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MASS BALANCE
Flutter is an undesirable oscillation of an aircraft control surface 
which can have catastrophic effect on controllability of the 
aircraft. The center of lift on a control surface should be aft of 
the control surface center of gravity to prevent control surface 
flutter. Often, the addition of weight to the forward surface of 
an aileron is sufficient to move the CG of the airfoil forward and 
prevent flutter. Some aircraft designs place the weight on a lever 
arm that extends forward of the control surface. This is known 
as a mass balance. Mass balances help prevent flutter and also 
reduce the required control stick pressure used to move a control 
surface. [Figure 1-30]

AERODYNAMIC BALANCE PANELS
Figure 1-31 shows another way of assisting the movement of an 
aileron on a large aircraft. It is called an aileron balance panel. 
Not visible when approaching the aircraft, it is positioned in 
the linkage that hinges the aileron to the wing. Balance panels 
have been constructed typically of aluminum skin covered frame 
assemblies or aluminum honeycomb structures. The trailing 
edge of the wing just forward of the leading edge of the aileron 
is sealed to allow controlled airflow in and out of the hinge area 
where the balance panel is located. 

WING FENCES
A chordwise barrier on the upper surface of the wing, called a 
wing fence or stall fence, is used to halt the spanwise flow of 
air along the wing. During low speed flight, this can maintain 
proper chordwise airflow reducing the tendency for the wing to 
stall. [Figure 1-32]

SAW TOOTH LEADING EDGE
A few aircraft have a sawtooth leading edge where, rather than 
being a smooth continuous surface, the leading edge juts out 
slightly at a point(s) determined to be beneficial by design 
engineers. The purpose of the sawtooth wing is to utilize the 
vortex created by an inboard section of the wing to improve 
boundary layer flow over an outboard section. This increases lift 
and resistance to stall. Sawtooth wing leading edges are most 
common on high performance military aircraft.

Stabilator Pivot Point

Anti-servo Tab

Figure 1-28. An Anti-servo tab moves in the same direction as the control tab. Shown 
here on a stabilator, it desensitizes the pitch control.

Free Link

Spring

Control Stick

Figure 1-29. Many tab linkages have a spring tab that kicks in as the forces needed 
to deflect a control increase with speed and the angle of desired deflection.

Figure 1-30. An aileron mass balance.

AILERON

WING

Hinge
Vent Gap Control TabBalance Panel

Vent Gap
Lower Pressure

Figure 1-31. An aileron balance panel and linkage uses varying air pressure to assist in control surface positioning.
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Figure 2-4. Wing stations are often referenced off the butt line, which bisects the center of the fuselage longitudinally. Horizontal stabilizer stations referenced to the 
butt line and engine nacelle stations are also shown.
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DOUBLERS
A simpler way to reinforce an area of skin on the aircraft which 
receives greater loads than can easily be carried by a single sheet 
of material is to create a doubler for that area. A doubler is simply 
a second, reinforcing layer of skin material used to strengthening 
the load caring capacity of the skin. It has the advantage of being 
inexpensive and is able to be shaped for a specific area identified 
as needing reinforcement. 

STRUTS & TIES
A strut is a bar or rod shaped reinforcement designed to resist 
compression loads. A tie is a rod or beam designed to take a 
tensile load. Both are used as needed to reinforce the aircraft 
structure throughout the fuselage to carry the loads experienced

BEAMS AND FLOOR STRUCTURE
In addition to the structural members previously mentioned, 
additional beams, floor structural members and various other 
reinforcement members are also used to construct an aircraft. 
A beam may be installed laterally or longitudinally. Beams 
typically support the floor of the flight deck and the passenger 
compartment. They are situated to provide secure attachment of 
the floor panels and also the seats tracks into which the passenger 
seats are secured. The floor itself is typically made up of numerous 
honeycomb constructed panels that are screwed to the floor 
support structure. Flight deck floor panels may be constructed 
from sheet metal. [Figure 2-15]

REINFORCEMENT
Fuselage structural reinforcement can be accomplished in several 
ways. As mentioned above doublers are a frequently used method 
of reinforcing sections of skin, such as where the attachment 
points of doors and other breaks in the fuselage occur. In some 
cases, rather than a doubler patch, the aircraft skin is machined in 
various thicknesses with thinner and lighter sections in low stress 
locations and a thicker section where reinforcement is needed.

Other methods include channel members, hat shaped sections 
and other built up assemblies which can be inserted to give 
additional strength. These devices can be installed in various 
points to attach fittings, engine mounts, wing and empennage 
attachments and landing gear. 

SKINNING
Attached to the outside of the aircraft structure is the aircraft 
skin, be it stressed or not. Simple, light aircraft generally have 
skin made from sheet aluminum which is formed to fit, wrapped 
and riveted to the structural members. Larger, more complex and 
heavier aircraft used heavier material to form the aircraft skin. 
This is to transfer and carry the greater loads experience during 
high performance flight. Some simple sheet metal skin may be 
found. However, various skin thickness are used to meet the design 
loads which vary by location around the aircraft.

Since in many areas the skin thickness varies, machining the 
skin, including integrally formed stringers and risers, from a solid 
billet of material has become a standard practice. By milling the 
skin out of a single piece of material, the skin thickness may be 
varied precisely to meet design requirements. Maximum strength Figure 2-15. Floor installation on an Airbus A-350.

Figure 2-14. Forward bulkhead of a Boeing 747.

Figure 2-13. The frame, former, and stringer components of a fuselage.
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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 sometimes used on large aircraft. The grid 
plate is a permanent fixture installed on the aircraft floor or 
supporting structure.

When the aircraft 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. [Figure 2-23]

Certain precautions must be observed in all instances when jacking 
an aircraft. Normally, rigging and alignment checks should be 
performed in an enclosed hangar. If this cannot be accomplished, 
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 determined that the maximum jacking weight 
(if applicable) specified by the manufacturer is not exceeded. 

With a few exceptions, the dihedral and the incidence angles 
of most conventional modern aircraft cannot be adjusted. Some 
manufacturers permit adjusting 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 that incorporate, or on which 
can be placed, a special instrument (spirit level or inclinometer) 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 theodolite and sighting rods. The particular equipment to use 
is usually specified in the manufacturer's maintenance manual. 
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WINDSCREENS
Windscreens are used in passenger transport aircraft to block 
weather from entering the cabin when an entry or service door 
is opened. They are made of strong, lightweight partitions of 
honeycomb construction. Some cabin windscreens incorporate 
storage compartments. Windscreens use the longitudinal seat 
track installed on the cabin floor for attachment. Support is also 
given by attachment to a ceiling or wall bracket. [Figure 3-7]
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Figure 3-4. Flight deck window laminations.

Figure 3-5. A Boeing 737 sliding window assembly.
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Figure 3-6. Middle and outer passenger cabin windows, seal and window frame.


