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PREFACE

This handbook was developed and first printed in 1972 as one of a series of
three handbooks for persons preparing for certification as an airframe or powerplant
mechanic. It is intended that this handbook will provide basic information on prin-
ciples, furdamentals and technical procedures in the subject matter areas relating
to the airframe rating. It is designed to aid students enrolled in a formal course of
instruction as well as the individual who is studying on his own. Since the knowl-
edge requirements for the airframe and powerplant ratings closely parallel each
other in some subject areas, the chapters which discuss fire protection systems and
electrical systems contain some material which is also duplicated in the Airframe
and Powerplant Mechanics Powerplant Handbook, AC 65-12A.

This volume contains information on airframe construction features, assembly
and rigging, fabric covering, structural repairs, and aircraft welding. The hand-
book also contains an explanation of the units which make up the various airframe
systems.

Because there are so many different types of aircraft in use today, it is reason-
able to expect that differences exist in airframe components and systems. To avoid
undue repetition, the practice of using representative systems and units is carried
out throughout the handbook. Subject matter treatment is from a generalized point
of view, and should be supplemented by reference to manufacturers’ manuals or
other textbooks if more detail is desired. This handbook is not intended to replace,
substitute for, or supersede official regulations or the manufacturers’ instructions.

Grateful acknowledgement is extended to the manufacturers of engines, pro-
pellers, and powerplant accessories for their cooperation in making material avail-
able for inclusion in this handbook.

Copyright material is used by special permission of the following organizations
and may not be extracted or reproduced without permission of the copyright owner.
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in the DC-10

Aviation Maintenance Foundation, Inc. Air Conditioning
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The advancements in aeronautical technology dictate that an instructional hand-
book must be under continuous review and brought up to date periodically to be
valid. Flight Standards requested comments, from the certificated mechanic schools
on the three handbooks. As a result, the handbooks have been updated to this extent:
indicated errors have been corrected, new material has been added in the areas which
were indicated as being deficient, and some material has becn rearranged to improve
the usefulness of the handbooks.

We would appreciate having errors brought to our attention, as well as receiv-
ing suggestions for improving the usefulness of the handbooks. Your comments and
suggestions will be retained in our files until such time as the next revision will be
accomplished.

Address all correspondence relating to these handbooks to:

U.S. Department of Transportation
Federal Aviation Administration
Flight Standards National Field Office
P.O. Box 25082

Oklahoma City, Oklahoma 73125

The companion handbooks to AC 65-15A are the Airframe and Powerplant
Mechanics General Handbook, AC 65-9A and the Airframe and Powerplant Me-
chanics Powerplant Handbook, AC 65-12A.
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GENERAL

The airframe of a fixed-wing aircraft is generally
considered to consist of five principal units, the
fuselage, wings, stabilizers, flight control surfaces,
and landing gear. Helicopter airframes consist of
the fuselage, main rotor and related gearbox, tail
rotor (on helicopters with a single main rotor), and
the landing gear.

The airframe components are constructed from a
wide variety of materials and are joined by rivets,
bolts, screws, and welding or adhesives. The air-
craft components are composed of various parts
called structural members (i.e., stringers, longerons,
ribs, bulkheads, etc.). Aircraft structural members
are designed to carry a load or to resist stress. A
single member of the structure may be subjected to
a combination of stresses. In most cases the struc-
tural members are designed to carry end loads
rather than side loads: that is, to be subjected to
tension or compression rather than bending.

Strength may be the principal requirement in cer-
tain structures, while others need entirely different
qualities. For example, cowling, fairing, and simi-
lar parts usually are not required to carry the
stresses imposed by flight or the landing loads.
However, these parts must have such properties as
neat appearance and streamlined shapes.

MAJOR STRUCTURAL STRESSES

In designing an aircraft, every square inch of
wing and fuselage, every rib, spar, and even 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 determi-
nation of such loads is called stress analysis. Al-
though planning the design is not the function of
the aviation mechanic, it is, nevertheless, important
that he understand and appreciate the stresses in-
volved in order to avoid changes in the original
design through improper repairs.

There are five major stresses to which all aircraft
are subjected (figure 1-1):

CHAPTER 1
AIRCRAFT STRUCTURES

(1) Tension.

(2) Compression.
(3) Torsion.

(4) Shear.

(5) Bending.

The term “stress” is often used interchangeably
with the word “strain.” Stress is an internal force
of a substance which opposes or resists deforma.
tion. Strain is the deformation of a material or
substance. Stress, the internal force, can cause
strain.

Tension (figure 1-1a) is the stress that resists a
force that tends to pull apart. The engine pulls the
aircraft forward, but air resistance tries to hold it
back. The result is tension, which tries to stretch
the aircraft. The tensile strength of a material is
measured in p.s.i. (pounds per square inch) and is
calculated by dividing the load (in pounds) re-
quired to pull the material apart by its cross-sec-
tional area (in square inches).

Compression (figure 1-1b) is the stress that res-
ists a crushing force. The compressive strength of a
material is also measured in p.s.i. Compression is
the stress that tends to shorten or squeeze aircraft
parts.

Torsion is the stress that produces twisting (figure
1-1c). While moving the aircraft forward, the en-
gine also tends to twist it to one side, but other
aircraft components hold it on course. Thus, torsion
is created. The torsional strength of a material is its
resistance to twisting or torque.

Shear is the stress that resists the force tending
to cause one layer of a material to slide over an
adjacent layer. Two riveted plates in tension (figure
1-1d) subject the rivets to a shearing force.
Usually, the shearing strength of a material is either
equal to or less than its tensile or compressive
strength. Aircraft parts, especially screws, bolts, and
rivets, are often subject to a shearing force.

Bending stress is a combination of compression
and tension. The rod in figure 1-le has been short-
ened (compressed) on the inside of the bend and
stretched on the outside of the bend.



(a) Tension

. (c) Torsional

(b) Compression

(d) Shear

Tension outside of bend

Bent structural member

Shear along
imaginary line (dotted)

(¢) Bending (the combination stress)

Ficure 1-1. Five stresses acting on an aircraft.

FIXED-WING AIRCRAFT

The principal components of a single-engine, pro-
peller-driven aircraft are shown in figure 1-2.

Figure 1-3 illustrates the structural components
of a typical turbine powered aircraft. One wing and
the empennage assemblies are shown exploded into
the many components which, when assembled, form
major structural units.

FUSELAGE

The fuselage is the main structure or body of the
aircraft. It provides space for cargo, controls, acces-
sories, passengers, and other equipment. In single-
engine aircraft, it also houses the powerplant. In

multi-engine aircraft the engines may either be in
the fuselage, attached to the fuselage, or suspended
from the wing structure. They vary principally in
size and arrangement of the different compartments.

There are two general types of fuselage construc-
tion, the truss type, and the monocoque type. A
truss is a rigid framework made up of members
such as beams, struts, and bars to resist deforma-
tion by applied loads. The truss-framed fuselage is
generally covered with fabric.

Truss Type

The truss type fuselage frame (figure 1-4) is
usually constructed of steel tubing welded together
in such a manner that all members of the truss can
carry both tension and compression loads. In some
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aircraft, principally the light, single-engine models,
truss fuselage frames are constructed of aluminum
alloy and may be riveted or bolted into one piece,

with cross-bracing achieved by using solid rods or
tubes.

Monocoque Type

The monocoque (single shell) fuselage relies
largely on the strength of the skin or covering to
carry the primary stresses. The design may be di-
vided into three classes: (1) Monocoque, (2) semi-
monocoque, or (3) reinforced shell. The true mono-
coque construction (figure 1-5) uses formers,
frame assemblies, and bulkheads to give shape to
the fuselage, but the skin carries the primary
stresses. Since no bracing members are present, the
skin must be strong enough to keep the fuselage
rigid. Thus, the biggest problem involved in mono-
coque construction is maintaining enough strength
while keeping the weight within allowable limits.

To overcome the strength/weight problem of
monocoque construction, a modification called semi-
monocoque construction (figure 1-6) was devel-

oped.

In addition to formers, frame assemblies, and
bulkheads, the semimonocoque construction has the
skin reinforced by longitudinal members. The rein-
forced shell has the skin reinforced by a complete
framework of structural members. Different por-
tions of the same fuselage may belong to any one of
the three classes, but most aircraft are considered to
be of semimonocoque type construction.

Semimonocoque Type

The semimonocoque fuselage is constructed pri-
marily of the alloys of aluminum and magnesium,
although steel and titanium are found in areas of
high temperatures. Primary bending loads are taken
by the longerons, which usually extend across sev-
eral points of support. The longerons are supple-
mented by other longitudinal members, called
stringers. Stringers are more numerous and lighter
in weight than longerons. 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 stabiliz-
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Ficure 1-4. Warren truss of welded tubular steel.

ers. Figure 1-7 shows one form of the semi-
monocoque design now in use.
The stringers are smaller and lighter than longe-

rons and serve as fill-ins. They have some rigidity,
but are chiefly used for giving shape and for attach-
ment of the skin. The strong, heavy longerons hold
the bulkheads and formers, and these, in turn, hold
the stringers. All of these joined together form a
rigid fuselage framework.

There is often little difference between some
rings, frames, and formers. One manufacturer may
call a brace a former, whereas another may call the
same type of brace a ring or frame. Manufacturers’
instructions and specifications for a specific aircraft
are the best guides.

Stringers and longerons prevent tension and com-
pression from bending the fuselage. Stringers are
usually of a one-piece aluminum alloy construction,
and are manufactured in a variety of shapes by
casting, extrusion, or forming. Longerons, like
stringers, are usually made of aluminum alloy; how-



Ficuex 1-5. Monocoque construction.

Ficure 1-6. Semimonocoque construction.

ever, they may be of either a one-piece or a built-up
construction.

By themselves, the structural members discussed
do not give strength to a fuselage. They must first
be joined together by such connective devices as
gussets, rivets, nuts and bolts, or metal screws. A
gusset (figure 1-7) is a type of connecting bracket.
The bracing between longerons is often referred to
as web members. They may be installed vertically or
diagonally.

The metal skin or covering is riveted to the lon-
gerons, bulkheads, and other structural members
and carries part of the load. The fuselage skin
thickness will vary with the load carried and the
stresses sustained at a particular location.

There are a number of advantages in the use of
the semimonocoque fuselage. The bulkheads,
frames, stringers, and longerons facilitate the de-
sign and construction of a streamlined fuselage, and
add to the strength and rigidity of the structure.
The main advantage, however, lies in the fact that it

Ficure 1-7. Fuselage structural members.

does not depend on a few members for strength and
rigidity. This means that a semimonocoque fuselage,
because of its stressed-skin construction, may with-
stand considerable damage and still be strong
enough to hold together.

Fuselages are generally comstructed in two or
more sections. On small aircraft, they are generally
made in two or three sections, while larger aircraft
may be made up of as many as six sections.

Quick access to the accessories and other equip-
ment carried in the fuselage is provided for by
numerous access doors, inspection plates, landing
wheel wells, and other openings. Servicing diagrams
showing the arrangement of equipment and location
of access doors are supplied by the manufacturer in

the aircraft maintenance manual.

Location Numbering Systems

There are various numbering systems in use to
facilitate 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 air-
craft 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 in. behind the nose
of the aircraft. A typical station diagram is shown
in figure 1-8.

To locate structures to the right or left of the
center line of an aircraft, many manufacturers con-
sider the center line as a zero station for structural
member location to its right or left. With such a
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system the stabilizer frames can be designated as
being so many inches right or left of the aircraft
center line.

The applicable manufacturer’s numbering system
and abbreviated designations or symbols should al-
ways be reviewed before attempting to locate a
structural member. The following list includes loca-
tion designations typical of those used by many
manufacturers.

(1) Fuselage stations (Fus. Sta. or F.S.) are
numbered in inches from a reference or
zero point known as the reference datum.
The reference datum is an imaginary ver-
tical plane at or near the nose of the
aircraft from which all horizontal dis-
tances are measured. The distance to a
given point is measured in inches paral-
lel to a center line extending through the
aircraft from the nose through the center
of the tail cone. Some manufacturers
may call the fuselage station a body sta-
tion, abbreviated B.S.

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

(3) Water line (W.L.) is the measurement of
height in inches perpendicular from a
horizontal plane located a fixed number
of inches below the bottom of the air-
craft fuselage.

(4) Aileron station (A.S.) is measured out-
board from, and parallel to, the inboard
edge of the aileron, perpendicular to the
rear beam of the wing.

(5) Flap station (F.S.) is measured perpen-v

dicular to the rear beam of the wing and
parallel to, and outboard from, the in-
board edge of the flap.

(6) Nacelle station (N.C. or Nac. Sta.) is
measured either forward of or behind
the front spar of the wing and perpendic-
ular to a designated water line,

In addition to the location stations listed above,
other measurements are used, especially on large
aircraft. Thus, there may be horizontal stabilizer
stations (H.S.S.), vertical stabilizer stations
(V.S.S.) or powerplant stations (P.P.S.). In every
case the manufacturer’s terminology and station lo-
cation system should be consulted before locating a
point on a particular aircraft.

WING STRUCTURE

The wings of an aircraft are surfaces which are
designed to produce lift when moved rapidly
through the air. The particular design for any given
aircraft depends on a number of factors, such as
size, weight, use of the aircraft, desired speed in
flight and at landing, and desired rate of climb. The
wings of a fixed-wing aircraft are designated left
and right, corresponding to the left and right sides
of the operator when seated in the cockpit.

The wings of some aircraft are of cantilever de-
sign; 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,
wires, etc.) to assist in supporting the wing and
carrying the aerodynamic and landing loads. Both
aluminum alloy and magnesium alloy are 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). The spars are the principal struc-
tural members of the wing. The skin is attached to
the internal members and may 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
multi-engine aircraft, the nacelles or pylons.

The wing, like the fuselage, may be constructed
in sections. One commonly used type is made up of
a center section with outer panels and wing tips.
Another arrangement may have wing stubs as an
integral part of the fuselage in place of the center
section.

Inspection openings and access doors are pro-
vided, usually on the lower surfaces of the wing.
Drain holes are also placed in the lower surface to
provide for drainage of accumulated moisture or
fluids. On some aircraft built-in walkways are pro-
vided on the areas where it is safe to walk or step.
On some aircraft jacking points are provided on the
underside of each wing,
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Tapered leading
and trailing edges

Tapered leading edge,
straight trailing edge
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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.

In general, wing construction is based on one of
three fundamental designs: (1) Monospar, (2) mul-
ti-spar, or (3) box beam. Modifications of these
basic designs may be adopted by various manufac-
turers.

The monospar wing incorporates only one main
longitudinal member in its construction. Ribs or
bulkheads supply the necessary contour or shape to
the airfoil. Although the strict monospar wing is
not common, this type of design, modified by the
addition of false spars or light shear webs along the
trailing edge as support for the control surfaces, is
sometimes used.

The multi-spar wing incorporates more than one
main longitudinal member in its construction. To
give the wing contour, ribs or bulkheads are often
included.

The box beam type of wing construction uses two
main longitudinal members with connecting bulk-
heads to furnish additional strength and to give
contour to the wing. A corrugated sheet may be

A

Delta wing

a

D)

Sweptback
wings

Straight leading and
trailing edges

Straight leading edge,
tapered trailing edge

Frcurx 1-9. Typical wing leading and trailing edge shapes.



placed between the bulkheads and the smooth outer
skin so that the wing can better carry tension and
compression loads. In some cases, heavy longitudi-
nal stiffeners are substituted for the corrugated
sheets. A combination of corrugated sheets on the
upper surface of the wing and stiffeners on the
lower surface is sometimes used.

Wing Configurations

Depending on the desired flight characteristics,
wings are built in many shapes and sizes. Figure
1-9 shows a number of typical wing leading and
trailing edge shapes.

In addition to the particular configuration of the
leading and trailing edges, wings are also designed
to provide certain desirable flight characteristics,
such as greater lift, balance, or stability. Figure
1-10 shows some common wing forms.

Features of the wing will cause other variations
in its design. The wing tip may be square, rounded,
or even pointed. Both the leading edge and the
trailing edge of the wing may be straight or curved,
or one edge may be straight and the other curved.
In addition, one or both edges may be tapered so
that the wing is narrower at the tip than at the root
where it joins the fuselage. Many types of modern
aircraft employ sweptback wings (figure 1-9).

Wing Spars

The main structural parts of a wing are the spars,
the ribs or bulkheads, and the stringers or stiffe-
ners, as shown in figure 1-11.

Spars are the principal structural members of the
wing. They correspond to the longerons of the fuse-
lage. They run parallel to the lateral axis, or toward
the tip of the wing, and are usually attached to the
fuselage by wing fittings, plain beams, or a truss
system,

0 -0

Low wing Dihedral
19 —O—
High wing Mid wing

——

Gull wing

— O

Inverted gull

Ficure 1-10. Common wing forms.

Wooden spars can be generally classified into
four different types by their cross sectional configu-
ration. As shown in figure 1-12, they may be partly
hollow, in the shape of a box, solid or laminated,
rectangular in shape, or in the form of an I-beam.

Spars may be made of metal or wood depending
on the design criteria of a specific aircraft. Most
aircraft recently manufactured use spars of solid
extruded aluminum or short aluminum extrusions
riveted together to form a spar.

The shape of most wooden spars is usually simi-
lar to one of the shapes shown in figure 1-12. The
rectangular form, figure 1-12A, can be either
solid or laminated. Figure 1-12B is an I-beam
spar that has been externally routed on both
sides to reduce weight while retaining adequate
strength. A box spar, figure 1-12C, is built up from
plywood and solid spruce. The I-beam spar, figure
1-12D, may be built up of wood or manufac-

Ficure 1-11. Internal wing construction.
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Ficure 1-12. Typical spar cross sectional configurations.

tured by an aluminum extrusion process. The I-
beam construction for a spar usually consists of a
web (a deep wall plate) and cap strips, which are
extrusions or formed angles. The web forms the
principal depth portion of the spar. Cap strips are
extrusions, formed angles, or milled sections to
which the web is attached. These members carry the
loads caused by the wing bending and also provide
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a foundation for attaching the skin. An example of
a hollow or internally routed spar is represented in
figure 1-12E.

Figure 1-13 shows the basic configuration of
some typical metal spars. Most metal spars are built
up from extruded aluminum alloy sections, with
riveted aluminum alloy web sections to provide
extra strength.

Ficure 1-13. Metal spar shapes.

Although the spar shapes of figure 1-13 are typi-
cal of most basic shapes, the actual spar configura-
tion may assume many forms. For example, a spar
may have either a plate or truss type web. The plate
web (figure 1-14) consists of a solid plate with
vertical stiffeners which increase the strength of the
web. Some spar plate webs are constructed differ-
ently. Some have no stiffeners; others contain
flanged holes for reducing weight. Figure 1-15
shows a truss spar made up of an upper cap, a
lower cap, and connecting vertical and diagonal
tubes.

A structure may be designed so as to be consid-
ered “fail-safe.” In other words, should one member
of a complex structure fail, some other member

would assume the load of the failed member.

A spar with “fail-safe” construction is shown in
figure 1-16. This spar is made in two sections. The
top section consists of a cap, riveted to the upper
web plate. The lower section is a single extrusion,
consisting of the lower cap and web plate. These
two sections are spliced together to form the spar.
If either section of this type of spar breaks, the
other section can still carry the load, which is the
“fail-safe” feature.

As a rule, a wing has two spars. One spar is
usually located near the front of the wing, and the
other about two-thirds of the distance toward the
wing’s trailing edge. Regardless of type, the spar is
the most important part of the wing. When other
structural members of the wing are placed under
load, they pass most of the resulting stress on to the
wing spars.
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Ficure 1-14. Plate web wing spar.
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Ficure 1-15. Truss wing spar.

Frcure 1-16. Wing spar with “fail-safe” construction.

Wing Ribs

Ribs are the structural crosspieces that make up
the framework of the wing. They usually extend
from the wing leading edge to the rear spar or to
the trailing edge of the wing. The ribs give the
wing its cambered shape and transmit the load from
the skin and stringers to the spars. Ribs are also
used in ailerons, elevators, rudders, and stabilizers.

Ribs are manufactured from wood or metal. Ei-
ther wood or metal ribs are used with wooden spars
while metal ribs are usually used with metal spars.
Some typical wooden ribs, usually manufactured
from spruce, are shown in figure 1-17.

Ficure 1-17. Typical wooden ribs.

The most common types of wooden ribs are the
plywood web, the lightened plywood web, and the
truss types. Of these three types, the truss type is
the most efficient, but it lacks the simplicity of the
other types.

The wing rib shown in Figure 1-17A is a truss
type, with plywood gussets on both sides of the rib
and a continuous rib cap around the entire rib. Rib
caps, often called cap strips, are usually made of the
same material as the rib itself, especially when
using wooden ribs. They stiffen and strengthen the
rib and provide an attaching surface for the rib
covering.

A lightened plywood web rib is illustrated in
figure 1~17B. On this type the cap strip may be
laminated, especially at the leading edge. Figure
1-17C shows a rib using a continuous gusset, which
provides extra support throughout the entire rib
with very little additional weight.
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A continuous gusset stiffens cap strips in the
plane of the rib. This aids in preventing buckling
and helps to obtain better rib/skin glue joints
where nail-gluing is used because such a rib can
resist the driving force of nails better than the
other types. Continuous gussets are more easily
handled than the many small separate gussets other-
wise required.

Figure 1-18 shows the basic rib and spar struc-
ture of a wooden wing frame, together with some of
the other wing structural members. In addition to
the front and rear spars, an aileron spar, or false
spar, is shown in figure 1-18. This type of spar
extends only part of the spanwise length of the
wing and provides a hinge attachment point for the
aileron.

Various types of ribs are also illustrated in figure
1-18. In addition to the wing rib, sometimes called
“plain rib” or even “main rib,” nose ribs and the
butt rib are shown. A nose rib is also called a false
rib, since it usually extends from the wing leading
edge to the front spar or slightly beyond. The nose
ribs give the wing leading edge area the necessary
curvature and support. The wing rib, or plain rib,
extends from the leading edge of the wing to the
rear spar and in some cases to the trailing edge of
the wing. The wing butt rib is normally the heavily
stressed rib section at the inboard end of the wing

Wing P | eading edge strip

Front spar

Nose rib or false rib

near the attachment point to the fuselage. Depend-
ing on its location and method of attachment, a butt
rib may be called a bulkhead rib or a compression
rib, if it is designed to receive compression loads
that tend to force the wing spars together.

Since the ribs are laterally weak, they are
strengthened in some wings by tapes that are woven
above and below rib sections to prevent sidewise
bending of the ribs.

Drag and antidrag wires (figure 1-18) are criss-
crossed between the spars to form a truss to resist
forces acting on the wing in the direction of the
wing chord. These tension wires are also referred to
as tie rods. The wire designed to resist the back-
ward forces is called a drag wire; the antidrag wire
resists the forward forces in the chord direction.

The wing attachment fittings, shown in figure
1-18, provide a means of attaching the wing to the
aircraft fuselage.

The wing tip is often a removable unit, bolted to
the outboard end of the wing panel. One reason for
this is the vulnerability of the wing tips to damage,
especially during ground handling and taxiing.

Figure 1-19 shows a removable wing tip for a
large aircraft wing. The wing-tip assembly is of
aluminum alloy construction. The wing-tip cap is
secured to the tip with countersunk screws and is

Antidrag wire
or tie rod

Drag wire or tie rod
1
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Ficure 1-18. Basic rib and spar structure.



secured to the interspar structure at four points  and are not directly visible from the cockpit. As an
with 14-in. bolts. The tip leading edge contains the  indication that the wing tip light is operating, some
heat anti-icing duct. Wing-heated air is exhausted  wing tips are equipped with a lucite rod to transmit
through a louver on the top surface of the tip. Wing  the light to the leading edge.

position lights are located at the center of the tip Figure 1-20 shows a cross sectional view of an

Access door

Points of attachment
to front and rear
spar fittings (2 upper,

2 lower)

Upper skin

Wing tip navigation
light

Anti-icing
Leading edge exhaust air outlet
outer skin Heat duct Wing cap
Reflector rod

Corrugated inner skin

Ficurk 1-19. Removable wing tip.

Ficure 1-20. All-metal wing with chemically milled channels.

12



all-metal full cantilever (no external bracing) wing
section. The wing is made up of spars, ribs, and
lower and upper wing skin covering. With few ex-
ceptions, wings of this type are of the stressed-skin
design (the skin is part of the wing structure and
carries part of the wing stresses).

The top and bottom wing skin covers are made
up of several integrally stiffened sections. This type
of wing construction permits the installation of
bladder-type fuel cells in the wings or is sealed to
hold fuel without the usual fuel cells or tanks. A
wing which is constructed to allow it to be used as
a fuel cell or tank is referred to as a “wet-wing.”

A wing that uses a box-beam design is shown in
figure 1-21. This type of construction not only in-
creases strength and reduces weight, but it also
enables the wing to serve as a fuel tank when prop-
erly sealed.

Ficure 1-21. Box-beam milled wing.

Both aluminum honeycomb and fiber glass honey-
comb sandwich material are commonly used in the
construction of wing and stabilizer surfaces, bulk-
heads, floors, control surfaces, and trim tabs. Alu-
inum honeycomb material is made of aluminum
foil honeycomb core, bonded between sheets of alu-
minum. Fiber glass honeycomb material consists of
fiber glass honeycomb core bonded between layers
of fiber glass cloth.

In the construction of large aircraft structures,
and in some small aircraft as well, the honeycomb
sandwich structure employs either aluminum or
reinforced plastic materials. Honeycomb panels are
usually a lightweight cellular core sandwiched be-
tween two thin skins or facing materials such as
aluminum, wood, or plastic.

Aircraft honeycomb material is manufactured in
various shapes, but is usually of the constant thick-
ness or tapered core types. An example of each is
shown in figure 1-22.
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Ficure 1-22. Constant-thickness and tapered-core
honeycomb sections.

Figure 1-23 shows a view of the upper surface of
a large jet transport wing. The various panels man.
ufactured from honeycomb material are outlined by
diagonal lines and labeled.

Still another type of construction is illustrated in
figure 1-24. In this case the sandwich structure of
the wing leading edge is bonded to the metal spar.
Also shown is the integrally bonded deicer panel.

NACELLES OR PODS

Nacelles or pods are streamlined enclosures used
on multi-engine aircraft primarily to house the en-
gines. They are round or spherical in shape and are
usually located above, below, or at the leading edge
of the wing on multi-engine aircraft. If an aircraft
has only one enginé, it is usually mounted at the
forward end of the fuselage, and the nacelle is the
streamlined extension of the fuselage.

An engine nacelle or pod consists of skin, cowl-
ing, structural members, a firewall, and engine
mounts, Skin and cowling cover the outside of the
nacelle. Both are usually made of sheet aluminum
alloy, stainless steel, magnesium, or titanium. Re-
gardless of the material used, the skin is usually
attached to the framework by rivets.

The framework usually consists of structural
members similar to those of the fuselage. The
framework includes lengthwise members, such as
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Frcure 1-23. Honeycomb wing construction on a large jet transport aircraft.

longerons and stringers, and widthwise/vertical
members, such as bulkheads, rings, and formers.

A nacelle or pod also contains a firewall which
separates the engine compartment from the rest of
the aircraft. This bulkhead is usually made of stain-
less steel sheet metal, or as in some aircraft, of
titanium.

Another nacelle or pod member is the engine
mount. The mount is usually attached to the fire-
wall, and the engine is attached to the mount by
nuts, bolts, and vibration-absorbing rubber cush-
ions or pads. Figure 1-25 shows examples of a
semimonocoque and a welded tubular steel engine
mount used with reciprocating engines.

Engine mounts are designed to meet particular
conditions of installation, such as the location and
the method of attachment of the engine mount and
the size, type, and characteristics of the engine it is
intended to support. An engine mount is usually
constructed as a single unit which can be detached
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quickly and easily from the remaining structure.
Engine mounts are commonly made of welded chro-
me/molybdenum steel tubing, and forgings of chro-
me/nickel/molybdenum are used for the highly
stressed fittings.

To reduce wind resistance during flight, the land-
ing gear of most high-speed or large aircraft is
retracted (drawn up into streamlined enclosures).
The part of the aircraft which receives or encloses
the landing gear as it retracts is called a wheel well.
In many instances, the wheel well is part of the
nacelle; however, on some aircraft the landing gear
retracts into the fuselage or wing.

Cowling

Cowling usually refers to the detachable covering
of those areas into which access must be gained
regularly, such as engines, accessory sections, and
engine mount or firewall areas. Figure 1-26 shows
an exploded view of the pieces of cowling for a
horizontally opposed engine on a light aircraft.
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Ficure 1-24. Leading edge sandwich material bonded to metal wing member.

Ficunz 1-25. Semimonocoque and welded tubular
steel engine mounts.

Some large reciprocating engines are enclosed by
“orange-peel” cowl panels. The cowl panels are at-
tached to the firewall by mounts which also serve as
hinges when the cowl is opened (figure 1-27).

The lower cowl mounts are secured to the hinge
brackets by pins which automatically lock in place,
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Ficure 1-26. Cowling for horizontally opposed engine.

but can be removed by simply pulling on a ring.
The side panels are held open by short rods; the
top panel is held open by a longer rod, and the
lower panel is restrained in the “open™ position by
a spring and cable.

All four panels are locked in the “closed” posi-
tion by over-center steel latches, which are secured



Ficure 1-27. “Orange-peel” cowling opened.

in the closed position by spring-loaded safety
catches. Cowl panels are generally of aluminum
alloy construction; however, stainless steel is gener-
ally used as the inner skin aft of the power section,
for cowl flaps and near the cowl flap openings, and
for oil cooler ducts.

On turbojet engine installations, cowl panels are
designed to provide a smooth airflow over the en-
gines and to protect the engine from damage. The
entire engine cowling system includes a nose cowl,
upper and lower hinged removable cowl panels, and
fixed cowl panel. Typical upper and lower hinged
removable panels are shown in figure 1-28.

EMPENNAGE

The empennage is also called the tail section and
most aircraft designs consist of a tail cone, fixed
surfaces, and movable surfaces.
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The tail cone serves to close and streamline the
aft end of most fuselages. The cone is made up of
structural members (figure 1-29) like those of the
fuselage; however, cones. are usually of lighter con-
struction since they receive less stress than the fuse-
lage.

Other components of the typical empennage are
of heavier construction than the tail cone. These
members include fixed surfaces that help steady the
aircraft and movable surfaces that help to direct an
aircraft’s flight. The fixed surfaces are the horizon-
tal and vertical stabilizers. The movable surfaces
are usually a rudder and elevators.

Figure 1-30 shows how the vertical surfaces are
braced, using spars, ribs, stringers, and skin in a
similar manner to the systems used in a wing.

Stress in an empennage is also carried like stress
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Ficure 1-28. Side-mounted turbojet engine cowling.

in a wing. Bending, torsion, and shear, created by
airioads, pass from one structural member to an-
other. Each member absorbs some of the stress and
passes the remainder to other members. The over-
load of stress eventually reaches the spars, which
transmit it to the fuselage structure.

Ficure 1-29. The fuselage terminates in a tail cone.
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FLIGHT CONTROL SURFACES

The directional control of a fixed-wing aireraft
takes place around the lateral, longitudinal, and
vertical axes by means of flight control surfaces.
These control devices are hinged or movable sur-
faces through which the attitude of an aircraft is
controlled during takeoff, flight, and landing. They
are usually divided into two major groups, the pri-
mary or main, and the auxiliary control surfaces.

The primary group of flight control surfaces con-
sists of ailerons, elevators, and rudders. Ailerons
are attached to the trailing edge of both wings of
an aircraft. Elevators are attached to the trailing
edge of the horizontal stabilizer. The rudder is
hinged to the trailing edge of the vertical stabilizer.

Primary control surfaces are similar in construc-
tion and vary only in size, shape, and methods of
attachment. In construction, control surfaces are
similar to the all-metal wing. They are usually made
of an aluminum alloy structure built around a sin-
gle spar imember or torque tube. Ribs are fitted to
the spar at the leading and trailing edges and are
joined together with a metal strip. The ribs, in
many cases, are formed from flat sheet stock. They
are seldom solid; more often, the formed, stamped-
out ribs are reduced in weight by holes which are
punched in the metal.

The control surfaces of some aircraft are fabric
covered. However, all turbojet powered aircraft
have metal-covered surfaces for additional strength.

The control surfaces previously described can be
considered conventional, but on some aircraft, a
control surface may serve a dual purpose. For ex-
ample, one set of control surfaces, the elevons, com-
bines the functions of both ailerons and elevators.
Flaperons are ailerons which can also act as flaps.
A movable horizontal tail section is a control sur-
face which supplies the action of both the horizon-
tal stabilizer and the elevators.

The secondary or auxiliary group of control sur-
faces consists of such members as trim tabs, balance
tabs, servo tabs, flaps, spoilers, and leading edge
devices. Their purpose is to reduce the force re-
quired to actuate the primary controls, to trim and
balance the aircraft in flight, to reduce landing
speed or shorten the length of thie landing roll, and
to change the speed of the aircraft in flight. They
are usually attached to, or recessed in, the main
control surfaces.

Allerons
Ailerons are primary control surfaces which

18

make up part of the total wing area. They are
movable through a pre-designed arc and are usually
hinged to the aileron spar or rear wing spar. The
ailerons are operated by a lateral (side-to-side)
movement of the aircraft control stick, or a turning
motion of the wheel on the yoke.

In a conventional configuration, one aileron is
hinged to the outboard trailing edge of each wing.
Figure 1-31 shows the shape and location of typical
small-aircraft ailerons on various wing-tip designs.

> =
> =

Ficure 1-31. Aileron location on various wing-tip designs.

The ailerons are interconnected in the control
system to operate simultaneously in opposite direc-
tions. As one aileron moves downward to increase
lift on its side of the fuselage, the aileron on the
opposite side of the fuselage moves upward to de-
crease lift on its side. This opposing action results
in more lift being produced by the wing on one side
of the fuselage than on the other, resulting in a
controlled movement or roll due to unequal aero-
dynamic forces on the wings.

An end view of a typical metal rib in an aileron
is shown in figure 1-32. The hinge point of this
type of aileron is behind the leading edge of the
aileron to provide a more sensitive response to con-
trol movements. The horns attached to the aileron
spar are levers to which the aileron control cables
are secured.
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Ficure 1-32. End view of aileron rib.

Large aircraft may use all-metal ailerons, except
for fiber glass trailing edges, hinged to the rear
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wing spar in at least four places. Figure 1-33 shows
several examples of aileron installation.
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Ficure 1-33. Aileron hinge locations.

All the control surfaces of a large turbojet air-
craft are shown in figure 1-34. As illustrated, each
wing has two ailerons, one in the conventional posi-
tion at the outboard trailing edge of the wing and
another hinged to the trailing edge of the wing
center section.

The complex lateral control system in large turbo-
jet aircraft is far more sophisticated than the type
employed in a light airplane. During low-speed
flight all lateral control surfaces operate to provide
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maximum stability. This includes all four ailerons,
flaps, and spoilers. At high speeds, flaps are re-
tracted and the outboard ailerons are locked out of
the aileron control system.

The major part of the skin area of the inboard
ailerons is aluminum honeycomb panels. Exposed
honeycomb edges are covered with sealant and pro-
tective finish. The aileron nose tapers and extends
forward of the aileron hinge line. Each inboard
aileron is positioned between the inboard and out-
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board flaps at the trailing edge of the wing. The
aileron hinge supports extend aft and are attached
to aileron hinge bearings to support the aileron.
The outboard ailerons are made up of a nose
spar and ribs covered with aluminum honeycomb
panels. A continuous hinge attached to the forward

edge of the nose is grooved to mate with the hem of
a fabric seal.

The outboard ailerons are located in the trailing
edge of each outboard wing section. Hinge supports
extend aft from the wing and are attached to the
aileron hinge bearing to support the aileron. The
nose of the aileron extends into a balance chamber
in the wing and is attached to balance panels.

Aileron balance panels (figure 1-35) reduce the
force necessary to position and hold the ailerons.
The balance panels may be made of aluminum hon-
eycomb skin bonded to an aluminum frame, or of

Balance panel

b

aluminum skin-covered assemblies with hat-section
stiffeners. Clearance between the aileron nose and
wing structure provides a controlled airflow area
necessary for balance panel action. Seals attached
to the panels control air leakage.

Air loads on the balance panels (figure 1-35)
depend on aileron position. When the ailerons are
moved during flight to either side of the streamline
position, differential pressure is created across the
balance panels. This differential pressure acts on
the balance panels in a direction that assists aileron
movement. Full balance panel force is not required
for small angles of aileron displacement because the
manual force necessary to rotate the control tab
through small angles is slight. A controlled air
bleed is progressively decreased as the aileron dis-
placement angle is increased. This action increases
the differential air pressure on the balance panels as

Control tab

AILERON

Ficure 1-35. Aileron balance panel.

the ailerons rotate from the streamline position. The
increasing load on the balance panel counteracts the
increasing load on the ailerons.

Auxiliary Wing Flight Surfaces

The ailerons are the primary wing flight surfaces.
Auxiliary wing flight surfaces include trailing edge
flaps, leading edge flaps, speed brakes, spoilers, and
leading edge slats. The number and type of auxil-
iary wing flap surfaces on an aircraft vary widely,
depending on the type and size of aircraft.

Wing flaps are used to give the aircraft extra lift.
They reduce the landing speed, thereby shortening
the length of the landing rollout to facilitate land-
ing in small or obstructed areas by permitting the
gliding angle to be increased without greatly in-
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creasing the approach speed. In addition, the use of
flaps during takeoff reduces the length of the take-
off run.

Most flaps are hinged to the lower trailing edges
of the wings, inboard of the ailerons. Leading edge
flaps are also used, principally on large high-speed
aircraft. When they are in the “up” (or retracted)
position, they fair in with the wings and serve as
part of the wing trailing edge. When in the “down”
(or extended) position, the flaps pivot on the hinge
points and drop to about a 45° or 50° angle with
the wing chord line. This increases the wing camber
and changes the airflow, providing greater lift.

Some common types of flaps are shown in figure
1-36. The plain flap (figure 1-36A) forms the trail-
ing edge of the wing when the flap is in the up (or



A. Plain flap (down)

B. Split flap (down)

C. Fowler flap (down)
Ficure 1-36. Wing flaps.

retracted) position. It contains both the upper and
lower surface of the wing trailing edge.

The plain split flap (figure 1-36B) is normally
housed flush with the undersurface of the wing. It
is similar to a plain flap except that the upper
surface of the wing extends to the flap trailing edge
and does not droop with the flap. This flap is also
called the split-edge flap. It is usually just a braced,
flat metal plate hinged at several points along its
leading edge.

Aircraft requiring extra wing area to aid lift
often use Fowler flaps (figure 1-36C). This system
houses the flaps flush under the wings much as does
the plain split flap system. But, instead of the flaps
hinging straight down from a stationary hinge line,
worm-gear drives move the flaps leading edge rear-
ward as the flaps droop. This action provides nor-
mal flap effect, and, at the same time, wing area is
increased when the flaps are extended.

An example of a triple-slotted segmented flap
used on some large turbine aircraft is shown in
figure 1-37. This type of trailing edge flap system
provides high lift for both takeoff and landing.
Each flap consists of a foreflap, a mid-flap, and an
aft-flap. The chord length of each flap expands as
the flap is extended, providing greatly increased
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Ficure 1-37. Triple-slotted trailing edge flaps.

flap area. The resulting slots between flaps prevents
separation of the airflow over the flap area.

The leading edge flap (figure 1-38) is similar in
operation to the plain flap; that is, it is hinged on
the bottom side, and, when actuated, the leading
edge of the wing extends in a downward direction
to increase the camber of the wing. Leading edge
flaps are used in conjunction with other types of
flaps.

Ficure 1-38. Cross section of a leading edge flap.

Figure 1-34 shows the location of the leading
edge flaps on a large multi-engine turbine aircraft.
Three Kruger-type flaps are installed on each wing.
The flaps are machined magnesium castings with
integral ribs and stiffeners. The magnesium casting
of each flap is the principal structural component
and consists of a straight section with a hollow core
called the torque tube extending from the straight
section at the forward end.

Each leading edge flap has three gooseneck
hinges attached to fittings in the fixed wing leading
edge, and a hinged fairing is installed on the trail-
ing edge of each flap. Figure 1-39 shows a typical
leading edge flap in retracted position, with an out-
line of the extended position.

Speed brakes, sometimes called dive flaps or dive
brakes, serve to slow an aircraft in flight. These
brakes are used when descending at a steep angle
or when approaching the runway for a landing. The
brakes themselves are manufactured in many
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Ficure 1-39. Leading edge flap.

shapes, and their location depends on the design of
the aircraft and the purpose of the brakes.

The brake panels may be located on certain parts
of the fuselage or on the wing surfaces. Brakes on
the fuselage are small panels that can be extended
into the smooth airflow to create turbulence and
drag. Wing-type brakes may be multiple-finger
channels extending above and below the wing sur-
faces to break up smooth airflow. Usually speed
brakes are controlled by electrical switches and
actuated by hydraulic pressure.

Another type of air brake is a combination of
spoilers and speed brakes. A typical combination
consists of spoiler flaps located in the upper wing
surfaces ahead of the ailerons. When the operator
wishes to use both air brakes and spoilers, he can
slow the flight speed and maintain lateral control as
well.

Spoilers are auxiliary wing flight control sur-
faces, mounted on the upper surface of each wing,
which operate in conjunction with the ailerons to
provide lateral control.

Most spoiler systems can also be extended sym-
metrically to serve a secondary function as speed
brakes. Other systems are equipped with separate
ground and flight spoilers. Most spoiler panels are
bonded honeycomb structures with aluminum skin.
They are attached to the wing structure by ma.
chined hinge fittings which are bonded into the
spoiler panel.

Tabs
One of the simplest yet most important devices to
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aid the pilot of an aircraft is the tab attached to a
control surface. Although a tab does not take the
place of a control surface, it is mounted on or
attached to a movable control surface and causes
easier movement or better balance of the control

surface.

All aircraft, except a few of the very lightest
types, are equipped with tabs that can be controlled
from the cockpit. Tabs on some of these aircraft
are usually adjustable only when the aircraft is on
the ground. Figure 1-40 shows the location of a
typical rudder tab.

Hinge line

Vertical
stabilizer

Fuselage

«f}— Aircraft movement

Ficure 1-40. Typical location of rudder contro] tab.

LANDING GEAR

The landing gear is the assembly that supports
the aircraft during landing or while it is resting or
moving about on the ground. The landing gear has
shock struts to absorb the shock of landing and
taxiing. By means of a gear-retraction mechanism,
the landing gear attaches to the aircraft structure
and enables the gear to extend and retract. The
landing gear arrangement either has a tailwheel or
a nosewheel. Landing gear arrangements having a
nosewheel are usually equipped for nosewheel steer-
ing. Nosewheel aircraft are protected at the fuselage
tail section with a tail skid or bumper. By means of
wheels and tires (or skis), the landing gear forms a
stabilizing contact with the ground during landing
and taxiing. Brakes installed in the wheels enable
the aircraft to be slowed or stopped during move-
ment on the ground.



SKIN AND FAIRING

The smooth outer cover of the aircraft is referred
to as skin. The skin covers the fuselage, wings,
empennage, nacelles, and pods. The material used
for the skin covering is usually sheet aluminum
alloy, treated so that it will not corrode. Magnesium
and stainless steel may also be used to a limited
extent. The thickness of the skin materials covering
a structural unit may differ, depending on the load
and stresses imposed within and throughout the
structure. To smooth out the airflow over the angles
formed by the wings and other structural units with
the fuselage, shaped and rounded panels or metal
skin are attached. This paneling or skin is called
fairing. Fairing is sometimes referred to as a fillet.
Some fairing is removable to provide access to air-
craft components, whereas other fairing is riveted
to the aircraft structure.

ACCESS AND INSPECTION DOORS

Access doors permit normal or emergency
entrance into or exit from the aircraft. Also,
they provide access to servicing points and man-
ually operated drains. Inspection doors provide
access to a particular part of the aircraft being
inspected or maintained. Access or inspection
doors are either hinged or removable. They are
fastenéd in the closed position with catch and lock-
ing mechanisms, screws, quick-release devices, or
cowling type fasteners. Access and inspection doors
that are removable often have a stenciled identifica-
tion number that is identical to a number stenciled
near the opening that they cover. Other access and
inspection doors have a stenciled nomenclature to
identify the opening that they cover.

HELICOPTER STRUCTURES

Like the fuselages in fixed-wing aircraft, helicop-
ter fuselages may be welded truss or some form of
monocoque construction. Although their fuselage
configurations may vary a great deal, most helicop-
ter fuselages employ structural members similar to
those used in fixed-wing aircraft. For example, most
helicopters have such vertical/widthwise braces as
bulkheads, formers, rings, and frames. They are
also provided with such lengthwise braces as string-
ers and longerons. In addition, the gussets, joiners,
and skin hold the other structural members to-
gether.

The basic body and tail boom sections of a typi-
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cal helicopter are of conventional, all-metal, riveted
structures incorporating formed aluminum alloy
bulkheads, beams, channels, and stiffeners. Stressed
skin panels may be either smooth or beaded. The
firewall and engine deck are usually stainless steel.
The tail boom is normally of semimonocoque con-
struction, made up of formed aluminum bulkheads,
extruded longerons, and skin panels or of welded
tubular steel.

The major structural components of one type of
helicopter are shown in figure 1-41. The members
of a helicopter’s tail group vary widely, depending
on the individual type and design. In this case, a -
stabilizer is mounted on a pylon to make up the
group. In other cases, the stabilizer may be
mounted on the helicopter tail cone or fuselage. In
either case, both the pylon and stabilizer usually
contain aluminum alloy structural members covered
with magnesium alloy skin, The types of structural
members used, however, usually vary. A pylon
usually has bulkheads, formers, frames, stringers,
and beams, making it somewhat of a blend of air-
craft wing and fuselage structural members. The
stabilizer is usually built more like an aircraft wing,
with ribs and spars.

In a typical helicopter, the tail, body, and tail
boom are constructed of all-metal stressed skin and
metal reinforcing members. The helicopter cabin is
normally a plexiglass enclosure which is supported
by aluminum tubing in some models.

A large single-rotor helicopter is shown in figure
1-42. It is all-metal and is basically composed of
two major sections, the cabin and the tail cone. The
cabin section is further divided into passenger or
cargo compartments, which provide space for the
crew, passengers, cargo, fuel and oil tanks, controls,
and powerplant. In multi-engine helicopters, the
powerplants are usually mounted in separate engine
nacelles.

As shown in figure 142, the aft section of a
typical single-rotor helicopter consists of the tail
cone, the fin, the tail-cone housing, the tail-rotor
pylon, and the tail-end fairing. The tail cone is
bolted to the rear of the forward section and sup-
ports the tail rotor, tail-rotor drive shafts, stabiliz-
ers, tail-cone housing, and tail-rotor pylon. The tail
cone is of magnesium alloy and aluminum alloy
construction. The tail-cone housing is bolted to the
aft end of the tail cone. Trim stabilizers extend out



Main rotor 1

Pylon

Stabilizer Tail rotor

Main gear

N/

Forward section& \T

Tail gear
ail cone

Ficure 1-41. Typical helicopter structural components,

CABIN SECTION

A. Engine compartment E.
B. Cockpit F.
C. Transmission compartment G.
D. Cabin

Fuel tank compartment
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Fin
Tail cone
Tail-cone housing
Pylon
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Tail-end fairing

Electrical and radio
compartment

Ficure 1-42. Location of major helicopter components,

on both sides of the tail cone forward of the hous-
ing.

Helicopter structural members are designed to
carry a load or, stated differently, to resist stress. A
single member of the helicopter structure may be
subjected to a combination of stresses. In most
cases it is desirable for structural members to carry
end loads rather than side loads; that is, to be
subjected to tension or compression rather than
bending. Structural members are usually combined
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into a truss to carry end loads. In a typical Pratt
truss, the longitudinal and vertical members are
tubes or rods capable of carrying compression
loads.

Nonstructural members that are not removable
from the helicopter are usually attached by riveting
or spot welding. Riveting is the most common
method of attaching aluminum alloy sheets together.
Parts that can be removed from the helicopter struc-
ture are usually bolted together.



Transparent materials are used for windshields
and windows and sometimes to cover parts requir-
ing frequent visual inspection. Transparent plastic
sheet and laminated glass are the materials most
commonly used.
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Some helicopter manufacturers use impregnated
glass cloth laminate (fiber glass) as a lightweight
substitute for certain metal parts, since fiber glass is
simple to manufacture, has a high strength-weight
ratio, and resists mildew, corrosion, and rot.



GENERAL

This chapter includes both assembly and rigging
since the subjects are directly related. Assembly
involves putting together the component sections of
the aircraft, such as wing sections, empennage
units, nacelles, and landing gear. Rigging is the
final adjustment and alignment of the various com-
ponent sections to provide the proper aerodynamic
reaction.

Two important considerations in all assembly and
rigging operations are: (1) Proper operation of the
component in regard to its aerodynamic and me-
chanical function, and (2) maintaining the air-
craft’s structural integrity by the correct use of
materials, hardware, and safetying devices. Im-
proper assembly and rigging may result in certain
members being subjected to loads greater than
those for which they were designed.

Assembly and rigging must be done in accord-
ance with the requirements prescribed by the air-
craft manufacturer. These procedures are usually
detailed in the applicable maintenance or service
manuals. The Aircraft Specification or Type Certifi-
cate Data Sheets also provide valuable information
regarding control surface travel.

The rigging of control systems varies with each
type of aircraft, therefore, it would be impracticable
to define a precise procedure. However, certain
principles apply in all situations and these will be
discussed in this chapter. It is essential that the
aircraft manufacturer’s instructions be followed
when rigging an aircraft.

THEORY OF FLIGHT

Numerous comprehensive texts have been written
about the serodynamics involved in the flight of an
aircraft. It is unnecessary that a mechanic be totally
versed on the subject. However, he must understand
the relationships between the atmosphere, the air-
craft, and the forces acting on it in flight, in order
to make intelligent decisions affecting the flight
safety of both airplanes and helicopters.

Understanding why the aircraft is designed with
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CHAPTER 2
ASSEMBLY AND RIGGING

a particular type of primary and secondary control
system, and why the surfaces must be aerodynami-
cally smooth, becomes essential when maintaining
today’s complex aircraft.

AERODYNAMICS

Theory of flight deals with aerodynamics. The
term aerodynamics is derived from the combination
of two Greek words—‘“aer” meaning air, and
“dyne” meaning force of power. Thus, when aero is
joined with dynamics, we have aerodynamics, mean-
ing the study of objects in motion through the air
and the forces that produce or change such motion.

Aerodynamics is the science of the action of air
on an object. It is further defined as that branch of
dynamics which deals with the motion of air and
other gases, with the forces acting upon an object
in motion through the air, or with an object which
is stationary in a current of air. In effect, aerody-
namics is concerned with three distinct parts. These
parts may be defined as the aircraft, the relative
wind, and the atmosnohere.

THE ATMOSPHERE

Before discussing the fundamentals of the theory
of flight, there are several basic ideas that must be
considered. An aircraft operates in the air; there-
fore, the properties of air that affect aircraft control
and performance must be understood.

Air is a mixture of gases composed principally of
nitrogen and oxygen. Since air is a combination of
gases, it follows the laws of gases. Air is considered
a fluid because it answers the definition of a fluid,
namely, a substance which may be made to flow or
change its shape by the application of moderate
pressure. Air has weight, since something lighter
than air, such as a balloon filled with helium, will

rise in the air.

PRESSURE

The deeper a diver goes beneath the surface of
the ocean, the greater the pressure becomes on his
body due to the weight of the water overhead. Since
air also has weight, the greater the depth from the



outer surface of the atmosphere, the greater the
pressure. If a 1l-in. square column of air extending
from sea level to the “top” of the atmosphere could
be weighed, it would be found to weigh about 14.7
lbs. Thus, atmospheric pressure at sea level is 14.7
p.s.i. (pounds per square inch). However, pounds
per square inch is rather a crude unit for the meas-
urement of a light substance such as air. Therefore,
atmospheric pressure is usually measured in terms
of inches of mercury.

The apparatus for measuring atmospheric pres-
sure is shown in figure 2-1. A glass tube, 36 in.
long, open at one end, and closed at the other, is
filled with mercury. The open end is sealed tempo-
rarily and then submerged into a small container
partly filled with mercury, after which the end is
unsealed. This allows the mercury in the tube to
descend, leaving a vacuum at the top of the tube.
Some of the mercury flows into the container while
a portion of it remains in the tube. The weight of
the atmosphere pressing on the mercury in the open
container exactly balances the weight of the mer-
cury in the tube, which has no atmospheric pressure
pushing down on it due to the vacuum in the top of
the tube. As the pressure of the surrounding air
decreases or increases, the mercury column lowers
or rises correspondingly. At sea level the height of
the mercury in the tube measures approximately
2992 in., although it varies slightly with atmos-
pheric conditions.

An important consideration is that atmospheric
pressure varies with altitude. The higher an object
rises above sea level, the lower the pressure. Var-
ious atmospheric conditions have a definite relation
to flying. The effect of temperature, altitude, and
density of the air on aircraft performance is dis-
cussed in the following paragraphs.

DENSITY

Density is a term that means weight per unit
volume. Since air is a mixture of gases, it can be
compressed. If the air in one container is under
one-half as much pressure as the air in another
identical container, the air under the greater pres-
sure weighs twice as much as that in the container
under lower pressure. The air under greater pres-
sure is twice as dense as that in the other container.
For equal weights of air, that which is under the
greater pressure occupies only half the volume of
that under half the pressure.

The density of gases is governed by the following
rules:
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Ficure 2-1. Measurement of atmospheric pressure.

(1) Density varies in direct proportion with
the pressure.
(2) Density varies inversely with the tempera-
ture.
Thus, air at high altitudes is less dense than air at
low altitudes, and a mass of hot air is less dense
than a mass of cool air.

Changes in density affect the aerodynamic per-
formance of aircraft. With the same horsepower, an
aircraft can fly faster at a high altitude where the
density is low than at a low altitude where the
density is great. This is because air offers less re-
sistance to the aircraft when it contains a smaller
number of air particles per unit volume.

HUMIDITY

Humidity is the amount of water vapor in the air.
The maximum amount of water vapor that air can
hold varies with the temperature. The higher the
temperature of the air, the more water vapor it can
absorb. By itself, water vapor weighs approximately



five-eighths as much as an equal amount of per-
fectly dry air. Therefore, when air contains water
vapor it is not as heavy as air containing no mois-
ture.

Assuming that the temperature and pressure re-
main the same, the density of the air varies in-
versely with the humidity. On damp days the air
density is less than on dry days. For this reason, an
aircraft requires a longer runway for takeoff on
damp days than it does on dry days.

BERNOULLI'S PRINCIPLE AND SUBSONIC FLOW

Bernoulli’s principle states that when a fluid
(air) flowing through a tube reaches a constriction,
or narrowing of the tube, the speed of the fluid
flowing through that constriction is increased and
its pressure is decreased. The cambered (curved)
surface of an airfoil (wing) affects the airflow ex-
actly as a constriction in a tube affects airflow. This
resemblance is illustrated in figure 2-2.

Normal Decreased Normal
pressure pressure pressure
A

Ficure 2-2. Bernoulli’s principle.

Diagram A of figure 2-2 illustrates the effect of
air passing through a constriction in a tube. In B,
the air is flowing past a cambered surface, such as
an airfoil, and the effect is similar to that of air
passing through a restriction.

As the air flows over the upper surface of an airfoil,
its speed or velocity increases and its pressure
decreases. An area of low pressure is thus formed.
There is an area of greater pressure on the lower
surface of the airfoil, and this greater pressure
tends to move the wing upward. This difference in
pressure between the upper and lower surfaces of
the wing is called lift. Three-fourths of the total lift

of an airfoil is the result of the decrease in pressure
over the upper surface. The impact of air on the
under surface of an airfoil produces the other one-

fourth of the total lift.
An aircraft in flight is acted upon by four forces:

(1) Gravity, or weight, the force that pulls the
aircraft toward the earth.

(2) Lift, the force that pushes the aircraft up-
ward.

(3) Thrust, the force that moves the aircraft
forward.

(4) Drag, the force that exerts a braking
action.

MOTION

Motion is the act or process of changing place or
position. An object may be in motion with respect
to one object and motionless with respect to an-
other. For example, a person sitting quietly in an
aircraft flying at 200 knots is at rest or motionless
with respect to the aircraft; however, the person is
in motion with respect to the air or the earth, the
same as is the aircraft.

Air has no force or power, except pressure, un-
less it is in motion. When it is moving, however, its
force becomes apparent. A moving object in motion-
less air has a force exerted on it as a result of its
own motion. It makes no difference in the effect
then, whether an object is moving with respect to
the air or the air is moving with respect to the
object.

The flow of air around an object caused by the
movement of either the air or the object, or both, is
called the relative wind.

Velocity and Acceleration

The terms “speed” and “velocity” are often used
interchangeably, but they do not mean the same.
Speed is the rate of motion, and velocity is the rate
of motion in a particular direction in relation to
time.

An aircraft starts from New York City and flies
10 hrs. at an average speed of 260 m.p.h. At the
end of this time the aircraft may be over the Atlan-
tic Ocean, the Pacific Ocean, the Gulf of Mexico,
or, if its flight were in a circular path, it may even
be back over New York. If this same aircraft flew
at a velocity of 260 m.p.h. in a southwestward
direction, it would arrive in Los Angeles in about
10 hrs. Only the rate of motion is indicated in the
first example and denotes the speed of the aircraft.
In the last example, the particular direction is in-



cluded with the rate of motion, thus, denoting the
velocity of the aircraft.

Acceleration is defined as the rate of change of
velocity. An aircraft increasing in velocity is an
example of positive acceleration, while another air-
craft reducing its velocity is an example of negative
acceleration, (Positive acceleration is often referred
to as acceleration and negative acceleration as de-
celeration.)

Newton’s Laws of Metion

The fundamental laws governing the action of air
about a wing are Newton’s laws of motion.

_ Newton’s first law is normally referred to as the
law of inertia. It simply means that a body at rest
will not move unless force is applied to it. If it is
moving at uniform speed in a straight line, force
must be applied to increase or decrease that speed.

Since air has mass, it is a “body” in the meaning
of the law. When an aircraft is on the ground with
its engines stopped, inertia keeps the aircraft at
rest. An aircraft is moved from its state of rest by
the thrust force created by the propeller, by the
expanding exhaust gases, or both. When it is flying
at uniform speed in a straight line, inertia tends to
keep the aircraft moving. Some external force is
required to change the aircraft from its path of
flight.

Newton’s second law, that of force, also applies
to objects. This law states that if a body moving
with uniform speed is acted upon by an external
force, the change of motion will be proportional to
the amount of the force, and motion will take place
in the direction in which the force acts. This law
may be stated mathematically as follows:

Force == mass X acceleration (F = ma).

If an aircraft is flying against a headwind, it is
slowed down. If the wind is coming from either side
of the aircraft’s heading, the aircraft is pushed off
course unless the pilot takes corrective action
against the wind direction.

Newton’s third law is the law of action and reac-
tion. This law states that for every action (force)
there is an equal and opposite reaction (force).
This law is well illustrated by the action of a swim-
mer’s hands. He pushes the water aft and thereby
propels himself forward, since the water resists the
action of his hands. When the force of lift on an
aircraft’s wing equals the force of gravity, the air-
craft maintains level flight.

The three laws of motion which have been dis-
cussed are closely related and apply to the theory of
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flight. In many cases, all three laws may be opera-
ting on an aircraft at the same time.

AIRFOILS,

An airfoil is a surface designed to obtain a desir-
able reaction from the air through which it moves.
Thus, we can say that any part of the aircraft
which converts air resistance into a force useful for
flight is an airfoil. The blades of a propeller are so
designed that when they rotate, their shape and
position cause a higher pressure to be built up
behind them than in front of them so that they will
pull the aircraft forward. The profile of a conven-
tional wing, shown in figure 2-3, is an excellent
example of an airfoil. Notice that the top surface of
the wing profile has greater curvature than the
lower surface.

100 MPH

14.7 lb/in*

115 MPH
14.54 Ib/in?

105 MPH
14.87 1Ib/in?

Frcure 2-3. Airflow over a wing section.

The difference in curvature of the upper and
lower surfaces of the wing builds up the lift force.
Air flowing over the top surface of the wing must
reach the trailing edge of the wing in the same
amount of time as the air flowing under the wing.
To do this, the air passing over the top surface
moves at a greater velocity than the air passing
below the wing because of the greater distance it
must travel along the top surface. This increased
velocity, according to Bernoulli’s principle, means a
corresponding decrease in pressure on the surface.
Thus, a pressure differential is created between the
upper and lower surfaces of the wing, forcing the
wing upward in the direction of the lower pressure.

The theoretical amount of lift of the airfoil at a
velocity of 100 m.p.h. can be determined by sam-
pling the pressure above and below the airfoil at
the point of greatest air velocity. As shown in
figure 2-3, this pressure is 14.54 ps.i. above the
airfoil. Subtracting this pressure from the pressure
below the airfoil, 14.67, gives a difference in pres-
sure of 0.13 p.s.i. Multiplying 0.13 by 144 (number
of square inches in a square foot) shows that each



square foot of this wing will lift 18.72 pounds.
Thus, it can be seen that a small pressure differen-
tial across an airfoil section can produce a large
lifting force. Within limits, lift can be increased by
increasing the angle of attack, the wing area, the
freestream velocity, or the density of the air, or by
changing the shape of the airfoil.

Angle of Attack

Before beginning the discussion on angle of
attack and its effect on airfoils, we shall first con-
sider the terms “chord” and “center of pressure.”

The chord of an airfoil or wing section is an
imaginary straight line which passes through the
section from the leading edge to the trailing edge,
as shown in figure 2—4. The chord line provides one
side of an angle which ultimately forms the angle of
attack. The other side of the angle is formed by a
line indicating the direction of the relative air-
stream. Thus, angle of attack is defined as the angle
between the chord line of the wing and the direc-
tion of the relative wind. This is not to be confused
with the angle of incidence, which is the angle
between the chord line of the wing and the longitu-
dinal axis of the aircraft.

Resultant lift

;%% Drag
Z Center of pressure

Angle of
attack

Relative airstream

Ficure 2-4. Positive angle of attack.

On each minute part of an airfoil or wing sur-
face, a small force is present. This force is different
in magnitude and direction from any forces acting
on other areas forward or rearward from this point.
It is possible to add all of these small forces mathe-
matically, and the sum is called the resultant force
(lift). This resultant force has magnitude, direction,
and location, and can be represented as a vector, as
shown in figure 2—4. The point of intersection of
the resultant force line with the chord line of the
airfoil is called the center of pressure. The center of
pressure moves along the airfoil chord as the angle
of attack changes. Throughout most of the flight
range, the center of pressure moves forward with
increasing angle of attack and rearward as the
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angle of attack decreases. The effect of increasing
angle of attack on the center of pressure is shown
in figure 2-5.

Angle of attack = 0°
Resultant

Relative SN Negative pressure
. W L
airstream : o ) pattern
TRV A
I ‘:\5;\\\\“\\\\‘\ ANV

2?%_’,\
Positive pressure

Angle of attack = 6°

Center of
pressure

Nogativo pressure pattern
<+ moves forward

Center of pressure
moves forward

Wing completely
stalled

Ficure 2-5. Effect of increasing angle of attack.

The angle of attack changes as the aircraft’s atti-
tude changes. Since the angle of attack has a great
deal to do with determining lift, it is given primary
consideration when designing airfoils. In a properly
designed airfoil, the lift increases as the angle of
attack is increased.

When the angle of attack is increased gradually
toward a positive angle of attack, the lift component
increases rapidly up to a certain point and then
suddenly begins to drop off. During this action the
drag component increases slowly at first and then
rapidly as lift begins to drop off.

When the angle of attack increases to the angle
of maximum lift, the burble point is reached. This
is known as the critical angle. When the critical



angle is reached, the air ceases to flow smoothly
over the top surface of the airfoil and begins to
burble, or eddy. This means that air breaks away
from the upper camber line of the wing. What was
formerly the area of decreased pressure is now
filled by this burbling air. When this occurs, the
amount of lift drops and drag becomes excessive.
The force of gravity exerts itself, and the nose of
the aircraft drops. Thus we see that the burble
point is the stalling angle.

As we have seen, the distribution of the pressure
forces over the airfoil varies with the angle of
attack. The application of the resultant force, that
is, the center of pressure, varies correspondingly.
As this angle increases, the center of pressure
moves forward; and as the angle decreases, the
center of pressure moves back. The unstable travel
of the center of pressure is characteristic of practi-

cally all airfoils.
Angle of Incidence

The acute angle which the wing chord makes
with the longitudinal axis of the aircraft is called
the angle of incidence (figure 2-6), or the angle of
wing setting. The angle of incidence in most cases
is a fixed, built-in angle. When the leading edge of
the wing is higher than the trailing edge, the angle
of incidence is said to be positive. The angle of
incidence is negative when the leading edge is lower

than the trailing edge of the wing.
Longitudinal
axis
| \
|
Angle of Chord line
incidence of wing

Ficure 2-6. Angle of incidence.

Wing Area

Wing area is measured in square feet and in-
cludes the part blanked out by the fuselage. Wing
area is adequately described as the area of the
shadow cast by the wing at high noon. Tests show
that lift and drag forces acting on a wing are
roughly proportional to the wing area. This means
that if the wing area is doubled, all other variables
remaining the same, the lift and drag created by the
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wing is doubled. If the area is tripled, lift and drag
are tripled.

Shape of the Airfoil

The shape of the airfoil determines the amount of
turbulence or skin friction that it will produce. The
shape of a wing consequently affects the efficiency
of the wing.

Airfoil section properties differ from wing or air-
craft properties because of the effect of the wing
planform. A wing may have various airfoil sections
from root to tip, with taper, twist, and sweepback.
The resulting aerodynamic properties of the wing
are determined by the action of each section along
the span.

Turbulence and skin friction are controlled
mainly by the fineness ratio, which is defined as the
ratio of the chord of the airfoil to the maximum
thickness. If the wing has a high fineness ratio, it is
a very thin wing. A thick wing has a low fineness
ratio. A wing with a high fineness ratio produces a
large amount of skin friction. A wing with a low
fineness ratio produces a large amount of turbu-
lence. The best wing is a compromise between these
two extremes to hold both turbulence and skin fric-
tion to & minimum.

Efficiency of a wing is measured in terms of the
lift over drag (L/D) ratio. This ratio varies with
the angle of attack but reaches a definite maximum
value for a particular angle of attack. At this angle,
the wing has reached its maximum efficiency. The
shape of the airfoil is the factor which determines
the angle of attack at which the wing is most
efficient; it also determines the degree of efficiency.
Research has shown that the most efficient airfoils
for general use have the maximum thickness occur-
ring about one-third of the way back from the
leading edge of the wing.

High-lift wings and high-lift devices for wings
have been developed by shaping the airfoils to pro-
duce the desired effect. The amount of lift produced
by an airfoil will increase with an increase in wing
camber. Camber refers to the curvature of an airfoil
above and below the chord line surface. Upper
camber refers to the upper surface, lower camber to
the lower surface, and mean camber to the mean
line of the section. Camber is positive when depar-
ture from the chord line is outward, and negative
when it is inward. Thus, high-lift wings have a
large positive camber on the upper surface and a
slight negative camber on the lower surface. Wing
flaps cause an ordinary wing to approximate this



same condition by increasing the upper camber and
by creating a negative lower camber.

It is also known that the larger the wingspan as
compared to the chord, the greater the lift obtained.
This comparison is called aspect ratio. The higher
the aspect ratio, the greater the lift. In spite of the
benefits from an increase in aspect ratio, it was
found that definite limitations were of structural
and drag considerations.

On the other hand, an airfoil that is perfectly
streamlined and offers little wind resistance some-
times does not have enough lifting power to take
the aircraft off the ground. Thus, modern aircraft
have airfoils which strike a medium between ex-
tremes, with the shape varying according to the
aircraft for which it is designed. ‘

CENTER OF GRAVITY

Gravity is the pulling force that tends to draw all
bodies in the earth’s sphere to the center of the
earth. The center of gravity may be considered as a
point at which all the weight of the aircraft is
concentrated. If the aircraft were supported at its

exact center of gravity, it would balance in any
position. Center of gravity is of major importance
in an aircraft, for its position has a great bearing
upon stability.

The center of gravity is determined by the gen-
eral design of the aircraft. The designer estimates
how far the center of pressure will travel. He then
fixes the center of gravity in front of the center of
pressure for the corresponding flight speed in order
to provide an adequate restoring moment for flight
equilibrium.

THRUST AND DRAG

An aircraft in flight is the center of a continuous
battle of forces. Actually, this conflict is not as
violent as it sounds, but it is the key to all maneu-
vers performed in the air. There is nothing mysteri-
ous about these forces; they are definite and
known. The directions in which they act can be
calculated; and the aircraft itself is designed to take
advantage of each of them. In all types of flying,
flight calculations are based on the magnitude and
direction of four forces: weight, lift, drag, and
thrust. (See fig. 2-7.)

THRUST

W
L« Z =

GRAVITY

Ficure 2-7.
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Forces in action in flight.



W eight is the force of gravity acting downward
upon everything that goes into the aircraft, such as
the aircraft itself, the crew, the fuel, and the cargo.

Lift acts vertically and by so doing counteracts
the effects of weight.

Drag is a backward deterrent force and is caused
by the disruption of the airflow by the wings, fuse-
lage, and protruding objects.

Thrust produced by the powerplant is the for-
ward force that overcomes the force of drag.

Notice that these four forces are only in perfect
balance when the aircraft is in straight and level
unaccelerated flight.

The force of lift and drag are the direct result of
the relationship between the relative wind and the
aircraft. The force of lift always acts perpendicular
to the relative wind, and the force of drag always
acts parallel to the relative wind and in the same
direction. These forces are actually the components
that produced a resultant lift force on the wing as
shown in figure 2-8.

Resultant

Ficure 2-8. Resultant of lift and drag.

Weight has a definite relationship with lift, and
thrust with drag. This relationship is quite simple,
but very important in understanding the aerody-
namics, of flying. As stated previously, lift is the
upward force on the wing acting perpendicular to
the relative wind. Lift is required to counteract the
aircraft’s weight, caused by the force of gravity
acting on the mass of the aircraft. This weight force
acts downward through a point called the center of
gravity which is the point at which all the weight of
the aircraft is considered to be concentrated. When
the lift force is in equilibrium with the weight
force, the aircraft neither gains nor loses altitude.
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If lift becomes less than weight, the aircraft loses
altitude. When the lift is greater than weight, the
aircraft gains altitude.

Drag must be overcome in order for the aircraft
to move, and movement is essential to obtain lift.
To overcome the drag and move the aircraft for-
ward, another force is essential. This force is thrust.
Thrust is derived from jet propulsion or from a
propeller and engine combination. Jet propulsion
theory is based on Newton’s third law of motion
which states that for every action there is an equal
and opposite reaction. For example, in firing a gun
the action is the bullet going forward while the
reaction is the gun recoiling backwards. The turbine
engine causes a mass of air to be moved backward
at high velocity causing a reaction forward that
moves the aircraft.

In a propeller/engine combination, the propeller
is actually two 6r more revolving airfoils mounted
on a horizontal shaft. The motion of the blades
through the air produces lift similar to the lift on
the wing, but acts in a horizontal direction, pulling
the aircraft forward.

Before the aircraft begins to move, thrust must be
exerted. It continues to move and gain speed until
thrust and drag are equal. In order to maintain a
steady speed, thrust and drag must remain equal,
just as lift and weight must be equal for steady,
horizontal flight. We have seen that increasing the
lift means that the aircraft moves upward, whereas
decreasing the lift so that it is less than the weight
causes the aircraft to lose altitude. A similar rule
applies to the two forces of thrust and drag. If the
r.p.m. of the engine is reduced, the thrust is less-
ened, and the aircraft slows down. As long as the
thrust is less than the drag, the aircraft travels more
and more slowly until its speed is insufficient to
support it in the air.

Likewise, if the r.p.m. of the engine is increased,
thrust becomes greater than drag, and the speed of
the aircraft increases. As long as the thrust contin-
ues to be greater than the drag, the aircraft contin-
ues to accelerate. When drag equals thrust, the air-
craft flies at a steady speed.

The relative motion of the air over an object that
produces lift also produces drag. Drag is the resist-
ance of the air to objects moving through it. If an
aircraft is flying on a level course, the lift force acts
vertically to support it while the drag force acts
horizontally to hold it back. The total amount of
drag on an aircraft is made up of many drag forces,



but for our purposes, we will only consider three—
parasite drag, profile drag, and induced drag.

Parasite drag is made up of a combination of
many different drag forces. Any exposed object on
an aircraft offers some resistance to the air, and the
more objects in the airstream, the more parasite
drag. While parasite drag can be reduced by reduc-
ing the number of exposed parts to as few as practi-
cal and streamlining their shape, skin friction is the
type of parasite drag most difficult to reduce. No
surface is perfectly smooth. Even machined surfaces
when inspected under magnification have a ragged
uneven appearance. These ragged surfaces deflect
the air near the surface causing resistance to
smooth airflow. Skin friction can be reduced by
using glossy flat finishes and eliminating protruding
rivet heads, roughness, and other irregularities.

Profile drag may be considered the parasite drag
of the airfoil. The various components of parasite
drag are all of the same nature as profile drag.

The action of the airfoil that gives us lift also
causes induced drag. Remember that the pressure
above the wing is less than atmospheric, and the
pressure below the wing is equal to or greater than
atmospheric pressure. Since fluids always move
from high pressure toward low pressure, there is a
spanwise movement of air from the bottom of the
wing outward from the fuselage and upward around
the wing tip. This flow of air results in “spillage”
over the wing tip, thereby setting up a whirlpool of
air called a vortex (figure 2-9). The air on the
upper surface has a tendency to move in toward the
fuselage and off the trailing edge. This air current
forms a similar vortex at the inner portion of the
trailing edge of the wing. These vortices increase
drag, because of the turbulence produced, and con-
stitute induced drag.

Ficure 2-9. Wing tip vortices.
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Just as lift increases with an increase in angle of
attack, induced drag also increases as the angle of
attack becomes greater. This occurs because as the
angle of attack is increased, there is a greater pres-
sure difference between the top and bottom of the
wing. This causes more violent vortices to be set up,
resulting in more turbulence and more induced
drag.

AXES OF AN AIRCRAFT

Whenever an aircraft changes its attitude in
flight, it must turn about one or more of three axes.
Figure 2-10 shows the three axes, which are imagi-
nary lines passing through the center of the air-
craft. The axes of an aircraft can be considered as
imaginary axles around which the aircraft turns
like a wheel. At the center, where all three axes
intersect, each is perpendicular to the other two.
The axis which extends lengthwise through the fuse-
lage from the nose to the tail is called the longitudi-
nal axis. The axis which extends crosswise, from
wing tip to wing tip, is the lateral axis. The axis
which passes through the center, from top to bot-
tom, is called the vertical axis.

Motion about the longitudinal axis resembles the
roll of a ship from side to side. In fact, the names
used in describing the motion about an aircraft’s
three axes were originally nautical terms. They have
been adapted to aeronautical terminology because
of the similarity of motion between an aircraft and
a ship.

Thus, the motion about the longitudinal axis is
called roll; motion along the lateral (crosswing)
axis is called pitch. Finally, an aircraft moves about
its vertical axis in a motion which is termed yaw.
This is a horizontal movement of the nose of the
aircraft.

Roll, pitch, and yaw—the motions an aircraft
makes about its longitudinal, lateral, and vertical
axes—are controlled by three control surfaces. Roll
is produced by the ailerons, which are located at
the trailing edges of the wings. Pitch is affected by
the elevators, the rear portion of the horizontal tail
assembly. Yaw is controlled by the rudder, the rear
portion of the vertical tail assembly.

STABILITY AND CONTROL

An aircraft must have sufficient stability to main.
tain a uniform flight path and recover from the
various upsetting forces. Also, to achieve the best
performance, the aircraft must have the proper re-
sponse to the movement of the controls.
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Ficure 2-10. Motion of an aircraft about its axes.
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Three terms that appear in any discussion of
stability and control are: (1) Stability, (2) maneu-
verability, and (3) controllability. Stability is the
characteristic of an aircraft which tends to cause it
to fly (hands off) in a straight and level flight path.
Maneuverability is the ability of an aircraft to be
directed along a desired flight path and to with-
stand the stresses imposed. Controllability is the
quality of the response of an aircraft to the pilot’s
commands while maneuvering the aircraft.

Stagic Stability

An aircraft is in a state of equilibrium when the
sum of all the forces acting on the aircraft and all the
moments is equal to zero. An aircraft in equilibrium
experiences no accelerations, and the aircraft con-
tinues in a steady condition of flight. A gust of
wind or a deflection of the controls disturbs the
equilibrium, and the aircraft experiences accelera-
tion due to the unbalance of moment or force.

The three types of static stability are defined by
the character of movement following some disturb-
ance from equilibrium. Positive static stability ex-
ists when the disturbed object tends to return to
equilibrium. Negative static stability or static insta-
bility exists when the disturbed object tends to con-
tinue in the direction of disturbance. Neutral static
stability exists when the disturbed object has nei.
ther the tendency to return nor continue in the
displacement direction, but remains in equilibrium
in the direction of disturbance. These three types of
stability are illustrated in figure 2-11.

Dynamic Stability

While static stability deals with the tendency of a
displaced body to return to equilibrium, dynamic
stability deals with the resulting motion with time.
If an object is disturbed from equilibrium, the time
history of the resulting motion defines the dynamic
stability of the object. In general, an object demon-
strates positive dynamic stability if the amplitude of
motion decreases with time. If the amplitude of
motion increases with time, the object is said to
possess dynamic instability.

Any aircraft must demonstrate the required de-
grees of static and dynamic stability. If an aircraft
were designed with static instability and a rapid
rate of dynamic instability, the aircraft would be
very difficult, if not impossible, to fly. Usually, posi-
tive dynamic stability is required in an aircraft
design to prevent objectionable continued oscilla-
tions of the aircraft.
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Ficure 2-11. Static stability.

Longitudinal Stability

When an aircraft has a tendency to keep a con-
stant angle of attack with reference to the relative
wind—that is, when it does not tend to put its nose
down and dive or lift its nose and stall—it is said
to have longitudinal stability. Longitudinal stability
refers to motion in pitch. The horizontal stabilizer
is the primary surface which controls longitudinal
stability. The action of the stabilizer depends upon
the speed and angle of attack of the aircraft.

Figure 2-12 illustrates the contribution of tail lift
to stability. If the aircraft changes its angle of
attack, a change in lift takes place at the aerody-
namic center (center of pressure) of the horizontal
stabilizer.
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Ficure 2-12. Producing tail lift.

Under certain conditions of speed, load, and
angle of attack, the flow of air over the horizontal
stabilizer creates a force which pushes the tail up or
down. When conditions are such that the airflow
creates equal forces up and down, the forces are
said to be in equilibrium. This condition is usually
found in level flight in calm air.

Directional Stability

Stability about the vertical axis is referred to as
directional stability, The aircraft should be de-
signed so that when it is in straight and level flight
it remains on its course heading even though the
pilot takes his hands and feet off the controls. If an
aircraft recovers automatically from a skid, it has
been well designed and possesses good directional
balance. The vertical stabilizer is the primary sur-
face which controls directional stability.

As shown in figure 2-13, when an aircraft is in a
sideslip or yawing, the vertical tail experiences a
change in angle of attack with a resulting change in
lift [not to be confused with the lift created by the
wing]. The change in lift, or side force, on the
vertical tail creates a yawing moment about the
center of gravity which tends to return the aircraft
to its original flight path.

Re]
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2 ¥ing r_ Tail/ r:grxlnent
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Center of gravity Change
ange in
tail lift

Ficure 2-13. Contribution of vertical tail to
directional stability.
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Sweptback wings aid in directional stability. If
the aircraft yaws from its direction of flight, the
wing which is farther ahead offers more drag than
the wing which is aft. The effect of this drag is to
hold back the wing which is farther ahead, and to
let the other wing catch up.

Directional stability is also aided by using a
large dorsal fin and a long fuselage.

The high Mach numbers of supersonic flight
reduce the contribution of the vertical tail to direc-
tional stability. To produce the required directional
stability at high Mach numbers, a very large verti-
cal tail area may be necessary. Ventral (belly) fins
may be added as an additional contribution to
directional stability.

Lateral Stability

We have seen that pitching is motion about the
aircraft’s lateral axis and yawing is motion about
its vertical axis. Motion about its longitudinal (fore
and aft) axis is a lateral or rolling motion. The
tendency to return to the original attitude from
such motion is called lateral stability.

The lateral stability of an airplane involves con-
sideration of rolling moments due to sideslip. A
sideslip tends to produce both a rolling and a yaw-
ing motion. If an airplane has a favorable rolling
moment, a sideslip will tend to return the airplane
to a level flight attitude.

The principal surface contributing to the lateral
stability of an airplane is the wing. The effect of the
geometric dihedral (figure 2-14) of a wing is a
powerful contribution to lateral stability. As shown
in figure 2-14, a wing with dihedral develops stable
rolling moments with sideslip. With the relative
wind from the side, the wing into the wind is sub-
ject to an increase in angle of attack and develops
an increase in lift. The wing away from the wind is
subject to a decrease in angle of attack and devel-
ops less lift. The changes in lift effect a rolling
moment tending to raise the windward wing.

When a wing is swept back, the effective dihedral
increases rapidly with a change in the lift coeffi-
cient of the wing. Sweepback is the angle between a
line perpendicular to the fuslage center line and
the quarter chord of each wing airfoil section.
Sweepback in combination with dihedral causes the
dihedral effect to be excessive. As shown in figure
2-15, the swept-wing aircraft in a sideslip has the
wing that is into the wind operating with an effec-
tive decrease in sweepback, while the wing out of
the wind is operating with an effective increase in
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Ficure 2-14. Contribution of dihedral to lateral stability.

sweepback. The wing into the wind develops more = CONTROL

lift, and the wing out of the wind develops less.

This tends to restore the aircraft to a level flight Control is the action taken to make the aircraft

attitude. follow any desired flight path. When an aircraft is
The amount of effective dihedral necessary to  said to be controllable, it means that the craft re-

produce satisfactory flying qualities varies greatly  sponds easily and promptly to movement of the

with the type and purpose of the aircraft. Generally,  controls. Different control surfaces are used to

the effective dihedral is kept low, since high roll  control the aircraft about each of the three axes.

due to sideslip can create problems. Excessive dihe- Moving the control surfaces on an aircraft changes

dral effect can lead to Dutch Roll, difficult rudder the airflow over the aircraft’s surface. This, in turn,

coordination in rolling maneuvers, or place extreme  creates changes in the balance of forces acting to

demands for lateral control power during crosswind  keep the aircraft flying straight and level.

takeoff and landing.

Reduced sweep of wing into wind

results in increased lift Increased sweep of wing out of wind

results in decreased lift

Relative wind Relative wind

Ficure 2-15. Effect of sweepback on lateral stability.
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Rudder

Ficure 2-16. Primary flight controls.

FLIGHT CONTROL SURFACES

The flight control surfaces are hinged or movable
airfoils designed to change the attitude of the air-
craft during flight. These surfaces may be divided
into three groups, usually referred to as the primary
group, secondary group, and auxiliary group.

Primary Group

The primary group includes the ailerons, eleva-
tors, and rudder (figure 2-16). These surfaces are

used for moving the aircraft about its three axes.

Trim tab
Trim tabs

Ficure 2-17. Trim tabs.

The ailerons and elevators are generally operated
from the cockpit by a control stick on single-engine
aircraft and by a wheel and yoke assembly on multi-
engine aircraft. The rudder is operated by foot
pedals on all types of aircraft.

Secondary Group

Included in the secondary group are the trim tabs
and spring tabs. Trim tabs (figure 2-17) are small
airfoils recessed into the trailing edges of the pri-
mary control surfaces. The purpose of trim tabs is
to enable the pilot to trim out any unbalanced con-
dition which may exist during flight, without exert-
ing any pressure on the primary controls. Each trim
tab is hinged to its parent primary control surface,
but is operated by an independent control.

Spring tabs are similar in appearance to trim
tabs, but serve an entirely different purpose. Spring
tabs are used to aid the pilot in moving the primary
control surfaces.

Avxiliary Group

Included in the auxiliary group of flight control
surfaces are the wing flaps, spoilers, speed brakes,
slats, leading edge flaps and slots.

The auxiliary groups may be divided into two
sub-groups. Those whose primary purpose is lift
augmenting and those whose primary purpose is
lift decreasing. In the first group are the flaps,
both trailing edge and leading edge (slats), and
slots, The lift decreasing devices are speed brakes
and spoilers.

The trailing edge airfoils (flaps) increase the
wing area thereby increasing lift on takeoff and
decrease the speed during landing. These airfoils
are retractable and fair into the wing contour.
Others are simply a portion of the lower skin which
extends into the airstream thereby slowing the air-
craft.

Leading edge flaps are airfoils extended from and
retracted into the leading edge of the wing. Some
installations create a slot (an opening between the
extended airfoil and the leading edge). The flap
(termed slat by some manufacturers) and slot
create additional lift at the slower speeds of takeoff
and landing. Other installations have permanent
slots built in the leading edge of the wing. At
cruising speeds, the trailing edge and leading edge
flaps (slats) are retracted into the wing proper.

Lift decreasing devices are the speed brakes
(spoilers). In some installations, there are two
types of spoilers. The ground spoiler is extended
only after the aircraft is on the ground thereby
assisting in the braking action. The flight spoiler



assists in lateral control by being extended when-
ever the aileron on that wing is rotated up. When
actuated as speed brakes, the spoiler panels on both
wings raise up-—the panel on the “up” aileron wing
raising more than the panel on the down aileron
side. This provides speed brake operation and
later control simultaneously.

Slats are movable control surfaces attached to the
leading edges of the wings. When the slat is closed,
it forms the leading edge of the wing. When in the
open position (extended forward), a slot is created
between the slat and the wing leading edge. At low
airspeeds this increases lift and improves handling
characteristics, allowing the aircraft to be con-
trolled at airspeeds below the otherwise normal
landing speed.

CONTROL AROUND THE LONGITUDINAL AXIS

The motion of the aircraft about the longitudinal
axis is called rolling or banking. The ailerons
(figure 2-18) are used to control this movement.
The ailerons form a part of the wing and are lo-
cated in the trailing edge of the wing toward the
tips. Ailerons are the movable surfaces of an
otherwise fixed-surface wing. The aileron is in neu-
tral position when it is streamlined with the trailing
edge of the wing.

Ailerons respond to side pressure applied to
the control stick. Pressure applied to move the stick
toward the right raises the right aileron and lowers

Ailerons
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Ficure 2-18. Aileron action.

41

the left aileron, causing the aircraft to bank to the
right. Ailerons are linked together by control
cables so that when one aileron is down, the oppo-
site aileron is up. The function of the lowered aile-
ron is to increase the lift by increasing the wing
camber. At the same time, the down aileron also
creates some additional drag since it is in the area
of high pressure below the wing. The up aileron, on
the opposite end of the wing, decreases lift on that
end of the wing. The increased lift on the wing
whose aileron is down, raises this wing. This causes
the aircraft to roll about its longitudinal axis as
shown in figure 2-19.

As a result of the increased lift on the wing with
the lowered aileron, drag is also increased. This
drag attempts to pull the nose in the direction of
the high wing. Since the ailerons are used with the
rudder when making turns, the increased drag tries
to turn the aircraft in the direction opposite to that
desired. To avoid this undesirable effect, aircraft
are often designed with differential travel of the
ailerons.

Differential aileron travel (figure 2-20) provides
more aileron up travel than down travel for a given
movement of the control stick or wheel in the
cockpit.

The spoilers, or speed brakes as they are also
called, are plates fitted to the upper surface of the
wing. They are usually deflected upward by hy-
draulic actuators in response to control wheel move-
ment in the cockpit. The purpose of the spoilers is
to disturb the smooth airflow across the top of the
airfoil thereby creating an increased amount of
drag and a decreased amount of lift on that airfoil.

Spoilers are used primarily for lateral control
When banking the airplane, the spoilers function
with the ailerons. The spoilers on the up aileron
side raise with that aileron to further decrease the
lift on that wing. The spoiler on the opposite side
remains in the faired position. When the spoilers
are used as a speed brake, they are all deflected
upward simultaneously. A separate control lever is
provided for operating the spoilers as speed brakes.

While we tend to think of a spoiler as being a
fairly complicated, controlled device, we should
keep in mind that some are not controllable. Some
spoilers are automatic in operation in that they
come into effect only at a high angle of attack. This
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Aileron control system.
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Fictre 2-20. Aileron differential control.
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arrangement keeps them out of the slipstream at

cruise and high speeds.

A fixed spoiler may be a small wedge affixed to
the leading edge of the airfoil as shown in figure

Direction of pedal

Axis

Y

Ficure 2-21. Fixed spoilers or stall strip.

2-21.  This type spoiler causes the inboard portion
of the wing to stall ahead of the outboard portion
which results in aileron control right up to the
occurrence of complete wing stall.

\ Direction of rudder

movement

Direction of airplane
motion

Relative wind ———3»

Ficure 2-22. Rudder action.
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Use extreme accuracy in positioning leading edge
spoilers when re-installing them after they have
been removed for maintenance. Improper position-
ing may result in adverse stall characteristics. Al-
ways follow the manufacturers’ instructions regard-
ing location and method of attachment.

CONTROL AROUND THE VERTICAL AXIS

Turning the nose of the aircraft causes the air-
craft to rotate about its vertical axis. Rotation of
the aircraft about the vertical axis is called yawing.
This motion is controlled by using the rudder as
illustrated in figure 2-22.

The rudder is a movable control surface attached
to the trailing edge of the vertical stabilizer. To
turn the aircraft to the right, the rudder is moved
to the right. The rudder protrudes into the air-
stream, causing a force to act upon it. This is the
force necessary to give a turning movement about
the center of gravity which turns the aircraft to the
right. If the rudder is moved to the left, it induces a

Bellcrank

counterclockwise rotation and the aircraft similarly
turns to the left. The rudder can also be used in
controlling a bank or turn in flight.

The main function of the rudder is to turn the
aircraft in flight. This turn is maintained by the
side pressure of the air moving past the vertical
surfaces. When an aircraft begins to slip or skid,
rudder pressure is applied to keep the aircraft
headed in the desired direction (balanced).

Slip or, sideslipping refers to any motion of the
aircraft to the side and downward toward the inside
of a turn. Skid or skidding refers to any movement
upward and outward away from the center of a
turn.

CONTROL AROUND THE LATERAL AXIS

When the nose of an aircraft is raised or low-
ered, it is rotated about its lateral axis. Elevators
are the movable control surfaces that cause this
rotation (figure 2-23). They are normally hinged
to the trailing edge of the horizontal stabilizer.

Pivot Pivot

Frcure 2-23.

The elevators are used to make the aircraft climb
or dive and also to obtain sufficient lift from the
wings to keep the aircraft in level flight at various
speeds.

The elevators can be moved either up or down. If
the elevator is rotated up, it decreases the lift force
on the tail causing the tail to lower and the nose to
rise. If the elevator is rotated downward, it in-
creases the lift force on the tail causing it to rise
and the nose to lower. Lowering the aircraft’s nose
increases forward speed, and raising the nose de-
creases forward speed.

Some aircraft use a movable horizontal surface
called a stabilator (figure 2-24). The stabilator
serves the same purpose as the horizontal stabilizer

Elevator action.

and elevator combined. When the cockpit control is
moved, the complete stabilator is moved to raise or
lower the leading edge, thus changing the angle of
attack and the amount of lift on the tail surfaces.

Pivot

Ficure 2-24. Movable horizontal stabilator.



Aircraft empennages have been designed which
combine the vertical and horizontal stabilizers. Such
empennages have the stabilizers set at an angle as
shown in figure 2-25. This arrangement is referred
to as a butterfly or vee tail.

The control surfaces are hinged to the stabilizers
at the trailing edges. The stabilizing portion of this
arrangement is called a stabilator, and the control
portion is called the ruddervator. The ruddervators
can be operated both up or both down at the same

Stabilizers

Ruddervator

time. When used in this manner, the result is the
same as with any other type of elevator. This action
is controlled by the stick or control column.

The ruddervators can be made to move opposite
each other by pushing the left or right rudder pedal
(figure 2-26). If the right ruddér padel is pushed,
the right ruddervator moves down and the left rod-
dervator moves up. This produces turning moments
to move the nose of the aircraft to the right.

——®

I

Ficure 2-25. A butterfly or vee tail.
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Ficure 2-26. Ruddervator action. (A) functioning as an elevator; (B) functioning as a rudder.

TABS

Even though an aircraft has inherent stability, it
does not always tend to fly straight and level. The
weight of the load and its distribution affect stabil-
ity. Various speeds also affect its flight characteris-
tics. If the fuel in one wing tank is used before that
in the other wing tank, the aircraft tends to roll
toward the full tank. All of these variations require
constant exertion of pressure on the controls for
correction. While climbing or gliding, it is necessary

to apply pressure on the controls to keep the air-
craft in the desired attitude.

To offset the forces that tend to unbalance an
aircraft in flight, ailerons, elevators, and rudders
are provided with auxiliary controls known as tabs.
These are small, hinged control surfaces (figure
2-27) attached to the trailing edge of the primary
control surfaces. Tabs can be moved up or down by
means of a crank or moved electrically from the
cockpit. These tabs can be used to balance the



forces on the controls so that the aircraft flies
straight and level, or may be set so that the aircraft
maintains either a climbing or gliding attitude.

Control hom

Control surface
C___ Fixed surface L}-?_?/ Tab
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A — TRIM TAB
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axis
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B — SERVO TAB

' «— Control hom
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Spring cartridge
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D — SPRING TAB

Ficure 2-27. Flight control trim tab types.

Trim Tabs

Trim tabs trim the aircraft in flight. To trim
means to correct any tendency of the aircraft to
move toward an undesirable flight attitude. Trim
tabs control the balance of an aircraft so that it
maintains straight and level flight without pressure
on the control column, control wheel, or rudder
pedals. Figure 2-27A illustrates a trim tab.
Note that the tab has a variable linkage which is
adjustable from the cockpit. Movement of the tab in
one direction causes a deflection of the control sur-
face in the opposite direction. Most of the trim tabs
installed on aircraft are mechanically operated from
the cockpit through an individual cable system.
However, some aircraft have trim tabs that are op-
erated by an electrical actuator. Trim tabs are ei-
ther controlled from the cockpit or adjusted on the
ground before taking off. Trim tabs are installed on
elevators, rudders, and ailerons. -

Servo Tabs

Servo tabs (figure 2-27B) are very similar in
operation and appearance to the trim tabs just dis-
cussed. Servo tabs, sometimes referred to as flight
tabs, are used primarily on the large main control
surfaces. They aid in moving the control surface
and holding it in the desired position. Only the
servo tab moves in response to movement of the
cockpit control. (The servo tab horn is free to pivot
to the main control surface hinge axis.) The force
of the airflow on the servo tab then moves the
primary control surface. With the use of a servo tab
less force is needed to move the main control sur-
face.

Balance Tabs

A balance tab is shown in figure 2-27C. The
linkage is designed in such a way that when the
main control surface is moved, the tab moves in
the opposite direction. Thus, aerodynamic forces,
acting on the tab, assist in moving the main control
surface.

Spring Tabs

Spring tabs (figure 2-27D) are similar in ap-
pearance to trim tabs, but serve an entirely different
purpose. Spring tabs are used for the same purpose
as hydraulic actuators; that is, to aid in moving a
primary control surface. There are various spring
arrangements used in the linkage of the spring tab.

On some aircraft, a spring tab is hinged to the
trailing edge of each aileron and is actuated by a
spring-loaded push-pull rod assembly which is also
linked to the aileron control linkage. The linkage is
connected in such a way that movement of the aile-
ron in one direction causes the spring tab to be
deflected in the opposite direction. This provides a
balanced condition, thus reducing the amount of
force required to move the ailerons.

The deflection of the spring tabs is directly pro-
portional to the aerodynamic load imposed upon the
aileron; therefore, at low speeds the spring tab
remains in a neutral position and the aileron is a
direct manually controlled surface. At high speeds,
however, where the aerodynamic load is great, the
tab functions as an aid in moving the primary con-
trol surface.

To lessen the force required to operate the con-
trol surfaces they are usually balanced statically
and aerodynamically. Aerodynamic balance is
usually achieved by extending a portion of the con-
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Ficure 2-28. Three forms of aerodynamic balance.

trol surface ahead of the hinge line. This utilizes
the airflow about the aircraft to aid in moving the
surface. The various methods of achieving aerody-
namic balance are shown in figure 2-28.

Static balance is accomplished by adding weight
to the section forward of the hinge line until it
weighs the same as the section aft of it. When
repairing a control surface use care to prevent up-
setting or disturbing the static balance. An unbal-
anced surface has a tendency to flutter as air passes
over it.

High-Lift Devices

High-lift devices are used in combination with
airfoils in order to reduce the takeoff or landing
speed by changing the lift characteristics of an air-
foil during the landing or takeoff phases. When
these devices are no longer needed they are re-
turned to a position within the wing to regain the
normal characteristics of the airfoil.

Two high-lift devices commonly used on aircraft
are shown in figure 2-29. One of these is known as
a slot, and is used as a passageway through the
leading edge of the wing. At high angles of attack
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the air flows through the slot and smooths out the
airflow over the top surface of the wing. This ena-
bles the wing to pass beyond its normal stalling
point without stalling. Greater lift is obtained with
the wing operating at the higher angle of attack.

The other high-lift device is known as a flap. Itis a
hinged surface on the trailing edge of the wing. The
flap is controlled from the cockpit, and when not in
use fits smoothly into the lower surface of each
wing. The use of flaps increases the camber of a
wing and therefore the lift of the wing, making it
possible for the speed of the aircraft to be de-
creased without stalling. This also permits a steeper
gliding angle to be obtained as in the landing ap-
proach. Flaps are primarily used during takeoff and
landing.

The types of flaps in use on aircraft include: (1)
Plain, (2) split, (3) Fowler, and (4) slotted. The
plain (figure 2-30) is simply hinged to the wing
and forms a part of the wing surface when raised.

The split flap (figure 2-30) gets its name from
the hinge at the bottom part of the wing near the
trailing edge permitting it to be lowered from the
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Ficure 2-29. High-lift devices.

fixed top surface. The Fowler flap (figure 2-30) fits
into the lower part of the wing so that it is flush
with the surface. When the flap is operated, it slides
backward on tracks and tilts downward at the same
time. This increases wing camber, as do the other
types of flaps. However, Fowler flaps also increase
the wing area; thus, they provide added lift without
unduly increasing drag.

The slotted flap (figure 2-30) is like the Fowler
flap in operation, but in appearance it is similar to
the plain flap. This flap is equipped with either
tracks and rollers or hinges of a special design.
During operation, the flap moves downward and
rearward away from the position of the wing. The
“slot” thus opened allows a flow of air over the
upper surface of the flap. The effect is to streamline
the airflow and to improve the efficiency of the flap.

BOUNDARY LAYER CONTROL DEVICES

The layer of air over the surface which is slower
moving in relation to the rest of the slipstream is
called the boundary layer. The initial airflow on a
smooth surface (figure 2-31) gives evidence of a
very thin boundary layer with the flow occurring in
smooth laminations of air sliding smoothly over one
another. Therefore, the term for this type of flow is
the laminar boundary layer.
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Ficure 2-30. Types of wing flaps.
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Ficure 2-31. Boundary layer characteristics.

As the flow continues back from the leading edge,
friction forces in the boundary layer continue to



dissipate the energy of the airstream, slowing it
down. The laminar boundary layer increases in
thickness with increased distance from the wing
leading edge. Some distance back from the leading
edge, the laminar flow begins an oscillatory disturb-
ance which is unstable. A waviness occurs in the
laminar boundary layer which ultimately grows
larger and more severe and destroys the smooth
laminar flow. Thus, a transition takes place in
which the laminar boundary layer decays into a
turbulent boundary layer. The same sort of transi-
tion can be noticed in the smoke from a cigarette in
still air. At first, the smoke ribbon is smooth and
laminar, then develops a definite waviness, and
decays into a random turbulent smoke pattern.

Boundary layer control devices are additional
means of increasing the maximum lift coefficient of
a section. The thin layer of air adjacent to the
surface of an airfoil shows reduced local velocities
from the effect of skin friction. At high angles of
attack, the boundary layer on the upper surface
tends to stagnate (come to a stop). When this hap-
pens, the airflow separates from the surface and
stall occurs.

Boundary layer control devices for high-lift ap-
plications feature various devices to maintain high
velocity in the boundary layer and delay separation
of the airflow. Control of the boundary layer’s ki-
netic energy can be accomplished using slats and
the application of suction to draw off the stagnant
air and replace it with high-velocity air from out-
side the boundary layer.

Slats (figure 2-32) are movable control surfaces
attached to the leading edge of the wing. When the
slat is closed, it forms the leading edge of the wing.
When in the open position (extended forward), a
slot is created between the slat and the wing leading
edge. Thus, high-energy air is introduced into the
boundary layer over the top of the wing. This is
known as “boundary layer control.” At low air-
speeds this improves handling characteristics, allow-
ing the aircraft to be controlled laterally at air-
speeds below the otherwise normal landing speed.

Controlling boundary layer air by surface suction
allows the wing to operate at higher angles of
attack. The effect on lift characteristics is similar to
that of a slot, because the slot is essentially a
boundary layer control device ducting high-energy
air to the upper surface.

Boundary layer control can also be accomplished
by directing high-pressure engine bleed air through
a narrow orifice located just forward of the wing
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F1cure 2-32. Methods of controlling boundary layer air.

flap leading edge. This directs a laminar flow (air
in layers) of air over the wing and flaps when the
flaps have opened sufficiently to expose the orifice.
The high-temperature, high-velocity laminar air
passing over the wing and flaps delays flow separa-
tion (the airstream over an airfoil no longer follows
the contour of the airfoil), hence reduces turbu-
lence and drag (see figure 2-29). This results in a
lower stall speed and allows slower landing speeds.

FORCES ACTING ON A HELICOPTER

One of the differences between & helicopter and a
fixed-wing aircraft is the main source of lift. The
fixed-wing aircraft derives its lift from a fixed air-
foil surface while the helicopter derives lift from a
rotating airfoil called the rotor. Aircraft are classi-
fied as either fixed-wing or rotating wing. The word
helicopter comes from a Greek word meaning
“helical wing” or “rotating wing.”

During any kind of horizontal or vertical flight,
there are four forces acting on the helicopter—lift,



thrust, weight, and drag. Lift is the force required
to support the weight of the helicopter. Thrust is
the force required to overcome the drag on the
fuselage and other helicopter components.

During hovering flight in a no-wind condition,
the tip-path plane is horizontal, that is, parallel to
the ground. Lift and thrust act straight up; weight
and drag act straight down. The sum of the lift and
thrust forces must equal the sum of the weight and
drag forces in order for the helicopter to hover.

During vertical flight in a no-wind condition, the
lift and thrust forces both act vertically upward.
Weight and drag both act vertically downward.
When lift and thrust equal weight and drag, the
helicopter hovers; if lift and thrust are less than
weight and drag, the helicopter descends vertically;
if lift and thrust are greater than weight and drag,
the helicopter rises vertically.

For forward flight, the tip-path plane is tilted
forward, thus tilting the total lift-thrust force for-
ward from the vertical. This resultant lift-thrust
force can be resolved into two components—Ilift
acting vertically upward, and thrust acting horizon-
tally in the direction of flight. In addition to lift
and thrust, there are weight, the downward acting
force, and drag, the rearward acting or retarding
force of inertia and wind resistance.

In straight-and-level, unaccelerated forward
flight, lift equals weight and thrust equals drag.
(Straight-and-level flight is flight with a constant
heading and at a constant altitude.) If lift exceeds
weight, the helicopter climbs; if the lift is less than
weight, the helicopter descends. If thrust exceeds
drag, the helicopter speeds up; if thrust is less than
drag, it slows down.

In sideward flight, the tip-path plane is tilted
sideward in the direction that flight is desired thus
tilting the total lift-thrust vector sideward. In this
case, the vertical or lift component is still straight
up, weight straight down, but the horizontal or
thrust component now acts sideward with drag
acting to the opposite side.

For rearward flight, the tip-path plane is tilted
rearward tilting the lift-thrust vector rearward. The
thrust component is rearward and drag forward,
just the opposite to forward flight. The lift compo-
nent is straight up and weight straight down.

Torque

Newton’s third law of motion states, “To every
action there is an equal and opposite reaction.” As
the main rotor of a helicopter turns in one direc-
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tion, the fuselage tends to rotate in the opposite
direction. This tendency for the fuselage to rotate is
called torque. Since torque effect on the fuselage is
a direct result of engine power supplied to the main
rotor, any change in engine power brings about a
corresponding change in torque-effect. The greater
the engine power, the greater the torque effect.
Since there is no engine power being supplied to
the main rotor during autorotation, there is no
torque reaction during autorotation.

The force that compensates for torque and pro-
vides for directional control can be produced by
means of an auxiliary rotor located on the end of
the tail boom. This auxiliary rotor, generally re-
ferred to as a tail rotor, or anti-torque rotor, pro-
duces thrust in the direction opposite to torque
reaction developed by the main rotor (figure 2-33).
Foot pedals in the cockpit permit the pilot to in-
crease or decrease tail-rotor thrust, as needed, to
neutralize torque effect.

Other methods of compensating for torque and
providing directional control are illustrated in
figure 2-33.

The spinning main rotor of a helicopter acts like
a gyroscope. As such, it has the properties of gyro-
scopic action, one of which is precession. Gyroscopic
precession is the resultant action or deflection of a
spinning object when a force is applied to this
object. This action occurs approximately 90° in the
direction of rotation from the point where the force
is applied (figure 2-34). Through the use of this
principle, the tip-path plane of the main rotor may
be tilted from the horizontal.

The movement of the cyclic pitch control in a
two-bladed rotor system increases the angle of
attack of one rotor blade with the result that a
greater lifting force is applied at this point in the
plane of rotation. This same control movement si-
multaneously decreases the angle of attack of the
other blade a like amount thus decreasing the lift-
ing force applied at this point in the plane of rota-
tion. The blade with the increased angle of attack
tends to rise; the blade with the decreased angle of
attack tends to lower. However, because of the gy-
roscopic precession property, the blades do not rise
or lower to maximum deflection until a point ap-
proximately 90° later in the plane of rotation.

As shown in figure 2-35, the retreating blade
angle of attack is increased and the advancing
blade angle of attack is decreased resulting in a
tipping forward of the tip-path plane, since maxi-
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Frcure 2-33. Methods for achieving directional control.

mum deflection takes place 90° later when the
blades are at the rear and front respectively.

In a three-bladed rotor, the movement of the
cyclic pitch control changes the angle of attack of
each blade an appropriate amount so that the end
result is the same, a tipping forward of the tip-path
plane when the maximum change in angle of attack
is made as each blade passes the same points at
which the maximum increase and decrease are made
for the two-bladed rotor as shown in figure 2-35.
As each blade passes the 90° position on the left,
the maximum increase in angle of attack occurs. As
each blade passes the 90° position to the right, the
maximum decrease in angle of attack occurs. Maxi-
mum deflection takes place 90° later, maximum up-
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ward deflection at the rear and maximum down-
ward deflection at the front, and the tip-path plane
tips forward.

Dissymmetry of Lift

The area within the tip-path plane of the main
rotor is known as the disk area or rotor disk. When
hovering in still air, lift created by the rotor blades
at all corresponding positions around the rotor disk
is equal. Dissymmetry of lift is created by horizon-
tal flight or by wind during hovering flight, and is
the difference in lift that exists between the advanc-
ing blade half of the disk area and the retreating
blade half.

At normal rotor operating r.p.m. and zero air-
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F1cure 2-34. Gyroscopic precession principle.

speed, the rotating blade tip speed of most helicop-
ter main rotors is approximately 400 m.p.h. When
hovering in a no-wind condition, the speed of the
relative wind at the blade tips and at any specific
point along the blade is the same throughout the
tip-path plane (figure 2-36). However, the speed is
reduced as this point moves closer to the rotor hub
as indicated in figure 2-36 by the two inner circles.

Low pitch applied

As the helicopter moves into forward flight, the
relative wind moving over each rotor blade becomes
a combination of the rotational speed of the rotor
and the forward movement of the helicopter. As
shown in figure 2-37, the advancing blade has the
combined speed of the blade velocity plus the speed
of the helicopter. On the opposite side, the retreat-
ing blade speed is the blade velocity less the speed
of the helicopter.

It is apparent that the lift over the advancing
blade half of the rotor disk will be greater than the
lift over the retreating blade half during horizontal
flight or when hovering in a wind.

Due to the greater lift of the advancing blade the
helicopter would roll to the left unless something is
done to equalize the lift of the blades on both sides
of the helicopter.

Blade Flapping

In a three-bladed rotor system, the rotor blades
are attached to the rotor hub by a horizontal hinge
which permits the blades to move in a vertical
plane, t.e., flap up or down, as they rotate (figure
2-38). In forward flight and assuming that the
blade-pitch angle remains constant, the increased
lift on the advancing blade will cause the blade to
flap up decreasing the angle of attack because the
relative wind will change from a horizontal direc-
tion to more of a downward direction. The de-
creased lift on the retreating blade will cause the
blade to flap down increasing the angle of attack
because the relative wind changes from a horizontal
direction to more of an upward direction. The com-

High flap result

Low flap result

Ficure 2-35. Rotor disk acts like a gyro.
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Ficure 2-36. Comparison of rotor blade speeds for the
advancing blade and retreating blade during hover.

Direction of flight
(100 m.p.h.)

N\

Directhn of ‘omﬁon

Ficure 2-37. Comparison of rotor blade speeds for the
advancing and retreating blade during forward flight.

bination of decreased angle of attack on the ad-
vancing blade and increased angle of attack on the
retreating blade through blade flapping action tends

Ficure 2-38. Blade flapping action- (vertical plane).

to equalize the lift over the two halves of the rotor
disk.

The amount that a blade flaps up is a compromise
between centrifugal force, which tends to hold the
blade straight out from the hub, and lift forces
which tend to raise the blade on its flapping hinge.
As the blades flap up they leave their normal tip-
path plane momentarily. As a result, the tip of the
blade which is flapping must travel a greater dis-
tance. Therefore, it has to travel at a greater speed
for a fraction of a second, in order to keep up with
the other blades.

The blade flapping action creates an unbalance
condition with resulting vibration. To prevent this
vibration, a drag hinge (figure 2-39) is incorpo-
rated which permits the blade to move back and
forth in a horizontal plane.

Hub

Ficure 2-39. Action of drag hinge (horizontal plane).

With the blades free to move back and forth on
the drag hinges, an unbalanced condition is created
since the c.g. (center of gravity) will not remain
fixed but moves around the mast. This c.g. move-
ment causes excessive vibration. To dampen out the
vibrations, hydraulic dampers limit the movement
of the blades on the drag hinge. These dampers also
tend to maintain the geometric relationship of the
blades.

A main rotor which permits individual movement
of the blades from the hub in both a vertical and

- horizontal plane is called an articulated rotor. The
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hinge points and direction of motion around each
hinge are illustrated in figure 2-40.

In a two-bladed system, the blades flap as a unit.
As the advancing blade flaps up due to the in-
creased lift, the retreating blade flaps down due to
the decreased lift. The change in angle of attack on
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Ficure 2-40. Articulated rotor head.

each blade brought about by this flapping action
tends to equalize the lift over the two halves of the
rotor disk.

The position of the cyclic pitch control in for-
ward flight also causes a decrease in angle of attack
on the advancing blade and an increase in angle of
attack on the retreating blade. This together with
blade flapping equalizes lift over the two halves of
the rotor disk.

Coning

Coning (figure 2-41) is the upward bending of
the blades caused by the combined forces of lift and
centrifugal force. Before takeoff, the blades rotate
in a plane nearly perpendicular to the rotor mast,
since centrifugal force is the major force acting on
them.

As a vertical takeoff is made, two major forces
are acting at the same time—centrifugal force
acting outward perpendicular to the rotor mast, and
lift acting upward and parallel to the mast. The
result of these two forces is that the blades assume
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Frcure 2-41. Blade coning.

a conical path instead of remaining in the plane
perpendicular to the mast.

Coning results in blade bending in a semirigid
rotor; in an articulated rotor, the blades assume an
upward angle through movement about the flapping
hinges.

Ground Effect

When a helicopter is in a hovering position close
to the ground, the rotor blades will be displacing
air downward through the disk faster than it can
escape from beneath the helicopter. This builds up a
cushion of dense air between the ground and the
helicopter (figure 2-42). This cushion of more dense
air, referred to as ground effect, aids in supporting
the helicopter while hovering. It is usually effective
to a height of approximately one-half the rotor disk
diameter. At approximately 3 to 5 m.p.h. ground-
speed, the helicopter will leave its ground cushion.
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Ficure 2-42. Ground effect.
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Avtorotation

Autorotation is the term used for the flight condi-
tion during which no engine power is supplied and
the main rotor is driven only by the action of the
relative wind. The helicopter transmission or power
train is designed so that the engine, when it stops,
is automatically disengaged from the main rotor
system to allow the main rotor to rotate freely in its
original direction.

When engine power is being supplied to the main
rotor, the flow of air is downward through the
rotor. When engine power is not being supplied to
the main rotor, that is, when the helicopter is in
autorotation, the flow of air is upward through the
rotor. It is this upward flow of air that causes the
rotor to continue turning after engine failure.

The portion of the rotor blade that produces the
forces that cause the rotor to turn when the engine
is no longer supplying power to the rotor, is that



portion between approximately 25% and 70% of
the radius outward from the center. This portion is
often referred to as the “autorotative or driving
region.” Aerodynamic forces along this portion of
the blade tend to speed up the blade rotation.

The inner 25% of the rotor blade, referred to as
the “stall region,” operates above its maximum
angle of attack (stall angle), thereby contributing
little lift but considerable drag which tends to slow
the blade rotation.

The outer 30% of the rotor blade is known as
the “propeller or driven region.” Aerodynamic
forces here result in a small drag force which tends
to slow the tip portion of the blade.

The aerodynamic regions as described above are
for vertical autorotations. During forward flight au-
torotations, these regions are displaced across the
rotor disk to the left.

Rotor r.p.m. stabilizes when the autorotative
forces (thrust) of the “driving region” and the
autorotative forces (drag) of the “driven region”
and the “stall region” are equal.

Forward speed during autorotative descent per-
mits a pilot to incline the rotor disk rearward, thus
causing a flare. The additional induced lift created
by the greater volume of air momentarily checks
forward speed as well as descent. The greater vol-
ume of air acting on the rotor disk will normally
increase rotor r.p.m. during the flare. As the for.
ward speed and descent rate near zero, the upward
flow of air has practically ceased and rotor r.p.m.
again decreases; the helicopter settles at a slightly
increased rate but with reduced forward speed. The
flare enables the pilot to make an emergency land-
ing on a definite spot with little or no landing roll
or skid.

HELICOPTER AXES OF FLIGHT

As a helicopter maneuvers through the air, its
attitude in relation to the ground changes. These
changes are described with reference to three axes
(figure 2-43) of flight: (1) Vertical, (2) longitudi-
nal, and (3) lateral.

Movement about the vertical axis produces yaw,
a nose swing (or change in direction) to the right
or left. This is controlled by the directional-control
pedals. The various methods of achieving direc-
tional control were discussed earlier in this section.

Movement about the longitudinal axis is called
roll. This movement is effected by moving the cyclic
pitch control to the right or left. The cyclic pitch
control is similar to the control stick of a conven-

tional aircraft. It acts through a mechanical linkage
(figure 2-44) to change the pitch of each main-ro-
tor blade during a cycle of rotation.

( | ) Yaw

()

f\o]l Longitudinal axis
Vertxcal axis
- Lateral axis
Pitch

Fieure 2-43. Axes of flight.

Frcure 2-44. Cyclic pitch control mechanism.

The rapidly rotating rotor blades create a disk
area that can be tilted in any direction with respect
to the supporting rotor mast. Horizontal movement



is controlled by changing the direction of tilt of the
main rotor to produce a force in the desired direc-
tion.

Movement about the lateral axis produces a nose-
up or nosedown attitude. This movement is effected
by moving the cyclic pitch control fore and aft.

The collective pitch control (figure 2-45) varies
the lift of the main rotor by increasing or decreas-
ing the pitch of all blades at the same time. Raising
the collective pitch control increases the pitch of the
blades, thereby increasing the lift. Lowering the
control decreases the pitch of the blades, causing a
loss of lift. Collective pitch control is also used in
coordination with cyclic pitch control to regulate
the airspeed of the helicopter.

Frcure 2-45. Collective pitch control mechanism.

Many factors determine the amount of lift availa-
ble in helicopter operation. Generally speaking, the
pilot has control of two of these. One is the pitch
angle of the rotor blades; the other is the power de-
livered to the rotor, represented by r.p.m. and mani-
fold pressure. By controlling the pitch angle of the
rotor blades, the pilot can establish the vertical
flight of the helicopter. By manipulating the throttle
control, a constant engine speed can be maintained
regardless of the increase or decrease in blade
pitch. The throttle is mounted on the collective
pitch grip and is operated by rotating the grip. The
throttle is synchronized with the main-rotor pitch
control in such a manner that an increase of pitch
increases power and a decrease in pitch decreases
power. A complete control system of a conventional
helicopter is shown in figure 2-46.

HIGH-SPEED AERODYNAMICS
Developments in aircraft and powerplants are
yielding high-performance transports with capabili-
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ties for very high speed flight. Many significant
differences arise in the study of high-speed aerody-
namics when compared with low-speed aerodynamics.
It is quite necessary, therefore, that persons asso-
ciated with commercial aviation be familiar with the
nature of high-speed airflow and the peculiarities of
high-performance airplanes.

General Concepis of Supersonic Flow Patterns

At low flight speeds, air experiences small
changes in pressure which canse negligible varia-
tions in density, greatly simplifying the study of
low-speed aerodynamics. The flow is called incom-
pressible since the air undergoes small changes in
pressure without significant changes in density. At
high flight speeds, however, the pressure changes
that take place are quite large and significant
changes in air density occur. The study of airflow
at high speeds must account for these changes in air
density and must consider that the air is compressi-
ble, or that there are compressibility effects.

The speed of sound is very important in the
study of high-speed airflow. The speed of sound
varies with the ambient temperature. At sea level,
on a standard day, the speed of sound is about
661.7 knots (760 m.p.h.).

As a wing moves through the air, local velocity
changes occur which create pressure disturbances in
the airflow around the wing. These pressure dis-
turbances are transmitted through the air at the
speed of sound. If the wing is traveling at low
speed, the pressure disturbances are transmitted and
extend indefinitely in all directions. Evidence of
these pressure disturbances is seen in the typical
subsonic flow pattern illustrated in figure 2-47
where upwash and flow direction change well ahead
of the wing leading edge.

If the wing is traveling above the speed of sound,
the airflow ahead of the wing is not influenced by
the pressure field of the wing, since pressure dis-
turbances cannot be propagated faster than the
speed of sound. As the flight speed nears the speed
of sound, a compression wave forms at the leading
edge and all changes in velocity and pressure take
place quite sharply and suddenly. The airflow
ahead of the wing is not influenced until the air
molecules are suddenly forced out of the way by the
wing. Evidence of this phenomenon is seen in the
typical supersonic flow pattern shown in figure
2-48.

Compressibility effects depend not on airspeed,
but rather on the relationship of airspeed to the
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Ficure 2-46. Control system of conventional helicopter.
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Ficure 247. Typical subsonic flow pattern, subsonic wing.
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Ficure 248. Typical supersonic flow pattern, supersonic wing.

speed of sound. This relationship is called Mach
number, and is the ratio of true airspeed to the
speed of sound at a particular altitude.

Compressibility effects are not limited to flight
speeds at and above the speed of sound. Since any
airplane is made up of aerodynamic shapes, air
accelerates and decelerates around these shapes and
attains local speeds above the flight speed. Thus, an
aircraft can experience compressibility effects at
flight speeds well below the speed of sound. Since it
is possible to have both subsonic and supersonic
flows on the airplane at the same time, it is best to
define certain regimes of flight. These approximate
regimes are defined as follows:

(1) Subsonic—flight Mach numbers below
0.75.
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(2) Transonic—flight Mach numbers from
0.75 to 1.20.

(3) Supersonic—flight Mach numbers from
1.20 to 5.00.

(4) Hypersonic—flight Mach numbers above
5.00.

While the flight Mach numbers used to define
these regimes are approximate, it is important to
appreciate the types of flow existing in each area.
In the subsonic regime, subsonic airflow exists on
all parts of the aircraft. In the transonic regime, the
flow over the aircraft components is partly subsonic
and partly supersonic. In the supersonic and hyper-
sonic regimes, supersonic flow exists over all parts
of the aircraft. Of course, in supersonic and hyper-
sonic flight some portions of the boundary layer are



subsonic, but the predominating flow is still super-
sonic.

Difference Between Subsonic and Supersonic
Flow

In a subsonic flow every molecule is affected
more or less by the motion of every other molecule
in the whole field of flow. At supersonic speeds, an
air molecule can influence only that part of the flow
contained in the Mach cone formed behind that
molecule.

The peculiar differences between subsonic flow
and supersonic flow can best be seen by considering
airflow in a closed contracting/expanding tube, as
depicted in figure 2-48.
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Decreasing air density
Contracting tube

/

Increasing air density
~————» Expanding tube
Increasing air velocity Decreasing air velocity

/\

(a) Subsonic flow

\/

Increasing air density Decreasing air density
Contracting tube — Expanding tube
Decreasing air velocity Increasing air velocity

/\

(b) Supersonic flow

Ficure 2-49. Comparison of subsonic and supersonic
airflow through a closed tube.

Unlike subsonic flow, a supersonic airstream
accelerates along an expanding tube, causing the air
density to decrease rapidly to compensate for the
combined effects of increased speed and increased
cross sectional area.

Unlike subsonic flow, a supersonic airstream de-
celerates along a contracting tube, causing the air
density to increase rapidly to compensate for the
combined effects of decreased speed and decreased
cross sectional area.

In order to clarify these fundamental points,
figure 2-50 lists the nature of the two types of
tubes. An understanding of figures 2-49 and 2-50
is essential if one is to grasp the fundamentals of
supersonic flow.

Contracting tube Expanding tube
Accelerates and Decelerates and
Subsonic flow rarefies alightly compresses slightly
Decelerates and Accelerates and
Supersonic flow compresses greatly - rarefies greatly

Ficure 2-50. High-sbeed flows.

TYPICAL SUPERSONIC FLOW PATTERNS

With supersonic flow, all changes in velocity,
pressure, temperature, density, and flow direction
take place suddenly and over a short distance. The
areas of flow change are distinct and the phenom-
ena causing the flow change are called wave forma-
tions. All compression waves occur abruptly and are
wasteful of energy. Compression waves are more
familiarly known as shock waves. Expansion waves
result in smoother flow transition and are not
wasteful of energy like shock waves. Three types of
waves can take place in supersonic flow: (1) The
oblique (inclined angle) shock wave (compres-
sion), (2) the normal (right angle) shock wave
(compression), and (3) the expansion wave (no
shock). The nature of the wave depends on the
Mach number, the shape of the object causing the
flow change, and the direction of flow.

A supersonic airstream passing through the
oblique shock wave experiences these changes:

(1) The airstream is slowed down. Both the
velocity and the Mach number behind the
wave are reduced, but the flow is still
supersonic.

(2) The flow direction is changed so that the
airstream runs paralle] to the new surface.

(3) The static pressure behind the wave is
increased.

(4) The static temperature behind the wave is
increased (and hence the local speed of
sound is increased).

(5) The density of the airstream behind the
wave is increased.

(6) Some of the available energy of the air-
stream (indicated by the sum of dynamic
and static pressure) is dissipated by con-
version into unavailable heat energy.
Hence, the shock wave is wasteful of en-
ergy.

The Normal Shock Wave

If a blunt-nosed object is placed in a supersonic
airstream, the shock wave which is formed is de-
tached from the leading edge. The detached ‘wave
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Ficure 2-51.

also occurs when a wedge or cone half angle ex-
ceeds some critical value. Figure 2-51 shows the
formation of a normal shock wave in the above two
cases. Whenever a shock wave forms perpendicular
to the free stream flow, the shock wave is termed a
normal (right angle) shock wave and the flow im-
mediately behind the wave is subsonic. No matter
how high the free stream Mach number may be, the
flow directly behind a normal shock is always sub-
sonic. In fact, the higher the supersonic free stream
Mach number (M) is in front of the normal shock
wave, the lower the subsonic Mach number is aft of
the wave. For example, if M; is 1.5, M, is 0.7;
while if M; is 2.6, M, is only 0.5. A normal shock
wave forms immediately in front of any relatively
blunt object in a supersonic airstream, slowing the
airstream to subsonic so that the airstream may feel
the presence of the blunt object and thus flow
around it. Once past the blunt nose, the airstream
may remain subsonic or it may accelerate back to
supersonic, depending on the shape of the nose and
the Mach number of the free stream.

A normal wave may also be formed when there is
no object in the supersonic airstream. It so happens
that whenever a supersonic airstream is slowed to
subsonic without a change in direction, a normal
shock wave forms as the boundary between the
supersonic and subsonic regions. This is why air-
planes encounter compressibility effects before the
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{b) Wedge or cone

Normal shock

Subsonic region

Normal shock-wave formation with a detached wave.

flight speed is sonic. Figure 2-52 illustrates the
manner in which an airfoil at a high subsonic speed
has local flow velocities which are supersonic. As
the local supersonic flow moves aft, a normal shock
wave forms so that the flow may return to subsonic
and rejoin the subsonic free stream at the trailing
edge without discontinuity. The transition of flow
from subsonic to supersonic is smooth and is not
accompanied by shock waves if the transition is
made gradually with a smooth surface. The transi-
tion of flow from supersonic to subsonic without
direction change always forms a normal shock
wave.

A supersonic airstream passing through a normal
shock wave experiences these changes:

(1) The airstream is slowed to subsonic. The
local Mach number behind the wave is
approximately equal to the reciprocal of
the Mach number ahead of the wave. For
example, if the Mach number ahead of the
wave is 1.25, the Mach number of the flow
behind the wave is about 0.8 (more ex-
actly 0.81264).

The airflow direction immediately behind
the wave is unchanged.

(2)
(3) The static pressure behind the wave is
greatly increased.

(4) The static temperature behind the wave is
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Ficure 2-52. Normal shock-wave formation on an airfoil
in a subsonic airstream.

greatly increased (and hence the local

speed of sound is increased).

The density of the airstream behind the

wave is greatly increased.

(6) The available energy of the airstream (in-
dicated by the sum of dynamic and static
pressure) is greatly reduced. The normal
shock wave is very wasteful of energy.

(5)

The Expansion Wave

If a supersonic airstream is turned away from the
preceding flow, an expansion wave is formed. The
flow around a corner shown in figure 2-53 does
not cause sharp, sudden changes in the airflow
except at the corner itself and thus is not actually a
shock wave. A supersonic airstream passing
through an expansion wave experiences these
changes:

(1) The supersonic airstream is accelerated.
The velocity and Mach number behind the
wave are greater.

(2) The flow direction is changed so that the
airstream runs parallel to the new surface,
provided separation does not occur.

(3) The static pressure behind the wave is
decreased.

{4) The static temperature behind the wave is
decreased (and hence the local speed of
sound is decreased).

(5) The density of the airstream behind the
wave is decreased.

{6) Since the flow changes in a rather gradual
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Ficure 2-53. Expansion wave formation.

manner, there is no shock and no loss of
energy in the airstream. The expansion
wave does not dissipate airstream energy.

A summary of the characteristics of the three
principal wave forms encountered with supersonic
flow is shown in figure 2-54.

Figure 2-55 shows the wave pattern for a con-
ventional blunt-nosed subsonic airfoil in a super-
sonic stream. When the nose is blunt, the wave must
detach and become a normal shock wave immedi.
ately ahead of the leading edge. Since the flow just
behind a normal shock wave is always subsonic, the
airfoil’s leading edge is in a subsonic region of very
high static pressure, static temperature, and density.

In supersonic flight, the zero lift of an airfoil of
some finite thickness includes a wave drag. Wave
drag is separate and distinct from drag due to lift.
The thickness of the airfoil has an extremely power-
ful effect on the wave drag. The wave drag varies as
the square of the thickness ratio (maximum thick-
ness divided by the chord). For example, if the
thickness is cut by one-half, the wave drag is cut by
three-fourths. The leading edges of supersonic
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Ficure 2-55. The conventional subsonic airfoil in supersonic flow.

shapes must be sharp. If they are not, the wave
formed near the leading edge is a strong detached
normal shock wave.

Once the flow over the airfoil is supersonic, the
aerodynamic center of the surface is located ap-
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proximately at the 50% chord position. This con-
trasts with the subsonic location of the aerodynamic
center, which is near the 25% chord position.
During supersonic flow all changes in velocity,
Mach number, static pressure, static temperature,



density, and flow direction take place quite sud-
denly through the various wave forms. The shape of
the object, the Mach number, and the required flow
direction change dictate the type and strength of
the wave formed.

Any object in subsonic flight which has some -

finite thickness or is producing lift must have local
velocities on the surface which are greater than the
free stream velocity. Hence, compressibility effects
can be expected to occur at flight speeds which are
less than the speed of sound. The transonic regime
of flight provides the opportunity for mixed sub-
sonic and supersonic local velocities and accounts
for the first significant effects of compressibility.

As the flight speed approaches the speed of
sound, the areas of supersonic flow enlarge and the
shock waves move nearer the trailing edge. The
boundary layer may remain separated or may re-at-
tach, depending much upon the airfoil shape and
angle of attack. When the flight speed exceeds the
speed of sound, a bow wave suddenly appears in
front of the leading edge with a subsonic region
behind the wave. The normal shock waves move to
the trailing edge. If the flight speed is increased to
some higher supersonic value, the bow wave moves
closer to the leading edge and inclines more down-
stream, and the trailing edge normal shock waves
become oblique shock waves.

Of course, all components of the aircraft are af-
fected by compressibility in a manner somewhat
similar to that of the basic airfoil (the empennage,
fuselage, nacelles, and so forth).

Since most of the difficulties of transonic flight
are associated with shock-wave-induced flow separa-
tion, any means of delaying or lessening the shock-
induced separation improves the aerodynamic char-
acteristics. An aircraft configuration can make use
of thin surfaces of low aspect ratio with sweepback
to delay and reduce the magnitude of transonic
force divergence. In addition, various methods of
boundary layer control, high-lift devices, vortex
generators, and so forth, may be applied to improve
transonic characteristics. For example, the mount-
ing of vortex generators on a surface can produce
higher local surface velocities and increase the ki-
netic energy of the boundary layer. Thus, a more
severe pressure gradient (stronger shock wave)
would be necessary to produce the unwanted air-
flow separation.

A vortex generator is a complementary pair of
small, low aspect ratio (short span in relation to
chord) airfoils mounted at opposite angles of attack
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to each other and perpendicular to the aerodynamic
surface they serve. Figure 2-56 shows the airfoils
and the airflow characteristics of a vortex genera-
tor. Like any airfoil, those of the generator de-
velop lift. In addition, like any airfoil of especially
low aspect ratio, the airfoils of the generator also
develop very strong tip vortices. These tip vortices
cause air to flow outward and inward in circular
paths around the ends of the airfoils. The vortices
generated have the effect of drawing high-energy
air from outside the boundary layer into the slower
moving air close to the skin. The strength of the
vortices is proportional to the lift developed by the
airfoils of the generator.

Airflow
Lift / Lift
Airfoil
Top View
Upper edge of

Tip vortex
boundary layer /\ //3‘:/
S
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Ficure 2-56. Wing vortex generator.

Vortex generators serve two distinctly different
purposes, depending on the aerodynamic surface
upon which they are mounted. Rows of vortex gen-
erators located on the upper surface of the wing
just upstream of the ailerons delay the onset of
drag divergence at high speeds and also aid in
maintaining aileron effectiveness at high speeds. In
contrast, rows of vortex generators mounted on
both sides of the vertical fin just upstream of the
rudder prevent flow separation over the rudder dur-



ing extreme angles of yaw which are attained only
when rudder application is delayed after an engine
loss at very low speeds. In addition, rows of vortex
generators placed on the underside (and occasion-
ally on the upper surface) of the horizontal stabi-
lizer just upstream of the elevators prevent flow
separation over the elevators at very low speeds.

In summary, vortex generators on wing surfaces
improve high-speed characteristics, while vortex
generators on tail surfaces, in general, improve
low-speed characteristics.

Control Surfaces

The control surfaces used on aircraft operating at
transonic and supersonic flight speeds involves some
important considerations. Trailing edge control sur-
faces can be affected adversely by the shock waves
formed in flight above the control surface critical
Mach number. If the airflow is separated by the
shock wave, the resulting buffet of the control sur-
face can be very objectionable. Installation of vor-
tex generators can reduce buffet caused by shock-in-
duced flow separation. In addition to the buffet of
the surface, the change in the pressure distribution
due to separation and shock-wave location can
create very large changes in control surface hinge
moments. Such large changes in hinge moments pro-
duce undesirable control forces which may require
the use of an irreversible control system. An irrev-
ersible control system employs powerful hydraulic
or electric actuators to move the control surfaces,
hence the airloads developed on the surfaces cannot
be felt by the pilot. Suitable feedback must be syn-
thesized by bungees, “q” springs, bobweights, and
so forth.

AERODYNAMIC HEATING

When air flows over any aerodynamic surface,
certain reductions in velocity take place which pro-
duce corresponding increases in temperature. The
greatest reduction in velocity and increase in tem-
perature occur at the various stagnation points on
the aircraft. Of course, smaller changes occur at
other points on the aircraft, but these lower temper-
atures can be related to the ram temperature rise at
the stagnation point. While subsonic flight does not
produce temperatures of any real concern, super-
sonic flight can create temperatures high enough to
be of major importance to the airframe, fuel system,
and powerplant.

Higher temperatures produce definite reductions
in the strength of aluminum alloys and require the

use of titanium alloys and stainless steels. Contin-
ued exposure at elevated temperatures further re-
duces strength and magnifies the problems of creep
failure and structural stiffness.

The effect of aerodynamic heating on the fuel
system must be considered in the design of a super-
sonic airplane. If the fuel temperature is raised to
the spontaneous ignition temperature, the fuel va.
pors will burn in the presence of air without the
need of an initial spark or flame.

Turbojet engine performance is adversely af-
fected by high compressor inlet air temperature.
The thrust output of the turbojet, obviously, is
some function of the fuel flow. But the maximum
allowable fuel flow depends on the maximum per-
missible turbine operating temperature. If the air
entering the engine is already hot, less fuel can
be added in order to avoid exceeding turbine
temperature limits.

FLIGHT CONTROL SYSTEMS

Three types of control systems commonly used
are: (1) The cable, (2) push-pull, and (3) the
torque tube system. The cable system is the most
widely used because deflections of the structure to
which it is attached do not affect its operation.
Many aircraft incorporate control systems that are
combinations of all three types.

Flight Control System Hardware, Mechanical
Linkage, and Mechanisms

The systems which operate the control surfaces,
tabs, and flaps include flight control system hard-
ware, linkage, and mechanisms. These items connect
the control surfaces to the cockpit controls. In-
cluded in these systems are cable assemblies, cable
guides, linkage, adjustable stops, control surface
snubber or locking devices, surface control booster
units, actuators operated by electric motors, and
actuators operated by hydraulic motors.

Cable Assembly

The conventional cable assembly consists of flexi-
ble cable, terminals (end fittings) for attaching to
other units, and turnbuckles. Information concern-
ing conventional cable construction and end fittings
is contained in Chapter 6 of the Airframe and Pow-
erplant Mechanics General Handbook, AC 65-9A.

At each regular inspection period, cables should
be inspected for broken wires by passing a cloth
along their length and observing points where the
cloth snags. To thoroughly inspect the cable, move
the surface control to its extreme travel limits. This



will reveal the cable in pulley, fairlead, and drum
areas. If the surface of the cable is corroded, relieve
cable tension. Then carefully force the cable open
by reverse twisting, and visually inspect the interior
for corrosion. Corrosion on the interior strands of
the cable indicates failure of the cable and requires
replacement of the cable. If there is no internal
corrosion, remove external corrosion with a coarse-
weave rag or fiber brush. Never use metallic wools
or solvents to clean flexible cable. Metallic wools
imbed dissimilar metal particles, which cause fur-
ther corrosion. Solvents remove the internal cable
lubricant, which also results in further corrosion.
After thoroughly cleaning the flexible cable, apply
corrosion-preventive compound. This compound
preserves and lubricates the cable.

Breakage of wires occurs most frequently where
cables pass over pulleys and through fairleads. Typ-
ical breakage points are shown in figure 2-57. Con-
trol cables and wires should be replaced if worn,
distorted, corroded, or otherwise damaged.

Ficure 2-57. Typical breakage points.

Lockclad cable is used on some large aircraft for
all long, straight runs. It consists of the conven-
tional flexible steel cable with aluminum tubing
swaged to it to lock the cable inside the tubing.
Lockclad cable construction has certain advantages.
Changes in tension due to temperature are less than
with conventional cable. Furthermore, the amount
of stretch at a given load is less than with conven-
tional cable.

Lockclad cables should be replaced when the cov-
ering is worn through, exposing worn wire strands;
is broken; or shows worn spots which cause the
cable to bump when passing over fairlead rollers.

Turnbuckles

The turnbuckle is a device used in cable control
systems to adjust cable tension. The turnbuckle bar-
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rel is threaded with left-hand threads inside one end
and right-hand threads inside the other. When ad-
justing cable tension, the cable terminals are
screwed into either end of the barrel an equal dis-
tance by turning the barrel. After a turnbuckle is
adjusted, it must be safetied. The methods of safety-
ing turnbuckles is discussed in Chapter 6 of the
Airframe and Powerplant Mechanics General Hand-
book, AC 65-9.

Cable Connectors

In addition to turnbuckles, cable connectors are
used in some systems. These connectors enable a
cable length to be quickly connected or discon-
nected from a system. Figure 2-58 illustrates one
type of cable connector in use. This type is con-
nected or disconnected by compressing the spring.

Spring connector

,,,,,

L

Ficure 2-58. Spring type of cable connector.

HYDRAULIC OPERATED CONTROL SYSTEMS

As the airspeed of late model aircraft increased,
actuation of controls in flight became more difficult.
It soon became apparent that the pilot needed as-
sistance to overcome the airflow resistance to con-
trol movement. Spring tabs which were operated
by the conventional control system were moved so
that the airflow over them actually moved the
primary control surface. This was sufficient for
the aircraft operating in the lowest of the high
speed ranges (250-300 mph).

For high speeds a power assist (hydraulic) con-
trol system was designed.



Conventional cable or push pull rod systems are
installed and are tied into a power transmission
quadrant. With the system activated, the pilot’s
effort is used to open valves thereby directing
hydraulic fluid to actuators, which are connected
to the control surfaces by control rods. The ac-
tuators move the control surface to the desired
flight condition. Reversing the input effort moves
the control surface in the opposite direction.

Manual Control

The control system from the cockpit is connected
by a rod across the power transmission quadrant
to the control actuating system. During manual
operation, the pilot’s effort is transmitted from the
control wheel through this direct linkage to the
control surface. Those aircraft which do not have
the manual reversion system may have as many as
three sources of hydraulic power-primary, back-up
and auxiliary. Any or all of the primary controls
may be operated by these systems.

RETAINING
RINGS

Gust Lock

A cam on the control juadrant shaft engages a
spring-loaded roller for the purpose of centering
and neutralizing the controls with the hydraulic
system off (aircraft parked). Pressure is trapped
in the actuators and since the controls are neutral-
ized by the cam and roller, no movement of the
control surfaces is permitted.

CABLE GUIDES

Cable guides (figure 2-59) consist primarily of
fairleads, pressure seals, and pulleys.

A fairlead may be made from a nonmetallic mate-
rial, 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

RUBSTRIP

SOLID FAIRLEAD

BRACKET
PULLEY

GUARD PIN

Ficure 2-59. Cable guides.



in a straight line through or between structural
members of the aircraft. Fairleads should never de-

flect the alignment of a cable more than 3° from a
straight line,

Checknut  threaded rod end Tube
®—6 . ‘

&) OR D E)D@T

Adjustable Rivets

antifriction

rod end Adjustable rod end clevis
A Control or push-pull rod
Quadrant «— Rear spar

Cable

Push-pull rod

)

B Torque tube

<=

Rudder aileron
interconnect
cables

<«

Centerline of
airplane

\ Rig pin hole

Sector

D Sector

E Cable drum

Ficure 2-60.

Control wheel

Flight control system mechanical linkages.
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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. Pressure seals should be inspected at regular
intervals to determine that the retaining rings are in
place. If a retaining ring comes off, it may slide
along the cable and cause jamming of a pulley.

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 slip-
ping off when they slacken due to temperature vari-
ations.

MECHANICAL LINKAGE

Various mechanical linkages connect the cockpit
controls to control cables and surface controls.
These devices either transmit motion or change the
direction of motion of the control system. The link-
age consists primarily of control (push-pull) rods,
torque tubes, quadrants, sectors, bellcranks, and
cable drums.

Control rods are used as links in flight control
systems to give a push-pull motion. They may be
adjusted at one or both ends. View A ‘of figure
2-60 shows the parts of a control rod. Notice that it
consists of a tube having threaded rod ends. An
adjustable antifriction rod end, or rod end clevis,
attaches at each end of the tube. The rod end, or
clevis, permits attachment of the tube to flight con-
trol system parts. The checknut, when tightened,
prevents the rod end or clevis from loosening.

Control rods should be perfectly straight, unless
designed to be otherwise, when they are installed.
The bellcrank to which they are attached should be
checked for freedom of movement before and after
attaching the control rods. The assembly as a whole
should be checked for correct alignment. When the
rod is fitted with self-aligning bearings, free rota-
tional movement of the rods must be obtained in all
positions,

It is possible for control rods fitted with bearings
to become disconnected because of failure of the
peening that retains the ball races in the rod end.
This can be avoided by installing the control rods

Lt/

so that the flange of the rod end is interposed
between the ball race and the anchored end of the
attaching pin or bolt as shown in figure 2-61.

Flange.

Peening

Ficure 2-61.

Rod end flange interposed between the
bearing race and the end of the attaching bolt.

Another alternative is to place a washer, having a
larger diameter than the hole in the flange, under

the retaining nut on the end of the attaching pin or
bolt.

TORQUE TUBES

Where an angular or twisting motion is needed in
a control system, a torque tube is installed. View B
of figure 2-60 shows how a torque tube is used to
transmit motion in opposite directions.

Quadrants, bellcranks, sectors, and drums change
direction of motion and transmit motion to parts
such as control rods, cables, and torque tubes. The
quadrant shown in figure 2-60B is typical of flight
control system linkages used by various manufac-
turers. Figures 2-60C and 2-60D illustrate a bell-
crank and a sector. View E illustrates a cable
drum. Cable drums are used primarily in trim tab
systems. As the trim tab control wheel is moved
clockwise or counterclockwise, the cable drum winds
or unwinds to actuate the trim tab cables.

STOPS

Adjustable and nonadjustable stops (whichever
the case requires) are used to limit the throw-range
or travel movement of the ailerons, elevator, and
rudder. Usually there are two sets of stops for each



of the three main control surfaces, one set being
located at the control surface, either in the snubber
cylinders or as structural stops (figure 2-62), and
the other at the cockpit control. Either of these may
serve as the actual limit stop. However, those situ-
ated at the control surface usually perform this
function. The other stops do not normally contact
each other, but are adjusted to a definite clearance
when the control surface is at the full extent of its
travel. These work as over-ride stops to prevent
stretching of cables and damage to the control sys-
tem during violent maneuvers. When rigging con-
trol systems, refer to the applicable maintenance
manual for the sequence of steps for adjusting these
stops to limit the control surface travel.

Ficure 2-62. Adjustable rudder stops.

CONTROL SURFACE SNUBBERS AND LOCKING
DEVICES

Various types of devices are in use to lock the
control surfaces when the aircraft is parked or
moored. Locking devices prevent damage to the
control surfaces and their linkages from gusts and
high-velocity winds. Common devices that are in
use are the internal locking brake (sector brake)
spring-loaded plunger, and external control surface
locks.

Internal Locking Devices

The internal locking device is used to secure the
ailerons, rudder, and elevator in their neutral posi-
tions. The locking device is usually operated

through a cable system by a spring-loaded plunger
(pin) that engages a hole in the control surface
mechanical linkage to lock the surface. A spring
connected to the pin forces it back to the unlock
position when the cockpit control lever is placed in
the “unlock” position. An over-center toggle linkage
is used on some other type aircraft to lock the
control surfaces.

Control surface locking systems are usually so
designed that the throttles cannot be advanced until
the control surfaces are unlocked. This prevents
taking off with the control surfaces in the locked
position.

A typical control lock for small aircraft consists
of a metal tube that is installed to lock the control
wheel and rudder pedals to an attachment in the
cockpit. Such a system is illustrated in figure 2-63.

Ficure 2-63. Typical control lock assembly
for small aircraft.

Control Surface Snubbers

Hydraulic booster units are used on some aircraft
to move the control surfaces. The surfaces are
usually protected from wind gusts by snubbers in-
corporated into the booster unit. On some aircraft
an auxiliary snubber cylinder is connected directly
to the surface to provide protection. The snubbers
hydraulically check or cushion control surface
movement when the aircraft is parked. This pre-
vents wind gusts from slamming the control sur-
faces into their stops and possibly causing damage.



External Control Surface Locks

External control surface locks are in the form of
channeled wood blocks. The channeled wood blocks
slide into the openings between the ends of the
movable surfaces and the aircraft structure. This
locks the surfaces in neutral. When not in use, these
locks are stowed within the aircraft.

Tension Regulators

Cable tension regulators are used in some flight
control systems because there is considerable differ-
ence in temperature expansion of the aluminum air-
craft structure and the steel control cables. Some
large aircraft incorporate tension regulators in the
control cable systems to automatically maintain a
given cable tension. The unit consists of a compres-
- sion spring and a locking mechanism which allows
the spring to make correction in the system only
when the cable system is in neutral.

AIRCRAFT RIGGING

Control surfaces should move a certain distance
in either direction from the neutral position. These
movements must be synchronized with the move-
ment of the cockpit controls. The flight control sys-
tem must be adjusted (rigged) to obtain these re-
quirements.

Generally speaking, the rigging consists of the
following: (1) Positioning the flight control system
in neutral and temporarily locking it there with rig
pins or blocks, and (2) adjusting surface travel,
system cable tension, linkages, and adjustable stops
to the aircraft manufacturer’s specifications.

When rigging flight control systems, certain items
of rigging equipment are needed. Primarily, this
equipment consists of tensiometers, cable rigging
tension charts, protractors, rigging fixtures, contour
templates, and rulers.

Measuring Cable Tension

To determine the amount of tension on a cable, a
tensiometer is used. When properly maintained, a
tensiometer is 98% accurate. Cable tension is deter-
mined by measuring the amount of force needed to
make an offset in the cable between two hardened
steel blocks, called anvils. A riser or plunger is
pressed against the cable to form the offset. Several
manufacturers make a variety of tensiometers, each
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type designed for different kinds of cable, cable
sizes, and cable tensions.

One type of tensiometer is illustrated in figure
2-64. With the trigger lowered, place the cable to
be tested under the two anvils. Then close the trig-
ger (move it up). Movement of the trigger pushes
up the riser, which pushes the cable at right angles
to the two clamping points under the anvils. The
force that is required to do this is indicated by the
dial pointer. As the sample chart beneath the illus-
tration shows, different numbered risers are used
with different size cables. Each riser has an identi-
fying number and is easily inserted into the ten-
siometer.

Pointer lock Riser

Anvils

Sample only

No. 1 Riser No. 3
Dia. 1/16 | 3/32 | 1/8 Tef;w“ 5/32 |3/16 |7/32 1/4

12 16 21| 30 |12 |2
19 23 20| 40 | 17| 26
25 30 38| 50 | 22| 32
31 36 43 60 26 | 37
38 42 50| GO-G)Y 42
41 48 57| 8 | 3¢ 41
46 54 63| 9% |38 52
51 60 69| 100 | 42 58

110 | 48 60

120 | 50 64

Ficure 2-64. Tensiometer.




In addition, each tensiometer has a calibration
table (figure 2-64) which is used to convert the
dial reading to pounds. (The calibration table is
very similar to the sample chart shown below the
illustration.) The dial reading is converted to
pounds of tension as follows. Using a No. 2 riser
(figure 2-64) to measure the tension of a 5/32-in.
diameter cable a reading of “30” is obtained. The
actual tension (see calibration table) of the cable is
70 lbs. Observing the chart, also notice that a No. 1
riser is used with 1/16-, 3/32-, and 1/8-in. cable.
Since the tensiometer is not designed for use in
measuring 7/32- or 1/4-in. cable, no values are
shown in the No. 3 riser column of the chart.

When taking a reading, it may be difficult to see
the dial. Therefore, a pointer lock is present on the
tensiometer. Push it in to lock the pointer. Then
remove the tensiometer from the cable and observe
the reading. After observing the reading, pull the
lock out and the pointer will return to zero.

Cable rigging tension charts (figure 2-65) are
graphic tools used to compensate for temperature

variations. They are used when establishing cable
tensions in flight control systems, landing gear sys-
tems, or any other cable-operated systems.

To use the chart, determine the size of the cable
that is to be adjusted and the ambient air tempera-
ture. For example, assume that the cable size is
1/8-in. in diameter, that it is a 7 x 19 cable, and
the ambient air temperature is 85° F. Follow the
85° F. line upward to where it intersects the curve
for 1/8-in. cable. Extend a horizontal line from the
point of intersection to the right edge of the chart.
The value at this point indicates the tension (rig-
ging load in pounds) to establish on the cable. The
tension for this example is 70 Ibs.

Surface Travel Measurement

The tools for measuring surface travel primarily
include protractors, rigging fixtures, contour tem-
plates, and rulers. These tools are used when rig-
ging flight control systems to assure that the desired
travel has been obtained.

Values include 10 percent structural deflection
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Ficure 2-65. Typical cable rigging chart.
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Protractors are tools for measuring angles in de-
grees. Various types of protractors are used to de-
termine the travel of flight control surfaces. One
protractor that can be used to measure aileron,
elevator, or wing flap travel is the universal propel-
ler protractor. Notice that this protractor (figure
2-66) is made up of a frame, a disk, a ring, and
two spirit levels. The disk and ring turn independ-
ently of each other and of the frame. (The corner
spirit level is used to position the frame vertically
when measuring propeller blade angle.) The center
spirit level is used to position the disk when meas-
uring control surface travel. A disk-to-ring lock is
provided to secure the disk and ring together when
the zero on the ring vernier scale and the zero on
the disk degree scale align. The ring-to-frame lock
prevents the ring from moving when the disk is
moved. Note that they start at the same point and
advance in opposite directions. A double 10-part
vernier is marked on the ring.

The procedure to use for operating the protractor
to measure control surface travel is shown at the
bottom of figure 2-66.

Rigging Fixtures and Contour Templates

Rigging fixtures and templates are special tools
(gages) designed by the manufacturer to measure
control surface travel. Markings on the fixture or
template indicate desired control surface travel.

Rulers

In many instances the aircraft manufacturer gives
the travel of a particular control surface in degrees
and inches. If the travel in inches is provided, a
ruler can be used to measure surface travel in
inches.

RIGGING CHECKS

The purpose of this section is to explain the
methods of checking the relative alignment and ad-
justment of an aircraft’s main structural compo-
nents. It is not intended to imply that the proce-
dures are exactly as they may be in a particular
aircraft. When rigging an aircraft, always follow
the procedures and methods specified by the air-
craft manufacturer.
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Structural Alignment

The position or angle of the main structural com-
ponents is related to a longitudinal datum line par-
allel to the aircraft center line and a lateral datum
line parallel to a line joining the wing tips. Before
checking the position or angle of the main compo-
nents, the aircraft should be leveled.

Small aircraft usually have fixed pegs or blocks
attached to the fuselage parallel to or coincident
with the datum lines. A spirit level and a straight
edge are rested across the pegs or blocks to check
the level of the aircraft. This method of checking
aircraft level also applies to many of the larger
types of aircraft. However, the grid method is some-
times used on large aircraft. The grid plate (figure
2-67) is a permanent fixture installed on the air-
craft floor or supporting structure. When the air-
craft is to be leveled, a plumb bob is suspended
from a predetermined position in the ceiling of the
aircraft over the grid plate. The adjustments to the
jacks necessary to level the aircraft are indicated on
the grid scale. The aircraft is level when the plumb
bob is suspended over the center point of the grid.

Certain precautions must be observed in all in-
stances. Normally, rigging and alignment checks
should not be undertaken in the open. If this cannot:
be avoided, the aircraft should be positioned with

the nose into the wind.

The weight and loading of the aircraft should be
exactly as described in the manufacturer’s manual.
In all cases, the aircraft should not be jacked until
it is ensured that the maximum jacking weight (if
any) specified by the manufacturer is not exceeded.

With a few exceptions, the dihedral and inci-
dence angles of conventional modern aircraft
cannot be adjusted. Some manufacturers permit ad-
justing the wing angle of incidence to correct for a
wing-heavy condition. The dihedral and incidence
angles should be checked after hard landings or
after experiencing abnormal flight loads to ensure
that the components are not distorted and that the
angles are within the specified limits.

There are several methods for checking structural
alignment and rigging angles. Special rigging
boards which incorporate, or on which can be
placed, a special instrument (spirit level or clinome-
ter) for determining the angle are used on some
aircraft. On a number of aircraft the alignment is
checked using a transit and plumb bobs or a theo-



Ring vernier scale

Disk degree scale

@
0

0

== Ring adjuster

Disk adjuster = Center spirit level

| B N ——

Disk-to-ring lock on ring

Rin, engages only when zeros
; on scales are aligned.
Disk
== Ring-to-frame lock
@ ‘ @ @
Commer spirit level
on frame folded in =
1 With disk-to-ring lock in the deep slot, turn disk adjuster
to lock disk to ring.
2 Move control surface to neutral.  Place protractor on con-
trol surface and turn ring adjuster to center bubble in center
spirit level (ring must be unlocked from frame).
3 Lock ring to frame with ring-to-frame lock.
4 Move control surface to extreme limit of movement
5 Unlock disk from ring with disk-to-ring lock.
6 Turn disk adjuster to center bubble in center spirit level.
7 Read surface travel in degrees on disk and tenths of a
degree on vernier scale.
Ficure 2-66. Using the universal propeller protractor to measure control surface travel.
dolite and sighting rods. The particular equipment (1) Wing dihedral angle.
to use is usually specified in the manufacturer’s (2) Wing incidence angle.
manuals.

(3) Engine alignment.

When checking alignment, a suitable sequence (4) Horizontal stabilizer incidence.

should be developed and followed to be certain that (5) Horizontal stabilizer dihedral.
the checks are made at all the positions specified. (6) Verticality of the fin.
The alignment checks specified usually include: (7) A symmetry check.
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Raise nose jack

Scale reading one unit per
inch of jack movement

Ficure 2-67.

Checking Dihedral

The dihedral angle should be checked in the spec-
ified positions using the special boards provided by
the aircraft manufacturer. If no such boards are
available, a straight edge and a clinometer can be
used. The methods for checking dihedral are shown
in figure 2-68.

Special dihedral board with
spirit level incorporated.

|

Ficure 2-68.

Typical grid plate.

It is important that the dihedral be checked at
the positions specified by the manufacturer. Certain
portions of the wings or horizontal stabilizer may
sometimes be horizontal or, on rare occasions, an-
hedral angles may be present.

Checking Incidence
Incidence is usually checked in at least two speci-
fied positions on the surface of the wing to ensure

Straight edge and
adjustable level

==

[ 1

Checking dihedral.
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that the wing is free from twist. A variety of inci-
dence boards are used to check the incidence angle.
Some have stops at the forward edge which must be
placed in contact with the leading edge of the wing.
Others are equipped with location pegs which fit
into some specified part of the structure. The pur-
pose in either case is to ensure that the board is
fitted in exactly the position intended. In most in-
stances, the boards are kept clear of the wing con-
tour by short extensions attached to the board. A
typical incidence board is shown in figure 2-69.

Bubble level.

ﬁ_/ Straight edge and adjustable level

k Incidence board

Stop

-——
-—
—
- —

Ficure 2-69. A typical incidence board.

When used, the board is placed at the specified
locations on the surface being checked. If the inci-
dence angle is correct, a clinometer on top of the
board will read zero, or within a specified tolerance
of zero. Modifications to the areas where incidence
boards are located can affect the reading. For exam-
ple, if leading-edge deicer boots have been installed,
this will affect the position taken by a board having
a leading edge stop.

Checking Fin Verticality

After the rigging of the horizontal stabilizer has
been checked, the verticality of the vertical stabi-
lizer relative to the lateral datum can be checked.
The measurements are taken from a given point on
either side of the top of the fin to a given point on
the left and right horizontal stabilizers (figure
2-70). The measurements should be similar within
prescribed limits. When it is necessary to check the

String or tape measure
lateral datum

/
LW)

N L

Ficure 2-70. Checking fin verticality.
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alignment of the rudder hinges, remove the rudder
and pass a plumb bob line through the rudder
hinge attachment holes. The line should pass cen-
trally through all the holes. It should be noted that
some aircraft have the leading edge of the vertical
fin offset to the longitudinal center line to counter-
act engine torque.

Checking Engine Alignment

Engines are usually mounted with the thrust line
parallel to the horizontal longitudinal plane of sym-
metry. However, this is not always true when the
engines are mounted on the wings. Checking to
ensure that the position of the engines, including
any degree of offset, is correct depends largely on
the type of mounting. Generally, the check entails a
measurement from the center line of the mounting
to the longitudinal center line of the fuselage
(figure 2-71) at the point specified in the applica-
ble manual.

Symmetry Check

The principle of a typical symmetry check is il-
lustrated in figure 2-71. The precise figures, toler-
ances and checkpoints for a particular aircraft will
be found in the applicable service or maintenance
manual.

On small aircraft the measurements between
points are usually taken using a steel tape. When
measuring long distances, it is suggested that a
spring scale be used with the tape to obtain equal
tension. A 5-1b. pull is usually sufficient.

Where large aircraft are concerned, the positions
where the dimensions are to be taken are usually
chalked on the floor. This is done by suspending a
plumb bob from the checkpoints, and marking the
floor immediately under the point of each plumb
bob. The measurements are then taken between the
center of each marking.

ADJUSTMENT OF CONTROL SURFACES

In order for a control system to function prop-
erly, it must be correctly adjusted. Correctly rigged
control surfaces will move through a prescribed arc
(surface-throw) and be synchronized with the
movement of the cockpit controls.

Rigging any system requires that the step-by-step
procedures be followed as outlined in the aircraft
maintenance manual. Although the complete rigging
procedure for most aircraft is of a detailed nature
that requires several adjustments, the basic method
follows three steps:



i)
i\

Ficure 2-71.

(1) Lock the cockpit control, bellcranks, and
the control surfaces in the neutral posi-
tion.

Adjust the cable tension, maintaining the
rudder, elevators, or ailerons in the neu-
tral position.

Adjust the control stops to limit the con-
trol surface travel to the dimensions given
for the aircraft being rigged.

(2)

(3)

The range of movement of the controls and con-
trol surfaces should be checked in both directions
from neutral.

The rigging of the trim tab systems is performed
in a similar manner. The trim tab control is set to
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A typical method of checking aircraft symmetry.

the neutral (no trim) position, and the surface tab
is usually adjusted to streamline with the control
surface. However, on some aircraft the trim tabs
may be offset a degree or two from streamline when
in the “neutral” position. After the tab and tab
control are in the neutral position, adjust the con-
trol cable tension.

Pins, usually called rig pins, are sometimes used
to simplify the setting of pulleys, levers, bellcranks,
etc., in their neutral positions. A rig pin is a small
metallic pin or clip. When rig pins ar: not pro-
vided, the neutral positions can be established by
means of alignment marks, by special templates, or
by taking linear measurements.



If the final alignment and adjustment of a system
are correct, it should be possible to withdraw the
rigging pins easily. Any undue tightness of the pins
in the rigging holes indicates incorrect tensioning
or misalignment of the system.

After a system has been adjusted, the full and
synchronized movement of the controls should be
checked. When checking the range of movement of
ihe control surface, the controls must be operated
from the cockpit and not by moving the control
surfaces. During the checking of control surface
travel, ensure that chains, cables, etc., have not
reached the limit of their travel when the controls
are against their respective stops. Where dual con-
trols are installed, they must be synchronized and
function satisfactorily when operated from both po-
sitions.

Trim tabs and other tabs should be checked in a
manner similar to the main control surfaces. The
tab position indicator must be checked to see that it
functions correctly. If jackscrews are used to
actuate the trim tab, check to see that they are not

extended beyond the specified limits when the tab is
in its extreme positions.

After determining that the control system func-
tions properly and is correctly rigged, it should be
thoroughly inspected to determine that the system is
correctly assembled, and will operate freely over the
specified range of movement. Make certain that all
turnbuckles, rod ends, and attaching nuts and bolts

are correctly safetied.

HELICOPTER RIGGING

The flight control units located in the cockpit
(figure 2-72) of all helicopters are very nearly the
same. All helicopters have either one or two of each
of the following: (1) Collective pitch control, (2)
cyclic pitch control, and (3) directional control
pedals. Basically, these units do the same things,
regardless of the type of helicopter on which they
are installed. But this is where most of the similarity
ends. The operation of the systems in which these
units are installed varies greatly according to the
helicopter model.

Cyclic control stick
Throttle (Motorcycle-Grip type)

Controls attitude and direction of flight
Controls RPM

Collective pitch stick

Pedals

Controls altitude
Maintain heading

r

)

Ficure 2-72. Controls of the helicopter and the principal function of each.

Rigging the helicopter coordinates the movements
of the flight controls and establishes the relation-
ship between the main rotor and its controls and
between the tail rotor and its controls. Rigging is
not a difficult job, but it requires great precision
and attention to detail. Strict adherence to rigging
procedures is a must. Adjustments, clearances, and
tolerances must be exact.

Rigging of the various flight control systems can
be broken down into three major steps.

(1) Step one consists of placing the control
system in a particular position; holding it
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in position with pins, clamps, or jigs; and
adjusting the various linkages to fit the
immobilized control component.
(2) Step two consists of placing the control
surfaces in a specific reference position;
using a rigging jig (figure 2-73), a preci-
sion bubble protractor, or a spirit level to
check the angular difference between the
control surface and some fixed surface on
the aircraft.
(3) Step three consists of setting the maximum
range of travel of the various components.



Main rotor rigging protractor

f 'll

/)
/
Frcure 2-73. A typical rigging protractor.

This adjustment limits the physical move-
ment of the control system.

After completion of the static rigging, a func-
tional check of the flight control system must be
accomplished. The nature of the functional check
will vary with the type of rotorcraft and system
concerned, but usually includes determining that:

(1) The direction of movement of the main
and tail rotor blades is correct in relation
to movement of the pilot’s controls.

(2) The operation of interconnected control
systems (engine throttle and collective
pitch) are properly coordinated.

(3) The range of movement and neutral posi-

tion of the pilot’s controls are correct.

The maximum and minimum pitch angles
of the main rotor blades are within speci-
fied limits. This includes checking the
fore-and-aft and lateral cyclic pitch and
collective pitch blade angles.

The tracking of the main rotor blades is
correct.

In the case of multi-rotor aircraft, the rig-
ging and movement of the rotor blades are
synchronized.

When tabs are provided on main rotor
blades, they are correctly set.

The neutral, maximum and minimum pitch
angles and coning angles of the tail rotor
blades are correct.

(4)

(5)
(6)

(7)
(8)
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(9) When dual controls are provided, they

function correctly and in synchronization.

Upon completion of rigging, a thorough check

should be made of all attaching, securing, and pivot

points. All bolts, nuts, and rod ends should be prop-
erly secured and safetied.

Blade Tracking

When the main rotor blades do not “cone” by the
same amount during rotation, it is referred to as
“out of track.” This may result in excessive vibra-
tion at the control column. Blade tracking is the
process of determining the positions of the tips of
the rotor blade relative to each other while the
rotor head is turning, and of determining the correc-
tions necessary to hold these positions within cer-
tain tolerances. Tracking shows only the relative
position of the blades, not their path of flight. The
blades should all track one another as closely as
possible. The purpose of blade tracking is to bring
the tips of all blades into the same tip path through-
out their entire cycle of rotation.

In order to track rotor blades with minimum time
and maximum accuracy, the correct equipment must
be available. The equipment generally used to track
blades includes:

(1) Tracking flag with flag material.

(2) Grease pencils or colored chalk.

(3} Suitable marking material.

(4) Reflectors and tracking lights (figure
2-74).

(5) Tracking stick.

(6) Trim-tab bending tool.

(7) Trim-tab angle indicator.

Before starting a blade tracking operation, new
or recently overhauled blades should be checked for
proper incidence. Trim tabs should be set at zero on
new or overhauled blades. Trim tabs of blades in
service should not be altered until blade track has
been determined.

One means of tracking is the flag tracking
method (figure 2-75). The blade tips are marked
with chalk or grease pencil. Each blade tip should
be marked with a different color so that it will be
easy to determine the relationship of the tips of the
rotor blades to each other. This method can be used
on all types of helicopters that do not have jet
propulsion at the blade tips. The man holding the
flag faces in the direction of blade rotation, watch-
ing the retreating blades. Facing away from the
oncoming blades permits the flag holder to observe
the blades as they come in contact with the flag.



Ficure 2--74. Blade tracking with strobe light.

The angle of the flag to the chord of the blade is
important. If the angle is too great, the marks will
be long and the flag will flutter excessively. If the
angle is too straight, the blade may cut the flag.
The most satisfactory angle is about 80° to the
chord line of the blade. The marks on the flag will
then be approximately 3/16 in. to 1/4 in. long. The
flag method of tracking can be used not only to
ascertain the relative positions of the blades but
also the flight characteristics of the blades at differ-
ent r.p.m. and power settings.

In order to plot the flight characteristics of a set
of blades, it is necessary to take a trace at different
r.p.m, settings and record the results. A minimum of
three traces is necessary to produce a satisfactory
plot. Four traces are desirable to produce a plot on
heads having three or more rotor blades. When the
tracking plot is completed, one blade is chosen as a
reference blade. Usually, the reference blade is the
center blade of a plot on a multi-blade rotor system
and the lower blade on a two-blade rotor system. If
the center or lower blade of a plot shows unusual
flight characteristics, another blade may be chosen
as the reference blade. A blade track that rises with
an increase in r.p.m. is a climbing blade; one that
lowers with increase of r.p.m. or power is a diving
blade. When a climbing blade and a diving blade
cross, it is termed a crossover. Because of the climb-
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ing and diving tendencies of imporperly rigged
blades, it is possible to have all blades at a common
point at certain r.p.m. and power settings, but out
of track at other r.p.m. or power settings.

The most common error in blade tracking is to
bring the blades into track with trim tabs at cruise
r.p.m. only. The blades may then be at the meeting
point of a crossover and will spread at different
r.p.m. power settings, or forward speed; an out-of-
track condition will result. The correct tracking
procedure is to maintain a constant blade spread at
all r.p.m. power settings and flight speeds. A con-
stant spread can be held only by proper adjustment
of trim tabs. After a constant spread has been es-
tablished with trim tabs, it is necessary to bring the
blade tips into a single path of rotation with the
pitch links. Bending the trim tabs up will raise the
blade and bending them down will lower the blade.
Bending of trim tabs should be kept to a minimum
because tab angle produces excessive drag on the
blades. The setting of the tabs on main rotor blades
(if provided) should be checked to eliminate out-
of-balance moments which will apply torque to the
rotor blades. The tab setting is checked for correct-
ness by running the rotor at the prescribed speed
and ensuring that the cyclic-pitch control column
remains stationary. Out-of-balance moments impart
a stirring motion to the column.
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Ficure 2-75. Tracking.

PRINCIPLES OF BALANCING OR RE-BALANCING

The principles that are essential in the balancing
or re-balancing of the control surfaces are not too
difficult to understand if some simple comparison is
used. For example, a seesaw that is out of balance
may be compared to a control surface that does not
have balance weights installed, as in figure 2-76.
From this illustration, it is easy to understand how
a control surface is naturally tail (trailing edge)
heavy.

It is this out-of-balance condition that can cause
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a damaging flutter or buffeting of an aircraft and
therefore must be eliminated. This is best accom-
plished by adding weights either inside or on the
leading edge of the tabs, ailerons, or in the proper
location on the balance panels. When this is done
properly, a balanced condition exists and can be
compared to the seesaw with a child sitting on the
short end of the plank.

The effects of moments on control surfaces can be
easily understood by a closer observation and study
of a seesaw and two children of different weights
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Ficure 2-76. (A) Unbalanced, (B) Balanced conditions.

seated in different positions thereon. Figure 2-77 To produce a balanced condition of the seesaw
illustrates a seesaw with an 80-lb. child seated at a (or control surface), the counterclockwise moment
distance of 6 ft. from the fulcrum point of the  must equal the clockwise moment. Moment is found
seesaw. The weight of the child tends to rotate the by multiplying weight times distance. Therefore, the
seesaw in a clockwise direction until it touches the  formula to balance the seesaw is:

ground. To bring the seesaw into a level or bal- _

anced condition, a child is placed on the opposite Wz X D; = W; X Ds.

end of the seesaw. The child must be placed at a W2 would be the unknown weight of the second
point equal to the moment of the child on the left child. D2 would be the distance (in feet) from the
side of the seesaw. fulcrum that the second child is seated (8). W,

would be the weight of the first child (80 lbs.). D,
would be the distance (in feet) from the fulcrum
that the first child is seated (6).

Finding the weight of the second child is now a
simple matter of substitution and solving the for-
mula as follows:

Ws X D2 = W; X Dy
W2 X 8 =801bs. X 6

W, — 430 1bs.
8
Wz — 60 lbs.

l Weight x distance = Moment
80 Ib. x 6 feet = 480 ft. lbs. = Moment

So the weight of the second child would have to
be 60 lbs. To prove the formula:

Ficure 2-77. Moment. 60 bs. X 8 ft. — 80 lbs. X 6 fr.

Assume that the child is placed a distance of 8 ft. 480 ft. Ibs. = 480 ft. Ibs.
to the right of the fulcrum point. A simple formula This would result in a balanced condition of the
can be used to determine the exact weight that the  seesaw since the counterclockwise moments around
child must have to balance or bring the seesaw into  the fulcrum are equal to the clockwise moments
a leveled condition. around the fulcrum.
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The same effect is obteined in a control surface
by the addition of weigh.. Since most of the repairs
to control surfacss are '.ft of the hinge center line,
resulting in a tr..l-3-edge-heavy condition, the
weight is added forward of the hinge center line.
The correct re-balance weight must be calculated
and installed in the proper position.

Re-balancing of Movable Surfaces

The material in this section is presented for fami-
liarization purposes only, and should not be used
when re-balancing a control surface. Explicit in-
structions for the balancing of control surfaces are
given in the service and overhaul manuals for the
specific aircraft and must be followed closely.

Any time repairs on a control surface add weight
fore or aft of the hinge center line, the control
surface must be re-balanced. Any control surface
that is out of balance will be unstable and will not
remain in a streamlined position during normal
flight. For example, an aileron that is trailing-edge
heavy will move down when the wing deflects up-
ward, and up when the wing deflects downward.
Such a condition can cause unexpected and violent
maneuvers of the aircraft. In extreme cases, flutter-
ing and buffeting may develop to a degree that
could cause the complete loss of the aircraft.

Re-balancing a control surface concerns both
static and dynamic balance. A control surface that
is statically balanced will also be dynamically bal-
anced.

Static Balance

Static balance is the tendency of an object to
remain stationary when supported from its own
center of gravity. There are two ways in which a
control surface may be out of static balance. They
are called underbalance and overbalance.

When a control surface is mounted on a balance
stand, a downward travel of the trailing edge below
the horizontal position indicates underbalance.
Some manufacturers indicate this condition with a
plus (+) sign. Figure 2-78A illustrates the under-
balance condition of a control surface.

An upward movement of the trailing edge, above
the horizontal position (figure 2-78B), indicates
overbalance. This is designated by a minus {(—)
sign. These signs show the need for more or less
weight in the correct area to achieve a balanced
control surface as shown in figure 2-78C.

A tail-heavy condition (static underbalance)
causes undesirable flight performance and is not

Chord line

| ]
Tail down underbalance

Plus (+) condition

Chord line

Nose down overbalance

Minus (—) condition

|4 Chord line
%

©)

Level-horizontal position

Balanced condition

Ficure 2-78. Control surface static balance.

usually allowed. Better flight operations are gained
by nose heaviness static overbalance. Most manu-



facturers advocate the existence of nose-heavy con.
trol surfaces.

Dynamic Balance

Dynamic balance is that condition in a rotating
body wherein all rotating forces are balanced
within themselves so that no vibration is produced
while the body is in motion. Dynamic balance as
related to control surfaces is an effort to maintain
balance when the control surface is submitted to
movement on the aircraft in flight. It involves the
placing of weights in the correct location along the
span of the surfaces. The location of the weights
will, in most cases, be forward of the hinge center
line,

RE-BALANCING PROCEDURES

Requirements

Repairs to a control surface or its tabs generally
increase the weight aft of the hinge center line,
requiring static re-balancing of the control surface
system as well as the tabs. Control surfaces to be re-
balanced should be removed from the aircraft and
supported, from their own points, on a suitable
stand, jig, or fixture (figure 2-79).

Trim tabs on the surface should be secured in the
neutral position when the control surface is
mounted on the stand. The stand must be level and
be located in an area free of air currents. The
control surface must be permitted to rotate freely
about the hinge points without binding. Balance
condition is determined by the behavior of the trail-
ing edge when the surface is suspended from its
hinge points. Any excessive friction would result in
a false reaction as to the overbalance or underbal-
ance of the surface.

When installing the control surface in the stand
or jig, a neutral position should be established with
the chord line of the surface in a horizontal posi-
tion (figure 2-80). Use a bubble protractor to de-
termine the neutral position before continuing bal-
ancing procedures. Sometimes a visual check is all
that is needed to determine whether the surface is
balanced or unbalanced.

Any trim tabs or other assemblies that are to
remain on the surface during balancing procedures
should be in place. If any assemblies or parts must
be removed before balancing, they should be re-
moved.

METHODS
At the present time, four methods of balancing

83

Section A - A

Ficure 2-79. Field type balancing jigs.

Hinge center line Bubble

protractor

Support stand

Ficure 2-80. Establishing a neutral position.

(re-balancing) control surfaces are in use by the
various manufacturers of aircraft. The four meth.
ods are commonly called the calculation method,



scale method, trial weight (trial and error) method,
and component method.

The calculation method of balancing a control
surface is directly related to the principles of bal-
ancing discussed previously. It has one advantage
over the other methods in that it can be performed
without removing the surface from the aircraft.

In using the calculation method, the weight of the
material from the repair area and the weight of the
materials used to accomplish the repair must be
known. Subtracting the weight removed from the
weight added will give the resulting net gain in the
umount added to the surface.

The distance from the hinge center line to the
center of the repair area is then measured in inches.
This distance must be determined to the nearest
one-hundredth of an inch (figure 2-81).

The next step is to multiply the distance times the
net weight of the repair. This will result in an
in.-Ibs. (inch-pounds) answer. If the in.-lbs. result
of the calculations is within specified tolerances, the
control surface will be considered balanced. If it is

Bubble protractor

Trim tab Rudder

’lllll\‘

-lllllllllll

l:.,,,,,

—/\\

AN
Support stand

/ Adjustable support

Weight scale

Measurement
in inches

Center of
repair area

Ficure 2-81. Calculation method measurements.

not within specified limits, consult the manufactur-
er’s service manuals for the needed weights, mate-
rial to use for weights, design for manufacture, and
installation locations for addition of the weights.

The scale method of balancing a control surface
requires the use of a scale that is graduated in
hundredths of a pound. A support stand and bal-
ancing jigs for the surface are also required. Figure
2-82 illustrates a control surface mounted for re-
balancing purposes. Use of the scale method re-
quires the removal of the control surface from the
aircraft.

Hinge center line

Mounting bracket

Ficure 2-82. Balancing setup.



AIRCRAFT FABRICS
General

Most aircraft in production today are of all-metal
construction. However, many aircraft in service still
use fabric for covering wings, fuselages, and con-
trol surfaces. In the United States cotton fabrics
have long been the standard material for covering
aircraft. Cotton fabrics are still used, but other
fabrics, such as linen, Dacron, and fiber glass, are
gaining in popularity.

Organic and synthetic fibers are used in the man-
ufacture of fabrics or cloth for covering aircraft.
The organic fibers include cotton and linen; the
synthetic fibers include fiber glass and heat-shrinka-
ble synthetic fibers.

Three of the most common heat-shrinkable syn.
thetic fibers available are a polyamide, manufac-
tured and marketed under the trade name Nylon;
an acrylic fiber called Orlon; and a polyester fiber
known as Dacron.

Fabric Quality and Strength Requirements

In the original manufacture of a fabric-covered
aircraft, the quality and strength of the fabric, sur-
face tape, lacing cord, thread, etc., are determined
by the aircraft’s never-exceed speed and the pounds
per square foot of wing loading. The never-exceed
speed for a particular aircraft is that safe speed
beyond which it should never be operated. The
aircraft wing loading is determined by dividing its
total wing planform area (in square feet) into the
maximum allowable gross weight.

All fabric, surface tape, reinforcing tape, machine
thread, lacing cord, etc., used for re-covering or
repairing an aircraft’s cover should be of high-
grade aircraft textile material. The materials must
also be at least as good a quality and of equivalent
strength as those originally used by the aircraft
manufacturer.

Acceptable fabrics for covering wings, control
surfaces, and fuselages are listed in figures 3-1 and
3-2. Fabrics conforming to AMS (Aeronautical
Material Specifications), incorporate a continuous
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marking of specification numbers along the selvage
edges to permit identification of the fabric in the
field.

The following definitions are presented to sim-
plify the discussion of fabrics. Some of these terms
are shown graphically in figure 3-3.

(1) Warp—The direction along the length of

fabric.

(2) Warp ends—The woven threads that run
the length of the fabric.
Filling, woof, or weft—The direction
across the width of the fabric.
Count—The number of threads per inch
in warp or filling.
Ply—The number of yards making up a
thread.
Bias—A cut, fold, or seam made diago-
nally to the warp or fill threads.
Calendering—The process of ironing
fabric by threading it wet between a se-
ries of hot and cold rollers to produce a
smooth finish.
Mercerization—The process of dipping
cotton yarn or fabric in a hot solution of
diluted caustic soda. This treatment
causes the material to shrink and acquire
greater strength and luster.
Sizing—Material, such as starch, used to
stiffen the yarns for ease in weaving the

cloth,

Pinked edge—An edge which has been
cut by machine or shears in a continuous
series of V’s to prevent raveling.
Selvage edge—An edge of cloth, tape,
or webbing woven to prevent raveling.

Cotton Fabrics

Grade A airplane cloth is a 4-0z. mercerized
fabric made of high-grade, long-staple cotton. It is
calendered to reduce the thickness and lay the nap
so that the surface will be smooth. There are from.
80 to 84 threads per in., warp and fill. The mini-
mum tensile strength is 80 lbs. per in. of width,

(3)
(4)
(5)
(6)
(7)

(8)

(9)

(10}

(11}



Minimum Minimum  Minimum ten-
tensile tearing sile strength Thread count
Materials Specification  strength new strength new deteriorated per inch Use and remarks
(undoped) (undoped) (undoped)

Airplane cloth Society Auto- 80 pounds 5 pounds 56 pounds 80 mini- For use on all air-
mercerized motive En- per inch warp and per inch. mum, 84 craft. Required on
cotton gineers AMS warp fill. maximum aircraft with wing
(Grade “A™). 3808 (TSO- and fill. warp and loadings greater

C15 refer- £l than 9 psf. Re-

ences this quired on aircraft

spec.). with placarded
never-exceed
speed greater than
160 m.p.h.

” MIL-C-5646 - ” - » Alternate to AMS

3806.

Airplane cloth MIL-C-5643 " ” ” " Alternate to MIL-C-
cellulose 5646 or AMS 3806
nitrate pre- (undoped). Finish
doped. with cellulose ni-

trate dope.

Airplane cloth MIL-C-5642 ” " ” ” Alternate to MIL-C-
cellulose 5646 or AMS 3808
acetate (undoped). Finish
butyrate, with cellulose ace-
predoped. tate butyrate dope.

Airplane cloth Society Auto- 85 pounds 4 pounds 48 pounds 80 minimum, For use on aircraft
mercerized motive En- per inch warp per inch. 94 maxi- with wing loadings
cotton. gineers AMS warp and fill. mum warp of 9 psf. or less,

3804 (TSO- and fill. and fill. provided never-
Cl4 refer- exceed sEeed is
ences this 160 m.p.h. or less.
spec.).

Airplane cloth Society Auto- 50 pounds 3 pounds 35 pounds 110 maxi- For use on gliders
mercerized motive En- per inch warp per inch. mum warp with wing loading
cotton, gineers AMS warp and fill and fill. of 8 cF.s.f. or less,

3802. and fill. provided the pla-
carded never-
exceed s is
135 m.p.h. or less.

Glider fabric AA.F. No. 55 pounds 4 pounds 39 pounds 80 minimum  Alternate to AMS
cotton. 16128. per inch warp per inch. warp and 3802-A.

AMS 3802. warp and ffll. fill.
and fill.

Aircraft linen.._....... British 7F1 This material meets
the minimum
strength require-
ments of TSO-
C15.

Figure 3-1. Textile fabrics used in covering aircraft.
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Materials Specification Yarn Size Minimum ten- Yards per Use and remarks
sile strength pound

Reinforcing tape, MIL-T-5681 .....ooeenereurecunrinianns 150 pounds ... Used as reinforcing tape on fabric
cotton. ﬁzr one- and under rib lacing cord.

lf-inch Strength of other widths approx.
width in proportion.

Lacing cord, pre- MIL-C-5849 ....ooooooernnrnnnenee. 80 pounds 310 mini-  Lacing fabric to structures. Un-
waxed braidedp double. mum. less already waxed, must be
cotton. lightly waxed before using.

Lacing cord, special U.S. Army No. 20/3/3/3........ 85 pounds ... "
cotton. 6-27. ouble.

Lacing cord, braided MIL-C-5648 ... ... 80 pounds 170 mini- ®
cotton. single. mum.

Lacing cord thread; MIL-T-8779 ...... 9 ply woeeeeee 59 pounds 620 mini- *
linen and linen single. mum.
hemp. 11 ply ............ 70 pounds 510 mini-

single. mum.

Lacing cord thread; MIL-T-5660 ...... Ticket No 62 pounds 480 mini- ®
high-tenacity cot- 10. single. mum.
ton.

Machine thread cot- Federal V-T- 20/4 ply.......... 5 pounds 5,000 nor- Use for all machine sewing.
ton. 276b. single mal.

Hand sewing thread V-T-276b. 8/4 ply........... 14 pounds 1,650 nor-  Use for all hand sewing. Use fully
cotton. Type III B. single. mal. waxed thread.

Surface tape cotton MIL-T-5083 ..........ccooonveencen 80 Ibs/in. ...ooveereeeenenerennens Use over seams, leading edges, trail-
(made AN- ing edges, outer edges and ribs,
C-121). pinked, scalloped or straight

edges.

Surface tape cotton. Same as fabric ............ Sameas .. ... Alternate to MIL-T-5083.

used. {:zgc

warp and fill. The term “4 ounce” indicates that the

Ficure 3-2.  Miscellaneous textile materials.

normal weight of the finished cloth is 4 oz./sq. yd.

for 36- and 42-in. widths. Fabric of this grade and
weight is acceptable for covering any aircraft fabric

surface.

Linen Fabrics

Unbleached linen fabric is used extensively in
England and to a limited degree in the United

States. This fabric is practically identical to Grade
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Selvage edge

Selvage edge

Ficure 3-3. Fabric terms.

A cotton fabric insofar as weight, strength, and
threads per inch are concerned.

Dacron Fabrics

Dacron is a very smooth monofilament, polyester
fiber manufactured by the condensation of dimethyl
terephthalate and ethylene glycol. A generally
standard style and weight of Dacron cloth has
evolved for use as aircraft covering. It is a plain
weave with a weight of about 3.7 oz./sq. yd. This
heavy-duty fabric has a tensile strength of approxi-
mately 148 lbs./in. and can be used to replace
Grade A cotton and linen fabrics.

A fine weave, medium weight Dacron fabric is
used when a minimum covering weight and a very
smooth finish are desired. The medium weight
fabric has a tensile strength of approximately 96
1bs./in., weighs about 2.7 oz./sq. yd., and can also
be used as a replacement for Grade A cotton fabric.

Glass Cloth

Glass cloth, or fiber glass cloth, is made from
fine-spun glass filaments which are woven into a
strong, tough fabric. Glass cloth used for aircraft
covering has a plain weave and weighs about 4.5

oz./sq. yd.

Glass cloth is not affected by moisture, mildew,
chemicals, or acids. It is also fire resistant.

Glass cloth applications generally fall into the
following classes:

(1) Class A is a complete or partial reinforce-
ment of a serviceable fabric covering. No
direct structural attachment of the glass
cloth is provided. This composite covering
is considered airworthy until the underly-
ing conventional fabric deteriorates below
the values listed in figure 3-1.

(2) Class B is a reinforcement of a fabric
covering wherein the glass cloth is pro-
vided with the same direct structural at-
tachment as that used with the original
covering. This composite covering is con-
sidered airworthy until the underlying
conventional fabric has deteriorated to a
strength less than 50% of the minimum
tensile strength values for new fabric
listed in figure 3-1.

(3) Class C is replacement coverings applied
either independently or over a conven-
tional covering. The glass covering should
possess all the necessary characteristics
for airworthiness and is in no way de-
pendent upon the underlying covering if
one is present.

MISCELLANEOUS TEXTILE MATERIALS

Surface Tape

Surface tape is the finishing tape that is doped
over each rib or seam to cover the stitching and
provides a neat, smooth, finished appearance. It can
be obtained with serrated or pinked edges, or with
a straightedge impregnated with a sealing com-
pound. The compound-impregnated edges or pinked
edges provide better adhesion to the fabric cover-
ing.

Surface tape is made from Grade A fabric in
various widths from 114 to 5” and from
glider fabric in 114 and 6” widths. Cotton
surface tape may be used with Grade A cotton,
linen, or Dacron fabric. Surface tape is also availa-
ble in Dacron fabric, which should be the first
choice when covering an aircraft with Dacron
fabric. Linen surface tape frequently is used with
fiber glass covering, especially for covering screw-
heads. If fiber glass tape is used, it is difficult to
remove the irregularities caused by the screwheads.
Using linen tape to cover screwheads gives a
smooth, finished appearance.



Surface tape or finishing tape should be placed
over all lacing, seams (both machine- and hand-
sewn), corners, edges, and places where wear is
likely to occur. Two-inch tape generally is used for
this purpose. Pinked surface tape is sometimes ap-
plied over the trailing edges of control surfaces and
airfoils. For such application the tape must be at
least 3 inches in width and if the aircraft “never-
exceed speed” is greater than 200 mph, notch the
tape at equal intervals not to exceed 18” between
notches. Notching of trailing edge is unnecessary
if the never exceed speed is under 200 mph. If
the tape begins to separate from the trailing edge,
it will tear at a notched section and thereby pre-
vent loosening of the entire strip.

Tape is applied over a second wet coat of dope
which is applied after the first coat has dried. An-
other coat of dope is applied immediately over the
tape. The tape adheres firmly to the covering be-
cause both surfaces of the tape are impregnated
with dope.

Reinforcing Tape

Reinforcing tape is used over ribs between the
fabric covering and the rib stitching to prevent the
stitching cord from cutting through the fabric. It is
also used for cross-bracing ribs and for binding.
Reinforcing tape is fabricated from cotton, Dacron,
fiber glass, or linen materials, A tape made from
fiber glass on acetate with a pressure-sensitive adhe-
sive is also available.

Reinforcing tape is available in a variety of
widths conforming to the different widths of ribs or
rib capstrips. The tape should be slightly wider
than the member it covers. A double width is some-
times necessary for very wide members.

Reinforcing tape is used under all lacing to pro-
tect the fabric from cuts. This tape should be under
a slight tension and secured at both ends. For wings
with plywood or metal leading edge covering, the
reinforcing tape is extended only to the front spar
on the upper and lower surfaces.

Sewing Thread
Thread is made with a right or left twist that is

identified by various terms. Machine, machine twist,
left twist, or Z-twist indicates a left-twist thread;
S-twist indicates a right-twist thread.

An unbleached silk-finish, left-twist cotton thread
is used to machine sew cotton fabrics. Silk-finish
refers to a thread which has been sized to produce
a hard, glazed surface. This finish prevents the
thread from fraying and becoming weak. A thread
having a tensile strength of at least 5 lbs. per single
strand should be used. An unbleached white cotton,

silk-finish thread is used in hand sewing cotton
fabrics. This thread must have a strength of at least
14 1bs. per single strand.

Dacron fabrics are sewn with Dacron sewing
thread. Glass fabrics, when sewn, are sewn with
special synthetic threads. .

Thread for hand sewing and lacing cord should
be waxed lightly before using. The wax should not
exceed 20% of the weight of the finished cord. A
beeswax free from paraffin should be used for wax-
ing.

Rib Lacing Cord

Rib lacing cord is used to sew the fabric to the
ribs. The cord must be strong to transmit the suc-
tion on the upper surface of the wing from the
fabric to the ribs, which, in turn, carry the load
into the main wing structure. The cord must also
resist fraying caused by the flexing action of the
fabric and wing ribs. Dacron, linen, glass, or
cotton cords are used for rib lacing cord.

Special Fasteners

When repairs are made to fabric surfaces at-
tached by special mechanical methods, the original
type of fastening should be duplicated. Screws and
washers are used on several models of aircraft, and
wire clips are used on other models. Screws or clips
may not be used unless they were used by the
manufacturer of the aircraft. When self-tapping
screws are used to attach fabric to metal rib struc-
ture, the following procedure should be observed.
Worn or distorted holes should be re-drilled, and a
screw one size larger than the original should be
used as a replacement. The length of the screw
should be sufficient so that at least two threads of
the grip (threaded part) extend through and be-
yond the rib capstrip. A thin washer, preferably
celluloid, should be used under the heads of screws,
and pinked-edge tape should be doped over each
screwhead.

SEAMS

A seam consists of a series of stitches joining two
or more pieces of material. Properly formed seam
stitches possess the following characteristics:

(1) Strength. A seam must have sufficient
strength to withstand the strain to which
it will be subjected. The strength of a
seam is affected by the type of stitch and
thread used, number of stitches per inch
of seam, tightness of the seam, construc-
tion of the seam, and the size and type of
needle used.
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(2) Elasticity. The elasticity of the material to
be sewed determines the degree of elastic-
ity desirable in a seam. Elasticity is af-
fected by the quality of thread used, ten-
sion of the thread, length of stitch, and
type of seam.

Durability. The durability of a seam is
determined by the durability of the mate-
rial. Tightly woven fabrics are more dura-
ble than loosely woven fabrics which tend
to work or slide upon each other. For this
reason, the stitches must be tight and the
thread well set into the material to mini-
mize abrasion and wear caused by contact
with external objects.

Good appearance. The appearance of a
seam is largely controlled by its construc-
tion. However, appearance should not be
the principal factor when constructing
covers. Due consideration must be given
to strength, elasticity, and durability.

(3)

(4)

Sewed Seams

Machine-sewed seams (figure 3-4) should be of
the folded-fell or French-fell types. A plain lapped
seam is satisfactory where selvage edges or pinked
edges are joined.

All machine sewing should have two rows of
stitches with 8 to 10 stitches per inch. A lockstitch
is preferred. All seams should be as smooth as pos-
sible and provide adequate strength. Stitches should
be approximately 1/16 in. from the edge of the
seam, and from 1/4 to 3/8 in. from the adjacent
row of stitches.

Hand sewing is necessary to close the final open-
ings in the covering. Final openings in wooden
wing coverings are sometimes closed by tacking, but
sewing is preferable. A 1/2-in. hem should be
turned under on all seams to be hand sewn. Prepar-

l-— 1/4” or 3/8"—-|

—@_—E’;—_

1/16” I-—1/16"

French fell seam Folded fell seam

atory to hand sewing, the fabric on wooden wings
can be held under tension by tacks; fabric on metal
wings can be pinned to adhesive tape pasted to the
trailing edge of the wings.

Hand sewing or tacking should begin where ma-
chine sewing stops and should continue to the point
where machine sewing or uncut fabric is again
reached. Hand sewing should be locked at 6-in.
intervals and the seams should be properly finished
with a lockstitch and a knot (figure 3-5). Where
hand sewing or permanent tacking is necessary, the
fabric should be so cut that it can be doubled under
before it is sewed or permanently tacked. After
hand sewing has been completed, the temporary
tacks should be removed. In hand sewing there
should be a minimum of four stitches per inch.

A double-stitched lap joint should be covered
with pinked-edge surface tape at least 4 in. wide.

Spanwise seams on the upper or lower surface
should be sewed with a minimum protuberance. The
seam should be covered with pinked-edge tape at
least 3 in. wide.

A spanwise seam sewed at the trailing edge
should be covered with pinked-edge surface tape at
least 3 in. wide. Notches (V-shaped) at least 1 in.
deep and 1 in. wide should be cut into both edges
of the surface tape if it is used to cover spanwise
seams on trailing edges, especially the trailing edges
of control surfaces. For application on aircraft
with never-exceed speed of over 200 mph the tape
should be notched at equal intervals not to exceed
18” between notches. If the tape begins to separate
because of poor adhesion or other causes, it will
tear at a notched section, thus preventing progres-
sive loosening of the entire length of tape.

Sewed seams parallel to the line of flight (chord-
wise) may be placed over a rib, but the seams
should be placed so that the lacing will not be
through them.

I——1/16"

1/16"_.l"‘— I' '| 1/2”
I Stitching ~0
|
1/16" —| le- »{|=-1/16"

Plain overlap seam

Ficure 3-4. Machine-sewed seams.
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(A)

First step

(B) Second step
After pull no. 1 e ———
hold stitch tension
by pressing here ~J
during pull no. 2
Pull no. 1-101b. | ?
to tighten stitch ™ 4
Pull no. 2-10 Ib. | ‘ /
to tighten knot

(C) Third step

[« | =

\

S I
(D) Completed knot

Ficure 3-5. Standard knot for rib lacing
(modified seine knot).

Doped Seams

(1) For a lapped and doped spanwise seam on a
metal-or-wood-covered leading edge, lap the fabric
at least 4 inches and cover with pinked-edge surface
tape at least 4 inches wide.

(2) For a lapped and doped spanwise seam at
the trailing edge, lap the fabric at least 4 inches
and cover with pinked-edge surface tape at least
3 inches wide.

APPLYING COVERING

General

The proper application of cloth on the surfaces is
essential if a good appearance and the greatest
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strength are to be obtained from the material se-
lected. A good covering job is important not only
from a strength and appearance standpoint, but also
because it affects the performance of the airplane.
All covering must be taut and smooth for best per-
formance. -

All fabric materials to be used in covering should
be stored in a dry place and protected from direct
sunlight until needed. The room in which the sew-
ing and application of the covering is done should
be clean and well ventilated.

Preparation of the Structure for Covering

One of the most important items in covering air-
craft is proper preparation of the structure. Dope
proofing, covering edges which are likely to wear
the fabric, preparing plywood surfaces, and similar
operations, if properly done, will do much toward
ensuring an attractive and long-lasting job.

Dope Proofing

Treat all parts of the structure that come in
contact with doped fabric with a protective coating,
such as aluminum foil, dope-proof paint, or cellu-
lose tape. Clad aluminum and stainless steel parts
need not be dope proofed.

Chafe Points

All points of the structure, such as sharp edges or
boltheads, that are likely to chafe or wear the cov-
ering should be covered with doped-on fabric strips
or taped with cellophane or other nonhygroscopic
adhesive tape. After the cover has been installed,
the chafe points of the fabric should be reinforced
by the doping-on of fabric patches. Where a
stronger reinforcement is required, a cotton duck or
leather patch should be sewed to the fabric patch
and then doped in place. All portions of the fabric
pierced by wires, bolts, or other projections should
be reinforced. Patches should fit the protruding
part as closely as possible to prevent the entrance of
moisture or dirt.

Inter-Rib Bracing

A continuous line of reinforcing tape may be
used to successively tie the rib sections between the
spars together at equally spaced intervals to hold
the ribs in correct alignment and prevent their
warping. Wing ribs that do not have permanent
inter-rib bracing should be tied in position with
reinforcing tape. Approximately half way between
the front and rear spar, apply the tape diagonally
between the top and bottom capstrip of each suc-
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Ficure 3-6. Standard knot for double loop lacing.

cessive rib from the wing butt rib to the tip rib.
Tape is to be continuous and will be anchored with
one turn around each individual rib cap strip.

Preparing Plywood Surfaces for Covering

Before covering plywood surfaces with fabric,
prepare the surface by cleaning and applying sealer
and dope.
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Send all surface areas that have been smeared
with glue to expose a clean wood surface. Remove
loose deposits such as wood chips and sawdust.
Remove oil or grease spots by carefully washing
with naphtha.

After cleaning the surfaces, apply one brush coat
or two dip coats (wiped) of a dope-proof sealer,
such as that conforming to Military Specification
MIL-V-6894 thinned to 30% nonvolatile content,
and allow to dry 2 to 4 hrs. Finally, before cover-
ing, apply two brush coats of clear dope, allowing
the first coat of dope to dry approximately 45 min.
before applying the second coat.

Covering Practices

The method of fabric attachment should be ident-
ical, as far as strength and reliability are con-
cerned, to the method used by the manufacturer of
the airplane to be re-covered or repaired. Fabric
may be applied so that either the warp or fill
threads are parallel to the line of flight. However, it
is usually preferable for the warp threads to be
parallel to the line of flight. Either the envelope
method or blanket method of covering is acceptable.

The envelope method of covering consists of sew-
ing together widths of fabric cut to specified dimen-
sions and machine sewn to form an envelope that
can be drawn over the frame. The trailing and
outer edges of the covering should be machine sewn
unless the component is not favorably shaped for
sewing, in which case the fabric should be joined
by hand sewing.

In the blanket method of covering, widths of
fabrics of sufficient lengths are sewn together to
form a blanket over the surfaces of the frame. The
trailing and outer edges of the covering should be
joined by a plain overthrow or baseball stitch. For
airplanes with a placarded never-exceed speed of
150 m.p.h. or less, the blanket may be lapped at
least 1 in. and doped to the frame or the blanket; it
may be lapped at least 4 in. at the nose of metal- or
wood-covered leading edges, doped, and finished
with pinked-edge surface tape at least 4 in. wide. In
both the envelope and blanket coverings, the fahric
should be cut in lengths sufficient to pass completely
around the frame, starting at the trailing edge and
returning to the trailing edge. Seams parallel to the
line of flight are preferable; however, spanwise
seams are acceptable.

Before applying cotton or linen fabrics, brush on
several coats of clear, full-bodied nitrate dope on all



points to which the fabric edges will be cemented.
If the structure is not doped, the dope used to
cement the fabric edges will be absorbed by the
surface as well as by the fabric. This will result in a
poor bond to the structure after the dope has dried.
Dacron fabric can be attached to the structure by
using either nitrate dope or specially formulated
cements.

After securing the cover, cotton and linen fabrics
may be water-shrunk to remove wrinkles and excess
slack. The fabric must be dried thoroughly before
doping begins. Dacron may be heat-shrunk by
using an electric iron set at 225° F. or by using a
reflector heater. Do not apply excessive heat, be-
cause the Dacron, as well as the understructures of
wood, may be damaged.

Shrinking should be done in several stages on
opposite sides to shrink the entire area uniformly.
Remove the excess slack with the initial application
of heat. The second pass will then shrink the fabric
to the desired tautness und remove most of the
remaining wrinkles. Nonshrinking nitrate and bu-
tyrate dopes are available and produce no further
shrinking or tightening. Regular dopes will pull the
fibers and strands together and can damage light
structures. A nonshrinking dope must be used when
Dacron is heat-shrunk to its final tautness.

Taping

Sewed seams, lapped edges, and rib stitching or
screws must be covered with pinked-edge surface
tape. Use surface tape having the same properties as
the fabric used for covering.

Apply the tape by first laying down a wet coat of
dope, followed immediately by the tape. Press the
tape into the dope. Work out any trapped air and
apply a coat of dope over the surface of the tape.

COVERING WINGS

Wings may be covered with fabric by the enve-
lope, blanket, or combination method. The envelope
method is preferable and should be used whenever
possible.

The envelope method of covering wings consists
of sewing together several widths of fabric of defi-
nite dimensions and then running a transverse
(spanwise) seam to make an envelope or sleeve.
The advantage of the envelope method is that prac-
tically all sewing is by machine, and there is an
enormous saving of labor in fitting the covering.

The envelope is pulled over the wing through its
open end, which is then closed over the butt by
hand sewing. When the envelope is used in repair-
ing a portion of a surface the open end is fitted to
extend 3 inches beyond the adjacent rib. If the
envelope is of the proper dimensions, it will fit the
wing snugly. When possible, the spanwise seam
should be placed along the trailing edge.

In the blanket method several widths of fabric
are machine sewed together and placed over the
wing with a hand-sewed, spanwise seam along the
trailing edge. Care must be taken to apply equal
tension over the whole surface.

The combination method uses the envelope
method as much as possible. and the blanket method
on the remainder of the covering. This method is
applicable to wings with obstructions or recesses
that prevent full application of an envelope.

After the cover is sewn in place and shrunk,
reinforcing tape of at least the width of the capstrip
is placed over each rib and the fabric is laced to
each rib. Except on very thick wings, the rib lacing
passes completely around the rib. On thick wings
the rib top and bottom cap strips are individually
laced. In lacing any covering to a wing, the lacing
is held as near as possible to the capstrip, by insert:
ing the needle immediately adjacent to the capstrip.
The rib should not have any rough or sharp edges
in contact with the lacing, or it will fray and break.
Each time the lacing cord goes around the rib it is
tied, and the next stitch is made at the specified
distance,

In order not to overstress the lacing, it is neces-
sary to space the stitches a definite distance apart,
depending on the speed of the airplane. Because of
the additional buffeting caused by the propeller
slipstream, the stitching must be spaced closer on all
ribs included within the propeller slipstream. It is
customary to use this closer spacing on the rib just
outboard of the propeller diameter as well.

The stitch spacing should not exceed the ap-
proved spacing on the original covering of the air-
craft. If the spacing cannot be ascertained because

- of destruction of the covering, acceptable rib stitch
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spacing may be found in figure 3-7. The lacing
holes should be placed as close as possible to the
capstrip to minimize the tendency of the cord to
tear the fabric. All lacing cord should be lightly
waxed with beeswax for protection,

Anti-tear Strips

In very high speed airplanes difficulty is often
experienced with rib lacing breaking or with fabric
tearing in the slipstream.



On aircraft with never-exceed speeds in excess of
250 m.p.h., anti-tear strips are recommended under
reinforcing tape on the upper surface of wings and
on the bottom surface of that part of the wing in
the slipstream. Where the anti-tear strip is used on
both the top and the bottom surfaces, extend it
continuously up to and around the leading edges
and back to the trailing edge. Where the strip is
used only on the top surface, carry it up to and
around the leading edge and back on the lower

 surface as far aft as the front beam or spar. For
this purpose the slipstream should be considered as
heing equal to the propeller diameter, plus one
extra rib space on each side. Cut anti-tear strips
from the same material as that used for covering,
and cut them wide enough to extend beyond the
reinforcing tape on each side to engage the lacing
cord. Attach the strips by applying dope to that
part of the fabric to be covered by the strip and
applying dope freely over the strip.

Single-Loop Wing Lacing

Both surfaces of fabric covering on wings and
control surfaces should be securely fastened to the
ribs by lacing cord or any other method originally
approved for the aircraft.

All sharp edges against which the lacing cord
may bear must be protected by tape to prevent
abrasion of the cord. Separate lengths of lacing
cord should be joined by the splice knot shown in
figure 3-8. The common square knot, which has a
very low slippage resistance, should not be used to
splice lengths of cord. The utmost care should be
used to assure uniform tension and security of all
stitches.

Rib stitching usually is started at the leading
edge of the rib and continued to the trailing edge.
If the leading edge is covered with plywood or
metal, start the lacing immediately aft of these cov-
erings. The first or starting stitch is made with a

NOTES
1. If original rib stitch spacing cannot be determined,
use spacing indicated in these curves.
2. Lacing to be carried to leading edge when velocity
exceeds 275 m.p.h.
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Placard never exceeds speeds — m.p.h. (indicated ).
(Curves presume leading edge support reinforcement such as plywood, metal)

Ficure 3-7. Rib stitch spacing chart.
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Pull to tighten
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Pull to tighten

Knot formed but not tightened ,

Load --—— — ].oad

Knot completed

Frcure 3-8. Splice knot.

double loop, using the method illustrated in figure
3-9. All subsequent stitches can be made with a
single loop. The spacing between the starting stitch
and the next stitch should be one-half the normal
stitch spacing. Where stitching ends, such as at the
rear spar and the trailing edge, the last two stitches
should be spaced at one-half normal spacing.

Double-Loop Wing Lacing

The double-loop lacing illustrated in figures 3-6
and 3-10 represents a method for obtaining higher
strengths than are possible with the standard single
lacing. When using the double-loop lacing, make

the tie-off knot by the method shown in figure 3-6.

Tie-off Knots

All stitches other than the starting stitch must be
tied off using the standard knot (modified seine)
for rib lacing Figure 3-5. This knot is placed at
the edge of the reinforcing tape Figure 3-9. Knots
installed on top of the reinforcing tape are subject
to increased wear and also have an adverse effect
on the aerodynamics of the airfoil.

Tie-off knots usually are placed on the lower
surface of low-wing aircraft and on the top surface
of high-wing aircraft, to improve the final appear-
ance of the surfaces.

Final location of the knot depends upon the
original location selected by the manufacturer. If

such information is not available, consider position-
ing the knot where it will have the least effect on
the aerodynamics of the airfoil.

The seine knot admits a possibility of improper
tightening, resulting in a false (slip) form with
greatly reduced efficiency and must not be used for
last stitch tie-offs. Lock the tie-off knot for the last
stitch by an additional half-hitch. Under no cir-
cumstances pull tie-off knots back through the lac-
ing holes.

COVERING FUSELAGES

Fuselages are covered by either the sleeve or
blanket method, similar to the methods described
for covering wings. In the sleeve method several
widths of fabric are joined by machine-sewed seams
to form a sleeve that will fit snugly when drawn
over the end of the fuselage. When the sleeve is in
place, all seams should be as nearly parallel as
possible to the longitudinal members of the fuse-
lage.

In the blanket method all seams are machine
sewed, except one final longitudinal seam along the
bottom center of the fuselage. In some cases the
blanket is put on it two or three sections and hand
sewed on the fuselage. All seams should run fore
and aft.

Fuselage Lacing

Fabric lacing is also necessary on deep fuselages
and on those where former strips and ribs shape the
fabric to a curvature. In the latter case the fabric
should be laced to the formers at intervals. The
method of attaching the fabric to the fuselage
should be at least the equivalent in strength and
reliability to that used by the manufacturer of the
airplane.

VENTILATION, DRAIN, AND INSPECTION OPEN-
INGS

The interior of covered sections is ventilated and
drained to prevent moisture from accumulating and
damaging the structure. Ventilation and drainage
holes are provided and the edges reinforced with
plastic, aluminum, or brass grommets.

Grommets are doped to the underside of fabric
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Standard rib lacing knot
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S = Normal stitch spacing
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Fieure 3-9. Starting stitch for rib lacing.
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Seine Knot

Double loop lacing
ARt (See Fig. 3-8 for
details of knot.)
Capstrip
Capstrip

Schematic rzpresents
lacing around entire rib

Starting stitch.
(See Fig. 3-9
for details.)

S = Normal stitch spacing

Ficure 3-10. Standard double-loop lacing.
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NEEDLE

LACING CORD

CAP STRIP OF RIB

FABRIC

2 — CROSS OVER UNDER RIB CAP
1 — START NEEDLE THROUGH FABRIC
CLOSE TO SIDE OF RIB CAP STRIP STRIP AND THROUGH FABRIC

4 — BRING EYE END OF NEEDLE UP

3 - PULL EYE END OF NEEDLE THROUGH FABRIC OPPOSITE FIRST

THROUGH THE FIRST HOLE IN HOLE AND FORM CORD ON END OF

FABRIC. NEEDLE, AS SHOWN, TO MAKE HALF
HITCH.

5 —PULL NEEDLE COMPLETELY OUT 6 — PUT NEEDLE UNDER HALF HITCH

AND TIGHTEN HALF HITCH AS SHOWN. AND THROUGH LOOP “K” AS SHOWN -
THEN PULL NEEDLE THROUGH AND
TIGHTEN HALF HITCH — THEN HOLD
THUMB AT “]” TO KEEP HALF HITCH
TIGHT, AND TIGHTEN LOOP “K”, BACK
OF HALF HITCH TO FORM A SEINE
KNOT.

Ficure 3-11. Rib lacing around capstrip.
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surfaces wherever moisture may be trapped. It is
customary to place one of these grommets on each
side of a rib on the underside at the trailing edge.
The grommets are also placed at the lowest drain-
age points of wings, ailerons, fuselage, and empen-
nage components to provide complete drainage.

Cover

Grommet

Cover Z

Opening

Plastic grommets (figure 3-12) are either in the
shape of a thin, circular washer or are streamlined.
Plastic grommets are doped to the fabric cover im-
mediately after the surface tape is applied. Stream-
lined grommets usually are installed with the open-
ing located toward the trailing edge of the surface.

Cover

TEAD

Plastic grommet

Streamlined
plastic grommet

Metal grommet

Ficure 3-12. Typical grommets.

Brass and aluminum grommets, also shown in
figure 3-12, are mounted on either circular or square
fabric patches. The edges of the patch are pinked to
provide better adhesion. The patch assembly is
doped to the cover after the surface tape is applied.

Inspection doors and access holes are provided in
all surfaces, whether fabric or metal covered. One
way to provide these openings on fabric-covered
surfaces is to dope a zipper-equipped patch in the
desired place. Another inspection method for cloth
or metal surfaces is to install a framework inside
the wing to which a cover plate can be attached
by screws. These frameworks are built into the
structure wherever access or inspection holes are
necessary.

REPAIR OF FABRIC COVERS

General

Repair fabric-covered surfaces so that the origi-
nal strength and tautness are returned to the fabric.
Repair all tears or punctures immediately to prevent
the entry of moisture or foreign objects into the
interior of the structure. Sewn and unsewn repairs
are permitted. The type of repair technique to be
used depends on the size and location of the dam-
age as well as the never-exceed speed of the air-
craft.

When re-covering or repairing control surface
fabric, especially on high-performance airplanes,
the repairs must not involve the addition of weight

aft of the hinge line. The addition of weight dis-
turbs the dynamic and static balance of the surface
to a degree that will induce flutter.

Repair of Tears

Small cuts or tears are repaired by sewing the
edges together and doping a pinked- or frayed-edge
patch over the area. The baseball stitch is used in
repairing tears. The type illustrated in figure 3-13
enables the damaged edges to be drawn to their
original location, thus permitting a tighter repair to
be made. The first stitch is started by inserting the
needle from the underneath side. All remaining
stitches are made by inserting the needle from the
top instead of from the bottom so that the points
for making the stitch can be more accurately lo-
cated. The edges are sewn together using the proper
thread. The last stitch is anchored with a modified
seine knot. Stitches should not be more than 1/4 in.
apart and should extend 1/4 in. into the untorn
cover.

Cut two patches of sufficient size to cover the tear
and extend at least 1-1/2 in. beyond the tear in all
directions (figure 3-14). The fabric used should be
at least as good as the original fabric. The edges of
the patch should be either pinked or frayed about
1/4 in. on all sides. One patch is saturated with
nitrate thinner or acetone and laid over the sewn
tear to remove the old finish. The patch is occasion-
ally moistened with a brush until all but the clear



1/4" min.

Baseball stitch

—

Ficure 3-13.

undercoats are soft enough to be removed with a
putty knife. Since only the finish under the patch is
removed, a neat, smooth repair can be made. A coat
of clear tautening dope is applied to the second
patch and to the area of the cover from which the
finish has been removed. While still wet, this patch
is applied to the cover and rubbed so it is smooth
and free of air bubbles. Successive coats of clear,
pigmented dope are applied until the patched sur-
face has attained the same tension and appearance
as the original surrounding surface.

Sewed Patch Repair

Damage to covers where the edges of the tear are
tattered beyond joining or where a piece has been
completely torn away is repaired by sewing a fabric
patch into the damaged area and doping a surface
patch over the sewed insert. A sewed-in repair
patch may be used if the damage is not longer than
16 in. in any one direction.

The damaged area is trimmed in the form of a
circle (figure 3-15) or oval-shaped opening. A
fabric insert is cut large enough to extend 1/2 in.
beyond the diameter of the opening. The 1/2-in.
allowance is folded under as reinforcement. Before
sewing, fasten the patch at several points with a few
temporary stitches to aid in sewing the seams. The

Start sewing at the point

Lock stitching every 8 or 10
stitches, and at ends with

modified seine knot

Repair of tears in fabric.

edges of the insert are sewed with a baseball stitch.

After the sewing is completed, clean the area of
the old fabric to be doped as indicated for repair of
tears and then dope the patch in the regular man-
ner. Apply surface tape over any seams that have a
second coat of dope. If the opening extends over or
closer than 1 in. to a rib or other laced member, the
patch should be cut to extend 3 in. beyond the
member. After sewing has been completed, the patch
should be laced to the rib over a new section of
reinforcing tape. The old rib lacing and reinforcing
tape should not be removed.

If the fabric covering is damaged at the trailing
edge or part of it is torn away as shown in figure
3-16A, it can be repaired as follows. The damaged
portion of the panel is removed, and a rectangular-
or square-shaped opening is made as shown in
figure 3-16B. A patch is cut of sufficient size to
extend 3/4 in. beyond both sides and the bottom
edge of the opening, and 1/2 in. beyond the top.
The edges of the patch are reinforced by being
folded under 1/2 in. before being sewed, and each
corner is stretched and temporarily held in place
with T-pins. Two sides and the trailing edge, as
shown in figure 3-16C, are sewed to the old cover
with the folded edge extending 1/4 in. beyond both
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Ficure 3-14. Patching over tears. Dash line represents a stitched tear.

ribs. The top of the opening is then sewed. Taping
and doping, as shown in figure 3-16D, completes
the repair.

Sewed-In Panel Repair

When the damaged area exceeds 16 in. in any
direction, a new panel should be installed. Remove
the surface tape from the ribs adjacent to the dam-
aged area and from the trailing and leading edges
of the section being repaired. Leave the old rein-
forcing tape in place.

Cut the old fabric along a line approximately 1
in. from the center of the ribs on the sides nearest
to the damage, and continue the cuts to remove the
damaged section completely. The old fabric should
not be removed from the leading and trailing edges
unless both upper and lower surfaces are being
re-covered. Do not remove the reinforcing tape and
lacing at the ribs.

Cut a patch to extend from the trailing edge up
to and around the leading edge and back approxi-
mately to the front beam. The patch should extend
approximately 3 in. beyond the ribs adjacent to the
damage.
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Ficure 3-15. Sewed patch repair,



Hidden stitch
each side and

All edges of patch
folded under 1/2 inch

(C)

Side tape
ends pinked
before doping

Ficure 3-16. Repair of panel at trailing edge.

Clean the area of the old fabric to be covered by
the patch, put the patch in place, stretch taut
and pin, After the patch is pinned in place, fold
under the trailing and leading edges of the patch
1/2 in. and sew to the old fabric. Fold the side
edges under 1/2 in. and sew to the old cover. After
completing the sewing, place reinforcing tape over
the ribs under moderate tension and lace down (rib
lace or stitch) to the ribs. Remove the temporary
pinning.

Give the panel a coat of clear dope and allow to
dry. Apply surface tape with the second coat of
dope over the reinforcing tape and over the edges
of the panel. Finish the doping using regular dop-
ing procedures.

This type of repair may be extended to cover
both the upper and lower surfaces and to cover
several rib bays if necessary. The panel must be

laced to all ribs covered.

Unsewed (Doped-On) Fabric Repairs
Unsewed (doped-on) repairs may be made on all

aircraft fabric-covered surfaces, provided the air-
craft never-exceed speed is not greater than 150
m.p.h. A doped-on patch repair may be used if the
damage does not exceed 16 in. in any direction. Cut
out the damaged section, making a round or oval-
shaped opening trimmed to a smooth contour. Use a
grease solvent to clean the edges of the opening to
be covered by the patch. Sand off the dope from the
area around the patch or wash it off with a dope
thinner. Support the fabric from underneath while
sanding.

For holes up to 8 in. in size, make the fabric
patch of sufficient size to provide a lap of at least 2
in. around the hole. For holes over 8 in. in size,
make the overlap of the fabric around the hole at
least one-fourth the hole diameter with a maximum
lap limit of 4 in. If the hole extends over a rib or
closer than the required overlap to a rib or other
laced member, the patch should be extended at least
3 in. beyond the rib. In this case, after the edges of
the patch have been doped in place and the dope
has dried, the patch should be laced to the rib over
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a new section of reinforcing tape in the usual man-
ner. The old rib lacing and reinforcing should not
be removed. All patches should have pinked edges
or, if smooth, should be finished with pinked-edge
surface tape.

Doped-In Panel Repair

When the damage exceeds 16 in. in any direction,
make the repair by doping in a new panel. This
type of repair may be extended to cover both the
upper and lower surfaces and to cover several rib
bays if necessary. The panel should be laced to all
ribs covered, and it should be doped or sewed as in
the blanket method.

Remove the surface tape from the ribs adjacent
to the damaged area and from the trailing and
leading,edges of the section being repaired. Leave
the old reinforcing tape and lacing in place. Next
cut the fabric along a line approximately 1 in. from
the ribs on the sides nearest to the damage and
continue cutting to remove the damaged section
completely. The old fabric should not be removed
from the leading and trailing edges unless both
upper and lower surfaces are being re-covered.

Cut a patch to run around the trailing edge 1 in.
and to extend from the trailing edge up to and
around the leading edge and back approximately to
the front beam. The patch should extend approxi-
mately 3 in. beyond the ribs adjacent to the dam-
age. As an alternative attachment on metal or
wood-covered leading edges, the patch may be
lapped over the old fabric at least 4 in. at the nose
of the leading edge, doped, and finished with at
least 8 in. of pinked-edge surface tape.

Clean the area of the old fabric that is to be
covered by the patch and apply a generous coat of
dope to this area. Put the new panel in place, pull

make needed repairs

Leading edge

as taut as possible, and apply a coat of dope to the
portion of the panel that overlaps the old fabric.
After this coat has dried, apply a second coat of
dope to the overlapped area and allow to dry.

Place reinforcing tape, under moderate tension,
over the ribs and lace the fabric to the ribs.

Give the panel a coat of clear dope and allow to
dry. Apply surface tape with the second coat of
dope over the reinforcing tape and over the edges
of the panel. Finish the doping process using the
regular doping procedure.

REPLACING PANELS IN WING COVERS

Repairs to structural parts require opening of the
fabric. The surface tape is removed from the dam-
aged rib, the ribs on either side of the damaged rib,
and along the leading and trailing edges where the
fabric is to be cut. The rib lacing is removed from
the damaged rib. The cover is cut along the top of
the damaged rib and along the leading and trailing
edges as shown in figure 3-17.

To close an opening of this size, the cut edges are
joined over the rib, the leading edge, and the trail-
ing edge with the baseball stitch and a new fabric
panel is sewn over all the repaired area. The new
panel extends between the adjacent ribs and from
the trailing edge to the leading edge (figure 3-18).
The new fabric is cut so that it can be folded under
1/2 in. ard carried 1/4 in. beyond the adjacent
ribs where it iz sewed. The leading and trailing
edges are folded and sewed in the same manner.
After the panel has been sewed in place, new rein-
forcing tape is laced over the repaired rib. The new
fabric is laced at each of the adjacent ribs without
using any additional reinforcing tape. Finally, all
surface tapes are replaced, and the new surface is

finished to correspond to the original covering.

Do not remove reinforcing tape and rib lacing.

Ficure 3-17. Opening cover for internal structural repair.



RE-COVERING AIRCRAFT SURFACE WITH GLASS
CLOTH

Fiber glass fabrics are acceptable for re-covering
or reinforcing an aircraft surface, provided the ma-
terial meets the requirements of Military Specifica-
tions MIL-C-9084, MIL-Y-1140, and MIL-G-
1140. The tensile strength of the glass cloth should
be at least equivalent to the tensile strength of
the fabric originally installed on the aircraft. The
chemical finish of the glass cloth should be chemi-
cally compatible with the dope or resin to be used.

Either the blanket or envelope method of rein-
forcement should be used on treated fabrics that
can be sewn. Untreated fabric that cannot be sewn
may be applied in overlapping sections. The prac-
tices recommended for doped seams should be used.
Where the glass cloth is applied only to the upper
surface of the wings for hail protection, it should
wrap around the trailing edge at least 1 in. and
extend from the trailing edge up to and around the
leading edge and back approximately to the front
spar. Before starting the work, make certain that
the bonding agents used will be satisfactory. Blister-
ing or poor adhesion can occur when using bond-
ing agents which are not chemically compatible
with the present finish on the aircraft, or which
have already deteriorated because of age. A simple
means of determining this is to apply a small piece
of the reinforcement cloth to the original cover,
using the proposed finishing process. The test sam-
ple should be visually checked the next day for
blistering or poor adhesion.

When butyrate dope is used to bond glass cloth,
the finishing can be accomplished in the following
manner:

(1) Thoroughly clean the surface and allow to
dry. If the surface has been waxed or
previously covered with other protective
coatings, thoroughly remove at least the
top finish coat. After placing the glass
cloth on the surface, brush out smoothly
and thoroughly with butyrate dope thin-
ner and 10% (by volume) retarder.

(2) Apply a heavy coat of butyrate dope be-

tween all glass cloth overlaps. When dry,

brush in butyrate rejuvenator and allow
to set until the surface has again drawn
tight.
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(3) Install reinforcing tape and structural at-
tachments (Class B) and dope on finish-
ing tape (cotton is recommended); then
brush in one coat of 50% thinner and
50% butyrate dope.

(4) Follow by conventional finishing sched-
ules, which call for application of one or
more coats of full-bodied clear butyrate
dope, two spray coats of aluminum pig-
mented butyrate dope, light surface sand-
ing, and two spray coats of pigmented
butyrate dope.

When resin is used to bond the glass cloth, after
surface cleaning, the finishing may be done in the
following manner:

(1) Rejuvenate the doped surface. After plac-
ing the glass cloth on the surface, brush
in thoroughly a coat of resin. Saturate
overlapped areas thoroughly and allow to
cure.

(2) Brush in a second coat of resin smoothly
and evenly and allow to cure. The finished
surface should not be considered com-
pleted until all the holes between the
weave of the cloth are filled flush with

resin.

(3) After water sanding, paint the surface

with one coat of primer surfacer and

finish as desired.

Install drain grommets and inspection holes as
provided in the original cover.

When using glass fabric to reinforce movable
control surfaces, check to ascertain that no change
has been made in their static and dynamic balance.

CAUSES OF FABRIC DETERIORATION

Aircraft fabrics deteriorate more rapidly in areas
of heavy industrialization than in areas that have
cleaner air. The greatest single cause of aircraft
fabric deterioration is sulfur dioxide. This toxic
compound is present in variable amounts in the
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Ficure 3-18. Methoed of replacing cover.

atmosphere. It occurs in large concentrations in
industrial areas. Sulfur dioxide combines with oxy-
gen, sunlight, and moisture to form sulfuric acid,
which, readily attacks cotton fabrics. Linen fabrics
are also affected, but to a lesser degree than cotton,
Dacron fabric is far more resistant to sulfur dioxide
and other chemicals than any other fabric except
fiber glass fabric. Fiber glass fabric is not affected
by moisture, mildew, chemicals, or most acids.

Mildew

Mildew spores attack fabrics when they are
damp. All natural cellulose fibers provide nourish-
ment for mildew growth when conditions are right.
Mildew spores, also known as fungus or mold, can
be controlled by using a fungus inhibitor. The in-
hibitor is usually mixed with dope and applied with
the first coat of dope. Dope containing fungicides
should not be sprayed because they contain poisons.

Re-covering should be done in dry, clean build-
ings. Damp, dirty buildings encourage mildew
growth. The spores grow on damp rags, paper, etc.,
and are deposited directly on the fabric surfaces by
any movement which stirs the air in the area.
Spores are always present in the atmosphere in
varying degrees and are induced into the airframe
enclosures by air movement. An aircraft should be
flown frequently to circulate dry air into the wings
and fuselage so that moisture, which supports mil-
dew, will not accumulate.

105

Acid Dopes and Thinners

The use of dopes or thinners whose acidity has
increased beyond safe limits can cause rapid deteri-
oration of aircraft fabrics. When dope is stored
under extremes of heat or cold, chemical reactions
increase the acidity beyond safe limits.

Stocks of Military dope compound are sold as
surplus when periodic tests indicate that the dope
has developed an acid content in excess of a safe
value. Using surplus dope can lead to early fabric
deterioration.

General-purpose thinners should not be used to
thin aircraft dope. Such thinners are usually acidic
and are not formulated for use with dope.

insufficient Dope Film

A thin dope film does not provide sufficient pro-
tection of the fabric from the elements, and early
deterioration of the fabric may result. Ultraviolet
light, which is invisible, combines with oxygen to
form an oxidizing agent that attacks organic materi-
als. The ultraviolet rays can be screened by adding
pigments to the dope film and by adequately cover-
ing the fabric with the dope. Aluminum powder
usually is added to two of the dope coats to stop
any ultraviolet light from reaching the fabric. Un-
doped fabric or fabric covering that is not pro-
tected by coats of aluminum-pigmented dope should
not be exposed to sunlight for long periods.



Adequate protection of the fabric usually is

achieved if the dope film hides the weave of the -

fabric, leaving a smooth surface. This cannot be
determined by the number of coats of dope applied,
but rather by the dope film thickness. This varies
with application technique, temperature, dope con-
sistency, and equipment.

Cracks in the dope film admit moisture and light,
causing localized deterioration of the fabric.

Storage Conditions

It is generally assumed that a hangared aircraft
is protected from fabric deterioration. However,
premature deterioration can occur, especially on
aircraft stored in an unheated hangar that has a
dirt floor. During the day, sun shining on the roof
raises the air temperature in the hangar. This warm
air absorbs moisture from the ground. When the air
cools, the absorbed moisture condenses and settles
on the aircraft. Atmospheric pressure changes draw
the damp air into the airframe enclosures. These
conditions provide an ideal situation for promoting
mildew growth.

When storing fabric-covered aircraft, all open-
ings large enough for rodents to' enter should be
taped. Uric acid from mice can rot fabric. It can
also corrode metal parts, such as ribs, spars, and
fittings.

CHECKING CONDITION OF DOPED FABRIC

The condition of doped fabric should be checked
at intervals sufficient to determine that the strength
of the fabric has not deteriorated to the point where
airworthiness of the aircraft is affected.

The areas selected for test should be those known
to deteriorate most rapidly. The top surfaces gener-
ally deteriorate more rapidly than the side or bot-
tom surfaces. When contrasting colors are used on
an aircraft, the fabric will deteriorate more rapidly
under the darker colors. The dark colors absorb
more heat than the lighter colors. The warmer inner
surface of the fabric under the dark color absorbs
more moisture from the air inside the wing or fuse-
lage. When the surface cools, this moisture conden-
ses and the fabric under the dark area becomes
moist and promotes mildew growth in a localized
area. When checking cloth fabric that has been
reinforced by applying fiber glass, peel back the
glass cloth in the areas to be tested. Test the under-
lying cloth in the conventional manner.

Checking fabric surfaces is made easier by using
a fabric punch tester. There are several acceptable

fabric punch testers on the market; one such tester
incorporates a penetrating cone (figure 3-19).
Fabric punch testers are designed for use on the
dope-finished-fabric surface of the aircraft and pro-
vide only a general indication of the degree of
deterioration in the strength of the fabric covering.
Their advantage is that they may be used easily and
quickly to test the fabric surfaces without cutting
samples from the airplane’s fabric. If a fabric
punch tester indicates that the aircraft fabric
strength is marginal, a laboratory test should be
performed to determine the actual fabric strength.

Colored band indicator

Fabric

—_—

—

~

Frcure 3-19. Fabric punch tester.

When using a punch tester similar to the one
illustrated in figure 3-19, place the tip on the doped
fabric. With the tester held perpendicular to the
surface, apply pressure with a slight rotary action
unti] the flange of the tester contacts the fabric. The
condition of the fabric is indicated by a color-
banded plunger that projects from the top of the
tester. The last exposed band is compared to a chart
supplied by the manufacturer of the tester to deter-
mine fabric condition.

The test should be repeated at various positions
on the fabric. The lowest reading obtained, other
than on an isolated reparable area, should be con-
sidered representative of the fabric condition as a
whole. Fabrics that test just within the acceptable
range should be checked frequently thereafter to
ensure continued serviceability.

The punch tester makes only a small hole (ap-
proximately 1/2-in. diameter) or a depression in
the fabric that can be repaired quickly by doping-
on a 2-in. or 3-in. patch.

TESTING FABRIC COVERING
Tensile Testing of Undoped Fabric

Tensile testing of fabric is a practical means of
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Ficure 3-20. Fabric tensile tester.

determining whether a fabric covering has deterio-
rated to the point where re-covering is necessary.
Figure 3-20 illustrates a typical fabric tensile
tester.

A sample of the undoped fabric to be tested is cut
to exactly 1-1/2.in. wide and to a sufficient length
(usually 6 in.) to allow insertion in the fabric
tester. Usually, each edge of the strip is frayed 1/4
in., reducing the woven width to 1 in. The ends of
the fabric strip are fastened securely in the clamps
of the tester. As the crank of the tester is turned,
the threaded jackscrew is backed out, thus grad-
ually increasing the tension (pull) on the fabric
against the resistance of the spring-loaded scale
until the fabric strip breaks. The scale reading,
taken at the moment the fabric strip breaks, indi-
cates the strength of the fabric in pounds per inch.

Fabric specimens must be tensile tested in the
undoped condition. Use acetone dope thinner or
other appropriate thinning agents to remove the
finishing materials from the test specimen.

STRENGTH CRITERIA FOR AIRCRAFT FABRIC

Present minimum strength values for new aircraft
fabric covering are provided in figure 3-1.

The maximum permissible deterioration for used
aircraft fabric, based on a large number of tests, is
30%. Fabric that has less than 70% of the origi-
nally required tensile strength is not considered air-
worthy. Figure 3-1 contains the minimum tensile
strength values for deteriorated fabric tested in the
undoped condition.

Some light aircraft operators use the Grade A
type fabric, but are only required to use intermedi-
ate grade fabric. In this case, the Grade A material
is still considered airworthy, provided it has not
deteriorated, as tested in the undoped condition,
below 46 pounds, i.e., 70% of the originally re-
quired tensile strength value for new intermediate

fabric.
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DOPES AND DOPING

To tighten fabric covering and to make it airtight
and watertight, brush or spray the cloth with dope.
A tight fabric cover is essential to securing and
holding the cross-sectional shape of the airfoil to
the form given it by the ribs. This dope also pro-
tects the fabric from deterioration by weather or
sunlight and, when polished, imparts a smooth sur-
face to the fabric and reduces skin friction. Dopes
must be applied under ideal conditions to obtain
satisfactory and consistent results. A clean, fresh,
dry atmosphere with a temperature above 70° F.
and a relative humidity below 60%, combined with
good ventilation, is necessary in the dope room. The
dope must be of the proper consistency and be
applied uniformly over the entire surface.

Dopes will deteriorate seriously if stored in too
warm a place for a long period. The temperature
should not exceed 60° F. for long-time storage and
must not exceed 80° F. for periods up to 4 months.
Precautions against fire should be taken wherever
dope is stored or used because of its flammable
nature. Dope and paint rooms that are not located
in a separate building should be isolated from the
rest of the building by metal partitions and fire-
proof doors.

As stated previously, the most desirable condition
in a dope room is a temperature above 70° F. and a
relative humidity below 60%. At lower tempera
tures the dope will not flow freely without the addi-
tion of excessive thinners. The relative humidity
can be lowered by raising the temperature if the
dope shop is not equipped with humidity control.
To condition fabric surfaces to the desired tempera-
ture and moisture conditions, allow them to stand
about 4 hrs. in the dope room after covering and
prior to doping.

The number of coats of dope applied to a fabric
surface depends on the finish desired. It is custom-
ary to apply two to four coats of clear dope, fol-



lowed by two coats of pigmented dope. Sufficient
clear dope should be applied to increase the weight
of the fabric by 2.25 to 2.50 oz./sq. yd. The clear-
dope film should weigh this amount after drying for
72 hrs. With fabric weighing 4 oz., the total
weight of fabric and dope is approximately 9.5
oz./sq. yd.

Pigmented dopes must be applied over the clear
dopes to protect the fabric from the sunlight. Suffi-
cient pigment must be added to the dope to form an
opaque surface. Pigmented dopes consist of the
properly colored pigment added to the clear dope.
When an aluminum finish is desired, 1 gal. of the
clear nitrocellulose dope is mixed with 12 oz. of
aluminum powder and an equal additional amount
of glycol sebacate plasticizer. Sufficient thinner is
then added so that two coats of this dope will give a
film weight of about 2 0z./sq. yd.

Panels should be doped in a horizontal position,
whenever possible, to prevent the dope from run-
ning to the bottom of the panel. Hand brush the
first coat of dope and work it uniformly into the
fabric. A minimum of 30 min. under good atmos-
pheric conditions should be allowed for drying be-
tween coats. Surface tape and patches should be
applied just prior to the second coat of dope. This
second coat should also be brushed on as smoothly
as possible. A third and fourth coat of clear dope
can be applied by either brushing or spraying.
These coats of clear dope provide a taut and rigid
surface to the fabric covering. If desired, this sur-
face may be smoothed by lightly rubbing with num-
ber 280 or 320 wet or dry sandpaper, or a similar
abrasive. When being rubbed, all surfaces should be
electrically grounded to dissipate static electricity.
The doping is completed by spraying two or more
coats of the properly colored pigmented dope on the
surface.

Under certain unfavorable atmospheric condi-
tions, a freshly doped surface will blush. Blushing
is caused by the precipitation of cellulose ester,
which is caused largely by a high rate of evapora-
tion and/or high humidity. High temperatures or
currents of air blowing over the work increase the
evaporation rate and increase blushing tendencies.
Blushing seriously reduces the strength of the dope
film and the necessary precautions should be taken
to guard against blushing. When a doped surface
blushes, it becomes dull in spots, or white in ex-
treme cases.

The surface under the doped fabric must be pro-
tected to prevent the dope from “lifting” the paint
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on the surface. A common method is to apply dope-
proof paint or zinc chromate primer over all parts
of the surface that come in contact with doped
fabric. Another excellent method is to cover this
surface with aluminum foil 0.0005 in. thick. This
foil is glued to the surface and prevents the penetra-
tion of dope. It is applied over the regular finish.
Other materials, such as a cellophane tape, have
also been used successfully in place of aluminum
foil.

DOPE MATERIALS

Aircraft dope is any liquid applied to a fabric
surface to produce tautness by shrinkage, to in-
crease strength, to protect the fabric, to waterproof,
and to make the fabric airtight. Aircraft dopes are
also used extensively in the repair and rejuvenation
of aircraft fabric surfaces.

Aircraft dope is technically a colloidal solution of
cellulose acetate butyrate or cellulose nitrate. If
nitric acid was used in the chemical manufacturing
of the dope, it is known as cellulose nitrate dope. If
acetic and butyric acids were used, the dope is
known as cellulose acetate butyrate dope.

Cellulose-Nitrate Dope

Nitrocellulose dope is a solution of nitrocellulose
and a plasticizer, such as glycol sebacate, ethyl ace-
tate, butyl acetate, or butyl alcohol, or toluene. The
nitrocellulose base is made by treating cotton in
nitric acid. The plasticizer aids in producing a flexi-
ble film. Both the plasticizer and the solvents are
responsible for the tautening action of dope. Thin-
ners such as benzol or ethyl alcohol are sometimes
added to the dope to obtain the proper consistency.
These thinners evaporate with the volatile solvents.

Nitrate dope flows more freely and is more easily
applied to fabric than butyrate dope. It burns read-
ily and rapidly and is difficult to extenguish,
whereas butyrate dope burns slowly and is easily
extinguished. The tautening (shrinking) effect of
nitrate is not quite so great as that of butyrate, but
it is sufficient to tighten the fabric the desired
amount.

Cellulose-Acetate-Butyrate Dope

This type of dope is composed of cellulose acetate
butyrate and a plasticizer, triphenyl phosphate,
which are nonvolatile when mixed with ethyl ace-
tate, butyl acetate, diacetone alcohol or methyl ethyl
ketone, all of which are volatile.

Butyrate dope has a greater tautening effect on
fabric and is more fire resistant than nitrate dope.



The solvents of butyrate dope are more penetrating
than those of nitrate dope, and butyrate dope can
be applied successfully over dried nitrate dope on a
fabric surface.

Both the cellulose nitrate and cellulose acetate
butyrate dopes, without the addition of color pig-
ments, are a clear, transparent solution. Both are
used on aircraft fabric covering to shrink and
tighten the fabric to a drum-like surface, to impreg-
nate and fill the fabric-mesh, and to waterproof,
airproof, strengthen, and preserve the fabric.

Pigments of the desired color may be added to
the final two or three coats of dope applied to the
fabric to attain the desired color and trim on the
aircraft.

ALUMINUM-PIGMENTED DOPES

When at leat two or more coats of aluminum-
pigmented dope (brushed or sprayed) have been
applied over the first two or three coats of clear
dope after they have dried and have been sanded, a
thin film of aluminum is formed over the fabric and
the undercoats of clear dope. This aluminum film
insulates the fabric from the sun’s heat and reflects
the heat and ultraviolet rays away from the fabric
surfaces of the aircraft.

Aluminum-pigmented dopes may be purchased al-
ready mixed and ready for application by brush or
spray. However, it is often more economical and
desirable to mix the powdered aluminum into the
clear dope in the shop.

The aluminum for mixing into the clear dope
may be obtained in either the powdered form or the
paste form. In the powdered form it is nothing
more than finely ground (pulverized) aluminum
metal. In thc paste form the powdered aluminum
metal has been mixed with an adhesive agent to
form a putty-like paste.

Recommended mixing proportions are 1-1/2 lbs.
of aluminum powder to 5 gal. of clear dope, or
1-3/4 1bs, of aluminum paste to 5 gal. of clear dope.
First, thoroughly mix and dissolve the powder or
paste in a small amount of alcohol thinner and then
add to the clear dope.

TEMPERATURE AND HUMIDITY EFFECTS ON
DOPE

The successful application of dope finishes on
fabric depends on many things, including the
method of application, temperature, humidity,
correct mixture of anti-blush reducers and thinners,
sanding, and preparation of the fabric. In addition

109

to the special methods necessary in the application
of dope, further precautions are required in the
handling, storage, and use of dope because it is
highly flammable and its fumes are harmful if
breathed in excess. For the best and safest results,
doping is usually done in a special dope room
where many of these factors can be controlled.

Cold Effects on Dope

In cold weather, dopes left in unheated rooms or
outside become quite viscous (thick). Cold dopes
should be kept in a warm room between 75° F. and
80° F. at least 24 hrs. before being used. Dope in
large drum containers (55 gal.) will require 48 hrs.
to reach this temperature. Cold dopes will pull and
rope under the brush and, if thinned sufficiently to
spray or brush, will use extra thinner needlessly
and will lack body when the thinner evaporates.

COMMON TROUBLES IN DOPE APPLICATION

Bubbles and Blisters

A heavy coat of lacquer applied over a doped
surface that is not thoroughly dry will tend to form
bubbles. To prevent this condition, allow the sur-
face to dry for 10 to 12 hrs. Bubbles may be re-
moved by washing the surface with dope thinner
until smooth, allowing the surface to dry, and then
sanding before refinishing. Blisters are caused by
dope dripping through to the opposite fabric during
application of the priming coat, as a result of exces-
sive brushing over spars, ribs, or other parts. Dope
may also seep through fittings, inspection openings,
or patches, and form blisters. Extreme care should
be taken to avoid blisters inasmuch as they can be
removed only by cutting the fabric at the blister,
and patching.

Slack Panels

Slack panels are caused by loose application of
the fabric, or the fabric may have been applied with
proper tension but permitted to remain undoped for
too long a period, thus losing its tension. Fabric
slackened by remaining undoped may be tightened
by the application of acetone if it is applied as soon
as the slackening is noticeable.

Extremes of temperature or humidity may cause
dope to dry in such a condition that the fabric
becomes slack. This can be remedied by spraying
on another coat of dope containing either a slow
dryer, such as butyl alcohol, or a rapid dryer, such
as acetone, as conditions may require.



Inconsistent Coloring

Inconsistent coloring of enamels, paints, and pig-
mented dope, is caused by the pigments settling to
the bottom of the container, thus depriving the
upper portion of the vehicle of its proper percent-
age of pigment. If shaking the container does not
distribute the pigment satisfactorily, a broad paddle
or an agitator should be used to stir the mixture
thoroughly.

Pinholes

Pinholes in the dope film can be caused by the
temperature of the dope room being too high, by
not brushing the priming coat well into fabric to
seal it completely, by a heavy spray coat of a mix-
ture containing too much thinner, or by water, oil,
or dirt in the air supply of the spray gun.

Blushing

Blushing in dopes or lacquers is common in
humid weather. This condition in cellulose nitrate
and cellulose acetate dopes is caused by rapid evap-
oration of thinners and solvents. The evaporation
lowers the temperature on the surface of the freshly
doped fabric, causing condensation of moisture
from the atmosphere. This moisture on the surface
of the wet dope or lacquer precipitates the cellulose
nitrate or cellulose acetate out of solution, thus
giving the thick milky-white appearance known as
blush. Of course, such a decomposed finish is of no
value either in tautening or protecting the surface
for any period of time. Therefore, the blush must be
eliminated if the finish is to endure.

The common causes of blushing are:
(1) Temperature too low.
(2) Relative humidity too high.
(3) Drafts over freshly doped surface.
(4) Use of acetone as a thinner instead of
nitrate thinner.

If causes (1) and (2) cannot be corrected, blush-
ing may be avoided by adding butyl alcohol to the
dope in sufficient quantity to correct the condition.
Dope films that have blushed may be restored by
applying another coat of dope, thinned with butyl
alcohol, over the blushed film. This coat will dis-
solve the precipitation on the previous coat. If an
additional coat is not desired, the blushed film may
be removed by saturating a rag with butyl alcohol
and rubbing it rapidly and lightly over the blushed
film. If butyl alcohol does not remove the blushing,
acetone may be applied in the same manner to
accomplish this purpose.
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Brittleness

Brittleness is caused by applying the fabric too
tightly or by the aging of the doped surface. Over-
tight panels may be loosened by spraying a 50%
solution of fast-evaporating solvent (acetone) and
dope over the surface to soak into the dope layers,
allowing the fabric to slacken. If the age of the
doped surface causes brittleness, the only remedy is
to re-cover the structure.

Peeling

Peeling is caused by failure to remove moisture,
oil, or grease from the fabric before the surface is
coated. Fabric areas so affected should be treated
with acetone before the priming coat is applied.

Runs and Sags

Runs and sags in the finish are caused either by
applying the dope too heavily or by allowing the
dope to run over the sides and ends of the surface.
Immediately after a surface is finished, the opposite
and adjacent surfaces should be inspected for sags
and runs.

TECHNIQUE OF APPLICATION

Apply the first two coats of dope by brush,
spread on the surface as uniformly as possible, and
thoroughly work into the fabric. Be careful not to
work the dope through the fabric so that an exces-
sive film is formed on the reverse side. The first
coat should produce a thorough and uniform wet-
ting of the fabric. To do so, work the dope with the
warp and the fill threads for three or four brush
strokes and stroke away any excess material to
avoid piling up or dripping. Apply succeeding
brush or spray coats with only sufficient brushing
to spread the dope smoothly and evenly.

When doping fabric over plywoed or metal-cov-
ered leading edges, care should be taken to ensure
that an adequate bond is obtained between the
fabric and the leading edge. Care should also be
taken when using predoped fabric to use a thinned
dope to obtain a good bond between the fabric and
the leading edge of wings.

Applying Surface Tape and Reinforcing Patches

Apply surface tape and reinforcing patches with
the second coat of dope. Apply surface tape over all
rib lacing and all other points of the structure
where tape reinforcements are required.

Installation of Drain Grommets
With the second coat of dope, install drain grom-



mets on the underside of airfoils at the trailing edge
and as close to the rib as practicable. On fuselages,
install drain grommets at the center of the under-
side in each fuselage bay, located to ensure the best
possible drainage. Special shielded grommets, some-
times called marine or suction grommets, are recom-
mended for seaplanes to prevent the entry of spray.
Also use this type of grommet on landplanes in the
part of the structure that is subject to splash from
the landing gear when operating from wet and
muddy fields. Plastic type grommets are doped di-
rectly to the covering. Where brass grommets are
used, mount them on fabric patches and then dope
them to the covering. After the doping scheme is
completed, open the drainholes by cutting out the
fabric with a small-bladed knife. Do not open drain
grommets by punching.

Use of Fungicidal Dopes

Fungicidal dope normally is used as the first coat
for fabrics to prevent rotting. While it may be more
advisable to purchase dope in which fungicide has
already been incorporated, it is feasible to mix the
fungicide with dope. Military Specification
MIL-D-7850 requires that cellulose acetate butyr-
ate dope incorporate a fungicide for the first coat
used on aircraft. The fungicide designated in this
specification is zinc dimethyldithiocarbonate, which
forms a suspension with the dope. This material is a
fine powder, and if it is mixed with the dope, it
should be made into a paste, using dope, and then
diluted to the proper consistency according to the

manufacturer’s instructions. It is not practicable to
mix the powder with a large quantity of dope.

Copper naphtonate is also used as a fungicide
and forms a solution with dope. However, this mate-
rial has a tendency to bleed out, especially on light-
colored fabric. It is considered satisfactory from a
fungicidal standpoint.

The first coat of fungicidal dope should be ap-
plied extremely thin so that the dope can thor-
oughly saturate both sides of the fabric. Once the
fabric is thoroughly saturated, subsequent coats
may be applied at any satisfactory working consist-
ency.

NUMBER OF COATS REQUIRED

Regulations require that the total number of
coats of dope should be not less than that necessary
to result in a taut and well-filled finish job. A guide
for finishing fabric-covered aircraft is:

(1) Two coats of clear dope, brushed on and
sanded after the second coat. To prevent
damaging the rib stitch lacing cords and
fabric, do not sand heavily over the center
portion of pinked tape over ribs and
spars.

(2) One coat of clear dope, either brushed or
sprayed on, and sanded.

(3) Two coats of aluminum-pigmented dope,
brushed or sprayed on, and sanded after
each coat.

(4) Three coats of pigmented dope (the color
desired), sanded and rubbed to give a
smooth glossy finish when completed.
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GENERAL

Metal- or wood-covered aircraft frequently are
painted to protect their surfaces from deterioration
and to provide a desirable finish. Many types of
finishes are used on aircraft structures. Wood struc-
tures may be varnished, whereas aluminum and
steel frequently are protected and preserved by
applying paint. The term “paint” is used in a gen-
eral sense and includes primers, enamels, lacquers,
and epoxies.

Aircraft finishes can be separated into three gen-
eral classes: (1) Protective, (2) appearance, and
(3) decorative. Internal and unexposed parts are
finished to protect them from deterioration. All ex-
posed parts and surfaces are finished to provide
protection and to present a pleasing appearance.
Decorative finishing includes trim striping, the
painting of emblems, the application of decals, and
identification numbers and letters.

FINISHING MATERIALS

A wide variety of materials are used in aircraft
finishing. Some of the more common materials and
their uses are described in the following para-
graphs.

Acetone

Acetone is a fast-evaporating dope solvent that is
suitable for removing grease from fabric prior to
doping, for cleaning spray paint guns, and as an
ingredient in paint and varnish removers. It should
not be used as a thinner in dope since its rapid
drying action causes the doped area to cool and
collect moisture. The absorbed moisture prevents
uniform drying and results in blushing.

Alcohol

Butyl alcohol is a slow-drying solvent that can be
mixed with dope to retard drying of the dope film
on humid days, thus preventing blushing. Generally,
S to 10% of butyl alcohol is sufficient for this
purpose.

Butyl alcohol and ethyl alcohol are used together
as a mixture to dilute wash coat primer as necessary
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for spray application. The percentage of butyl alco-
hol used will depend on the temperature and humid-
ity. Tne butyl alcohol retards the evaporation rate.
In some cases a 25% butyl/75% ethyl alcohol
mixture may be satisfactory; in others, a 50/50
mixture may be required.

Denatured alcohol is used for thinning shellac to
spray gun consistency, and as a constituent of paint
and varnish remover.

Isopropyl alcohol is used as a diluent in the
formulation of oxygen system cleaning solutions. It
is also used in preparing nonionic detergent mix-
tures.

Benzene

Benzene is used for cleaning equipment in which
enamel, paint, or varnish has been used. It is also
used as a constituent of paint and varnish remover.

Thinner

Dopes, enamels, paints, etc., are thinned for use
in spray guns, for more efficient brushing consist-
ency, and for reducing the thickness of coats. The
correct thinner must be used with a specific finish-
ing material.

Several materials required for thinning specific
paints and lacquers are also available for solvent
cleaning, but they must be used with care. Most of
these materials have very low flash points and, in
addition, will damage existing paint finishes. Some
of the more common paint thinners are briefly dis-
cussed in the following paragraphs.

Acrylic Nitrocellulose Lacquer Thinner

Acrylic nitrocellulose lacquer thinner may be
effectively used to wipe small areas prior to paint
touchup. It will soften the edges of the base paint
film, which in turn will assure improved adhesion
of the touchup coating. However, the thinner con-
tains toluene and ketones and should never be used
indiscriminately for cleaning painted surfaces.

Cellulose Nitrate Dope and Lacquer Thinner

This thinner is both explosive and toxic as well
as damaging to most paint finishes, It may be used
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for hand removal of lacquer or primer overspray. It
is the approved thinner for nitrocellulose lacquers
and is a mixture of ketones, alcohols, and hydrocar-
bons.

Volatile Mineral Spirits

This material is very similar to dry-cleaning sol-
vent but evaporates somewhat faster and leaves less
residue after evaporation. It can be effectively used
in wiping stripped metal surfaces just before the

re-application of paint finishes. It is also used as a

carrier for solvent-emulsion compounds in general
cleaning.

Toluene

Toluene (toluol) may be used as a paint remover
in softening fluorescent finish clear topcoat sealing
materials, It is also an acceptable thinner for zinc
chromate primer.

Turpentine

Turpentine is used as a thinner and quick-drier
for varnishes, enamels, and other oil-base paints.
Turpentine is a solvent for these types of materials
and can be used to remove paint spots and to clean
paint brushes.

Dope

Aircraft dope is essentially a colloidal solution of
cellulose acetate or nitrate, combined with sufficient
plasticizers to produce a smooth, flexible, homoge-
neous film. The dope imparts to the fabric cover
additional qualities of increased tensile strength,
airtightness, weather-proofing, and tautness of the
fabric cover. Dope must possess maximum durabil-
ity, flexibility, blush resistance, and adhesion, while
adding the least additional weight. Each coating of
dope applied over undercoats must penetrate and
soften them, and build vp a smooth, united surface
without lessening the degree of fabric tautness.

The six essential constituents of dope are:

(1) Film-base compounds, which are either
cellulose acetate or cellulose nitrate.

(2) Plasticizers, such as camphor oil and
castor oil, used to produce a durable, flexi-
ble film.

(3) Solvents, used to dissolve the cellulose-
base materials.

(4) Diluents, used for thinning the mixture.
Toxic diluents, such as benzol, are never
used.

(5) Slow dryers, such as butyl alcohol, used to
prevent too rapid drying, which tends to

over-cool the surface, thus causing con-
densation of moisture and resultant blush-
ing.

(6) Colors or pigments, which are finely
ground particles of inorganic material
added to clear dope to give a desired
color.

The three types of dope used for aircraft finishes
are: (1) Clear, (2) semi-pigmented, and (3) pig-
mented. Their characteristics and uses are:

(1) There are two clear nitrate dopes. One is
used to produce a gloss finish over semi-
pigmented finishes, and as a vehicle for
bronze/aluminum doped finishes. The
other is a specially prepared, quick-drying
material to be used only for patching.

(2) Semi-pigmented nitrate dope contains a
limited quantity of pigment. It is used for
finishing fabric-covered surfaces.

(3) Pigmented nitrate dope contains a greater
quantity of pigment than does semi-pig-
mented dope, and is normally used for
code marking and finishing insignia. One
or two coats applied over semi-pigmented
dope will produce the desired color effect.

Dope should not be applied over paint or enamel
because it tends to remove such material.

Nitrocellulose Lacquer

Nitrocellulose lacquers are available in both
glossy and flat finishes. They are also available in
either clear or pigmented form. These materials can
be applied over either old type zinc chromate or the
newer modified zinc chromate primer. The lacquer
finish is applied in two coats; a mist coat first, with
a full, wet cross coat applied within 20 to 30 min.
afterward. The lacquer finishes should be thinned
as necessary, using cellulose nitrate dope and lac-
quer thinner. Clear lacquer may be substituted for
spar varnish over doped fabric and is also used
with bronze/aluminum powder to produce alumin-
ized lacquer. Clear lacquer should never be applied
over paint, enamel, or varnish because it tends to
remove such material.

Acryclic Nitrocellulose Lacquer

This is the most common topcoat in use today,
available either in flat or glossy finish. Both types
of material are required in refinishing conven-
tional aircraft. Anti-glare areas generally require
the use of flat finishes. The remaining surfaces
usually are finished with glossy materials to reduce
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heat absorption. The base materials should be
thinned as necessary for spray application with
acrylic nitrocellulose thinner.

Paint Drier

Paint drier is added to paint when improved
drying properties are desired. Excessive drier in
paint will result in a brittle film, causing cracking
and peeling.

Linseed Oil

Linseed oil is used to reduce semi-paste colors,
such as dull black stenciling paint and insignia
colors, to brushing consistency. It is also used as a
protective coating on the interior of metal tubing.

Zinc Chromate Primer

Zinc chromate primer is applied to metallic sur-
faces, before the application of enamel or lacquer,
as a corrosion-resistant covering and as a base for
protective topcoats. Older type zinc chromate pri-
mer is distinguishable by its bright yellow color
compared to the green cast of the modified primers
currently used. The old type primer will adhere well
to bare metal. It is still specified as an acceptable
coating for internal surfaces, and it forms a part of
the old type nitrocellulose system finishes. It can be
applied by brush or spray and should be thinned
for spraying as necessary with toluene. When this
material is to be applied by brush, it should be
thinned to brushing consistency with xylene to give
better wet-edge retention. It dries adequately for
overcoating within an hour. Zinc chromate primer
is satisfactory for use under oil-base enamels or
nitrocellulose lacquers. It is also an excellent dope
proof paint.

Standard Wash Primer

Some paint finishes in general use include a
standard wash primer undercoat, also termed a
metal pre-treatment coating compound. It is a two-
part material consisting of resin and alcoholic phos-
phoric acid, which is added just prior to applica-
tion. The two components should be mixed very
slowly and carefully and allowed to stand at least
30 min. before use. The primer should be used
within a total time of 4 hrs. Any necessary thinning
is done with a 25/75 to 50/50 mixture of butyl
alcohol and ethyl alcohol, respectively. The percent-
age of butyl alcohol used will be determined by the
evaporation rate. The percentage of butyl alcohol
should be kept to the minimum possible under local
temperature and humidity conditions. It is particu-

larly important that the ratio of acid to resin in the
wash primer be maintained. Any decrease in acid
will result in poor coat formation. An excess of acid
will cause serious brittleness.

Acrylic Cellulose Nitrate Modified Primer

The lacquer primer currently applied over the
wash coat base is a modified alkyd-type zinc chro-
mate developed for its adherence to the wash pri-
mer. It does not adhere well to bare metal, but
works effectively as a sandwich between the wash
coat primer and the acrylic nitrocellulose topcoat-
ing. It can be thinned as necessary for spray appli-
cation with cellulose nitrate thinner. In areas where
the relative humidity is high, it may be more desira-
ble to use acrylic nitrocellulose thinner. It should be
topcoated within 30 to 45 min. after its application
for best results.

Under no condition should it dry more than an
hour and a half before finish coats of acrylic lac-
quer are applied. If primer coats are exposed to
atmospheric conditions for longer than this maxi-
mum drying period, a re-application of both the
wash primer and modified primer is necessary, fol-
lowed immediately by the application of the acrylic
lacquer topcoat. Otherwise, complete stripping of
the coatings and refinishing is required.

In general, freshly applied coatings can be re-
moved with either acrylic lacquer thinner or methyl
ethyl ketone. However, once the coat is dry, paint
stripper is required for complete removal of the
coating.

The finish coatings are usually applied in two
coats over the modified zinc chromate primer; the
first a light mist coat, and the second a wet cross-
coat with 20 to 30 min. drying time allowed be-
tween the two coatings. On amphibians or sea-
planes, where maximum protection is required, the
finish is increased to two coats of primer and three
coats of lacquer. Once the paint finish has set, paint
stripper is necessary for its removal.

Enamel

Enamels are special types of varnish having ei-
ther an oil base or nitrocellulose base as the solvent.
Enamel finishes are generally glossy, although flat
enamel finishes are available. Enameled surfaces are
hard, resist scratching and the action of oils or
water, and certain grades resist high temperatures.
Enamel can be applied by spraying or brushing and
is suitable for either interior or exterior applica-
tion.
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Varnish

Spar varnish is used for finishing interior or
exterior wood surfaces. It produces a transparent,
durable coating for use where high gloss and hard-
ness are not the principal requirements.

Asphalt varnish is a black coating used for the
protection of surfaces around lead acid batteries,
and where acid or water are present.

Qil Stain

Oil stain is used to stain wood for decorative
purposes. It is available in light and dark shades,
simulating mahogany, oak, walnut, or other wood.

Color

Various coloring materials are used for special
applications, such as insignia and signs. These
colors are obtainable as pastes (powder ground in
oil) to be mixed with the proper solvent.

Paint

Paint s a mechanical mixture of a vehicle and a
pigment. The vehicle is a liquid that cements the
pigment tozether and strengthens it after drying.
The pigment gives solidity, color, and hardness to
the paint. Among the commonly used pigments are:
iron oxide, zinc chromate, titanium oxide, iron blue
lead chromate, carbon black, and chrome green.

The vehicles used for paint can be divided into
two general classes: (1) Solidifying oils, and (2)
volatile oils. The solidifying oils dry and become
tough leathery solids upon exposure to the air.
China wood oil, tung oil, or linseed oil are the most
common solidifying oils used in aircraft paint. Vol-
atile oils, or spirits are those which evaporate when
exposed. These oils are used to dilute paint to the
proper consistency and to dissolve varnish resins.
The most common volatile vehicles are: Alcohol,
turpentine, benzine, toluene, ethyl acetate, and batyl
acetate. Paints, varnishes, and enamels are usually
composed of a pigment and a mixture of both solid-
ifying and volatile oils. Lacquer, which is noted for
its rapid drying, is composed of pigments, resins,
and volatile oils.

Paint Remover

General-purpose paint and enamel remover is a
good, nonflammable, water-rinsable paint remover.
It is used for stripping lacquer and enamel coatings
from metal surfaces, and it consists of active sol-
vents, amines, ammonia, thinners, emulsifiers, a sta-
ble chlorinated solvent, and a cresol mixture that
can be applied by fluid spray or brush. The cresol

additive swells the resins in the paint coatings,
while the chlorinated constituents penetrate through
and lift the softened resins by evaporation. This
material is water-rinsable after application and can
be applied several times on stubborn coatings. It
should never be permitted to céntact acrylic win-
dows, plastic surfaces, or rubber products. This ma-
terial should be stored indoors or in an area well
protected against weather conditions. Goggle-type
eyeglasses and protective clothing should be worn
when using it. Paint stripping procedures, discussed
later in this chapter, are the same for touchup as
for a complete repainting.

Epoxy Coating Remover

Strong acid solutions or alkaline tank stripping
agents are the most effective materials for removal
of certain well-cured epoxies at the present time,
but these stripping agents may not be used on alu-
minimum surfaces. General-purpose paint and enamel
remover can remove most epoxy finishes. Several
applications or extended dwell times may be neces-
sary for effective results.

Fluorescent Paint Remover

Fluorescent paint remover, water-rinsable type, is
a paint stripper designed to remove fluorescent
paint finishes from exterior surfaces of aircraft.
This material is used for stripping the high-visibil-
ity coatings without affecting the permanent acrylic
or cellulose nitrate coatings underneath. A perma-
nent base coating of cellulose nitrate lacquer may
be softened by this material if allowed to remain
too long.

Work with paint remover should be done out of
doors in shaded areas whenever practicable, or with
adequate ventilation when used indoors. Rubber,
plastic, and acrylic surfaces require adequate mask-
ing. Goggle type glasses, rubber gloves, aprons, and
boots should be worn during any extensive applica-
tion of this stripper. Hand stripping of small areas
requires no special precautions.

Masking Material

Masks are used to exclude areas to which dope or
lacquer, etc., is not to be applied. Masks are made
of thin metal, fiberboard, paper, or masking tape.
Metal and fiberboard masks are usually held in
place by weights, and paper masks by masking tape.

Liquid spray shield is a solution applied to pro-
tect areas, thus serving as a liquid mask. The liquid
shield and the finish deposited upon it are easily
washed off with water when the design is dry.
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Storage of Finishing Material

Dope, paint, enamel, and other finishing material
should be stored in a dry place away from direct
sunlight and heat. Each container is assigned a
code and color number identifying the material con-
tained therein,

Stored paint, enamel, and other finishing material
that has separated from the vehicle must be mixed
to regain usefulness. If the pigment is caked, pour
most of the liquid into another container and mix
the caked pigment until it is free of lumps. A broad
paddle or an agitator may be used for this purpose.
When the pigment is smooth and free from lumps,
the liquid is added slowly and the stirring is contin-
ued to ensure complete mixing.

PAINT TOUCHUP

A good intact paint finish is one of the most
effective barriers available for placement between
metal surfaces and corrosive media. Touching up
the existing paint finish and keeping it in good
condition will eliminate most general corrosion
problems.

When touching up paint, confine paint coverage
to the smallest area possible. Acrylic primer or lac-
quer may be used, but adhesion is usually poor.
Epoxy coatings, as well as the older type of zinc
chromate primer, may be used for touchup on bzre
metal.

When a paint surface has deteriorated badly, it is
best to strip and repaint the entire panel rather
than attempt to touchup the area. Touchup materi-
als should be the same as the original finish. Sur-
faces to be painted should be thoroughly cleaned
and free from grease, oil, or moisture. Where condi-
tions are not suitable for painting, preservatives
may be used as temporary coatings until good
painting conditions are restored. Paint finishes
should not be too thick since thickness promotes
cracking in service.

Much of the effectiveness of a paint finish and its
adherence depends on the careful preparation of the
surface prior to touchup and repair. It is imperative
that surfaces be clean and that all soils, lubricants,
or preservatives be removed.

Cleaning procedures for paint touchup are much
the same as the procedures for cleaning before
inspection. Many types of cleaning compounds are
available, Chapter 6, “Hardware, Materials, and
Processes,” in the Airframe and Powerplant Me-
chanics General Handbook, AC 065-9A, describes
many of these compounds.
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IDENTIFICATION OF PAINT FINISHES

Existing finishes on current aircraft may be any
one of several types, combinations of two or more
types, or combinations of general finishes with spe-
cial proprietary coatings.

Any of the finishes may be present at any given
time, and repairs may have been made using materi-
als from several different types. Some detailed infor-
mation for the identification of each finish is neces-
sary to assure adequate repair procedures. A simple
test is valuable in confirming the nature of the
coatings present. The following tests will aid in
paint finish identification.

Apply a coating of engine oil (Military Specifica-
tion MIL-L-7808, or equal) to a small area of the
surface to be checked. Old nitrocellulose finishes
will soften within a period of a few minutes. Acrylic
and epoxy finishes will show no effects.

If not identified, next wipe down a small area of
the surface in question with a rag wet with MEK
(methyl ethyl ketone). MEK will pick up the pig-
ment from an acrylic finish, but will have no effect
on an epoxy coating. Wipe the surface; do not rub.
Heavy rubbing will pick up even epoxy pigment
from coatings that are not thoroughly cured. Do not
use MEK on nitrocellulose finishes. No test of flu-
orescent finishes should be necessary other than
visual examination,

PAINT REMOVAL

One of the most important jobs is the stripping of
old paint finishes preparatory to applying a new
surface cover coat. An original finish may have to
be removed in any of the following cases:

(1) If a panel or other area on the aircraft
has badly deteriorated paint surfaces.

(2) If repair materials are not compatible with
the existing finish, thereby precluding
touchup repair.

(3) If corrosion is evident or suspected under
an apparently good paint coating.

The area to be stripped must be cleaned of
grease, oil, dirt, or preservatives to assure maximum
efficiency of the stripping compound. The selection
of the type of cleaning materials to be used will
depend on the nature of the matter to be removed.
Dry-cleaning solvent may be used for removing oil,
grease, and soft preservative compounds, For heavy-
duty removal of thick or dried preservatives,
other compounds of the solvent-emulsion type are
available,



In general, paint stripping materials are toxic
and must be used with care. The use of a general-
purpose, water-rinsable stripper is recommended for
most field applications. Wherever practicable, paint
removal from any large area should be done out of
doors and preferably in shaded areas. If indoor
removal is necessary, adequate ventilation must be
assured. Synthetic rubber surfaces, including air-
craft tires, fabric, and acrylics, must be thoroughly
protected against possible contact with paint re-
mover. Care must be taken when using paint re-
mover around gas- or water-tight seam sealants,
since this material will soften and destroy the in-
tegrity of the sealants.

Mask any opening that would permit stripper to
get into aircraft interiors or critical cavities. Paint
stripper is toxic and contains ingredients harmful to
both skin and eyes. Rubber gloves, aprons of acid
repellent material, and goggle type eyeglasses
should be worn if any extensive paint removal is to
be done. A general stripping procedure is discussed
in the following paragraphs.

No prepared paint remover should be used on
aircraft fabric or be allowed to come in contact with
any fiberglass reinforced parts such as radomes,
radio antenna, or any component such as fiberglass
reinforced wheel pants or wing tips. The active
agents will attack and soften the binder in these
parts.

CAUTION: Any time you use a paint stripper,
always wear protective goggles and rubber gloves.
If any stripper is splashed on your skin, wash it off
immediately with water; and if any comes in con-

tact with your eyes, flood them repeatedly with
water and CALL A PHYSICIAN.

Brush the entire area to be stripped with a cover
of stripper to a depth of 1/32 in. to 1/16 in. Any
paint brush makes a satisfactory applicator, except
that the bristles will be loosened by the effect of
paint remover on the binder. The brush should not
be used for other purposes after being exposed to
paint remover.

After applying the stripping compound, it may
be covered with an inexpensive polyethane drop
cloth. Covering prevents rapid evaporation of the
solvents and facilitates penetration of the paint film.

Allow the stripper to remain on the surface for a
sufficient length of time to wrinkle and lift the
paint. This may vary from 10 min. to several hours,
depending on the temperature, humidity, and the
condition of the paint coat being removed. Scrub
the paint-remover-wet surface with a bristle brush

saturated with paint remover to further loosen any
finish that may still be adhering to the metal.

Re-apply the stripper as necessary in areas that
remain tight or where the material has dried, and
repeat the above process. Nonmetallic scrapers may
be used to assist in removing persistent paint fin-
ishes.

Remove the loosened paint and residual stripper
by washing and scrubbing the surface with water.
If water spray is available, use a low-to-medium
pressure stream of water directly on the scrubbing
broom. If steam cleaning equipment is available and
the area is sufficiently large, this equipment, to-
gether with a solution of steam cleaning compound,
may be used for cleaning. On small areas, any
method may be used that will assure complete rin-
sing of the cleaned area.

RESTORATION OF PAINT FINISHES

The primary objective of any paint finish is the
protection of exposed surfaces against deteriora-
tion. Other reasons for particular paint schemes
are:

(1) The reduction of glare by nonspecular
coatings.
(2) The use of white or light-colored, high-
gloss finishes to reduce heat absorption.
(3) High visibility requirements.
(4) Identification markings.
All of these are of secondary importance to the
protection offered by a paint finish in good condi-
tion. A faded or stained, but well-bonded paint
finish is better than a fresh touchup treatment im-
properly applied over dirt, corrosion products, or
other contaminants,

NITROCELLULOSE LACQUER FINISHES

Nitrocellulose finishes ordinarily consist of a
wash primer coat and a coat of zinc chromate pri-
mer. A nitrocellulose lacquer topcoat is applied over
the prime coats.

Replacement of Existing Finish

When an existing nitrocellulose finish is exten-
sively deteriorated, the entire aircraft may have to
be stripped of paint and a complete new paint finish
applied. When such damage is confined to one or
more panels, the stripping and application of the
new finish may be limited to such areas by masking
to the nearest seam line.

The complete nitrocellulose lacquer finish is
begun with the application of standard wash primer
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undercoat. The wash primer should be applied in a
thin coat, with the texture of the metal still visible
through the coating. If absorption of water results
and the coat shows evidence of blushing, successive
coatings will not adhere. The area should be re-
sprayed with butyl alcohol to re-deposit the wash
primer. If blushing is still evident, it should be
stripped and re-sprayed. After 20 min. drying time,
adherence of the film should be checked with a
thumbnail test. A moderate thumbnail scratch
should not remove the prime coat.

The wash primer must be applied over a pre-
cleaned surface that has been wiped with a volatile
solvent such as MEK, naphtha, or paint and lacquer
thinners just before paint application. Evaporation
of the solvent should be complete before the prime
coat is added. Better results will be obtained if the
solvent wipe-down is followed by a detergent wash.

Lacquer primer is a modified alkyd-type zinc
chromate developed for its adherence to the wash
primer. Lacquer primer does not adhere well to
bare metal, but works effectively as a sandwich
between the wash coat primer and the nitrocellulose
.opcoating, and can be thinned as necessary for
spray application with cellulose nitrate thinner. In
areas where the relative humidity is high, it may be
more desirable to use acrylic nitrocellulose thinner.
For best results, lacquer primer should be topcoated
within 30 to 45 min. after its application.

The old type primer will adhere well to bare
metal and is still specified as an acceptable coating
for internal surfaces as well as a part of the nitro-
cellulose finishes. Apply by brush or spray; thin
for spraying with toluene. When this material is to
be applied by brush, thin to brushing consistency
with xylene to give better wet-edge retention. Over-
coating may be applied within an hour.

Nitrocellulose lacquers are available in both
glossy and nonspecular finishes. The lacquer finish
is applied in two coats: a mist coat first, with a full
wet crosscoat applied within 20 to 30 min. The
lacquer should be thinned as necessary, using cellu-
lose nitrate dope and lacquer thinner.

Cellulose nitrate dope and lacquer thinner (Fed-
eral Specification TT-T—266) is both explosive and
toxic, as well as damaging to most paint finishes.
Dope and lacquer thinner may be used for hand
removal of lacquer or primer overspray, is an ap-
proved thinner for nitrocellulose lacquers, and is a
mixture of ketones, alcohols, and hydrocarbons.

The surface areas of damaged paint must be
clean prior to touchup repair, and all soils, lubri-

cants and preservatives must be removed. Cleaning
procedures for paint touchup are much the same as
those for paint removal.

If the old finish is not to be completely stripped,
the existing surface must be prepared to receive the
new cover coat after cleaning. If good adhesion is
to be obtained, all loose paint should be brushed
off, giving particular attention to overpaint usually
found in wheel wells and wing butt areas. Curled or
flaky edges must be removed and feathered to pro-
vide about 1/2 in. of overlap. A fine abrasive ap-
proved for aircraft use should be used and extreme
care taken to ensure that existing surface treatments
are not damaged.

After sanding, sanded areas and bare metal
should be wiped with either mineral spirits, alcohol,
aliphatic naphtha, or dry-cleaning solvem, Follow-
ing complete evaporation of these solvents, a deter-
gent wash using a nonionic detergent/isopropyl al-
cohol mixture should be applied just prior to paint-
ing. This will improve paint adhesion.

ACRYLIC NITROCELLULOSE LACQUER FINISH

Acrylic nitrocellulose lacquer is one of the most
common topcoats in use today, available either as
nonspecular material or glossy finish. Both types of
material are required in refinishing conventional
aircraft. Surfaces visible from above and other anti-
glare areas generally require the use of nonspecu-
lar finishes. The remaining surfaces are usually fin-
ished with glossy materials to reduce heat absorp-
tion. The base materials should be thinned as neces-
sary for spray application with acrylic nitrocellu-
lose thinner.

Replacement of Existing Acrylic Nitrocellulose
Lacquer Finish

This finish includes a wash primer coat, modified
zinc chromate primer coat, and an acrylic nitrocel-
lulose lacquer topcoat. This finish may be applied
only in the sequence specified in the manufacturer’s
instructions and will not adhere to either the old
nitrocellulose coatings or the new epoxy finishes.
Even when finishes are applied over old acrylic
coatings during touchup, a softening of the old film
with a compatible thinner is required.

When a finish is being rebuilt from bare metal,
the steps through the application of the modified
primer are the same as for nitrocellulose finishes,
except that old type zinc chromate primer may not
be used. As with the nitrocellulose finish, the
acrylic nitrocellulose topcoat should be applied
within 30 to 45 min. The finish coatings are usually
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applied in two coats over the modified primer: the
first a mist coat, and the second a wet, full-hiding
crosscoat, with 20 to 30 min. drying time allowed
between the two coatings. Once the paint finish has
set, paint stripper is necessary for its removal.

Acrylic nitrocellulose lacquer thinner is used in
thinning acrylic nitrocellulose lacquers to spray
consistency.

When rebuilding acrylic finishes, use two sepa-
rate thinners: (1) Cellulose nitrate dope and lac-
quer thinner to thin the modified primer, and (2)
acrylic nitrocellulose lacquer thinner to reduce the
topcoat material. Make sure that the thinner materi-
als are used properly and that the two are not
mixed.

Touchup of Acrylic Nitrocellulose Finishes

After removal of damaged paint, the first step
before application o1 touchup acrylic nitrocellulose
lacquer is preparing the old coat to receive the new.
Acrylic nitrocellulose lacquer thinner may be effec-
tively used to wipe small areas prior to painting.
This will soften the edges of the base paint film
around damaged areas, which in turn will assure
improved adhesion of the touchup coating. How-
ever, the thinner contains toluene and ketones and
should never be used indiscriminately for cleaning
painted surfaces.

When softening old, good-condition acrylic nitro.
cellulose finishes with thinner, care should be taken
to avoid penetration and separation of the old pri-
mer coats. The new acrylic lacquer coat should be
applied directly over the softened surface without
the use of primers between the old and new coats.

EPOXY FINISHES

Another type of paint becoming increasingly
common is a Military Specification epoxy finish or
proprietary epoxy primer and topcoats. These fin-
ishes ordinarily consist of a conventional wash pri-
mer coat and two coats of epoxy material. However,
in some cases it may consist of a three-coat finish
that includes wash primer plus epoxy-polyamide pri-
mer with an epoxy-polyamide topcoat.

The high gloss inherent with this system is pri-
marily due to the slow flowing resins used. The
thinners flash off quickly but the resins continue to
flow for three to five days. It is this long flow-out
time and the even cure throughout the film that
gives the pigment and the film time to form a
truly flat surface, one that reflects light and has the
glossy “wet” look which makes them so popular.

Polyurethane finish is used on agricultural air-
craft and seaplanes because of its abrasion resist-
ance and resistance to chemical attack. Phospha-
teesten (Skydrol) hydraulic fluid, which quite
actively attacks and softens other finishes, has only
minimal effect on polyurethanes. Even acetone
will not dull the finish. Paint strippers must be
held to the surface for a good while to give the
active ingredients time to break through the film
and attack the primer.

The epoxy material presently in use is a two-
package system that consists of a resin and a con-
verter which must be mixed in definite proportions
just before application. Since the proportions will
vary between colors used and also with sources of
procurement, it is important that instructions on the
specific container be observed carefully. The con-
verter should always be added to the resin, never
resin to the converter. Also, do not mix materials
from two different manufacturers. The mixture
should be allowed to stand at least 15 min. before
initial use.

In this time the curing action is started. The
primary purpose of this waiting period is to aid in
the application and actually has little to do with
the results of the finish itself. After this induction
period, the material is stirred and mixed with re-
ducer to the proper viscosity for spraying. When
you have the proper viscosity, spray on a very light
tack coat, lighter than with a conventional enamel.
Allow it to set for about 15 minutes so the thinner
can flash off, or evaporate, and spray on a full wet
cross coat. The main problem with the application
of polyurethane lies in getting it on too thick. A
film thickness of about 1.5 mils (one and a half
thousandths of an inch) is about maximum for all
areas except for those subject to excessive erosion,
such as leading edges. Too thick a film which
might build up in the faying strips can crack be-
cause of loss of flexibility. A good practical way
to tell when you have enough material is to spray
until you feel that one more pass will be just right,
then quit right there, before you make that “one
more pass.” The high solids content of polyure-
thane, its slow drying, and low surface tension
allows the finish to crawl for an hour or so after
it has been put on. If you can still see the metal
when you think you have almost enough, don’t
worry; it will flow out and cover it. Almost no
polyurethane job will look good until the next day,
because it is still flowing. It will actually flow for
about 3 to 5 days. It will be hard in this time, and
the airplane may be flown in good weather, but the
paint below the surface is still moving.

Masking tape may be applied after 5 hours under
the most ideal conditions, but it is far better if you
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can wait 24 hours after application of the finish;
it should be removed as soon after the trim is
sprayed as possible. If it is left on the surface for
a day or so, it will be almost impossible to remove.

Both the polyurethane enamel and the epoxy
primer which bonds the film to the surface are
catalytic materials. They should be mixed and
used within 6 hours. If they are not applied
within this time, they will not have the full gloss
because of the reduced flow time. If it is impos-
sible to spray all of the polyurethane within the
6 hour time period, careful addition of reducer can
add a couple of hours to the useful life of the
material.

The catalysts used for these primers and finishes
are highly reactive to moisture, and the cans should
be recapped immediately after using. If a can of
the catalyst is allowed to remain open for a period
of time, and is then resealed, the moisture in the
can will activate it, and swell it up so much there
is danger of the can bursting. High humidity
and/or heat accelerates the cure.

All catalyzed material must be removed from the
pressure pot, the hose, and the gun, immediately
upon completion of the spraying operation, and the
equipment thoroughly washed. If any of this ma-
terial is allowed to remain overnight, it will solidify
and ruin the equipment.

Precautions must be taken to assure respiratory
and eye protection when mixing the two-part resin
and activator. Gloves and aprons should also be
used to prevent skin contact. Smoking or eating in
the mixing area should be specifically prohibited,
and mixing should be accomplished in a well-venti-
lated area. The uncured resins and catalysts con-
tained in these mixtures can cause skin sensitivity
similar to a poison ivy reaction.

Touchup of Epoxy Finishes

Epoxy coatings may be applied directly over bare
metal in small areas. Minor damage such as
scratches and abrasions should be repaired by
applying the epoxy topcoat directly to the damaged
area, whether or not the damage extends through to
the bare metal. The area should be thoroughly
cleaned and the edges of the old coating roughened
to assure adherence. This material builds up very
rapidly. Coats that are too heavy are easily pro-
duced and are particularly subject to poor adhesion
and cracking.

Larger areas of damage should be repaired by
stripping to the nearest seam line and building a
complete epoxy finish.
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FLUORESCENT FINISHES

Fluorescent paint finishes are available in two
types of equal fade- and weather-resistant qualities:
(1) A removable finish which is designed for ease
of removal and (2) a permanent finish which ordi-
narily may not be removed without stripping the
entire paint finish down to bare metal. These fluores-
cent paints are applied over full-hiding, clean, white
undercoats for maximum reflectance.

Replacement of Existing Finish

For optimum weather resistance and film proper-
ties, the dry film thickness must be at least 3 mils
for the fluorescent body coat and 1 mil for the clear
topcoat. A clear topcoat of from 1 to 1-1/2 mils is
necessary to screen out ultraviolet rays from the
sun and prevent early or spotty fading of the flu-
orescent finish. The use of clear lacquers, other
than those provided with the fluorescent paint, may
also promot: fading.

When the permanent finish is white and a fluores-
cent finish is needed, the permanent white finish
may serve as the undercoat. If the permanent finish
is any other color, a white lacquer should be used
under the fluorescent paint.

When applying fluorescent paint to epoxy fin-
ishes, first coat the epoxy snrface with white nitro-
cellulose lacquer, since the fluorescent finish does
not adhere too well to the epoxy films. These high-
visibility finishes are effective for periods of 6 to 8
months.

Touchup of Fluorescent Finishes

Touchup of fluorescent finishes is difficult to con-
trol and should seldom be attempted. Any touchup
will be noticeable because of the variations in shad-
ing.

Minor damage in fluorescent coatings is repaired
by masking, stripping with toluene down to the
white undercoat, and repainting with fluorescent
paint. This should include one or more touchup
coatings of fluorescent paint finish and then over-
coated with a clear topcoat sealant.

ENAMEL FINISHES

Enamels frequently are used for the topcoats in
finishing aircraft. Practically all aircraft enamels
are made by mixing a pigment with spar varnish or
glycerol phthalate varnish,

Most enamel finishes used on aircraft components
are baked finishes that cannot be duplicated under
field conditions. Some are proprietary (patented)
materials that are not available in standard stock.



However, for touchup purposes on any enameled
surface, standard air-drying, glossy enamel or
quick-drying enamel may be used.

High-gloss enamel is thinned with mineral spirits,
can be applied by brushing, and should ordinarily
be used over a zinc chromate primer coat base.
Quick-drying enamel is best thinned with aromatic
naphtha. In situations where a primer is not availa-
ble, either of these enamels may be applied directly
to bare metal.

If no enamel is available for touchup purposes,
epoxy topcoat material may be substitued. The use
of acrylic nitrocellulose lacquer for enamel repairs
usually is not satisfactory.

PAINT SYSTEM COMPATIBILITY

The use of several different types of paint, cou-
pled with several proprietary coatings, makes repair
of damaged and deteriorated areas particularly dif-
ficult, since paint finishes are not necessarily com-
patible with each other. The following general rules
for constituent compatibility are included for infor-
mation and are not necessarily listed in the order of
importance:

(1) Old type zinc chromate primer may be
used directly for touchup of bare metal
surfaces and for use on interior finishes.
It may be overcoated with wash primers if
it is in good condition. Acrylic lacquer
finishes will not adhere to this material.

(2) Modified zinc chromate primer will not

adhere satisfactorily to bare metal. It must

never be used over a dried film of acrylic
nitrocellulose lacquer.

(3) Nitrocellulose coatings will adhere to

acrylic finishes, but the reverse is not

true. Acrylic nitrocellulose lacquers may
not be used over old nitrocellulose fin-
ishes.

(4) Acrylic nitrocellulose lacquers will adhere
poorly to both nitrocellulose and epoxy
finishes and to bare metal generally. For
best results the lacquers must be applied
over fresh, successive coatings of wash
primer and modified zinc chromate. They
will also adhere to freshly applied epoxy

coatings (dried less than 6 hrs.).
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(5) Epoxy topcoats will adhere to all the paint
systems that are in good condition and
may be used for general touchup, includ-
ing touchup of defects in baked enamel
coatings.

(6) Old wash primer coats may be overcoated

directly with epoxy finishes. A new second

coat of wash primer must be applied if an
acrylic finish is to be applied.

(7) Old acrylic finishes may be refinished

with new acrylic if the old coating is thor-

oughly softened using acrylic nitrocellu-
lose thinner before paint touchup.

(8) Damage to epoxy finishes can best be re-
paired by using more epoxy, since neither
of the lacquer finishes will stick to the
epoxy surface. In some instances, air-
drying enamels may be used for touchup
of epoxy coatings if edges of damaged
areas are first roughened with abrasive

paper.

METHODS OF APPLYING FINISHES

There are several methods of applying aircraft
finishes. Among the most common are dipping,
brushing, and spraying.

Dipping

The application of finishes by dipping is gener-
ally confined to factories or large repair stations.
The process consists of dipping the part to be fin-
ished in a tank filled with the finishing material.
Prime coats are frequently applied in this manner.

Brushing

" Brushing has long been a satisfactory method of
applying finishes to all types of surfaces. Brushing
is generally used for small repair work and on
surfaces where it is not practicable to spray paint.

The material to be applied should be thinned to
the proper consistency for brushing. A material that
is too thick has a tendency to pull or rope under the
brush. If the materials are too thin, they are likely
to run or will not cover the surface adequately.

Spray Painting
All spray systems have several basic similarities.
There must be an adequate source of compressed



air, a reservoir or feed tank to hold a supply of the
finishing material, and a device for controlling the
combination of air and finishing material ejected in
an atomized cloud or spray against the surface to
be coated.

There are two main types of spray equipment. A
spray gun with integral paint container is satisfac-
tory when painting small areas. When large areas
are painted, pressure-feed equipment is usually pre-
ferred, since a large supply of finishing material
can be provided under constant pressure to a pres-
sure-feed type of spray gun.

The air-pressure supply must be entirely free
from water or oil to obtain good spray painting. Oil
and water traps as well as suitable filters must be
incorporated in the air pressure supply line. These
filters and traps must be serviced on a regular
basis.

The spray gun can be adjusted to give a circular
or fan type of spray pattern. Figure 4-1 shows the
spray pattern at various dial settings. When cover-
ing large surfaces, set the gun just below maximum
width of the fan spray. The circular spray is suita-
ble for “spotting-in” small areas.

The gun should be held 6 to 10 in. away from the
surface and the contour of the work carefully fol-
lowed. It is important that the gun be kept at right
angles to the surface. Each stroke of the spray gun
should be straight and the trigger released just be-
fore completing the stroke, as shown in figure 4-2.
The speed of movement should be regulated to de-
posit an even, wet, but not too heavy, coat.

Each stroke of the gun should be overlapped to
keep a wet film, thus absorbing the dry edges of the
previous stroke.
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The spray should be applied as an even, wet coat
that will flow out smoothly and be free from “spray
dust.” Inadequate coverage results from spraying
too lightly and “runs” and “sags” from spraying
too heavily.

To aid in obtaining good results; make sure the
air pressure to the spray gun is between 40 and 80
p.s.i., depending on the material being used. With
air pressures below 40 p.s.i. spraying is slow and
tedious. Also, with viscous materials, full atomiza-
tion is not obtained. Above 80 p.s.i. “dust” and
blowback become troublesome.

When using pressure-feed equipment, adjust the
air pressure in the container according to the vis-
cosity of the paint and the length of the fluid hose
used. The pressure must be such that the material
reaches the spray gun head in a gentle and continu-
ous flow. Generally, a pressure between 5 and 15
p-s.i. should be used. Higher pressures lead to runs
and sags caused by the delivery of too much paint.

PREPARATION OF PAINT

Before paint is used, it must be stirred thor-
oughly so that any pigment which may have settled
to the bottom of the container is brought into sus-
pension and distributed evenly throughout the
paint. If a film, called “skinning,” has formed over
the paint, the skin must be completely removed be-
fore stirring. Mechanical stirring is preferable to
hand stirring. A mechanical agitator or tumbler
may be used. However, as tumbling does not always
remove pigment caked at the bottom of the con-
tainer, a test with a stirrer should be made to en-
sure that the pigment is completely held in suspen-
sion. For hand stirring, a flat-bladed, nonferrous

stirrer should be used.
Dial at 10

Dial at 4 '
Dial at 6 Dial at 8

Ficure 4-1. Spray patterns at various dial settings.
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Ficure 4-2. Spray gun stroke.

The degree of thinning depends on the type of
spray equipment, air pressure, atmospheric condi-
tions and the type of paint being used. No hard and
fast rule for thinning ratios can be applied. Because
of the importance of accurate thinning, some manu-
facturers recommend the use of viscosity control.
This is usually accomplished by using a viscosity
(flow) cup. When the right proportion of thinner is
mixed into the material, a cupful of material will
flow out completely in a designated number of sec-
onds. The finishing manufacturer can specify the
number of seconds required for a given material.
Material thinned using this method will be of the
correct viscosity for best application.

In many cases manufacturers recommend that all
materials should be strained before use. A 60- to
90-mesh strainer is suitable for this purpose. Strain-
ers are available in metal gauze, paper, or nylon
mesh.

COMMON PAINT TROUBLES

Poor Adhesion

Paint properly applied to correctly pretreated
surfaces should adhere satisfactorily, and when it is
thoroughly dry, it should not be possible to remove
it easily, even by firm scratching with the finger-
nail. Poor adhesion may result from one of the
following:

(1) Inadequate cleaning and pretreatment.
(2) Inadequate stirring of paint or primer.
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(3) Coating at incorrect time intervals.
(4) Application under adverse conditions.
(5) Bad application.

Spray Dust

Spray dust is caused by the atomized particles
becoming dry before reaching the surface being
painted and thus failing to flow into a continuous
film. The usual causes are incorrect air pressure or
the distance the gun is held from the work.

Sags and Runs

Sags and runs result from too much paint being
applied causing the film of wet paint to move by
gravity and presenting a sagging appearance. Incor-
rect viscosity, air pressure, and gun handling are
frequent causes. However, inadequate surface prep-
aration may also be responsible.

Spray Mottle

Sometimes known as “orange peel” or “pebble,”
spray mottle is usually caused by incorrect paint
viscosity, air pressure, spray gun setting, or the
distance the gun is held from the work.

Blushing
Blushing is one of the most common troubles
experienced and appears as a ‘“clouding” or



“blooming” of the paint film. It is more common
with the cellulose than synthetic materials. It may
be caused by moisture in the air supply line, ad-
verse humidity, drafts, or sudden changes in tem.
perature.

PAINTING TRIM AND IDENTIFICATION NUM.-
BERS

When an aircraft is being painted, the predomi-
nate color usually is applied first over the entire
surface. The trim colors are applied over the base
color after it dries. When the top of the fuselage is
to be painted white with a dark color adjoining it,
the light color is applied and feathered into the
area to be painted with the dark color. When the
light color has dried, masking tape and paper are
placed along the line of separation and the dark
color is then sprayed on.

Allow the paint to dry for several hours before
removing the masking tape. Remove the tape by
pulling slowly parallel to the surface. This will
reduce the possibility of peeling off the finish with
the tape.

All aircraft are required to display nationality
and registration marks. These marks may be
painted on or affixed using self-adhering plastic fig-
ures. The marks must be formed of solid lines using
a color that contrasts with the background. No or-
namentation may be used with the markings, and
they must be affixed with a material or paint that
produces a degree of permanence. Aircraft sched-
uled for immediate delivery to a foreign purchaser
may display marks that can be easily removed. Air-
craft manufactured in the United States for delivery
outside the U. S. may display identification marks
required by the State of registry of the aircraft.
The aircraft may be operated only for test and
demonstration flights for a limited period of time or
for delivery to the purchaser.

Aircraft regjstered in the United States must dis-
play the Roman capital letter “N” followed by the
registration number of the aircraft. The location
and size of the identification marks vary according
to the type of aircraft. The location and size are
prescribed in the Federal Aviation Regulations.

DECALCOMANIAS (DECALS)

Markings are placed on aircraft surfaces to pro-
vide servicing instructions, fuel and oil specifica-

tions, tank capacities, and to identify lifting and
leveling points, walkways, battery locations, cr any
areas that should be identified. These markings can
be applied by stenciling or by using decalcomanias.

Decalcomanias are used instead of painted in-
structions because they are usually cheaper and eas-
ier to apply. Decals used on aircraft are usually of
three types: (1) Paper, (2) metal, or (3) vinyl
film. These decals are suitable for exterior and inte-
rior surface application.

To assure proper adhesion of decals, clean all
surfaces thoroughly with aliphatic naphtha to re-
move grease, oil, wax, or foreign matter. Porous
surfaces should be sealed and rough surfaces
sanded, followed by cleaning to remove any residue.

The instructions for applying decals are usually
printed on the reverse side of each decal and should
be followed. A general application procedure for
each type of decal is presented in the following
paragraphs to provide familiarization with the tech-
niques involved.

Paper Decals

Immerse paper decals in clean water for 1 to 3
min. Allowing decals to soak longer than 3 min. will
cause the backing to separate from the decal while
immersed. If decals are allowed to soak less than 1
min., the backing will not separate from the decal.

Place one edge of the decal on the prepared
receiving surface and press lightly, and then slide
the paper backing from beneath the decal. Perform
minor alignment with the fingers. Remove water by
gently blotting the decal and adjacent area with a
soft, absorbent cloth. Remove air or water bubbles
trapped under the decal by wiping carefully toward
the nearest edge of the decal with a cloth. Allow the
decal to dry.

After the decal has dried, coat it with clear var-
nish to protect it from deterioration and peeling.

Metal Decals with Cellophane Backing
Apply metal decals with cellophane backing adhe-
sive as follows:
(1) Immerse the decal in clean, warm water
for 1 to 3 min.
(2) Remove it from the water and dry care-
fully with a clean cloth.
(3) Remove the cellophane backing but do not
touch adhesive.
(4) Position one edge of the decal on the pre-
pared receiving surface. On large foil
decals, place the center on the receiving



surface and work outward from the center
to the edges.

Remove all air pockets by rolling firmly
with a rubber roller, and press all edges
tightly against the receiving surface to as-
sure good adhesion.

(8)

Metal Decals with Paper Backing

Metal decals with a paper backing are applied
similarly to those having a cellophane backing.
However, it is not necessary to immerse the decal in
water to remove the backing. It may be peeled from
the decal without moistening. After removing the
backing, apply a very light coat of cyclohexauone,
or equivalent, to the adhesive. The decal should be
positioned and smoothed out following the proce-
dures given for cellophane-backed decals.

Metal Decals with No Adhesive
Apply decals with no adhesive in the following
manner:

(1) Apply one coat of cement, Military Speci-
fication MIL-A-5092, to the decal and
prepared receiving surface.

(2) Allow cement to dry until both surfaces
are tacky.

(3) Apply the decal and smooth it down to
remove air pockets.

(4) Remove excess adhesive with a cloth
dampened with aliphatic naphtha.
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Viny! Film Decals

To apply vinyl film decals, separate the paper
backing from the plastic film. Remove any paper
backing adhering to the adhesive by rubbing the
area gently with a clean cloth saturated with water;
remove small pieces of remaining paper with mask-
ing tape.

Place the vinyl film, adhesive side up, on a clean
porous surface, such as wood or blotter paper.

Apply cyclohexanone, or equivalent, in firm, even
strokes to the adhesive side of decal.

Position the decal in the proper location, while
adhesive is still tacky, with only one edge contact-
ing the prepared surface.

Work a roller across the decal with overlapping
strokes until all air bubbles are removed.

Removal of Decals

Paper decals can be removed by rubbing the
decal with a cloth dampened with lacquer thinner.
If the decals are applied over painted or doped
surfaces, use lacquer thinner sparingly to prevent
removing the paint or dope.

Remove the metal decals by moistening the edge
of the foil with aliphatic naphtha and peeling the
decal from the adhering surface.

Vinyl film decals are removed by placing a cloth
saturated with cyclohexanone or MEK on the decal
and scraping with a Micarta scraper. Remove the
remaining adhesive by wiping with a cloth damp-
ened with dry-cleaning solvent.



Methods of repairing structural portions of an
aircraft are numerous and varied, and no set of
specific repair patterns has been found which will
apply in all cases. Since design loads acting in
various structural parts of an aircraft are not al-
ways available, the problem of repairing a damaged
section must usually be solved by duplicating the
original part in strength, kind of material, and di-
mensions. Some general rules concerning the selec-
tion of material and the forming of parts which
may be applied universally by the airframe me-
chanic will be considered in this chapter.

The repairs discussed are typical of those used in
aircraft maintenance and are included to introduce
some of the operations involved. For exact informa-
tion about specific repairs, consult the manufac-
turer’s maintenance or service manuals.

BASIC PRINCIPLES OF SHEET METAL REPAIR

The first and one of the most important steps in
repairing structural damage is “sizing up” the job
and making an accurate estimate of what is to be
done. This sizing up includes an estimate of the best
type and shape of patch to use; the type, size, and
number of rivets needed; and the strength, thick-
ness, and kind of material required to make the
repaired member no heavier (or only slightly heav-
ier) and just as strong as the original. Also inspect
the surrounding members for evidence of corrosion
and load damage so that the required extent of the
“cleanout” of the old damage can be estimated
accurately. After completing the cleanout, first make
the layout of the patch on paper, then transfer it to
the sheet stock selected. Then, cut and chamfer the
patch, form it so that it matches the contour of that
particular area, and apply it.

Maintaining Original Strength

In making any repair, certain fundamental rules
must be observed if the original strength of the
structure is to be maintained. The patch plate
should have a cross-sectional area equal to, or
greater than, that of the original damaged section.
If the member is subjected to compression cor to
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bending loads, place the splice on the outside of the
member to secure a higher resistance to such loads.
If the splice cannot be placed on the outside of the
member, use material that is stronger than the ma-
terial used in the original member.

To reduce the possibility of cracks starting from
the corners of cutouts, try to make cutouts either
circular or oval in shape. Where it is necessary to
use a rectangular cutout, make the radius of curva-
ture at each corner no smaller than 1/2 in. Either
replace buckled or bent members or reinforce them
by attaching a splice over the affected area.

Be sure the material used in all replacements or
reinforcements is similar to the material used in the
original structure. If it is necessary to substitute an
alloy weaker than the original, use material of a
heavier gage to give equivalent cross-sectional
strength. But never practice the reverse; that is,
never substitute a lighter gage stronger material for
the original. This apparent inconsistency is because
one material can have greater tensile strength than
another, but less compressive strength, or vice
versa. As an example, the mechanical properties of
alloys 2024-T and 2024-T80 are compared in the
following paragraph.

If alloy 2024-T were substituted for alloy
2024-T80, the substitute material would have to be
thicker unless the reduction in compressive strength
was known to be acceptable. On the other hand, if
2024-T80 material were substitued for 2024-T
stock, the substitute material would have to be
thicker unless the reduction in tensile strength was
known to be acceptable. Similarly, the buckling and
torsional strength of many sheet-metal and tubular
parts are dependent primarily upon the thickness
rather than the allowable compressive and shear
strengths.

When forming is necessary, be particularly care-
ful, for heat-treated and cold-worked alloys will
stand very little bending without cracking. Soft al-
loys, on the other hand, are easily formed but are
not strong enough for primary structures. Strong
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alloys can be formed in their annealed condition
and heat treated to develop their strength before
assembling.

In some cases, if the annealed metal is not availa-
ble, heat the metal, quench it according to regular
heat-treating practices, and form it before age-hard-
ening sets in. The forming should be completed in
about half an hour after quenching, or the material
will become too hard to work.

The size of rivets for any repair can be deter-
mined by referring to the rivets used by the manu-
facturer in the next parallel rivet row inboard on
the wing, or forward on the fuselage. Another
method of determining the size of rivets to be used
is to multiply the thickness of the skin by three and
use the next larger size rivet cerresponding to that
figure. For example, if the skin thickness is 0.040-
in., multiply 0.040 by 3, which equals 0.120; use the
next larger size rivet, 1/8 in. (0.125 in.).

All repairs made on structural parts of aircraft
require a definite number of rivets on each side of
the break to restore the original strength. This num-
ber varies according to the thickness of the material
being repaired and the size of the damage. The
number of rivets or bolts required can be deter-
mined by referring to a similar splice made by the
manufacturer, or by using the following rivet for-

mula:

Number of rivets required L x T x 75,000
SorB

on each side of the break

The number of rivets to be used on each side of
the break is equal to the length of the break (L)
times the thickness of the material (T) times
75,000, divided by the shear strength or bearing
strength (S or B) of the material being repaired,
whichever is the smaller of the two.

lar to the direction of the general stress running
through the damaged area.

The thickness of the material is the actual thick-
ness of the piece of material being repaired and is
measured in thousandths of an inch.

The 75,000 used in the formula is an assumed
stress load value of 60,000 p.s.i. increased by a
safety factor of 25%. It is a constant value.

Shear strength is taken from the charts shown in
figure 5-1. It is the amount of force required to cut
a rivet holding together two or more sheets of mate-
rial. If the rivet is holding two parts, it is under
single shear; if it is holding three sheets or parts, it
is under double shear. To determine the shear
strength, the diameter of the rivet to be used must
be known. This is determined by muitiplying the
thickness of the material by three. For example,
material thickness 0.040 multiplied by 3 equals
0.120; the rivet selected would be 1/8 in. (0.125
in.) in diameter.

Bearing strength is a value taken from the chart
shown in figure 5-2 and is the amount of tension
required to pull a rivet through the edge of two
sheets riveted together, or to elongate the hole. The
diameter of the rivet to be used and the thickness of
material being riveted must be known to use the
bearing strength chart. The diameter of the rivet
would be the same as that used when determining
the shear strength value. Thickness of material
would be that of the material being repaired.

Example:

Using the formula, determine the number of
2117-T rivets needed to repair a break 2-1/4 in.
long in material 0.040-in. thick:

Number rivets __ L x T x 75,000

The length of the break is measured perpendicu- per side SorB
*Single-Shear Strength of Aluminum-Alloy Rivets (Pounds)
Composition| Ultimate Strength of Diameter of Rivet (inches)
of Rivet Rivet Metal
(Alloy) | (Pounds Per Squareinch) | 1/16 | 3/32 | 1/8 | 5/32 | 3/16 | 1/4 | 5/16| 3/8
21177 27,000 83 186 KX)| 518 745 11,3251 2,071 | 2,981
2017 1 30,000 92 206 368 573 828 | 1,472 2,300 {3,313
2024 T 35,000 107 241 429 670 966 | 1,718 | 2,684 | 3,865
*Double-shear strength is found by multiplying the above valves by 2.

- Frcure 5-1. Single shear strength chart.
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Thickness of Diameter of Rivet (inches)
(m 116 3/32 1/8 5/32 316 1/4 516 3/8
0.014 71 107 143 179 215 287 358 430
016 82 123 164 204 246 328 410 492
018 92 138 184 230 276 369 461 553
020 102 153 205 256 307 410 412 615
025 128 192 256 320 284 512 640 768
032 164 245 328 409 492 656 820 984
036 184 276 369 461 553 738 922 1,107
040 205 307 410 512 615 820 1,025 1,230
045 230 345 461 576 691 922 1,153 1,383
051 261 n 522 653 784 1,045 1,306 1,568
064 492 656 820 984 1,312 1,640 1,968
072 553 738 922 1,107 1,476 1,845 2,214
081 622 830 1,037 1,245 1,660 2,075 2,490
o9 699 932 1167 1,398 1,864 2,330 2,796
102 784 1,046 1,307 1,569 2,092 2615 3,138
125 961 1,281 1,602 1,922 2,563 3,203 3,844
156 1,198 1,598 1,997 2,397 3,196 3,995 4794
.188 1,445 1,927 2409 2,891 3,854 4818 5781
250 1,921 2,562 3,202 3,843 5125 6,405 7,686
313 2,405 3,208 4,009 4,811 6417 7,568 9,623
375 2,882 3,843 4,803 5765 7,688 9,068 11,529
300 3,842 5124 6,404 7,686 10,250 12,090 15,372
Ficure 5-2. Bearing strength chart (pounds).
Given: Maintaining Original Contour
L=21/4 (2.25) in. Form all repairs in such a manner that they will
T = 0.040 in. fit the original contour perfectly. A smooth contour

Size of rivet: 0.040 x 3 = 0.120, so rivet
must be 1/8 in. or 0.125.

S = 331 (from the shear strength chart).

B == 410 (from the bearing strength chart).

(Use S to find number of rivets per side as it is

smaller than B.)
Substituting in the formula:
2.25 x 0.040 x 75,000 6,750
331 T 331
=20.39 (or 21)
rivets/side.

Since any fraction must be considered as a whole
number, the actual number of rivets required would
be 21 for each side, or 42 rivets for the entire
repair.
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is especially desirable when making patches on the
smooth external skin of high-speed aircraft.

Keeping Weight to a Minimum

Keep the weight of all repairs to a minimum.
Make the size of the patches as small as practicable
and use no more rivets than are necessary. In many
cases, repairs disturb the original balance of the
structure. The addition of excessive weight in each
repair may unbalance the aircraft so much that it
will require adjustment of the trim-and-balance
tabs. In areas such as the spinner on the propeller,
a repair will require application of balancing

patches so that a perfect balance of the propeller
assembly can be maintained.

GENERAL STRUCTURAL REPAIR
Aircraft structural members are designed to per-



form a specific function or to serve a definite pur-
pose. The prime objective of aircraft repair is to
restore damaged parts to their original condition.
Very often, replacement is the only way in which
this can be done effectively. When repair of a dam-
aged part is possible, first study the part carefully
o0 that its purpose or function is fully understood.

Strength may be the principal requirement in the
repair of certain structures, while others may need
entirely different qualities. For example, fuel tanks
and floats must be protected against leakage; but
cowlings, fairings, and similar parts must have such
properties as neat appearance, streamlined shape,
and accessibility. The function of any damaged part
must be carefully determined so that the repair will
meet the requirements.

INSPECTION OF DAMAGE

When visually inspecting damage, remember that
there may be other kinds of damage than that
caused by impact from foreign objects or collision.
A rough landing may overload one of the landing
gear, causing it to become sprung; this would be
classified as load damage. During inspection and
“sizing up of the repair job,” consider how far the
damage caused by the sprung shock strut extends to
supporting structural members.

A shock occurring at one end of a member will
be transmitted throughout its length; therefore, in-
spect closely all rivets, bolts, and attaching struc-
tures along the complete member for any evidence
of damage. Make a close examination for rivets that
have partially failed and for holes which have been
elongated.

Another kind of damage to watch for is that
caused by weathering or corrosion. This is known
as corrosion damage. Corrosion damage of alumi.
num material is usually detected by the white crys-
talline deposits that form around loose rivets,
scratches, or any portion of the structure that may
be a natural spot for moisture to settle.

Definition of Defects

Types of damage and defects which may be ob-
served on parts of this assembly are defined as
follows:

Brinelling—Occurrence of shallow, spherical de-
pressions in a surface, usually produced by a
part having a small radius in contact with the
surface under high load.

Burnishing—Polishing of one surface by sliding
contact with a smooth, harder surface. Usually
no displacement nor removal of metal.

Burr—A small, thin section of metal extending be-
yond a regular surface, usually. located at a cor-
ner or on the edge of a bore or hole.

Corrosion—Loss of metal from the surface by
chemical or electrochemical action. The corro-
sion products generally are easily removed by
mechanical means. Iron rust is an example of
corrosion.

Crack—A physical separation of two adjacent por-
tions of metal, evidenced by a fine or thin line
across the surface, caused by excessive stress at
that point. It may extend inward from the sur-
face from a few thousandths inch to completely
thirough the section thickness.

Cut—Loss of metal, usually to an appreciable depth
over a relatively long and narrow area, by me-
chanical means, as would occur with the use of
a saw blade, chisel or sharp-edged stone striking
a glancing blow.

Dent—Indentation in a metal surface produced by
an object striking with force. The surface sur-
rounding the indentation will usually be slightly
upset.

Erosion—Loss of metal from the surface by me-
chanical action of foreign objects, such as grit or
fine sand. The eroded area will be rough and
may be lined in the direction in which the for-
eign material moved relative to the surface.

Chattering—Breakdown or deterioration of metal
surface by vibratory or “chattering” action.
Usually no loss of metal or cracking of surface
but generally showing similar appearance.

Galling—Breakdown (or build-up) of metal sur-
faces due to excessive friction between two parts
having relative motion. Particles of the softer
metal are torn loose and “welded” to the harder.

Gouge—~Grooves in, or breakdown of, a metal sur-
face from contact with foreign material under
heavy pressure. - Usually indicates metal loss but
may be largely displacement of material,
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Inclusion—Presence of foreign or extraneous ma-
terial wholly within a portion of metal. Such
material is introduced during the manufacture
of rod, bar or tubing by rolling or forging.

Nick—Local break or notch on edge. Usually dis-
placement of metal rather than loss.

Pitting—Sharp, localized breakdown (small, deep
cavity) of metal surface, usually with defined
edges.

Scratch—Slight tear or break in metal surface from
light, momentary contact by foreign material.

Score—Deeper (than scratch) tear or break in
metal surface from contact under pressure. May
show discoloration from temperature produced
by friction.

Stain—A change in color, locally causing a notice-
ably different appearance from the surrounding
area.

Upsetting—A displacement of material beyond the
normal contour or surface (a local bulge or
bump). Usually indicates no metal loss.

CLASSIFICATION OF DAMAGE

Damages may be grouped into four general
classes. In many cases, the availability or lack of
repair materials and time are the most important
factors in determining whether a part should be
repaired or replaced.

Negligible Damage

Damage which does not affect the structural in-
tegrity of the member involved, or damage which
can be corrected by a simple procedure without
placing flight restrictions on the aircraft, is classi-
fied as negligible damage. Small dents, scratches,
cracks, or holes that can be repaired by smoothing,
sanding, stop drilling, or hammering out, or other-
wise repaired without the use of additional materi-
als, fall in this classification.
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Damage Repairable by Patching

Damage repairable by patching is any damage
exceeding negligible damage limits which can be
repaired by bridging the damaged area of a compo-
nent with a material splice. The splice or patch
material used in internal riveted and bolted repairs
is normally the same type of material as the dam-
aged part, but one gage heavier. In a patch repair,
filler plates of the same gage and type of material as
that in the damaged component may be used for
bearing purposes or to return the damaged part to
its original contour.

Damage Repairable by Insertion

Damage which can be repaired by cutting away
the damaged section and replacing it with a like
section, then securing the insertion with splices at
each end is classified as damage repairable by inser-
tion.

Damage Necessitating Replacement of Parts

Replacement of an entire part is considered when
one or more of the following conditions exist:

(1) When a complicated part has been exten-
sively damaged.

(2) When surrounding structure or inaccessi-
bility makes repair impractical.

(3) When damaged part is relatively easy to
replace.

(4) When forged or cast fittings are damaged
beyond the negligible limits.

STRESSES IN STRUCTURAL MEMBERS

Forces acting on an aircraft, whether it is on the
ground or in flight, cause pulling, pushing, or twist-
ing within the various members of the aircraft
structure. While the aircraft is on the ground, the
weight of the wings, fuselage, engines, and empen-
nage causes forces to act downward on the wing
and stabilizer tips, along the spars and stringers,
and on the bulkheads and formers. These forces are
passed on from member to member causing bend-
ing, twisting, pulling, compression, and shearing.

As the aircraft takes off, most of the forces in the
fuselage continue to act in the same direction; but
because of the motion of the aircraft, they increase



in intensity. The forces on the wingtips and the
wing surfaces, however, reverse direction and in-
stead of being downward forces of weight, they
become upward forces of lift. The forces of lift are
exerted first against the skin and stringers, then are
passed on to the ribs, and finally are transmitted
through the spars to be distributed through the
fuselage.

The wings bend upward at their ends and may
flutter slightly during flight. This wing bending
cannot be ignored by the manufacturer in the origi-
nal design and construction, and cannot be ignored
during maintenance. It is surprising how an air-
craft structure composed of structural members and
skin rigidly riveted or bolted together, such as a
wing, can bend or act so much like a leaf spring.

The five types of stresses (figure 5-3) in an
aircraft are described as tension, compression,
shear, bending, and torsion (or twisting). The first
three are commonly called basic stresses, the last
two, combination stresses. Stresses usually act in
combinations rather than singly.

Tension

Tension (or tensile stress) is the force per unit
area tending to stretch a structural member. The
strength of a member in tension is determined on
the basis of its gross area (or total area), but
calculations involving tension must take into consid-
eration the net area of the member. Net area is
defined as the gross area minus that removed by
drilling holes or by making other changes in the
section. Placing rivets or bolts in holes makes no
appreciable difference in added strength, as the riv-
ets or bolts will not transfer tensional loads across
holes in which they are inserted.

Compression

Compression (or compressive stress) is the force
per unit area which tends to shorten (or compress)
a structural member at any cross section. Under a
compressive load, an undrilled member will be
stronger than an identical member with holes
drilled through it. However, if a plug of equivalent
or stronger material is fitted tightly in a drilled
member, it will transfer compressive loads across
the hole, and the member will carry approximately
as large a load as if the hole were not there. Thus,
for compressive loads, the gross or total area may
be used in determining the stress in a member if all
holes are tightly plugged with equivalent or
stronger material.

Tension

=2

Compression
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Shear
E. Tension
Compression
Bending
Ficure 5-3. Five stresses acting on an aircraft.
Shear

Shear is the force per unit area which causes
adjacent particles of material to slide past each
other. The term “shear” is used because it is a
sideways stress of the type that is put on a piece of
paper or a sheet of metal when it is cut with a pair
of shears. Shear stress concerns the aviation me-
chanic chiefly from the standpoint of rivet and bolt
applications, particularly when attaching sheet
stock, because if a rivet used in a shear application
gives way, the riveted or bolted parts are pushed
sideways.

Bending

Bending (or beam stress) is actually a combina-
tion of two forces acting upon a structural member



at one or more points. In figure 5-3 note that the
bending stress causes a tensile stress to act on the
upper half of the beam and a compressive stress on
the lower half. These stresses act oppositely on the
two sides of the center line of the member, which is
called the neutral axis. Since these forces acting in
opposite directions are next to each other at the
neutral axis, the greatest shear stress occurs along
this line, and none exists at the extreme upper or
lower surfaces of the beam.

Torsion

Torsion (or twisting stress) is the force which
tends to twist a structural member. The stresses
arising from this action are shear stresses caused by
the rotation of adjacent planes past each other
around a common reference axis at right angles to
these planes. This action may be illustrated by a
rod fixed solidly at one end and twisted by a weight
placed on a lever arm at the other, producing the
equivalent of two equal and opposite forces acting
on the rod at some distance from each other. A
shearing action is set up all along the rod, with the
center line of the rod representing the neutral axis.

SPECIAL TOOLS AND DEVICES FOR SHEET METAL

The airframe mechanic does a lot of work with
special tools and devices that have been developed
to make his work faster, simpler, and better. These
special tools and devices include dollies and stakes
and various types of blocks and sandbags used as
support in the bumping process.

Dollies and Stakes

Sheet metal is often formed or finished (plan-
ished) over variously shaped anvils called dollies
and stakes. These are used for forming small, odd-
shaped parts, or for putting on finishing touches for
which a large machine may not be suited. Dollies
are meant to be held in the hand, whereas stakes
are designed to be supported by a flat cast iron
bench plate fastened to the workbench (figure 5-4).

Most stakes have machined, polished surfaces
which have been hardened. Do not use stakes to
back up material when chiseling, or when using any
similar cutting tool because this will deface the
surface of the stake and make it useless for finish
work.

V-Blocks

V-blocks made of hardwood are widely used in
airframe metalwork for shrinking and stretching
metal, particularly angles and flanges. The size of
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Ficure 5-4. Bench plate and stakes.

the block depends on the work being done and on
personal preference. Although any type of hard-
wood is suitable, maple and ash are recommended
for best results when working with aluminum al-

loys.
Hardwood Form Blocks

Hardwood form blocks can be constructed to du-
plicate practically any aircraft structural or non-
structural part. The wooden block or form is shaped

to the exact dimensions and contour of the part to
be formed.



Shrinking Blocks

A shrinking block consists of two metal blocks
and some device for clamping them together. One
block forms the base, and the other is cut away to
provide space where the crimped material can be
hammered. The legs of the upper jaw clamp the
material to the base block on each side of the crimp
so that the material will not creep away but will
remain stationary while the crimp is hammered flat
(being shrunk). This type of crimping block is
designed to be held in a bench vise.

Shrinking blocks can be made to fit any specific
need. The basic form and principle remain the
same, even though the blocks may vary considera-
bly in size and shape.

Sandbags

A sandbag is generally used as a support during
the bumping process. A serviceable bag can be
made by sewing heavy canvas or soft leather to
form a bag of the desired size, and filling it with
sand which has been sifted through a fine mesh
screen.

Before filling canvas bags with sand, use a brush
to coat the inside of it with softened paraffin or
beeswax, which forms a sealing layer and prevents
the sand from working through the pores of the
canvas.

Holding Devices

Vises and clamps are tools used for holding mate-
rials of various kinds on which some type of opera-
tion is being performed. The type of operation
being performed and the type of metal being used
determine the holding device to be used.

The most commonly used vises are shown in
figure 5-5; the machinist’s vise has flat jaws and
usually a swivel base, whereas the utility bench vise
has scored, removable jaws and an anvil-faced back
jaw. This vise will hold heavier material than the
machinist’s vise and will also grip pipe or rod
firmly. The back jaw can be used for an anvil if the
work being done is light.

The carriage clamp, or C-clamp, as it is com-
monly called, is shaped like a large C and has three
main parts: (1) The threaded screw, (2) the jaw,
and (3) the swivel head. The swivel plate, which is
at the bottom of the screw, prevents the end from
turning directly against the material being clamped.
Although C-clamps vary in size from 2 in. upward,
their function is always that of clamping or hold-
ing

134

i

Machinist’s

Ficure 5-5. Vises.

Ficure 5-6. Cleco fastener.

The shape of the C-clamp allows it to span ob-
structions near the edge of a piece of work. The
greatest limitation in the use of the carriage clamp



is its tendency to spring out of shape. It should
never be tightened more than hand-tight.

The most commonly used sheet-metal holder is
the Cleco fastener (figure 5-6). It is used to keep
drilled parts made from sheet stock pressed tightly
together. Unless parts are held tightly together they
will separate while being riveted.

This type of fastener is available in six different
sizes: 3/32-, 1/8-, 5/32-, 3/16-, 1/4-, and 3/8-in.

Cross head

The size is stamped on the fastener. Special pliers
are used to insert the fastener in a drilled hole. One
pair of pliers will fit the six different sizes.
Sheet-metal screws are sometimes used as tempo-
rary holders. The metal sheets must be held tightly
together before installing these screws, since the
self-tapping action of the threads tends to force the
sheets apart. Washers placed under the heads of the
screws keep them from marring or scratching the

metal.

Cutting
blade

Y

Front gage

.,m

| ol

Bevel gage

Extension arms

Housing

Foot treadle

Ficure 5-7. Squaring shears.
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METALWORKING MACHINES

Without metalworking machines a job would be
more difficult and tiresome, and tbe time required
to finish a task would be much longer. Some of the
machines used are discussed here; 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
the forming equipment (both power driven and
nonpowered), such as brakes and forming rolls, the
bar folder, and shrinking and stretching machines.

Metal Cutting Manually Operated Tools—Lever
Type

Squaring shears provide a convenient means of
cutting and squaring metal. These shears consist of
a stationary lower blade attached to a bed and a
movable upper blade attached to a crosshead
(figure 5~7). To make the cut, the upper blade is
moved down by placing the foot on the treadle and
pushing downward.

The shears are equipped with a spring which
raises the blade and treadle when the foot is re-
moved. A scale, graduated in fractions of an inch,
is scribed on the bed. Two squaring fences, consist-
ing of thick strips of metal and used for squaring
metal sheets, are placed on the bed, one on the right
side and one on the left. Each is placed so that it
forms a 90° angle with the blades.

Three distinctly different operations can be per-
formed on the squaring shears: (1) Cutting to a
line, (2) squaring, and (3) multiple cutting to a
specific size. When cutting to a line, the sheet is
placed on the bed of the shears in front of the
cutting blade with the cutting line directly even
with the cutting edge of the bed. The sheet is cut by
stepping on the treadle while the sheet is held se-
curely in place by the holddown clamp.

Squaring requires several steps. First, one end of
the sheet is squared with an edge (the squaring
fence is usually used on the edge). Then the re-
maining edges are squared by holding one squared
end of the sheet against the squaring fence and
making the cut, one edge at a time, until all edges
have been squared.

When several pieces must be cut to the same
dimensions, use the gage which is on most squaring
shears. The supporting rods are graduated in frac-
tions of an inch, and the gage bar may be set at
any point on the rods. Set the gage at the desired
distance from the cutting blade of the shears and
push each piece to be cut against the gage bar. All
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the pieces can then be cut to the same dimensions
without measuring and marking each .one sepa-
rately.

Scroll shears (figure 5-8) are used for cutting
irregular lines on the inside of a sheet without
cutting through to the edge.-The upper cutting
blade is stationary while the lower blade is mova-
ble. The machine is operated by a handle connected
to the lower blade. ‘

Ficure 5-8. Scroll shears.

Throatless shears (figure 5-9) are best used to
cut 10-gage mild carbon sheet metal and 12-gage
stainless steel. The shear gets its name from its
construction; it actually has no throat. There are
no obstructions during cutting since the frame is
throatless. A sheet of any length can be cut, and the
metal can be turned in any direction to allow for
cutting irregular shapes. The cutting blade (top
blade) is operated by a hand lever.

The rotary punch (figure 5-10) is used in the
airframe repair shop to punch holes in metal parts.
This machine can be used for cutting radii in cor-
ners, for making washers, and for many other jobs
where holes are required. The machine is composed
of two cylindrical turrets, one mounted over the
other and supported by the frame. Both turrets are
synchronized so that they rotate together, and index
pins assure correct alignment at all times. The index
pins may be released from their locking position by



Fi1cure 5~9. Throatless shears.

rotating a lever on the right side of the machine.
This action withdraws the index pins from the ta-
pered holes and allows an operator to turn the
turrets to any size punch desired.

When rotating the turret to change punches, re-
lease the index lever when the desired die is within
1 in. of the ram, and continue to rotate the turret
slowly until the top of the punch holder slides into
the grooved end of the ram. The tapered index
locking pins will then seat themselves in the holes
provided and, at the same time, release the mechani-
cal locking device, which prevents punching until
the turrets are aligned.

To operate the machine, place the metal to be
worked between the die and punch. Pull the lever
on the top side of the machine toward you. This
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Ficure 5~-10. Rotary punch.

will actuate the pinion shaft, gear segment, toggle
link, and the ram, forcing the punch through the
metal. When the lever is returned to its original
position, the metal is removed from the punch.

The diameter of the punch is stamped on the
front of each die holder. Each punch has a point in
its center which is placed in the centerpunch mark
to punch the hole in the correct location.

Metal-Cutting Power-Operated Tools

The electrically operated portable circular-cutting
Ketts saw (figure 5-11) uses blades of various di-
ameters. The head of this saw can be turned to any
desired angle, and is very handy for removing dam-
aged sections on a stringer. Advantages of a Ketts
saw are:

(1) The ability to cut metal up to 3/16 in.
thick.
No starting hole is required.
A cut can be started anywhere on a sheet
of metal.
The capability of cutting an inside or out-
side radius.

(2)
(3)

(4)

To prevent grabbing, keep a firm grip on the saw
handle at all times. Before installing a blade, it
should be checked carefully for cracks. A cracked
blade can fly apart and perhaps result in serious
injury.



Ficure 5~11. Ketts saw.

The portable, air powered reciprocating saw
(figure 5-12) has a gun-type shape for balancing
and ease of handling and operates most effectively
at an air pressure of from 85 to 100 ps.i. The
reciprocating saw uses a standard hacksaw blade
and can cut a 360° circle or a square or rectangu-
lar hole. This saw is easy to handle and safe to use.

Ficure 5-12. Reciprocating saw.

A reciprocating saw should be used in such a
way that at least two teeth of the saw blade are
cutting at all times. Avoid applying too much down-
ward pressure on the saw handle because the blade
may break.

Nibblers

Stationary and portable nibblers are used to cut
metal by a high-speed blanking action. The cutting
or blanking action is caused by the lower die mov-
ing up and down and meeting the upper stationary
die. The shape of the lower die permits small pieces
of metal approximately 1/16-in. wide to be cut out.

138

The cutting speed of the nibbler is controlled by
the thickness of the metal being cut. Sheets of metal
with a maximum thickness of 1/16 in. can be cut
satisfactorily. Too much force applied to the metal
during the cutting operation will clog the dies, caus-
ing the die to fail or the motor-to overheat.

The spring-loaded screw on the base of the lower
die should be adjusted to allow the metal to move
freely between the dies. This adjustment must be
sufficient to hold the material firmly enough to pre-
vent irregular cuts. The dies may be shimmed for
special cutting operations.

Portable Power Drills

One of the most common operations in airframe
metalwork is that of drilling holes for rivets and
bolts. This operation is not difficult, especially on
light metal. Once the fundamentals of drills and
their uses are learned, a small portable power drill
is usually the most practical machine to use. How-
ever, there will be times when a drill press may
prove to be the better machine for the job.

Some portable power drills will be encountered
which are operated by electricity and others which
are operated by compressed air. Some of the electri-
cally operated drills work on either alternating or
direct current, whereas others will operate on only
one kind of current.

Portable power drills are available in various
shapes and sizes to satisfy almost any requirement
(figure 5-13). Pneumatic drills are recommended
for use on projects around flammable materials
where sparks from an electric drill might become a
fire hazard.

When access to a place where a hole is to be
drilled is difficult or impossible with a straight drill,
various types of drill extensions and adapters are
used. A straight extension can be made from an
ordinary piece of drill rod. The twist drill is at-
tached to the drill rod by shrink fit, brazing, or
silver soldering. Angle adapters can be attached to
either an electric or pneumatic drill when the loca-
tion of the hole is inaccessible to a straight drill.
Angle adapters have an extended shank fastened to
the chuck of the drill. In use, the drill is held in one
hand and the adapter in the other to prevent the
adapter from spinning around the drill chuck.

A flexible extension can be used for drilling in
places which are inaccessible to ordinary drills. Its
flexibility permits drilling around obstructions with
a minimum of effort.



Right-angle electric

360° air

Ficure 5-13. Portable power drills.

When using the portable power drill, hold it
firmly with both hands. Before drilling, be sure to
place a backup block of wood under the hole to be
drilled to add support to the metal.

The twist drill should be inserted in the chuck
and tested for trueness or vibration. This may be
visibly checked by running the motor freely. A drill
that wobbles or is slightly bent should not be used
since such a condition will cause enlarged holes.
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The drill should always be held at right angles to
the work regardless of the position or curvatures.
Tilting the drill at any time when drilling into or
withdrawing from the material may cause elonga-
tion (egg shape) of the hole.

Always wear safety goggles while drilling.

When drilling through sheet metal, small burrs
are formed around the edge of the hole. Burrs must
be removed to allow rivets or bolts to fit snugly and
to prevent scratching. Burrs may be removed with a
bearing scraper, a countersink, or a twist drill
larger than the hole. If a drill or countersink is
used, it should be rotated by hand.

Drill Press

The drill press is a precision machine used for
drilling holes that require a high degree of
accuracy. It serves as an accurate means of locating
and maintaining the direction of a hole that is to be
drilled and provides the operator with a feed lever
that makes the task of feeding the drill into the
work an easy one.

A variety of drill presses are available; the most
common type is the upright drill press (figure
5-14).

When using a drill press, the height of the drill
press table is adjusted to accommodate the height of
the part to be drilled. When the height of the part
is greater than the distance between the drill and
the table, the table is lowered. When the height of
the part is less than the distance between the drill
and the table, the table is raised.

After the table is properly adjusted, the part is
placed on the table and the drill is brought down to
aid in positioning the metal so that the hole to be
drilled is directly beneath the point of the drill. The
part is then clamped to the drill press table to
prevent it from slipping during the drilling opera-
tion. Parts not properly clamped may bind on the
drill and start spinning, causing the loss of fingers
or hands or serious cuts on the operator’s arms or
body. Always make sure the part to be drilled is
properly clamped to the drill press table before
starting the drilling operation.

The degree of accuracy that it is possible to
attain when using the drill press will depend to a
certain extent on the condition of the spindle hole,
sleeves, and drill shank. Therefore, special care
must be exercised to keep these parts clean and free
from nicks, dents, or warpage. Always be sure that
the sleeve is securely pressed into the spindle hole.
Never insert a broken drill in a sleeve or spindle
hole. Be careful never to use the sleeve-clamping



Ficure 5-14. Drill press.

vise to remove a drill since this may cause the
sleeve to warp.

Grinders

The term grinder applies to all forms of grinding
machines. To be specific, it is a machine having an
abrasive wheel which removes excess material while
producing a suitable surface. There are many kinds
of grinding machines, but only those which are
helpful to the airframe mechanic will be discussed
here.

Grinding Wheels

A grinding wheel 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.
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Silicon carbide and aluminum oxide are the kinds
of abrasives used in most grinding wheels. Silicon
carbide is the cutting agent for grinding hard, brit-
tle material, such as cast iron. It is also used in
grinding aluminum, brass, bronze, and copper. Alu-
minum oxide is the cutting agent for grinding steel
and other metals of high tensile strength.

The size of the abrasive particles used in grind-
ing wheels is indicated by a number which corre-
sponds to the number of meshes per linear inch in
the screen through which the particles will pass. As
an example, a number 30 abrasive will pass through
a screen having 30 holes per linear inch, but will be
retained by a smaller screen having more than 30
holes per linear inch.

The bond is the material which holds the abra-
sive particles together in forming the wheel. The
kind and amount of bond used determines the hard-

ness or softness of the wheel. The commonly used

bonds are vitrified, silicate, resinoid, rubber, and
shellac. Vitrified and silicate are the bonds used
most frequently, vitrified bond being used in ap-
proximately three-fourths of all grinding wheels
made. This bonding material forms a very uniform
wheel and is not affected by oils, acids, water, heat,
or cold. The silicate bond, however, is best suited
for grinding edged tools.

Resinoid bonded wheels are better for heavy-duty
grinding. Rubber bonded wheels are used where a
high polish is required. Shellac bonded wheels are
used for grinding materials where a buffed or bur-
nished surface is needed.

A pedestal or floor type grinder usually has a
grinding wheel on each end of a shaft which runs
through an electric motor or a pulley operated by a
belt. This grinder is used for sharpening tools and
other general grinding jobs.

The wet grinder, although similar to the pedestal
grinder, differs from it in that the wet grinder has a
pump to supply a flow of water on a single grinding
wheel. The water reduces the heat produced by
material being ground against the wheel. It also
washes away any bits of metal or abrasive removed
during the grinding operation. The water returns to

a tank and can be re-used.

A common type bench grinder found in most
metalworking shops is shown in figure £-15. This
grinder can be used to dress mushroomed heads on
chisels, and points on chisels, screwdrivers, and
drills. It can be used for removing excess metal
from work and smoothing metal surfaces.



Tool rest.

Ficure 5-15. Bench grinder.

This type grinder is generally equipped with one
medium-grain and one fine-grain abrasive wheel.
The medium-grain wheel is usually used for rough
grinding where a considerable quantity of material
is to be removed or where a smooth finish is unim-
portant. The fine-grain wheel is usually used for
sharpening tools and grinding to close limits be-
cause it removes metal more slowly, gives the work
a smooth finish, and does not generate enough heat
to anneal the edges of cutting tools. When it is
necessary to make a deep cut on work or to remove
a large amount of metal, it is usually good practice
to grind with the medium-grain wheel first and then
finish up with the fine-grain wheel.

The grinding wheels are removable, and the
grinders are usually designed so that wire brushes,
polishing wheels, or buffing wheels can be substi-
tuted for the abrasive wheels.

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 re-
duced 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, make sure the ab-
rasive wheels are firmly held on the spindles by the
flange nuts. If an abrasive wheel should come off or
become 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.
If this should happen, severe wounds may result.

Always wear goggles when using a grinder,
even if eyeshields are attached to the grinder. Gog-
gles should fit firmly against your face and nose.
This is the only way to protect your eyes from the

fine pieces of steel. Goggles that do not fit properly
should be exchanged for ones that do fit.

Be sure to check the abrasive wheel for cracks
before using the grinder. A cracked abrasive wheel
is likely to fly apart when turning at high speeds.
Never use a grinder unless it is.equipped with
wheel guards.

FORMING MACHINES

Forming machines can be either hand operated
or power driven. Small machines are usually hand
operated, whereas the larger ones aré power driven.
Straight line machines include such equipment as
the bar folder, cornice brake, and box and pan
brake. Rotary machines include the slip roll former
and combination machine. Power-driven machines
are those that require a motor of some description
for power. These include such equipment as the
power-driven slip roll former, and power flanging
machine. ‘

Bar Folder :

The bar folder (figure 5-16) is designed for use
in making 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 gage in
thickness and 42 inches in length.

Before using the bar folder, several adjustments
must be made for thickness of material, width of
fold, sharpness of fold, and angle of fold.

Stop

Operating handle

45° and 90° stops

Gage adjusting

crew

Locking screw

Ficure 5-16. Bar folder.
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Ficure 5-17. Cornice Brake.
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The adjustment for thickness of material is made
by adjusting the screws at each end of the folder.
As this adjustment is made, place a piece of metal
of the desired thickness in the folder and raise the
operating handle until the small roller rests on the
cam. Hold the folding blade in this position and
adjust the setscrews so that the metal is clamped
securely and evenly the full length of the folding
blade. After the folder has been adjusted, test each
end of the machine separately with a small piece of
metal by actually folding it.

There are two positive stops on the folder, one
for 45° folds or bends and the other for 90° folds
or bends. An additional feature (a collar) is pro-
vided and can be adjusted to any degree of bend
within the capacity of the machine.

For forming angles of 45° or 90°, the correct
stop is moved into place. This will allow the handle
to be moved forward to the correct angle. For form-
ing other angles, the adjustable collar shown in the
inset view of figure 5-16 is used. This is accom-
plished by loosening the setscrew and setting the
stop at the desired angle. After setting the stop,
tighten the setscrew and complete the bend.

To make the fold, adjust the machine correctly
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