they act together
as one. Normally, the components can be physically identified as they
interface with one another. The properties of the composite material are
superior to the properties of the individual materials from which it is
constructed.

Major Components of a Laminate
An advanced composite material is made of a fibrous material embedded in
a resin matrix, generally laminated with fibers oriented in alternating
directions to give the material strength and stiffness. Metals are isotropic
materials, which means that they have uniform properties in all directions.
Composite materials are anisotropic, which means that they have
predominant properties in one direction (fiber direction). Many composite



structures are quasi-isotropic, which means that the plies of the layup are
stacked in a 0-, −45-, 45-, and 90-degree sequence or in a 0-, −60-, and 60-
degree sequence. Figure 14-1 shows a quasi-isotropic layup.

FIGURE 14-1 Quasi-isotropic layup.

Types of Fiber

Fiberglass
Fiberglass is often used for secondary structure on aircraft, such as fairings,
radomes, and wing tips. Fiberglass is also used for helicopter rotor blades.
Two types of fiberglass are used: E-glass, the most commonly used type of
fiberglass; and S glass, which has higher mechanical properties. Fiberglass
is identified by its white color.

Carbon



Carbon fibers are very stiff and strong, 3 to 10 times stiffer than glass
fibers. Carbon fiber is used for structural aircraft applications, such as floor
beams, stabilizers, flight controls, and primary fuselage and wing structure.
Advantages include its high strength and corrosion resistance.
Disadvantages include lower conductivity than aluminum; therefore, a
lightning protection mesh or coating is necessary for aircraft parts that are
prone to lightning strikes. Another disadvantage of carbon fiber is its high
cost. Carbon fiber is gray or black in color.

Kevlar®
Kevlar® is DuPont’s name for aramid fibers. Aramid fibers are lightweight,
strong, and tough. Two types of aramid fiber are used in the aviation
industry: Kevlar® 49 and Kevlar® 29. Kevlar® 49 has a high stiffness, and
Kevlar® 29 has a low stiffness. An advantage of aramid fibers is their high
resistance to impact damage, so they are often used in areas prone to impact
damage. The main disadvantage of aramid fibers is their general weakness
in compression and ability to absorb up to 8 percent of moisture. Kevlar® is
difficult to drill and cut. The fibers fuzz easily, and special scissors, drill
bits, and countersinks are needed to cut the material.

Fiber Forms
All product forms generally begin with spooled unidirectional raw fibers
packaged as continuous strands. An individual fiber is called a filament.
The word strand is also used to identify an individual glass fiber. Bundles
of filaments are identified as tows, yarns, or rovings. Fiberglass yarns are
twisted, while Kevlar® yarns are not. Tows and rovings do not have any
twist.

Roving
A roving is a single grouping of filament or fiber ends, such as 20-end or
60-end glass rovings. All filaments are in the same direction, and they are
not twisted.



Unidirectional (Tape)
Unidirectional materials, also called tape, have all the fibers in one
direction. The fibers are either stitched or preimpregnated with a resin so
that they stay together. Unidirectional products have high strength in the
fiber direction and virtually no strength across the fibers; see Fig. 14-2.

FIGURE 14-2 Tape and fabric products.

Bidirectional (Fabric)
Bidirectional materials, also called fabrics, are made by a weaving process.
Most fabric constructions offer more flexibility for layup of complex shapes
than straight unidirectional tapes offer. The more common fabric styles are
plain or satin weaves. The plain weave construction results from each fiber
alternating over and then under each intersecting strand (tow, bundle, or
yarn). With the common satin weaves, such as five harness or eight harness,
the fiber bundles traverse both in warp and fill directions changing
over/under position less frequently. Satin weaves are used when more fabric
drape is required. Figure 14-3 shows various fabric weave styles.



FIGURE 14-3 Various fabric weave styles.

Resin Systems
The resin system and its chemical composition and physical properties
fundamentally affect the processing, fabrication, and ultimate properties of
a composite material. Thermosetting resins are the most diverse and widely
used of all man-made materials. They are easily poured or formed into any
shape, are compatible with most other materials, and cure readily (by heat
or catalyst) into an insoluble solid. Thermosetting resins are also excellent
adhesives and bonding agents. Both thermoset and thermoplastic resin
systems are used in the aviation industry. The most commonly used
thermoset resin systems are epoxy, polyester, vinyl ester, phenolic resin,
bismaleimides (BMI), and polyimides. Thermoplastic materials can be
softened repeatedly by an increase of temperature and hardened by a
decrease in temperature. Processing speed is the primary advantage of



thermoplastic materials. Chemical curing of the material does not take place
during processing, and the material can be shaped by molding or extrusion
when it is soft. Polyether ether ketone, better known as PEEK, is a high-
temperature thermoplastic. This aromatic ketone material offers outstanding
thermal and combustion characteristics and resistance to a wide range of
solvents and proprietary fluids. PEEK can also be reinforced with glass and
carbon.

Mixing Two-Part Resin Systems
Thermosetting resin systems are either one- or two-part systems. The one-
part systems are already mixed and need to be stored in a freezer to retard
curing. Two-part systems do not start curing until they are mixed. The
mixing ratio is most often by weight and an electronic scale is used to
accurately measure the part A and part B components. It is important to
slowly mix the two parts together to avoid introducing air bubbles. Always
consult the manufacturer’s instructions for correct mixing ratios, pot life,
and cure cycle.

Curing Stages of Thermosetting Resins
Thermosetting resins use a chemical reaction to cure. There are three curing
stages, which are called A, B, and C.

•   A stage: The components of the resin (base material and hardener)
have been mixed, but the chemical reaction has not started. The resin
is in the A stage during a wet layup procedure.

•   B stage: The components of the resin have been mixed, and the
chemical reaction has started. The material has thickened and is
tacky. The resins of prepreg materials are in the B stage. To prevent
further curing, the resin is placed in a freezer at 0°F. In the frozen
state, the resin of the prepreg material stays in the B stage. The
curing starts when the material is removed from the freezer and
warmed again.

•   C stage: The resin is fully cured. Some resins cure at room
temperature, and others need an elevated temperature cure cycle to
fully cure.



Dry Fiber and Prepreg
Composite structures are made of either dry fiber or prepreg products. Dry
fiber is impregnated with a resin system during the manufacturing process.
Processes that use dry fiber are wet hand layup, filament winding, vacuum-
assisted resin transfer molding (VARTM), and resin transfer molding
(RTM). Another process that is often used is called prepreg. Prepreg
material consists of a combination of a resin and fiber reinforcement. It is
available in unidirectional form and fabric form as shown in Fig. 14-4. The
resin is then no longer in a low-viscosity stage but has been advanced to a
B-stage level of cure for better handling characteristics. The following
products are available in prepreg form: unidirectional tapes, woven fabrics,
continuous strand rovings, and chopped mat. Prepreg materials must be
stored in a freezer at a temperature below 0°F to retard the curing process.
Prepreg materials are cured with an elevated temperature. Many prepreg
materials used in aerospace are impregnated with an epoxy resin, and they
are cured at either 250°F or 350°F. Prepreg products are used with hand
layup, automated tape laying, automated fiber placement, and filament
winding.

FIGURE 14-4 Prepreg tape and fabric products.

Adhesives
Three types of adhesives are used for the manufacture and repair of aircraft
structures: film adhesives, paste adhesives, and foaming adhesives. Both
one- and two-part systems are used.



Film Adhesives
Structural adhesives for aerospace applications are generally supplied as
thin films supported on a release paper and stored under refrigerated
conditions (−18°C, or 0°F). These products have often a limited shelf life of
only 6 months to 1 year. Rubber-toughened epoxy film adhesives are widely
used in aircraft industry. Figure 14-5 shows typical applications for film
adhesives.

FIGURE 14-5 The application of film adhesives.

Paste Adhesives
Paste adhesives are used as an alternative to film adhesive. These are often
used to secondary bond repair patches to damaged parts and also used in
places where film adhesive is difficult to apply. Paste adhesives for
structural bonding are made mostly from epoxy. One- and two-part systems
are available. The advantages of paste adhesives are that they can be stored
at room temperature and have a long shelf life.



Foaming Adhesives
Most foaming adhesives are 0.025- to 0.10-inch-thick sheets of B-staged
epoxy. Foam adhesives cure at 250°F or 350°F. During the cure cycle, the
foaming adhesives expand. Foaming adhesives need to be stored in the
freezer just like prepregs and film adhesives, and they have only a limited
storage life. Foaming adhesives are used to splice pieces of honeycomb
together in a sandwich construction and to bond repair plugs to the existing
core during a prepreg repair.

Honeycomb Sandwich Structures
A sandwich construction is a structural panel concept that consists in its
simplest form of two relatively thin, parallel face sheets bonded to and
separated by a relatively thick, lightweight core as shown in Fig. 14-6.

FIGURE 14-6 Honeycomb sandwich structure.

Increasing the core thickness greatly increases the stiffness of the
honeycomb construction, while the weight increase is minimal. Due to the



high stiffness of a honeycomb construction, it is not necessary to use
external stiffeners, such as stringers and frames; see Fig. 14-7. Most
common face materials are carbon, fiberglass, and Kevlar®, and either
aluminum or Nomex core materials are used. Typical aircraft structures that
utilize honeycomb sandwich are radomes, fuselage to wing fairings, engine
cowlings, flight controls, and spoilers.

FIGURE 14-7 Core thickness greatly increases stiffness while hardly adding
weight.

Honeycomb core cells for aerospace applications are usually hexagonal
for relatively flat panels. Overexpanded core is used for panels with simple
curves, and bell-shaped core, or flexcore, is used for panels with complex
shapes, as shown in Fig. 14-8.



FIGURE 14-8 Types of honeycomb core.

Laminate Structures



Transport category aircraft use most often laminate structures instead of
honeycomb sandwich for their primary fuselage and wing structure.
Laminated structures have only one face sheet, which is externally
reinforced with stiffeners, stringers, frames, and bulkheads to achieve a stiff
structure. This type of structure is very similar to a semimonocoque metal
aircraft construction. The laminated panel concept typically uses integrated
stringers and stiffeners to reduce the part count; see Fig. 14-9. The
advantages of a laminate structure compared to a honeycomb structure are
increased impact resistance, less prone to moisture ingress, easier to repair,
and the structure can be assembled using fasteners. The disadvantage is that
a laminate structure is heavier than a honeycomb sandwich structure.

FIGURE 14-9 Laminate skin panel with reinforcing hat-section stringers.

Damage and Defects



Manufacturing damage includes anomalies, such as porosity,
microcracking, and delaminations resulting from processing discrepancies.
It also includes such items as inadvertent edge cuts, surface gouges and
scratches, damaged fastener holes, and impact damage. Examples of flaws
occurring in manufacturing include a contaminated bondline surface or
inclusions, such as prepreg backing paper or separation film that is
inadvertently left between plies during layup. Inadvertent (nonprocess)
damage can occur in detail parts or components during assembly or
transport or during operation.

Delamination and Debonds
Delaminations form on the interface between the layers in the laminate.
Delaminations may form from matrix cracks that grow into the interlaminar
layer or from low-energy impact. Debonds can also form from production
nonadhesion along the bondline between two elements and initiate
delamination in adjacent laminate layers.

Resin Rich or Starved
A part is resin rich if too much resin is used; for nonstructural applications,
this is not necessarily bad, but it adds weight. A part is called resin starved
if too much resin is bled off during the curing process or if not enough resin
is applied during the wet layup process. Resin-starved areas are indicated
by fibers that show to the surface. The 60:40 fiber to resin ratio is
considered optimal.

Fiber Breakage
Fiber breakage can be critical because structures are typically designed to
be fiber dominant (i.e., fibers carry most of the loads). Fortunately, fiber
failure is typically limited to a zone near the point of impact and is
constrained by the impact object size and energy.

Matrix Imperfections



Matrix imperfections usually occur on the matrix-fiber interface or in the
matrix parallel to the fibers. These imperfections can slightly reduce some
of the material properties but are seldom critical to the structure, unless the
matrix degradation is widespread.

Moisture Ingress
Moisture ingress is a problem with composite structures, especially
honeycomb sandwich structure. Composite materials absorb moisture, and
this moisture will affect the mechanical properties of the structure.
Honeycomb panels could collect moisture inside the panel, which adds
weight, and the moisture can also cause debonding to the structure when it
freezes at high altitude or is heated to temperatures above 212°F during
repair of the panel. The ingress of oil and hydraulic fluid could cause major
damage to the core of the honeycomb core. If aluminum core is used,
corrosion of the core could be a major problem.

Vacuum Bagging Techniques
Repairs of composite aircraft components are often performed with a
technique known as vacuum bagging. A plastic bag is sealed around the
repair area. Air is then removed from the bag, which allows repair plies to
be drawn together with no air trapped in between. Atmospheric pressure
bears on the repair and a strong, secure bond is created. Several processing
materials are used for vacuum bagging a part. These materials do not
become part of the repair and are discarded after the repair process.

Release Agents
Release agents, also called mold release agents, are used so that the part
comes off the tool or caul plate easily after curing.

Bleeder Ply
The bleeder ply creates a path for the air and volatiles to escape from the
repair. Excess resin is collected in the bleeder. Bleeder material could be



made of a layer of fiberglass, nonwoven polyester, or it could be a
perforated Teflon®-coated material.

Peel Ply
Peel plies are often used to create a clean surface for bonding purposes. A
thin layer of fiberglass is cured with the repair part. Just before the part is
bonded to another structure, the peel ply is removed. The peel ply is easy to
remove and leaves a clean surface for bonding.

Layup Tapes
Vacuum bag sealing tape, also called sticky tape, is used to seal the vacuum
bag to the part or tool.

Perforated Release Film
Perforated parting film is used to allow air and volatiles out of the repair,
and it prevents the bleeder ply from sticking to the part or repair. It is
available with different size holes and hole spacing, depending on the
amount of bleeding required.

Solid Release Film
Solid release films are used so that the prepreg or wet layup plies do not
stick to the working surface or caul plate. Solid release film is also used to
prevent the resins from bleeding through and damaging the heat blanket or
caul plate if they are used.

Breather Material
The breather material is used to provide a path for air to get out of the
vacuum bag. The breather must contact the bleeder. Typically, polyester is
used in either 4- or 10-ounce weights. Four ounces is used for applications
below 50 pounds per square inch (psi), and 10 ounces is used for 50 to 100
psi.



Vacuum Bag
The vacuum bag material provides a tough layer between the repair and the
atmosphere. The vacuum bag material is available in different temperature
ratings, so make sure that the material used for the repair can handle the
cure temperature. Most vacuum bag materials are one time use, but material
made from flexible silicon rubber is reusable.

Curing and Curing Equipment
Some lower performance resin systems will cure at room temperature but
most high-performance thermoset resin systems need an elevated
temperature to cure. Autoclaves, curing ovens, and heat bonders are used to
cure these resin systems.

Oven
Composite materials can be cured in ovens using various pressure
application methods. Typically, vacuum bagging is used to remove volatiles
and trapped air and utilizes atmospheric pressure for consolidation. Another
method of pressure application for oven cures is the use of shrink wrapping
or shrink tape. The oven uses heated air circulated at high speed to cure the
material system. Typical oven cure temperatures are 250°F and 350°F.

Autoclave
An autoclave system allows a complex chemical reaction to occur inside a
pressure vessel according to a specified time, temperature, and pressure
profile in order to process a variety of materials. Modern autoclaves are
computer controlled, and the operator can write and monitor all types of
cure cycle programs. Most parts processed in autoclaves are covered with a
vacuum bag that is used primarily for compaction of laminates and to
provide a path for removal of volatiles. The vacuum bag is also used to
apply varying levels of vacuum to the part. Figure 14-10 shows an
autoclave.



FIGURE 14-10 Autoclave for processing of aerospace composite parts.

Heat Bonder
A heat bonder, as shown in Fig. 14-11, is a portable device that
automatically controls heating blankets based on temperature feedback
from the repair area. Heat bonders also have a vacuum pump that supplies
and monitors the vacuum in the vacuum bag. The heat bonder controls the
cure cycle with thermocouples that are placed near the repair.



FIGURE 14-11 Portable heat bonder for composite repair.

Types of Layups for Repair
When a composite aircraft is damaged and needs repair, a wet layup or
prepreg layup can be used to repair the aircraft. Repairs should always be
made per the maintenance instruction manual.

Wet Layup
During the wet layup process, a dry fabric is impregnated with a resin. Mix
the resin system just before making the repair. Lay out the repair plies on a
piece of fabric and impregnate the fabric with the resin. After the fabric is
impregnated, cut the repair plies, stack in the correct ply orientation, and
vacuum bag. Wet layup repairs are often used with fiberglass for
nonstructural applications. Carbon and Kevlar® dry fabric could also be



used with a wet layup resin system. Many resin systems used with wet
layup cure at room temperature, are easy to accomplish, and the materials
can be stored at room temperature for long periods of times. The
disadvantage of room temperature wet layup is that it does not restore the
strength and durability of the original structure and parts that were cured at
250°F or 350°F during manufacturing. Some wet layup resins use an
elevated temperature cure and have improved properties. In general, wet
layup properties are less than properties of prepreg material.

Prepreg Layup
Prepreg is a fabric or tape that is impregnated with a resin during the
manufacturing process. The resin system is already mixed and is in the B-
stage cure. Store the prepregs material in a freezer below 0°F to prevent
further curing of the resin. The material is typically placed on a roll and a
backing material is placed on one side of the material so that the prepreg
does not stick together. The prepreg material is sticky and adheres to other
plies easily during the stack-up process. You must remove the prepreg from
the freezer and let the material thaw, which might take 8 hours for a full
roll. Store the prepreg materials in a sealed, moisture proof bag. Do not
open these bags until the material is completely thawed, to prevent
contamination of the material by moisture. After the material is thawed and
removed from the backing material, cut it in repair plies, stack in the correct
ply orientation, and vacuum bag. Do not forget to remove the backing
material when stacking the plies. Cure prepregs at an elevated cure cycle;
the most common temperatures used are 250°F and 350°F. Autoclaves,
curing ovens, and heat bonders can be used to cure the prepreg material.

Uncured prepreg materials have time limits for storage and use, as
shown in Fig. 14-12. The maximum time allowed for storing of a prepreg at
low temperature is called the storage life, which is typically six months to a
year. The maximum time allowed for material at room temperature before
the material cures is called the mechanical life. The recommended time at
room temperature to complete layup and compaction is called the handling
life. The handling life is shorter than the mechanical life. The mechanical
life is measured from the time the material is removed from the freezer until
the time the material is returned to the freezer.



FIGURE 14-12 Prepreg time limits for storage and use.

Repairs of Honeycomb and Laminate
Structures

This section will show typical repair techniques for honeycomb sandwich
and laminate structures. Do not use this information to perform repairs but
consult the applicable aircraft repair manual.

Honeycomb Sandwich Repair
Damage to face sheets due to impact damage or core damage due to
moisture ingress are common for honeycomb sandwich structures, and the
part needs to be repaired or replaced to restore the integrity of the part.
Debonding and delaminations are also common issues. The first step in the
repair process is to inspect the damage to determine the size of the damage.
Most types of damage can be detected with a simple tap test. Moisture
ingress could be detected by a moisture detector, ultrasonic inspection, or x-
ray. The second step is to remove the damaged material, as shown in Fig.
14-13. After the damage is removed, a new core plug needs to be installed,
and the repair plies need to be cut and placed on the repair area as shown in
Fig. 14-14. The next step would be to vacuum bag and cure the repair; see



Fig. 14-15. After the cure is complete, the repair needs to be inspected to
determine if it is good.

FIGURE 14-13 Honeycomb sandwich core removal.



FIGURE 14-14 Installation of core and repair plies.

FIGURE 14-15 Vacuum bagging of repair.

Repair of Laminate Structure
Solid laminate structures have many more plies than the face sheets of
honeycomb sandwich structures. The flush repair techniques for solid
laminate structures are similar for fiberglass, Kevlar®, and graphite with
minor differences. A flush repair can be stepped or, more commonly,
scarved (tapered). The scarf angles are usually small to ease the load into
the joint and to prevent the adhesive from escaping. This translates into
thickness-to-length ratios of 1:10 to 1:70. There are several different repair
methods for solid laminates. The patch can be precured and then
secondarily bonded to the parent material. This procedure most closely
approximates the bolted repair. The patch can be made from prepreg and
then cocured at the same time as the adhesive. The patch can also be made
using a wet layup repair. The curing cycle can also vary in length of time,
cure temperature, and cure pressure, increasing the number of possible
repair combinations.

Thick laminate structures can also be effectively repaired with a bolted
repair similar to the repair of a metal aircraft. Titanium or carbon fiber
doublers are often used to repair carbon fiber structures as shown in Fig.
14-16.



FIGURE 14-16 Bolted repair illustration.

Specialty Fasteners Used for Composite
Structures

Many companies make specialty fasteners for composite structures and
several types of fasteners are commonly used: threaded fasteners, lockbolts,
blind bolts, blind rivets, and specialty fasteners for soft structures, such as
honeycomb panels. The main differences between fasteners for metal and
composite structures are the materials and the footprint diameter of nuts and
collars.

Fastener Materials
Titanium alloy Ti-6Al-4V is the most common alloy for fasteners used with
carbon fiber reinforced composite structures. Austenitic stainless steels,
superalloys (e.g., A286), multiphase alloys (e.g., MP35N or MP159), and
nickel alloys (e.g., alloy 718) also appear to be very compatible with carbon
fiber composites.

Drilling



Hole drilling in composite materials is different from drilling holes in metal
aircraft structures. Different types of drill bits, higher speeds, and lower
feeds are required to drill precision holes. Structures made from carbon
fiber and epoxy resin are very hard and abrasive, requiring special flat flute
drills or similar four-flute drills. Aramid fiber (Kevlar®)/epoxy composites
are not as hard as carbon but are difficult to drill unless special cutters are
used because the fibers tend to fray or shred unless they are cut clean while
embedded in the epoxy. Special drill bits with clothes pin points and fish-
tail points have been developed that slice the fibers prior to pulling them out
of the drilled hole. If the Kevlar®/epoxy part is sandwiched between two
metal parts, standard twist drills can be used.

Drill bits used for carbon fiber and fiberglass are made from diamond-
coated material or solid carbide because the fibers are so hard that standard
high-speed steel (HSS) drill bits do not last long. Typically, twist drills are
used, but brad point drills are also available. The Kevlar® fibers are not as
hard as carbon, and standard HSS drill bits can be used. The hole quality
can be poor if standard drill bits are used and the preferred drill style is the
sickle-shaped Klenk drill (Fig. 14-17). This drill first pulls on the fibers and
then shears them, which results in a better quality hole. Larger holes can be
cut with diamond-coated hole saws.

FIGURE 14-17 Sickle-shaped Klenk drill.

Countersinking
Countersinking, a composite structure, is required when flush head
fasteners are to be installed in the assembly. For metallic structures, a 100-
degree included angle shear or tension head fastener has been the typical
approach. In composite structures, two types of fastener are commonly
used: a 100-degree included angle tension head fastener or a 130-degree
included angle head fastener. Carbide cutters are used for producing a
countersink in carbon/epoxy structure. These countersink cutters usually



have straight flutes similar to those used on metals. For Kevlar® fiber/epoxy
composites, S-shaped positive rake cutting flutes are used.



CHAPTER 15
Standard Parts

Standard Parts Identification
Because the manufacture of aircraft requires a large number of
miscellaneous small fasteners and other items, usually called hardware,
some degree of standardization is required. These standards have been
derived by the various military organizations and described in detail in a set
of specifications with applicable identification codes. These military
standards have been universally adopted by the civil aircraft industry.

The derivation of a uniform standard is, by necessity, an evolutionary
process. Originally, each of the military services derived its own standards.
The old Army Air Corps set up AC (Air Corps) standards, whereas the
Navy used NAF (Naval Aircraft Factory) standards. In time, these were
consolidated into AN (Air Force-Navy) standards and NAS (National
Aerospace Standards). Still later, these were consolidated into MS (Military
Standard) designations.

At present, the three most common standards are:

•   AN, Air Force-Navy
•   MS, Military Standard
•   NAS, National Aerospace Standards

The aircraft mechanic will also occasionally be confronted with the
following standard parts on older aircraft:

•   AC (Air Corps)
•   NAF (Naval Aircraft Factory)



Each of these standard parts is identified by its specification number and
various dash numbers and letters to fully describe its name, size, and
material.

Most airframe manufacturers have need for special small parts and use
their own series of numbers and specifications. However, they use the
universal standard parts wherever practicable.

Because the purpose of this book is to provide the mechanic with a
handy reference, only the most common standard parts are mentioned here
with sufficient information to identify them.

More complete information on standard hardware is available from
catalogs provided by the many aircraft parts suppliers.

Standard Parts Illustrations
AN standard parts, along with their equivalent and/or superseding MS
numbers, are shown in the following pages.

















































Additional Standard Parts (Patented)
The following pages illustrate a few fastener types widely used on high-
performance aircraft. These fasteners are designed and manufactured by
various companies, are patented, and are generally known by their trade
names.

It is emphasized that the following pages are in no way a complete list of
patented fasteners available. Representative examples only are shown for
illustrative purposes. All of these fasteners require special installation tools
and procedures. Installation manuals are available from the manufacturers.

















CHAPTER 16
Weight and Balance

Introduction
The primary purpose of weight and balance is safety; unfortunately, each
year there are a number of accidents related to weight and balance issues.
Many of these occurrences could have been avoided had more attention
been given to weight and balance. The weight and balance system
commonly employed among aircraft consists of three equally important
elements: the weighing of the aircraft, the maintaining of the weight and
balance records, and the proper loading of the aircraft. For more details and
examples on how to make weight and balance calculations, refer to FAA-H-
8083-1B Weight and Balance Handbook.

FAA Requirements
Every aircraft type certificated by the FAA receives a weight and balance
report issued by the manufacturer. The weight and balance report identifies
the empty weight of the aircraft, the location of the center of gravity (CG),
and an equipment list showing weights and moment arms of all required
and optional items of equipment included in the certificated empty weight.

The manufacturer provides the aircraft operator with the empty weight of
the aircraft and the location of its empty weight center of gravity (EWCG)
at the time the certified aircraft leaves the factory. Amateur-built aircraft
must have this information determined and available at the time of
certification. The FAA-certificated mechanic or repairman, who maintains
the aircraft, keeps the weight and balance records current and records any
changes that have been made because of repairs or alterations. The pilot in



command (PIC) has the responsibility prior to every flight to know the
maximum allowable weight of the aircraft and its CG limits.

For privately used general aviation (GA) aircraft, there is no FAA
requirement for periodically reweighing, but after each annual, the
mechanic must ensure that the weight and balance data in the aircraft
records is correct, and the aircraft must always have a current and accurate
weight and balance report. If the records are lost, the aircraft must be
reweighed and new records must be created. After extensive repairs or
alterations, the aircraft must be either reweighed or a new report could be
created by doing a series of mathematical calculations.

Some aircraft are required to be weighed and have their CG calculated
on a periodic basis, typically every three years. Examples of aircraft that
fall under this requirement are:

1.   Air taxi and charter twin-engine airplanes operating under Title 14
of the Code of Federal Regulations (14 CFR) part 135, section
135.185(a)

2.   Airplanes with a seating capacity of 20 or more passengers or a
maximum payload of 6000 pounds or more, as identified in 14 CFR
part 125, section 125.91(b)

Weight and Balance Terminology
•   Datum: The datum is an imaginary vertical plane from which all

horizontal measurements are taken for balance purposes, with the
aircraft in level flight attitude. The datum is determined by the
manufacturer, and typical locations for the datum are the nose of the
aircraft or a specified distance ahead of it or the leading edge of the
wing. The location of the datum is identified in the aircraft
specifications or type certificate data sheet (TCDS). Figure 16-1
shows the reference datum located at fuselage station 0.0 which is
28.3 inches from the nose of the aircraft. The advantage of having a
datum ahead of the aircraft is that the aircraft dimensions could
change, but this will not affect the datum and all distance (arm)
measurements will be positive.



FIGURE 16-1 Datum located at fuselage station 0.0.

•   Arm: The arm is the horizontal distance from the datum to any point
within the aircraft. The arm’s distance is always measured in inches.

•   Moment: A moment is a force that tries to cause rotation and is the
product of the arm (in inches) and the weight (in pounds). Moments
are generally expressed in pound-inches (lb-in) and may be either
positive or negative.

•   Center of gravity: The CG is the point at which all the weight of the
aircraft is concentrated and balanced.

•   Maximum weight: The maximum weight is the maximum authorized
weight of the aircraft and its contents, and is indicated in the Aircraft
Specifications or TCDS.

•   Empty weight: The empty weight of an aircraft includes all operating
equipment that has a fixed location and is actually installed in the
aircraft. It includes the weight of the airframe, powerplant, required
equipment, optional or special equipment, fixed ballast, hydraulic
fluid, and residual fuel and oil.

•   Empty weight center of gravity (EWCG): The EWCG for an aircraft
is the point at which it balances when it is in an empty weight
condition.



•   Useful Load: Useful load = max allowable gross weight – empty
weight

•   Minimum fuel: For weight and balance purposes, the minimum fuel
is no more than the quantity needed for one-half hour of operation at
rated maximum continuous power.

•   Tare weight: Weight from jacks, blocks, and chocks on the weighing
scale platform and is subtracted from total weight.

•   Residual fuel: The fuel remaining in the tanks, lines, and engine after
draining.

•   Term residual oil: The oil remaining in the tank, lines, and engine
after draining.

Aircraft Weighing
•   Weight and balance data

When an aircraft is initially certificated, its empty weight and
EWCG are determined and recorded in the weight and balance
record, such as the one shown in Table 16-1.

TABLE 16-1 Weight and Balance Data

•   Manufacturers data



The manufacturer will provide a comprehensive equipment list that
specifies all the required equipment (see Fig. 16-2). The weight and
arm of each item is included. When an aircraft mechanic or
repairman adds or removes any item on the equipment list, he or she
must change the weight and balance record to indicate the new
empty weight and EWCG, and the equipment list is revised to show
what is installed.



FIGURE 16-2 Example of a comprehensive equipment list.

•   Type certificate data sheet



When the design of an aircraft is approved by the FAA, an Approved
Type Certificate and TCDS are issued. The following weight and
balance information can be found in the TCDS: engine, CG range,
maximum weight, number of seats, baggage capacity, fuel capacity,
oil capacity, datum information, leveling means, number of seats,
and locations. See Fig. 16-3 for some examples.



FIGURE 16-3 Weight and balance information in TCDS.

•   Equipment
sshhr
•   Scales

sgsdh
Two types of weight measuring systems
are used: top of jack load cells and platform scales. Top of jack
load cells are placed on top of the nose and wing jacks and are
typically used for larger aircraft. Platform scales and jack load
cells are shown in Fig. 16-4.

FIGURE 16-4 Platform scales on the left and jack load cells on the right.

•   Spirit level
The aircraft must be in level flight attitude and a spirit level is
often used to check for level condition (see Fig. 16-5).



FIGURE 16-5 Spirit level.

•   Plumb bob
A plumb bob is a heavy metal object, cylinder or cone-shaped,
with a sharp point at one end and a string attached. An example of
the use of a plumb bob would be measuring the distance from an
aircraft’s datum to the center of the main landing gear axle. Some
aircraft use a plumb bob with a leveling plate to level the aircraft
before weighing (see Fig. 16-6).



FIGURE 16-6 Plumb bob with leveling plate.

•   Hydrometer



When an aircraft is weighed with fuel in the tanks, the weight of
fuel per gallon should be checked with a hydrometer, because
although the standard weight for aviation gasoline (Avgas) is 6.0
lb/gal and jet fuel is 6.7 lb/gal, these values are not exact for all
temperature conditions.

•   Weighing preparation
The aircraft should be weighed inside a hangar where wind cannot
blow over the surface and cause fluctuating or false scale readings.
The aircraft should be clean inside and out, with special attention
paid to the bilge area to ensure that no water or debris is trapped
there. The outside of the aircraft should be as free as possible of all
mud and dirt.
•   Assemble all the necessary equipment before you start the

weighing process, such as:
•   Scales, hoisting equipment, jacks, and leveling equipment
•   Blocks, chocks, or sandbags for holding the airplane on the

scales
•   Straightedge, spirit level, plumb bobs, chalk line, and a

measuring tape
•   Applicable Aircraft Specifications and weight and balance

computation forms
•   Fuel system

When weighing an aircraft to determine its empty weight, only
the weight of residual (unusable) fuel should be included. To
ensure that only residual fuel is accounted for, the aircraft should
be weighed in one of the following three conditions:
1.   Drain fuel from the tanks, the unusable fuel will remain in the

lines and system, and its weight and arm can be determined
by reference to the aircraft’s TCDS.

2.   Fill the fuel tanks completely and weigh the aircraft. Subtract
the weight of usable fuel and account for its arm and moment.
Make sure that it is permissible to jack the aircraft with the
tanks full.

3.   Drain all the fuel from the tanks and fuel lines. Add
mathematically the proper amount of residual fuel to the



aircraft and account for its arm and moment.
•   Engine oil system

•   Drain oil for aircraft certificated before 1978
•   Full oil for aircraft certificated after 1978

•   Miscellaneous fluids
The hydraulic fluid reservoir and all other reservoirs containing
fluids required for normal operation of the aircraft should be full.
Fluids not considered to be part of the empty weight of the
aircraft are potable (drinkable) water, lavatory precharge water,
and water for injection into the engines.

•   Flight controls
Position spoilers, slats, flaps per maintenance manual
instructions.

•   Weigh points
When an aircraft is being weighed, the arms must be known for
the points where the weight of the aircraft is being transferred to
the scales. If a tricycle gear small airplane has its three wheels
sitting on floor scales, the weight transfer to each scale happens
through the center of the axle for each wheel. If an airplane is
weighed while it is on jacks, the weight transfer happens through
the center of the jack pad.

•   Jacking the aircraft
Many aircraft are weighed by jacking the aircraft up and then
lowering them onto scales or load cells. Make sure that required
stress panels or plates are installed. When using two wing jacks,
take special care to raise them simultaneously, so the aircraft does
not slip off the jacks.

•   Leveling the aircraft
When an aircraft is weighed, it must be in its level flight attitude
so that all the components are at the correct distance from the
datum. Plumb bobs and spirit levels are often used. Helicopters
must be leveled both longitudinally and laterally.

•   Center of gravity range



The CG range for an aircraft is the limits within which the aircraft
must balance. It is identified as a range and considered an arm
extending from the forward most limit to the aft most limit, usually
expressed in inches and is included in the TCDS. Most helicopters
have a more restricted CG range.
•   EWCG range

For some aircraft, a CG range is given for the aircraft in the
empty weight condition in the TCDS. This practice is not very
common with airplanes but is often done for helicopters.

•   Operating CG range
All aircraft have CG limits identified for the operational
condition, with the aircraft loaded and ready for flight. To legally
fly, the CG for the aircraft must fall within the CG limits.

•   Standard weights
Unless the specific weight for an item is known, the standard
weights used in aircraft weight and balance are as shown in Fig. 16-
7.

FIGURE 16-7 Standard weights at 32°F and 59°F.

•   Determining CG
Determine the CG by adding the weight and moment of each
weighing point to determine the total weight and total moment.
Then, divide the total moment by the total weight to determine the
CG relative to the datum. An example of this process is shown in
Table 16-2.



TABLE 16-2 Determining Empty Weight CG

•   EWCG formulas
The EWCG can be quickly calculated by using the following
formulas and a calculator. There are four possible conditions and
their formulas that relate the location of CG to the datum. Notice that
the formula for each condition first determines the moment of the
nose wheel or tailwheel and then divides it by the total weight of the
airplane. The arm thus determined is then added to or subtracted
from the distance between the main wheels and the datum, distance
D.

Formula 1  Nose wheel airplanes with datum forward of the main
wheels.

Formula 2  Nose wheel airplanes with the datum aft of the main
wheels.



Formula 3  Tail wheel airplanes with the datum forward of the main
wheels.

Formula 4  Tail wheel airplanes with the datum aft of the main
wheels.

•   Loading an aircraft before flight.
The empty weight and EWCG are found in the aircraft weight and
balance records. When the aircraft will be loaded with fuel, pilots,
passengers, and baggage, the weight and CG will change. It is
important that the pilot calculates the weight and CG to determine if
they are within safe limits. The CG will change when the aircraft is
loaded, but that is ok as long as it falls within the CG range of the
airplane (TCDS). The weight cannot exceed the maximum weight of
the aircraft. This information can be found in the TCDS of the
aircraft. The pilot can use Table 16-3 to calculate the new weight and
CG.



TABLE 16-3 Operational CG

Operational CG = Total moments/total weight

•   Loading graphs and CG envelopes
A loading graph is an excellent and rapid method for determining
the CG location for various loading arrangements without having to
make calculations. These graphs, used in conjunction with the empty
weight and EWCG data found in the weight and balance report,
allow the pilot to plot the CG for the loaded aircraft. The graphs can
be found in the Pilot Operating Handbook (POH) or flight manual.
Figure 16-8 is an example of a loading graph.



FIGURE 16-8 Loading graph.

After the moment for each item of weight has been determined,
all weights are added and all moments are added. The total weight
and moment is then plotted on the CG envelope (see Fig. 16-9). The
total weight is plotted on the vertical scale of the graph, with a
horizontal line projected out from that point. The total moment is
plotted on the horizontal scale of the graph, with a vertical line
projected up from that point. Where the horizontal and vertical plot
lines intersect on the graph is the CG for the loaded aircraft. If the
point where the plot lines intersect falls inside the CG envelope, the
aircraft CG is within limits.



FIGURE 16-9 CG envelope.

•   Adverse-loaded CG checks
Many modern aircraft have multiple rows of seats and often more
than one baggage compartment. After any repair or alteration that
changes the weight and balance, the A&P mechanic or repairman
must ensure that no legal condition of loading can move the CG
outside of its allowable limits. To determine this, adverse-loaded CG
checks must be performed and the results noted in the weight and
balance revision sheet.
•   During a forward adverse-loaded CG check, all useful load items

in front of the forward CG limit are loaded and all useful load
items behind the forward CG limit are left empty.

•   During an aft adverse-loaded CG check, all useful load items
behind the aft CG limit are loaded, and all useful load items in
front of the aft CG limit are left empty.

•   Equipment change and aircraft alteration



When the equipment in an aircraft is changed, such as the
installation of a new radar system or ground proximity warning
system, or the removal of a radio or seat, the weight and balance of
an aircraft change. An alteration performed on an aircraft, such as a
cargo door being installed or a reinforcing plate being attached to the
spar of a wing, also changes the weight and balance of an aircraft.
Any time the equipment is changed or an alteration is performed, the
new empty weight and EWCG must be determined. This can be
accomplished by placing the aircraft on scales and weighing it, or by
mathematically calculating the new weight and balance. The
mathematical calculation is acceptable if the exact weight and arm of
all the changes are known.

•   Ballast
Ballast is used in an aircraft to attain the desired CG balance, when
the CG is not within limits or is not at the location desired by the
operator. It is usually located as far aft or as far forward as possible
to bring the CG within limits, while using a minimum amount of
weight.
•   Temporary ballast

Temporary ballast, in the form of lead bars, heavy canvas bags of
sand, or lead shot, is often carried in the baggage compartments to
adjust the balance for certain flight conditions. The bags are
marked “Ballast XX Pounds. Removal Requires Weight and
Balance Check.” Temporary ballast must be secured so it cannot
shift its location in flight, and the structural limits of the baggage
compartment must not be exceeded. All temporary ballast must
be removed before the aircraft is weighed.
•   Use this formula to calculate temporary ballast:

•   Permanent ballast
If a repair or alteration causes the aircraft CG to fall outside of its
limit, permanent ballast can be installed. Usually, permanent
ballast is made of blocks of lead painted red and marked



“Permanent Ballast–Do Not Remove.” It should be attached to
the structure so that it does not interfere with any control action,
and attached rigidly enough that it cannot be dislodged by any
flight maneuvers or rough landing. The installation of permanent
ballast results in an increase in the aircraft empty weight, and it
reduces the useful load.
•   Use this formula to calculate permanent ballast:

•   Mean aerodynamic chord (MAC)
On larger airplanes, from private business jets to large jumbo jets,
the CG and its range are typically identified in relation to the width
of the wing. The MAC is the average chord or distance from the
leading edge to the trailing edge of an airfoil, usually a tapered wing,
as measured in cross section as shown in Fig. 16-10. The CG is
identified as being at a location that is a specific percent of the mean
aerodynamic chord (% MAC).



FIGURE 16-10 Mean aerodynamic chord (MAC).

•   Weight and balance records
The FAA requires that a current and accurate empty weight and
EWCG be known for an aircraft. This information must be included
in the weight and balance report, which is a part of the aircraft
permanent records. The weight and balance report must be in the
aircraft when it is being flown.
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CHAPTER 17
Regulations, Publications,

Maintenance Forms, and Records

he Federal Aviation Administration (FAA) regulations that govern
today’s aircraft are found in Title 14 of the Code of Federal Regulations

(14 CFR) and are illustrated in Fig. 17-1.



FIGURE 17-1 Title 14 of the Code of Federal Regulations (14 CFR).

Definitions
•   Airworthy means the aircraft conforms to its type design and is in a

condition for safe operation.



•   Product means an aircraft, aircraft engine, or aircraft propeller.
•   Record means any writing, drawing, map, recording, tape, film,

photograph, or other documentary material by which information is
preserved or conveyed in any format.

Maintenance-Related Regulations
The list of the following regulations are often consulted by aircraft
maintenance personnel. The most relevant ones are listed. For a more in-
depth discussion, refer to FAA-H-8083-30A.

•   14 CFR Part 21—Certification Procedures for Products and Parts
This regulation identifies the requirements of and the procedures for
obtaining type certificates (TCs), supplemental type certificates
(STCs), production certificates, airworthiness certificates, and
import and export approvals.

•   14 CFR Part 23—Airworthiness Standards: Normal, Utility,
Acrobatic, and Commuter Category Airplanes
This part specifies the airworthiness standards that must be met in
order for a manufacturer to receive a TC and for the aircraft to
receive an airworthiness certificate. Part 23 aircraft are those aircraft
that have a maximum certificated takeoff weight of 12,500 pounds or
less, except for those aircraft in the commuter category. The
maximum certificated takeoff weight limit rises to 19,000 pounds or
less for these aircraft. Seating capacity is limited to nine or less on
all aircraft, except the commuter aircraft where the maximum
passenger seating is 19, excluding the pilot and copilot seats.

•   14 CFR Part 25—Airworthiness Standards: Transport Category
Airplanes
The standards in 14 CFR part 25 apply to large aircraft with a
maximum certificated takeoff weight of more than 12,500 pounds.

•   14 CFR Part 27—Airworthiness Standards: Normal Category
Rotorcraft
This regulation deals with the small rotor wing aircraft and is
consistent with 14 CFR part 23 with limiting the passenger seating to



nine or less. However, the maximum certificated weight is limited to
7000 pounds.

•   14 CFR Part 33—Airworthiness Standards: Aircraft Engines
Title 14 CFR part 33 details the requirements for both reciprocating
and turbine-style aircraft engines. It not only specifies the design and
construction requirements, but also the block test requirements that
subject the engine to extremely demanding testing in order to prove
its capability of enduring the stresses of powering the aircraft.

•   14 CFR Part 35—Airworthiness Standards: Propellers
The propeller must also be type certificated. Subpart B specifies
design and construction, while subpart C covers tests and
inspections.

•   14 CFR Part 39—Airworthiness Directives
In spite of all the emphasis on proper design and certification
testing, sometimes the actual day-to-day use of the aircraft causes
unanticipated wear or failure to occur. When that happens, if the
FAA determines that the wear or failure represents an unsafe
condition and that the condition is likely to exist in other products of
the same type of design, it issues an AD. Actual AD notes are not
included in 14 CFR part 39, but rather are printed in the Federal
Register and are linked to this part as amendments to 14 CFR part
39, section 39.13. AD notes are legally enforceable rules that apply
to aircraft, aircraft engines, propellers, and appliances.

•   14 CFR Part 43—Maintenance, Preventive Maintenance,
Rebuilding, and Alteration
This regulation represents the heart of aviation maintenance. The 13
rules and 6 appendices contained within 14 CFR part 43 provide the
standard for maintaining all civilian aircraft currently registered in
the United States.

•   14 CFR Part 65—Certification: Airmen Other Than Flight
Crewmembers
Pilots, flight instructors, and ground instructors are certificated
under 14 CFR part 61. Flight crew other than pilots are certificated



under 14 CFR part 63, and the following personnel are certificated
by the FAA under 14 CFR part 65:
•   Subpart B—Air Traffic Control Tower Operators
•   Subpart C—Aircraft Dispatchers
•   Subpart D—Mechanics
•   Subpart E—Repairmen
•   Subpart F—Parachute Riggers

•   14 CFR Part 91—General Operating and Flight Rules
Although it is an operational regulation that is focused toward the
owner, operator, and/or pilot of the aircraft, the maintenance
technician must have an awareness of this regulation, especially
Subpart E—Maintenance, Preventive Maintenance, and Alterations.

•   14 CFR Part 121—Operating Requirements: Domestic, Flag, and
Supplemental Operations
Title 14 CFR part 121 establishes the operational rules for air
carriers flying for compensation or hire. A domestic operation is any
scheduled operation (within the 48 contiguous states, the District of
Columbia, or any territory or possession) conducted with either a
turbo-jet aircraft, an airplane having 10 or more passenger seats, or a
payload capacity greater than 7500 pounds.

•   14 CFT Part 145 – Repair Stations
Repair Station refers to a maintenance facility that is engaged in the
maintenance, inspection, and alteration of aircraft and aircraft
products.

Advisory Circulars (AC)
Advisory circular (AC) refers to a type of publication offered by the FAA to
provide guidance for compliance with airworthiness regulations. They
provide guidance such as methods, procedures, and practices acceptable to
the Administrator for complying with regulations. ACs may also contain
explanations of regulations, other guidance material, best practices, or
information useful to the aviation community. Maintenance personnel often
use the 43.13-1B—Acceptable Methods, Techniques, and Practices—



Aircraft Inspection and Repair. This AC contains methods, techniques, and
practices acceptable to the administrator for the inspection and repair of
nonpressurized areas of civil aircraft, only when there are no manufacturer
repair or maintenance instructions.

Airworthiness Directives (AD)
In accordance with 14 CFR part 39, the FAA issues ADs in response to
deficiencies and/or unsafe conditions found in aircraft, engines, propellers,
or other aircraft parts. ADs require that the relevant problem must be
corrected on all aircraft or aircraft parts using the same design. The AD
specifies a compliance time that relates to the effective date of the AD. That
compliance time determines when the actions are required. An emergency
AD is issued when an unsafe condition exists that requires immediate action
by an owner/operator. The intent of an emergency AD is to rapidly correct
an urgent safety deficiency. Electronic versions of ADs are available from
the Federal Register and from the Regulatory and Guidance Library.

Aircraft Specifications
Specifications were originated during implementation of the Air Commerce
Act of 1926. Specifications are FAA recordkeeping documents issued for
both type-certificated and non-type-certificated products that have been
found eligible for U.S. airworthiness certification. Although they are no
longer issued, specifications remain in effect and will be further amended.
Aircraft produced after 1958 will have a type certificate data sheets (TCDS)
instead of aircraft specifications.

Type Certificate Data Sheets (TCDS)
TCDSs were originated and first published in January 1958. The TCDS is a
formal description of the aircraft, engine, or propeller. It lists limitations
and information required for type certification, including airspeed limits,
weight limits, thrust limitations, and so forth. TCDS can be accessed at the



FAA regulatory and guidance library. Figure 17-2 shows an example of a
first page of a TCDS for a Textron 172 aircraft.

FIGURE 17-2 Type certificate data sheet.

Supplemental Type Certificates
When an aircraft is designed, and that design is formally approved for
manufacturing, the manufacturer is issued a TC. When this design is
changed, the FAA has to approve a STC. The STC defines the product



design change, states how the modification affects the existing type design,
and lists serial number effectivity. Figure 17-3 is an example of a STC.

FIGURE 17-3 Supplemental type certificate.



Manufacturers’ Published Data
The original equipment manufacturer (OEM) is usually the best source of
information for the operation of and maintenance on a particular product.
The OEM must provide one set of complete Instructions for Continued
Airworthiness (ICAs). The aircraft ICA must contain instructions for
continued airworthiness for each engine, propeller, or appliance and the
interface of those appliances and products with the aircraft. The ICA must
be in the form of a manual or manuals appropriate to the data being
provided. Examples are: pilot’s operating handbook (POH), aircraft
maintenance manual (AMM), structural repair manual (SRM), and an
illustrated parts catalog (IPC).

Service Bulletins (SB)
Throughout the life of a product manufacturing defects, changes in service,
or design improvements often occur. When that happens, the OEM
frequently uses an SB to distribute the information to the operator of the
aircraft. SBs are not required unless they are referred to in an AD note or if
compliance is required as a part of the authorized inspection program.

Forms

Airworthiness Certificates
In addition to the registration certificate that indicates the ownership of an
aircraft, an airworthiness certificate indicates the airworthiness of the
aircraft. The certificate must be onboard the aircraft and be “displayed at
the cabin or flight deck entrance so that it is legible to the passengers or
crew.”

FAA Form 337—Major Repair and Alteration
This form is to be used whenever major repairs or alterations are
accomplished on an aircraft. The form must be completed at least in



duplicate, with the original provided to the owner/operator and a copy to the
local FSDO within 48 hours of completing the maintenance and return to
service (RTS). If the FAA Form 337 is used to document additional fuel
tanks in the cabin or cargo, then an additional copy must be signed and in
the aircraft at all times. A mechanic could use Appendix A to Part 43—
Major Alterations, Major Repairs, and Preventive Maintenance repairs to
determine if a repair is a minor or major repair. A&P mechanics can sign of
for the major repair or alteration, but they cannot sign for the return to
service (RTS). The mechanic needs to hold an inspector authorization (IA)
to sign for RTS. Others who can sign for RTS are the manufacturer, FAA
flight standards inspector, FAA designee, repair station or maintenance
organization. See Figs. 17-4 and 17-5. The mechanic must write a
description of the work accomplished. It must include a reference to the
approved data used to conduct the required maintenance.





FIGURE 17-4 Front side of Form 337.



FIGURE 17-5 Back side of Form 337.

Records
Title 14 of the CFR part 43, sections 43.9 and 43.11 require the technician
to make appropriate entries of maintenance actions or inspection results in
the aircraft maintenance record. Whenever maintenance, preventive
maintenance, rebuilding, or alteration work occurs on an aircraft, airframe,
aircraft engine, propeller, appliance, or component part, a maintenance
record entry must be created.

Temporary Records
These are records that must be kept by the owner until the work is repeated,
superseded, or one year has transpired since the work was performed. Any
person who maintains, rebuilds or alters an aircraft, airframe, aircraft
engine, propeller, or appliance shall make an entry containing:

•   A description of the work or reference to data acceptable to the FAA
•   The date the work was completed
•   The name of the person who performed the work, and if the work

was approved for return to service, the signature, certificate number,
and kind of certificate held by the person approving the aircraft for
return to service. The signature constitutes the approval for return to
service only for the work performed

When a mechanic approves or disapproves an aircraft for return to service
after an annual, 100-hour, or progressive inspection, an entry shall be made
including:

•   Aircraft time in service
•   The type of inspection
•   The date of inspection
•   The signature, certificate number, and kind of certificate held by the

person approving or disapproving the aircraft for return to service



•   A signed and dated listing of discrepancies and unairworthy items

Permanent Records
These records must be retained by the owner during the time he or she
operates the aircraft. They are transferred with the aircraft at the time of
sale. Typically, these are documents relating to total time in service, current
status of life-limited parts, time since last overhaul, current inspection
status, current status of applicable AD notes, and major alteration forms as
required by 14 CFR part 43, section 43.9.



Appendix

Tap Drill Sizes—American (National)
Screw Thread Series

Standard AN aircraft bolts are threaded in National Fine, Class 3 (NF)
thread series.



Wire and Sheet Metal Gage Table



Ultimate and Shear Strength of Typical
Aluminum Alloys



Chemical Flashpoints for Various Liquids
Used in the Aircraft Industry

A liquid’s flashpoint is the lowest temperature at which it will give off
enough flammable vapor at or near its surface in mixture with air and a
spark or flame so that it ignites. If the flashpoint, expressed as a temperature
in degrees, is lower than the temperature of the ambient air, the vapors will
ignite readily in air with a source of ignition. Those of higher temperature
are relatively safer.

Chemical Flashpoints in Degrees Fahrenheit and Celsius





Glossary

Alclad   Trademark used by the Aluminum Company of America to
identify a group of high-strength, sheet-aluminum alloys covered with a
high-purity aluminum.

Allowance   An intentional difference permitted between the maximum
material limits of mating parts. It is the minimum clearance (positive
allowance) or maximum interference (negative allowance) between parts.

Alloy   A substance composed of two or more metals or of a metal and a
nonmetal intimately united, usually by being fused together and dissolving
in each other when molten. All rivets and sheet metal used for structural
purposes in aircraft are alloys.

A-N (or AN)   An abbreviation for Air Force and Navy; especially
associated with Air Force and Navy standards or codes for materials and
supplies. Formerly known as Army-Navy standards.

AN specifications   Dimensional standards for aircraft fasteners developed
by the Aeronautical Standards Group.

Angle of head   In countersunk heads, the included angles of the conical
underportion or bearing surface, usually 100 degrees.

Bearing surface   Supporting or locating surface of a fastener with respect
to the part to which it fastens (mates). Loading of a fastener is usually
through the bearing surface.

Blind riveting   The process of attaching rivets where only one side of the
work is accessible.



Broaching   The process of removing metal by pushing or pulling a cutting
tool, called a broach, along the surface.

Bucking   To brace or hold a piece of metal against the opposite side of
material being riveted to flatten the end of rivet against material.

Bucking bars   A piece of metal held by a rivet bucker against the opposite
end of a rivet being inserted into material.

Burnishing   The process of producing a smooth surface by rubbing or
rolling a tool over the surface.

Burr   A small amount of material extending out from the edge of a hole,
shoulder, etc. Removal of burrs is called burring or deburring.

Center punch   A hand punch consisting of a short steel bar with a
hardened conical point at one end, which is used to mark the center of holes
to be drilled.

Chip   A small fragment of metal removed from a surface by cutting with a
tool.

Chip chaser   A flat, hooked piece of metal inserted between materials
being drilled to remove chips.

Chord   The straight line that joins the leading and trailing edges of an
airfoil.

Coin dimpling   A form of countersinking resulting from squeezing a
single sheet of material between a male and female die to form a depression
in the material and allow the fastener head to be flush with the material’s
surface.

Collar   A raised ring or flange of material placed on the head or shank of a
fastener to act as a locking device.

Corrosion   The wearing away or alteration of a metal or alloy either by
direct chemical attack or electrochemical reaction.



Counterboring   The process of enlarging for part of its depth a previously
formed hole to provide a shoulder at bottom of the enlarged hole. Special
tools, called counterbores, are generally used for this operation.

Countersinking   The process of beveling or flaring the end of a hole.
Holes in which countersunk head-type fasteners are to be used must be
countersunk to provide a mating bearing surface.

CRT   Cathode-ray tube.

Cryogenic temperatures   Extremely cold or very low temperatures that
are associated with ordinary gases in a liquid state.

Defect   A discontinuity that interferes with the usefulness of the part, a
fault in any material, or a part detrimental to its serviceability.

Die   One of a pair of hardened metal blocks used to form, impress, or cut
out a desired shape; a tool for cutting external threads.

Drilling   The process of forming holes by means of specialized, pointed
cutting tools, called drills.

Edge distance   The distance from the centerline of the rivet hole to the
nearest edge of the sheet.

Elongated   Stretched out, lengthened, or long in proportion to width.

Endurance limit   The maximum stress that a fastener can withstand
without failure for a specified number of stress cycles (also called fatigue
limit).

Facing   A machining operation on the end, flat face, or shoulder of a
fastener.

Fastener   A mechanical device used to hold two or more bodies in definite
positions, with respect to each other.

Faying surface   The side of a piece of material that contacts another piece
of material being joined to it.



Ferrous metal   A metal containing iron. Steel is a ferrous metal. See
nonferrous metal.

Fit   A general term used to signify the range of tightness that results from
the application of a specific combination of allowances and tolerances in
the design of mating parts.

Grinding   The process of removing a portion of the surface of a material
by the cutting action of a bonded abrasive wheel.

Grip   In general, the grip of a fastener is the thickness of the material or
parts that the fastener is designed to secure when assembled.

Gun   As used in riveting, some form of manual or powered tool used to
drive and fasten rivets in place.

Hole finder   A tool used to exactly locate and mark the position of holes to
be drilled to match the location of a pilot or predrilled hole.

Increment   One of a series of regular consecutive additions; for example,
�⁄�, �⁄�, and �⁄�.

Interference fit   A thread fit having limits of size so prescribed that an
interference always results when mating parts are assembled.

Jig   A device that holds and locates a piece of work and guides the tools
that operate upon it.

Lightening holes   Holes that are cut in material to lessen the overall
weight of the material but not weaken the structural strength.

Nondestructive testing (NDT)   An inspection or examination of the
aircraft for defects on the surface or inside of the material, or hidden by
other structures, without damaging the part. Sometimes called
nondestructive inspection (NDI).

Nonferrous metal   Metal that does not contain iron. Aluminum is a
nonferrous metal.



Peen   To draw, bend, or flatten by hammering; the head of a hammer
opposite the striking face.

Pilot hole   A small hole used for marking or aligning to drill a larger hole.

Pin   A straight cylindrical or tapered fastener, with or without a head,
designed to perform a semipermanent attaching or locating function.

Pitch distance   The distance measured between the centers of two
adjoining rivets.

Plating   The application of a metallic deposit on the surface of a fastener
by electrolysis, impact, or other suitable means.

Puller   A device used to form or draw certain types of rivets.

Punching    The process of removing or trimming material through the use
of a die in a press.

Quick-disconnect   A device to couple (attach) an air hose to air-driven
equipment that can be rapidly detached from the equipment.

Ream   To finish a drilled or punched hole very accurately with a rotating
fluted tool of the required diameter.

Reference dimension   A reference dimension on a fastener is a dimension
without tolerance used for information purposes only.

Rivet    A short, metal, boltlike fastener, without threads, which is driven
into place with some form of manual or powered tool.

Rivet set   A small tool (generally round), having one end shaped to fit a
specific-shaped rivet head, that fits in a rivet gun to drive the manufactured
head of the rivet.

Scribe   A pointed steel instrument used to make fine lines on metal or
other materials.



Sealant   A compound or substance used to close or seal openings in a
material.

Shaving   A cutting operation in which thin layers of material are removed
from the surfaces of the product.

Shear strength   The stress required to produce a fracture when impressed
vertically upon the cross section of a material.

Shim   A thin piece of sheet metal used to adjust space.

Shoulder   The enlarged portion of the body of a threaded fastener or the
shank of an unthreaded fastener.

Skin, structural   A sheathing or coating of metal placed over a framework
to provide a covering material.

Sleeve   A hollow, tubular part designed to fit over another part.

Soft   The condition of a fastener that has been left in the as-fabricated
temper, although made from a material that can be, and normally is,
hardened by heat treatment.

Spot-face   To finish a round spot on a rough surface, usually around a
drilled hole, to provide a good seat to a rivet head.

Standard fastener   A fastener that conforms in all respects to recognized
standards or specifications.

Substructure   The underlying or supporting part of a fabrication.

Swaging   Using a swage tool to shape metal to a desired form.

Tolerance    The total permissible variation of a size. Tolerance is the
difference between the limits of size.

Torque   A turning or twisting force that produces or tends to produce
rotation or torsion.



Upsetting   The process of increasing the cross-section area of a rivet, both
longitudinally and radially, when the rivet is driven into place.



Index

Note: Page numbers referencing figures are followed by an “f” and those
referencing tables are followed by a “t”.

 A 
AC. See Air Corps standard
Acetylene, 158–159

needle valve, 163
regulator, 159–160, 160f

Adding filler material, 166
Adhesives:

film, 294, 295f
foaming, 295
joints, 41, 43
mixing, 40
parts, 40
paste, 294–295
synthetic, 40

Adverse-loaded CG checks, 358
Advisory circulars, 364
Air bending, 68. See also Bending

dies, 68f
Air Commerce Act of 1926, 365
Air Corps standard (AC), 309
Air Force-Navy standard (AN), 309

standard parts guide, 310–311
Air taxi, 346
Air-Tech, 47t



Aircraft engines, 363
Aircraft fabrics, 46–48, 47t
Aircraft Maintenance and Repair, 155
Aircraft maintenance manual (AMM), 366
Aircraft mechanic, 41
Aircraft specifications, 365
Aircraft woods, 37
Airmen, 363–364
Airworthiness:

certification, 365, 368
defined, 361
regulations, 364
standards, 362–363

Airworthiness directives (AD), 363, 365
Alclad, 58, 283
Alteration, 363

forms, 368
Aluminum, 57–58, 169

cast and wrought designation system, 59
commercial code marking, 64, 65f
corrosion, 284f
drilling, 105
handling, 65
identification of, 64–65
straight-line bends, 74–79
terminals, 242
typical uses of, 62–63
wire, 239

Aluminum alloys, 57–58
annealing characteristics, 62
cast and wrought designation system, 59
characteristics of, 60–65
clad, 62
drilling, 105



forming, 66–67
heat-treatable, 60–62, 61f
heat treatment of, 63–64, 64f
identification of, 64–65
nonheat-treatable, 60, 61f
temper designations, 58
tubing, 205, 206f
typical uses of, 62–63

Amateur-built aircraft, 345
American National Coarse (NC), 174
American National Fine (NF), 174
American Standard Unified Coarse (UNC), 174
American Standard Unified Fine (UNF), 174
American wire gauge (AWG), 238, 238f
AN. See Air Force-Navy standard
Anchor nuts, 180, 181f
Aramid fibers, 290–291
Arm, 347. See also Datum
Autoclave, 301, 302f
Aviation maintenance, 363
AWG. See American wire gauge

 B 
Backfire, 164
Backhand welding, 166, 168f. See also Welding
BACR15FT. See Reduced universal head rivet
Balanced type welding torch, 161f
Ballast, 358

permanent, 359
temporary, 358–359
weight, 359

Bar folder, 31–32
manually operated, 31f

Battery acid, 278



Bench grinders, 34f
Bend allowance, 74–77

chart, 76f
formula, 75
J chart, 79, 79f
setback, 77f
terminology, 75f

Bending, 67
air, 68, 68f
aluminum, 74–79
straight-line, 74–79
tube, 213–214, 216f
wire, 247–248

Bidirectional materials, 292
Bill of material, 260, 260f
Bismaleimides (BMI), 293
Blanket method, 49, 52f
Blanking, 67
Bleeder ply, 300
Blind bolts, 203–204. See also Bolts

drive-nut-type, 204, 204f
Blind rivet, 138–145. See also Rivets
Blocks:

terminals, 242–244, 243f
title, 259–260, 259f

Blueprints, 257, 262–263
BMI. See Bismaleimides
Bolts, 173

blind, 203–204, 204f
bonding, 252f
clevis, 316
close-tolerance, 174
coding, 175
eye, 317



fitting, 183
general-purpose, 174, 315
grip length, 183
grounding, 252f
hex-head, 173
identification, 175, 177f
installation of, 182–188
protrusion, 184
safety, 184–185
specifications, 184

Bonding, 251–252
bolts, 252f
electrolytic action and, 251
heat, 301, 302f
jumpers, 251
nuts, 252f
wood structures, 40–43

Borescope, 265, 266f
Brake line, 77–78
Brazing, 170–171
Briles rivets, 117–118, 120f. See also Rivets
Bucking bars, 127–128

blind, 131–132, 132f
examples, 128f

Bulkheads, 3
clamps at opening of, 250f
repair, 153f

Buna-N, 207
Butt joints, 155, 158f
Buttock line, 4
Buttock stations, 5f
Butyl, 207
Butyrate dopes, 48



 C 
Cable:

control guides, 234f
defining, 237
eye, 328
guides, 233–235, 234f
nylon, 246f
rigging chart, 234f
tension adjustment, 233–235, 234f
tensionmeter, 233f

Cable assembly, 227–228
fabricating, 227
push-pull, 228f

CAD. See Computer-aided design
Cadmium:

corrosion, 284f
plated steel locknuts, 318

CAGE. See Commercial and Government Entity code
Calipers, 24–28

inside, 25f
micrometer, 25–27, 26f–27f
outside, 25f
slide, 27, 28f

CAM. See Computer-aided manufacturing
Camloc fasteners, 191, 192f
Cape chisel, 19
Carbon, 89, 290

content of steel, 89
disadvantages of, 290
drills, 97

Carbon dioxide, 170
Carburizing flames, 163f, 164
Casein adhesive, 43. See also Adhesives
Casting, 73



designation system, 59
Castle nuts, 176
CeconiteTM/Randolph System, 47t, 49, 53t
Cemented carbide inserts, 97
Center of gravity (CG), 345

adverse-loaded checks, 358
calculation, 346
defined, 347
determining, 354, 354t, 356
envelopes, 356–358, 357f
identification, 360
loading graph, 356–358, 357f
operating range, 354, 356t
range, 353–354, 360

Certification, 363–364
CG. See Center of gravity
Charter twin-engine airplanes, 346
Chemical milling, 73–74. See also Milling
Cherry Maxibolt®, 203–204

installation information, 203f
installation procedure, 204f

CherryMax® rivets, 140, 141f
numbering system, 142f
preparation, 124
standard parts, 333–340

Chip chaser, 107, 107f
Chisel, 20f

cape, 19
Chrome-molybdenum, 93
Chrome-nickel, 91
Chrome-vanadium, 91
Chromium, 85, 91
Chromium-vanadium, 90
Circuit breaker:



panel, 256f
tripping, 256

Clamps:
at bulkhead opening, 250f
mounting, 249f–250f
support, 224, 224f

Cleco, 125
pliers, 125f

Clevis bolts, 316
Clevis pin, 317
Cliplocking turnbuckle, 327
Close die forgings, 72
Close-tolerance bolts, 174

standard parts, 315
CNC. See Computer numeric control
Coin test, 274–275
Combination sets, 24, 24f
Commercial and Government Entity code (CAGE), 244
Commuter category airplanes, 362
Composite materials. See also specific composite materials

countersinking, 307–308
defined, 289
drilling in, 307
fasteners for, 306–308

Compression failure, 43–45
corrosion, 43
slope of a grain, 44
staining, 43
surface crushing, 43
wood repairs, 44–45

Computer-aided design (CAD), 257
Computer-aided manufacturing (CAM), 257
Computer numeric control (CNC), 72
Connectors:



information sheet, 253f
types of, 252

Copper wires, 239. See also Wires
Corner joints, 155, 156f, 158f
Correct formation of welding, 157, 157f–158f. See also Welding
Corrosion:

aluminum, 284f
appearance of, 277
areas prone to, 286
cadmium, 284f
compression failure, 43
control, 284–285
damage assessment, 286
defining, 277
direct chemical attack, 278
effects of, 283–284
electrochemical attack, 278–279, 279f
exfoliation, 282–283, 282f
factors, 284
filiform, 279–281, 281f
forms of, 279–283
fretting, 283, 283f
inspection, 285
intergranular, 281–282, 282f
magnesium, 284f
minimizing, 283
pitting, 281, 281f
preventative compounds, 285, 285f
prevention, 286
removal, 286–287
results of, 284f
stainless steel, 284f
steel, 284f
stress, 283



surface, 279, 287
titanium, 86, 284f
types of, 277

Cotter pin:
hole line-up, 184
safety, 187
standard parts, 319

Countersinking, 95, 107–114
back, 108, 109f
combination predimple and, 113, 113f
composite materials, 307–308
cutter types, 107–108
dimensions, 111f
form, 107, 110
hole preparation for, 113–114
machine, 107
minimum depth, 110
procedure, 109–110
rosebud, 108f
stop, 108, 109f
straight shank, 107, 108f
warnings, 108, 113

Covering methods, 49
blanket method, 49, 52f
envelope method, 49
processes, 53t
types, 49

Cracks in wood, 43
Crossfiling files, 19–22
Cryofit fittings, 206, 213
Curing:

equipment, 301
resin systems, 293



 D 
Damage, 298–299. See also specific types of damage

corrosion assessment, 286
foreign object, 205
removal, 145

Data:
manufacturers, 347–348, 349f
weight and balance, 347, 348t

Datum, 346, 346f
Debonds, 299, 304
Deburring, 106–107

tubing, 213, 215f
Defects, 298–299
Delaminations, 299, 304
Dies, 28–29, 29f

air bending, 68f
bottoming, 68f
flexible forming, 69–71, 70f
forging, 72
press-brake forming, 68f
for press-brake forming, 67–68, 68f

Dimpling, 108f
blueprints, 110
coin, 110–112
combination countersink and pre, 113, 113f
heat, 113
modified radius, 112–113, 112f
procedure, 114
techniques, 111f
warning, 113

Dinol, 285
Direct chemical attack, 278
Distortion, 168
Dividers, 24



Domestic operations, 364
Dopes, 48
Double-cut files, 19
Drawfiling files, 22
Drawing, 257

assembly, 258–259
bill of material, 260, 260f
detail, 258
installation, 259
lines on, 261–262
other data, 260
rivet symbols on, 262–263
sectional view, 260–261, 261f
title block, 259–260, 260f
working, 257–259

Drill:
air motors, 99, 101f
brushings, 103–104, 104f
carbon steel, 97
designations, 97f
equipment, 99
extension, 104, 105f
flexible, 104
fraction, 97f
gauges, 98f
length, 104f
letter, 97f
number, 97f
points, 99, 101f
sharpening, 98–99, 98f
sickle-shaped Klenk, 307f
sizes, 97f, 98, 104f, 125f
square, 102f
stops, 103–104, 103f



straight shank twist, 96f
walking, 99

Drilling:
aluminum, 105
aluminum alloys, 105
cobalt alloy steel, 97
in composite materials, 307
high-speed steel, 97
holes, 102–103
large-diameter, 103f
materials, 97
stainless steel, 106
step, 103
titanium, 87, 105–106
titanium alloys, 105–106
warnings, 102

Dry fiber, 293–294
Dry ice, 121
Dry rot and decay, 41–43
Dzus fasteners, 190, 191f

 E 
E-glass, 290
Ear plugs, 9
Eddy-current inspection, 267–268

basic circuitry, 269f
equipment, 268f

Edge joints, 155
Electrical components, 254–256
Electrochemical attack, 278–279

conditions for, 279
illustration of, 279f

Empennage assembly, 7
Empty weight, 347, 355–356, 358, 360. See also Weight and balance



Empty weight center of gravity (EWCG), 345
defined, 347
empty weight and, 355–356, 358, 360
formulas, 355
range, 354

Engine oil system, 353
Envelope method, 49
Epoxy, 40, 293–295, 307–308
Equipment, 348–351

change and aircraft alteration, 358
hydrometer, 351
plumb bob, 348, 350f, 352f
scales, 348, 350f
spirit level, 348, 351f

EWCG. See Empty weight center of gravity
Exfoliation corrosion, 282–283, 282f
Eye bolts, 317

 F 
FAA. See Federal Aviation Administration
Fabrics, 292

aircraft, 46–48, 47t
dopes, 48
finishing materials, 48
inspection, 54–56, 56f
minimum requirements, 49
patch, 46t
seams, 49, 50f
synthetic, 48
tears in, 56, 57f

Failure, compression, 43–45
Fairleads, 235
Fasteners. See also Threaded fastener; specific fasteners

Camloc, 191, 192f



for composite materials, 306–307
for composite structures, 306–308
Dzus, 190, 191f
shaving, 114
special, 48

Federal Aviation Administration (FAA):
aircraft design approval, 348
approving STC, 365
flight standards inspector, 368
forms, 368, 369f–370f
regulations, 361
requirements, 345–346

Ferrous metals, 89–93
heat treatment, 92f, 93
identification of, 89–90

Fiber:
aramid, 290–291
breakage, 299
dry, 293–294
forms, 291–292
types, 290–291

Fiberglass, 290
Filament, 291

winding, 294
Files, 19–22

crossfiling, 19–22
double-cut, 19
drawfiling, 22
overcut, 19
removing burred or slivered edges, 22
rounding corners, 22
types, 21f
upcut, 19

Filiform corrosion, 279–281, 281f. See also Corrosion



Filler rod, 161
Film adhesives, 294

application of, 294f
Finishing materials, 48
Finishing tape. See Surfaces, tape
Fittings:

assembling sleeve-type, 217, 219f
assembly, 220f
bolts, 183
Cryofit, 206, 213
flared-tube, 211, 211f, 219, 223f
flareless-tube, 211, 212f
fluid lines, 208, 210f
Permalite™, 212
Permaswage™, 211, 212f, 225f
standard parts, 332–334
swaged, 211–212
types of, 209

Flag operations, 364
Flared-tube fittings, 211, 211f, 219

tightening, 222f
torque values for, 223f

Flareless-tube fittings, 211, 212f
Flashback, 164
Flashlight, 365
Flat washer, 319
Flexible-die forming, 69–71, 70f

deeper-draw methods, 71
shallow-draw methods, 71

Flight controls, 353
Flight crewmembers, 363–364
Fluid lines:

drain, 208
fittings, 208, 210f



identification, 208–209, 209f
pressure, 208
return, 208
vent, 208

Flush head rivets, 107
Foaming adhesives, 295
FOD. See Foreign object damage
Forehand welding, 166, 167f
Foreign object damage (FOD), 205
Forging, 72
Formers, 3
Forming:

aluminum alloys, 66–67
deeper-draw methods, 71
flexible, 69–71, 70f
hydropress, 69, 82f
press-brake, 67–68, 68f
puddle, 166
punches, 68f
roll, 69, 70f
shallow-draw methods, 71
stretch, 68–69, 69f
titanium, 89

Forms:
airworthiness certificates, 368
alteration, 368
FAA form 337, 368, 369f–370f
repair, 368

Forward welding, 166. See also Welding
Frames, 3
Fretting corrosion, 283, 283f
Fuel system, 352–353
Fuselage:

stations, 3–4, 4f



structure, 1–3, 3f
Fuses, 255

fast-acting, 255
slow-blow, 255

 G 
GA. See General aviation
Gas welding, 155, 165, 169
General aviation (GA), 345
General operating and flight rules, 364
Grinders, 34–35

bench, 34f
safety glasses and, 35

Grip length, 142–145, 144f
bolts, 183
Hi-Lite® pin, 195
Hi-Lok® pins, 195
Hi-Tigue® pin, 195

Grommets, 48
Grounding, 251–252

bolts, 252f
nuts, 252f

 H 
Hacksaws, 17–19

pistol, 17f
pitch, 18f
straight grip, 17f

Hammer, 10
grip for welding, 166f
types, 10f

Hand-operated brake, 80, 81f
Hand sewing, 50–56, 52f

rib lacing, 50, 54f



Hand snips, 16–17
types, 16f

Hand tools, 10–16
Hard soldering, 170–171
Hardware, 309
Hardwoods, 37
Heat bonder, 301, 302f
Hi-Lite®:

hole preparation, 195
installation, 195–200
installation tools, 195, 196f–197f, 197
pin grip length, 195

Hi-Lok®, 193–194, 193f
collar identification, 344
with finder pin, 198, 199f
hole preparation, 195
inspection, 199
installation, 194f, 195–200
installation tools, 195, 196f–197f, 197
pin grip length, 195
pin identification, 342–343
pin protrusion limits, 196f
protrusion limits for, 200f
standard parts, 342–344
styles, 193

Hi-Shear®, 337–340
Hi-Tigue®, 194, 194f

hole preparation, 195
inspection, 199
installation, 195–200
installation tools, 195, 196f–197f, 197
in interference-fit hole, 198–199, 199f
pin grip length, 195
pin identification chart, 343



standard parts, 343
Hi-Torque®, 188
Holding devices, 30
Holding the torch, 165, 165f–166f
Hole finder, 95
Honeycomb sandwich structures, 295–296

core installation, 305f
core removal, 305f
core thickness, 296
face materials, 295
repair, 304
tap test, 275f
types, 297f

Hose:
Buna-N, 207
Butyl, 207
high pressure, 208
identification of, 208, 209f
installation of, 222f
low pressure, 207
medium pressure, 208
Neoprene, 207
proof-testing after assembly, 217–218
rubber, 207–208
size designation, 208
specifications, 221f
synthetic, 207
Teflon, 207–208

Huckbolts. See Lockbolts
Hydraulic fluid reservoir, 353
Hydropress forming, 69, 82f

 I 
IA. See Inspector authorization



ICAs. See Instructions for Continued Airworthiness
Icebox rivets, 121–122, 121f. See also Rivets
Identification:

of aluminum, 64–65
of aluminum alloys, 64–65
bolts, 175, 177f
center of gravity (CG), 360
of ferrous metals, 89–90
fluid lines, 208–209, 209f
of hose, 208, 209f
rivets, 117, 119f, 326
standard parts, 309–310
threaded fastener, 175
Tri-Wing®, 188
tubing, 206
wire, 244

Illustrated parts catalog (IPC), 366
Inconel, 93, 164
Inert-gas-arc welding, 155
Inert-gas welding, 169–170

advantages, 170
Inside calipers, 25f
Inspection. See also Nondestructive inspection

advanced, 266
corrosion, 285
eddy-current, 267–268, 268f–269f
fabrics, 54–56, 56f
Hi-Lok®, 199
Hi-Tigue®, 199
liquid penetrant, 248, 266–267, 267f
lockbolts, 201–202, 201f
magnetic particle, 271–272, 273f
phased array, 271, 272f
progressive, 371



radiography, 272–274, 274f
rigid tubing, 224–226
rings, 48
rivets, 134–136
shearography, 275–276
thermography, 275
tubing, 224–226
ultrasonic, 269–271, 270f
visual, 265
wires, 253
wood structures, 41

Inspector authorization (IA), 368
Instructions for Continued Airworthiness (ICAs), 366
Intergranular corrosion, 281–282, 282f
IPC. See Illustrated parts catalog

 J 
Jacking the aircraft, 353
Joints. See also specific joints

oil-pipe, 171
in welding, 155, 156f

Jumpers bonding, 251. See also Bonding

 K 
K chart, 78f
Kevlar®, 303

 L 
Lacing cords, 48
Laminate:

components of, 289
repair, 304–306
skin panel, 298f

Laminated wood, 40



Landing gear, 73f
Lap joints, 155, 156f–157f. See also Joints
Layout, 79

rivet, 124f
tools, 23–28

Layup:
prepreg material, 303
quasi-isotropic, 290f
tape, 300
wet, 293

Leveling the aircraft, 353
Lightening hole repair, 154f
Lighting the torch, 163, 163f
Liquid penetrant inspection, 248, 266–267, 267f

disadvantages of, 266
dye, 267
uses, 266

Loading graph, 356–358, 357f
Local cells, 278
Location numbering system, 3–4
Lock washers, 181, 182f
Lockbolts:

blind-type, 201
inspection, 201–202, 201f
installation of, 201, 201f
pull-type, 201, 201f
removal, 202
shear, 200f
stump-type, 201
tension, 200f
types, 200

Locknuts, 318
LPS Procyon, 285
Lugs terminals, 242–244, 243f



 M 
MAC. See Mean aerodynamic chord
Machine screws, 189–190, 189f

standard parts, 320–322
Machine-sewn seams, 49

types, 49
Machining, 71

cleaning after, 88
titanium, 86–87

Machinist’s vise, 30f
Magnesium, 83–84, 169

corrosion, 284f
fire hazards, 84

Magnesium alloys, 83–84
heat treatment of, 84

Magnetic particle inspection, 271–272, 273f. See also Inspection
Magnifying glass, 265
Maintenance:

aviation, 363
preventive, 363
related regulations, 361–364

Major Repair and Alteration, FAA Form 337, 147–148
Manufacturers data, 347–348, 349f
Manufacturers’ published data, 366
Matrix imperfections, 299
Maule-type tester, 54, 55f
Maximum weight, 347. See also Weight and balance
Mean aerodynamic chord (MAC), 359f, 360
Measuring tools, 23–28
MEK. See Methyl-ethyl-ketone
Metal-cutting tools, 16–22
Metal inert-gas (MIG) welding, 155, 170
Methyl-ethyl-ketone (MEK), 88
Micro-switches, 254. See also Switches



Micrometer calipers, 25–27, 26f
parts, 26f
reading, 26–27, 27f

MIG. See Metal inert-gas welding
Military Standard (MS), 309

rivets, 118
standard parts guide, 312–314

Milling, 72
chemical, 73–74
slab, 87
titanium, 87

Minimum fabric requirements, 49
Minimum fuel, 347
Mirror with ball joint, 265
Miscellaneous fluids, 353
Moisture ingress, 299, 304
Molybdenum, 85, 90–91, 93
Moment, 347
Monel, 164
MS. See Military Standard

 N 
NACA. See National Advisory Committee for Aeronautics
NAF. See Naval Aircraft Factory
NAS Standard. See National Aerospace Standards Committee
National Advisory Committee for Aeronautics (NACA), 136, 138f
National Aerospace Standards Committee (NAS Standard), 262, 309
Naval Aircraft Factory (NAF), 309
NDI. See Nondestructive inspection
NDT. See Nondestructive testing
Neoprene, 207
Neutral flame, 163, 163f
Nickel, 90, 91
Nickel-chromium, 90, 93



Nicopress® process, 228
go-no-go gauge for, 230f
thimble-eye splice, 230f

Nitrate dopes, 48
Nondestructive inspection (NDI), 265
Nondestructive testing (NDT), 265

advanced, 266
comparison, 274f

Normal category rotorcraft, 363
Nuts, 175–181

anchor, 181f
bonding, 252f
castellated, 178f
castle, 176
grounding, 252f
high-temperature self-locking, 178f, 179
installation of, 182–183
low-temperature self-locking, 178f, 179
miscellaneous types, 179–181, 318
nonself-locking, 178f
plain, 178f
safety, 184–185
sheet spring, 180, 181f
standard parts, 318

Nylon cable, 246f

 O 
OEM. See Original equipment manufacturer
Oil-pipe joints, 171
Operating requirements, 364
Original equipment manufacturer (OEM), 366, 367
Orthographic projection, 257, 258f
Oven, 301
Overcut files, 19



Oxidizing flames, 163f, 164
Oxyacetylene flames, 155, 163–164, 163f
Oxyacetylene welding equipment, 158–159, 159f

acetylene, 158–159
oxygen, 159

Oxygen, 159
needle valve, 163
regulator, 159–160, 160f

 P 
Parts of welding, 155–157, 156f
Paste adhesives, 294–295
Patches:

flush, 149–152
lap, 148, 149f
scab, 148, 149f

PEEK. See Polyether ether ketone
Peel ply, 300
Perforated release film, 300
Permalite fittings, 212
Permanent ballast, 359
Permanent records, 371
Permaswage™ fittings, 211

fittings, 212f
repair, 225f

Phased array inspection, 271
equipment, 272f

Phenol formaldehyde, 40
Phenolic resin, 293
Phillips, 11
PIC. See Pilot in command
Pilot holes, 95
Pilot in command (PIC), 345
Pilot Operating Handbook (POH), 356, 366



Pin:
clevis, 317
eye, 328, 330

Piston-engine-powered light airplane, 2f
Pitting corrosion, 281, 281f
Plain washers, 181, 182f
Plain weaves, 292
Pliers, 12–13

cleco, 125f
types, 12f

Plug patch, 46t
Plumbing connections, 209

types, 209
Plywood, 37–40

advantages, 40
structures, 45–46, 46t

Polyester, 293, 300
Polyether ether ketone (PEEK), 293
Portable welding equipment, 159f
Power-operated shear, 83f
Prepreg material, 293–294, 294f

layup, 303
storage of, 303, 304f

Press-brake forming, 67–68
dies, 68f
punches for, 68f

Preventive maintenance, 363
Product:

certification procedures, 361
defined, 361

Progressive inspection, 371
Propellers, 363
Proportions of welding, 157
Pulleys, 233, 235



Punches, 13
for press-brake forming, 68f
rotary, 35, 35f
types, 13f

Pureclad, 58

 Q 
Quasi-isotropic layup, 290f

 R 
Radiography, 272–274, 274f
Razorback, 46, 53t
Reamers, 114–116, 115f
Rebuilding, 363
Records, 368

defined, 361
permanent, 371
temporary, 368–371
weight and balance, 360

Reduced universal head rivet (BACR15FT), 118–122
Reed & Prince, 11, 11f
Reference datum, 3–4. See also Datum
Regulations, maintenance-related, 361–364
Reinforcing tape, 48
Relays, 254–255
Release agents, 300
Relief holes, 80, 80f
Repair:

bulkheads, 153f
damaged plywood structures, 45–46, 46t
forms, 368
Honeycomb sandwich structures, 304
laminate, 304–306
Permaswage™ fittings, 225f



rigid tubing, 224–226
stations, 364
tubing, 224–226

Residual fuel, 347
Residual stress, 168
Resin systems:

curing stages of, 293
mixing two-part, 293
rich, 299
starved, 299
thermosetting, 292–293

Resin transfer molding (RTM), 294
Resorcinol formaldehyde, 40
Return to service (RTS), 368
Rib lacing, 50, 54f–55f
Rigid tubing, 219–223

inspection, 224–226
installation of, 219–221
repair, 224–226

Rivet hole:
location, 95–96
methods, 95–96
preparation, 95–99, 124

Rivet shaver, 115f
Rivet squeezers, 133

portable, 136f
stationary, 136f
warnings, 134

Rivet symbols:
on drawing, 154f, 262–263
examples, 261f–262f
quadrant configuration, 262f

Rivets
basic operation, 118f



blind, 138–145
briles, 117–118, 120f
CherryMax®, 124, 140, 141f–142f, 333–340
code breakdown, 121f
defects, 137f
double flush, 136
drawing symbols on, 262–263
driven, 123f, 125
edge distance, 122, 122f, 147
flush head, 107
guns, 125, 126f–127f
hand, 132–133, 134f
head styles, 120f
hollow pull-through, 139, 139f
icebox, 121–122, 121f
identification, 117, 119f, 326
inspection, 134–136
layout, 124f
length, 122–123
material, 117
mechanical locked-stem self-plugging, 139, 141f
Military Standard (MS) number, 118
National Advisory Committee for Aeronautics (NACA), 136, 138f
operation, 118f
pitch, 123
procedures, 128–131
reduced universal head, 118–122
removing, 136, 138f, 145
self-plugging friction-lock, 139, 140f
sets, 126, 126f
sheet-metal repair, 145–148
solid, 325–326
solid-shank, 117–122
spacing, 123, 124f, 147, 147f



standard parts, 325–326, 335–340
transfer pitch, 123
types, 117
warnings, 129f

Rocker-switches, 254
Rod, welding, 161
Roll forming, 69

passes, 70f
Roll sets, 69
Rotary punches, 35, 35f
Rotary-switches, 254
Rounding corners files, 22
Routing, 72
Roving, 291
RTM. See Resin transfer molding
RTS. See Return to service
Rudder construction, 6f
Rules, 23

steel, 23f

 S 
S-glass, 290
SAE. See Society of Automotive Engineers
Safety, 9–10

bolts, 184–185
Cotter pin, 187
equipment, 161–162, 162f
glasses, 9, 35
nuts, 184–185
screws, 184–185
turnbuckles, 231
weight and balance, 345
wiring, 185, 187f

Satin weaves, 292



Scarf joints, 44, 45f
Scarf patch, 46t
Scarf splice, 44
Screw machines, 71
Screwdrivers, 10–12

types, 11
Screws:

machine, 189–190, 189f, 320–322
safety, 184–185
self-tapping, 190, 323
standard parts, 320–323
structural, 189, 189f
types, 189

Scribers, 24, 24f
Sectional view, 260–261, 261f
Self-tapping screws, 48, 180, 189f

standard parts, 190, 323
Semimonocoque fuselage, 1
Service bulletins (SB), 367
Setting the pressure, 162
Sewing threads, 48
Seyboth tester, 54, 55f
Shaving fasteners, 114
Shearography, 275–276
Shears, 30–31

power-operated, 83f
squaring, 30
throatless, 30–31, 31f

Sheet-metal brake, 32, 32f
Sheet-metal repair, 145–149

approval, 147–148
bulk-head, 153f
of leading edge, 150f
lightening hole, 154f



material thickness, 146
of nonpressurized structure, 151f
patches, 148, 149f, 152
pressurized skin, 152f
rivets, 145–149
typical, 148
wing rib, 154f

Shop equipment, 29–35
miscellaneous, 80–81

Shutting down apparatus, 165
Sickle-shaped Klenk drill, 307f
Sight line, 77–78, 78f
Silicon-manganese, 90
Slab milling, 87
Sleeve:

assembling sleeve-type fittings, 21f, 217
loose, 242f
tight, 242f

Slide calipers, 27, 28f
Slip roll former, 33, 33f
Slope of a grain, 44
Society of Automotive Engineers (SAE), 89
Sockets, 14, 14f–15f
Soft soldering, 170–171
Softwoods, 37, 40
Soldering, 170–171

hard, 170–171
soft, 170–171

Solderless terminals, 241
Solenoids, 254–255
Solid release film, 300
Solid rivets, 325–326
Spark lighter, 162, 162f
Special fasteners, 48



Splayed patch, 46t
Splicing:

staggering, 247f
thimble-eye, 230f
wire bundle, 246–247

Squaring shears, 30
SRM. See Structural repair manual
Stagger welding, 168, 168f
Staining, compression failure, 43
Stainless steel, 91. See also Steel

corrosion, 284f
drilling, 106

Standard parts:
Air Force-Navy standard (AN), 310–311
cable eye, 328
CherryMax® rivets, 333–340
clevis bolts, 316
clevis pin, 317
cliplocking turnbuckle, 327
close-tolerance bolts, 315
cotter pin, 319
eye bolts, 317
fittings, 332–334
flat washer, 319
general-purpose bolts, 315
Hi-Lok®, 342–344
Hi-Tigue®, 343
identification, 309–310
illustrations, 310–334
locknuts, 318
machine screws, 320–322
Military Standard (MS) guide, 312–314
miscellaneous nuts, 318
nuts, 318



patented, 335–344
pin eye, 328, 330
rivets, 325–326, 335–340
screws, 320–323
self-tapping screws, 190, 323
solid rivets, 325–326
swaged stud end, 328–329
swaging terminals, 331
terminals, 328
tinnerman speed nut flat type, 324
Tri-Wing®, 341
turnbuckle assemblies, 330
turnbuckle barrel, 327
turnbuckle clip, 328
turnbuckle fork, 328
U-type, 324

Standard weights, 354, 354f
STC. See Supplemental type certificates
Steel:

cadmium plated locknuts, 318
characteristics of, 90–93
classifications, 90
cobalt, 97
corrosion, 284f
high-carbon, 90
high-speed, 97
low-carbon, 90
medium-carbon, 90
rules, 23f
stainless, 91, 106, 284f
tubing, 205
types, 90–93

Stewart System, 47t
Sticky tape, 300



Stits/Poly-FiberTM, 47t, 49
Strand, 291
Stress:

analysis, 1
corrosion, 283
relief, 89
titanium, 89

Stretch forming, 68–69, 69f
Stringers, 3
Structural members, 3
Structural repair manual (SRM), 145, 366
Structural screws, 189, 189f
SuperfliteTM, 47t, 49
Supplemental operations, 364
Supplemental type certificates (STC), 49, 361, 365, 367f
Support clamps, 224

maximum distance between, 224f
Surfaces:

corrosion, 279, 287
tape, 48
woods, 40

Swaged fittings, 211–212
Swaged stud end, 328

standard parts, 329
Swaging terminals, 227–228

gauge for checking, 229f
standard parts, 331
types, 229f

Switches:
with guard, 254f
micro, 254
rocker, 254
rotary, 254
toggle, 254



Synthetic adhesives, 40
Synthetic fabrics, 48
Synthetic resin adhesives, 43. See also Adhesives

 T 
Tail assembly, 7
Tap test, 274–275

honeycomb sandwich, 275f
Tape, 291

layup, 300
sticky, 300

Tapping, 28–29
code, 132, 133f
hand, 29f
titanium, 88
warnings, 132

Tare weight, 347. See also Weight and balance
TCDS. See Type certificate data sheet
TCs. See Type certificates
TDW. See Total developed width
Tears in fabric, 56, 57f
Tee joints, 155, 157f
Teflon, 207–208
Temper designation system, 60

chart, 61f
Temporary ballast, 358–359. See also Ballast
Temporary records, 368–371
Term residual oil, 347
Terminals:

aluminum, 242
blocks, 242–244, 243f
lugs, 242–244, 243f
preinsulated, 241, 241f
solderless, 241



standard parts, 328
swaging, 227–228, 229f

Testing. See also Nondestructive testing
coin, 274–275
honeycomb sandwich, 275f
hose after assembly, 217–218

Textron 172 aircraft, 365
Thermography, 275
Thimble-eye splicing, 230f
Threaded fastener, 173. See also specific threaded fasteners

classifications, 174–175
coding, 175
fit, 175
identification, 175
materials, 173
miscellaneous, 188
removing, 200
wrenching recesses, 176f

Throatless shears, 30–31, 31f
Tinel™, 213
Titanium, 84–86

corrosion, 86, 284f
designation, 85–86
drilling, 87, 105–106
forming, 89
grinding, 88
machining, 86–87
milling, 87
sawing, 88
stress relief, 89
tapping, 88
treatment of, 86
tubing, 206
welding, 169



working with, 86–87
Titanium alloys, 84–86

drilling, 105–106
Title 14 of the Code of Federal Regulations (14 CFR), 346, 361–364, 362f
Title block, 259–260, 259f
Toggle-switches, 254
Tools. See specific tools
Torch motions, 166, 167f–168f
Torq-Set, 188
Torque tables, 184, 185f

adjusting, 186f
for flared tube fittings, 223f

Torque wrenches, 15
types, 16f

Total developed width (TDW), 79
Transport category airplanes, 363
Tri-Wing®, 188

identification, 188
standard parts, 341

Tube bending, 213–214
examples, 216f
hand, 215f
minimum radii chart, 216f

Tube flaring, 215–216
double, 218f
single, 218f
tools, 217f

Tubing:
aluminum alloy, 205, 206f
cutting, 213, 214f
deburring, 213, 215f
designations, 206
identification, 206
inspection, 224–226



installation of, 219–221
repair, 224–226
rigid, 219–223
sizes, 206–207
steel, 205
titanium, 206

Tungsten, 90
Tungsten electrode, 169
Tungsten inert-gas (TIG), 155, 169–170
Turbine-powered airliner, 2f
Turnbuckles, 230–233

assemblies, 230f, 330
barrel, 327
clip, 328
cliplocking, 327
double-wrap method, 231–233
fork, 328
safety, 231
standard parts, 327–328, 330
wire guide, 232f

Turning, 87
Turret Lathes, 71
Type certificate data sheet (TCDS), 346, 348, 350f, 365, 366f
Type certificates (TCs), 361–362

 U 
Ultrasonic inspection, 269–271, 270f. See also Inspection

pulse-echo, 270–271, 270f
through-transmission, 270, 270f

UNC. See American Standard Unified Coarse
UNF. See American Standard Unified Fine
Unidirectional materials, 291
Upcut files, 19
Urea formaldehyde, 40



Useful load, 347

 V 
Vacuum-assisted resin transfer molding (VARTM), 294

breather material, 294
Vacuum bagging techniques, 299–301, 306f
VARTM. See Vacuum-assisted resin transfer molding
Vertical stabilizer construction, 6f
Vinyl ester, 293
Vise, 30, 30f

 W 
Washers:

flat, 319
lock, 181, 182f
plain, 181, 182f
standard parts, 319

Waterline (WL), 4
station numbers, 5f

Weaves:
plain, 292
satin, 292
styles, 292f

Weigh points, 353
Weighing preparation, 351
Weighing process, 351
Weight and balance, 345–360

aircraft weighing, 347–360
data, 347, 348t
FAA requirements, 345–346
information in TCDS, 350f
records, 360
terminology, 346–347

Weight and Balance Handbook, 345



Welding, 155–171
acceptable motions, 167f
acetylene regulator, 159–160, 160f
adding filler material, 166
aluminum, 169
backfire, 164
brazing, 170–171
correct formation, 157, 157f–158f
distortion, 168
filler rod, 161
flame, 163
flashback, 164
forehand, 166, 167f
forming the puddle, 166
gas welding, 165, 169
gloves, 161
goggles, 161, 162f
hammer grip for, 166f
holding the torch, 165, 165f–166f
inert-gas welding, 169–170
joints, 155, 156f
lighting the torch, 163, 163f
magnesium, 169
metal inert-gas (MIG) welding, 170
oxyacetylene flames, 163–164, 163f
oxyacetylene welding equipment, 158–159, 159f
oxygen regulator, 159–160, 160f
parts, 155–157, 156f
pencil grip for, 165f
processes, 155
proportions, 157
quality, 169
residual stress, 168
rod, 161



safety equipment, 161–162, 162f
setting the pressure, 162
shutting down apparatus, 165
soldering, 170–171
stagger, 168, 168f
titanium, 169
torch motions, 166, 167f–168f
torches, 161, 161f

Wet layup, 293
hand, 293

Wheatstone bridge, 268
Wing rib repair, 154f
Wing spars, 44, 45f
Wing structure, 6–7

all-metal, 6f
Wire bundles, 244–251

slack in, 247f
spliced connections in, 246–247
ties, 246f

Wires:
aluminum, 239
bend radii, 247–248
bending, 247–248
chafing protection, 251
copper, 239
defining, 237
diameter, 238–239
groups, 244–246
harness, 237
identification, 244
inspection, 253
installation, 248–250
manufacturer, 244
markings, 244, 245f–246f



material, 239
plumbing lines separated from, 248–250, 248f
routing, 248–250
safety, 185, 187f
size, 238–239
stripping, 239–240, 240f
support, 248
turnbuckle guide, 232f

WL. See Waterline
Wood:

aircraft, 37
bonding of structures, 40–43
cracks, 43
defects, 42t
dry rot and decay, 41–43
laminated, 40
maximum slope, 44f
repairs, 44–45
species, 38t–39t
substitutions, 37–40, 38t–39t
surfaces, 40
types, 37

Work hardening, 242
Wrenches, 14–15, 14f

torque, 15, 16f

 Z 
Zip-Chem, 285
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