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PRECAUTIONARY DATA
Personnel performing instructions involving operations, procedures, and practices which are included or
implied in this technical manual shall observe the following instructions. Disregard of these warnings and

precautionary information can cause serious injury, death, or an aborted mission

WARNINGS, CAUTIONS, and NOTES are means of attracting attention to essential or critical information
in a manual. Definitions are outlined as follows

WARNING: An operating or maintenance procedure, practice, condition, statement, etc., which if not
strictly observed, could result in injury to or death of personnel

CAUTION. An operating or maintenance procedure, practice, condition, statement, etc., which, if not
strictly observed, could result in damage to, or destruction of, equipment or loss of mission effectiveness
or long term health hazards to personnel
NOTE: An essential operating or maintenance procedure, condition, or statement, which must be
highlighted.
WARNING
USING SOLVENTS/PAINTS

Standard precautions such as fire prevention and adequate ventilation shall be exercised when using solvents or
applying primer and coating

Wear gloves or gauntlets when handling solvents as solvents may cause skin disorders

Do not use drycleaning solvent, Federal Specification P-D-680, near oxygen storage or transfer systems, the combination
of these two will form a highly explosive mixture

HANDLING PLASTICS
Wear gloves to protect hands while handling hot plastic Boiling water shall not be used for heating acrylate base plastics.

Provide adequate ventilation when working with Epocast 41 A and hardener 9246, or equivalents as these materials are
toxic

HANDLING ACID

Wear protective clothing when mixing acid with water Always pour acid into water, never water into acid
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MAGNESIUM ALLOY FIRE

Do not use water or any standard liquid or foam-type fire extinguishers on a magnesium alloy fire, as they may cause an
explosion Use dry sand or talcum powder, Federal Specification U-T-30

REMOVING CORROSION

Take precautions to prevent possible dust explosions when removing corrosion from steel alloys. Use goggles or face
shield when removing paint or corrosion with a wire brush or by the grinding method

TIRES AND WHEELS

If it is necessary to approach a wheel with a hot brake, do so either from directly in front or directly behind the aircraft
GROUND SUPPORT EQUIPMENT

To prevent accidental falls, appropriate maintenance platforms/safety stands illustrated in appropriate workstand
manuals or any other approved locally procured/manufactured safety stands/restraint equipment will be used when
working (above 10 feet) on aircraft in a non-tactical environment
Install safety lock when an adjustable-height maintenance platform is in use
Ensure the air hose used with compressed air is safe for the pressure being handled
Release air pressure in air compressor tank before performing maintenance on air compressors
Disconnect power before changing belts on electrically-driven compressors

FIRE EXTINGUISHERS
Monobromotrifluoromethane (CF3Br) is highly volatile, but not easily detected by odor Although nontoxic, CF3Br shall be
considered in the same class as other freons and carbon dioxide, i.e., capable of causing danger to personnel primarily
by reduction of oxygen available for proper breathing The liquid may cause frostbite or low temperature burns if allowed
to come in contact with the skin.
Bromochloromethane (CB) is a narcotic agent of moderate intensity, but of prolonged duration. It is considered less toxic
than carbon tetrachloride, methylbromide, or the usual products of combustion Normal precautions should be taken while
using bromochloromethane, including the use of oxygen masks

COMPRESSED AIR

Compressed air shall not be used for cleaning purposes except if reduced to less than 30 psi and then only with effective
chip-guarding and personal protective equipment.

NOISE HAZARD

Noise levels reached during ground runup of Army aircraft are of a level that may cause permanent hearing loss
Maintenance personnel shall wear Army approved hearing protection when working on aircraft with engines in operation.
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PROPER USE OF PLATED TOOLS

Use only chrome plated steel or unplated steel tools for disassembly or reassembly procedures described in this manual
Use of cadmium or zinc plated tools is not permitted since these platings are prone to chipping and flaking Should these
chips or flakes become embedded in aircraft parts, galvanic corrosion will result Should these chips or flakes enter fuel or
oil wetted components, they may eventually clog the filter or produce intergranular attack of nickel or titanium base alloys
at elevated temperature. All tools regardless of type plating should be serviceable and free of chipping.

SPECIAL INSTRUCTIONS

All equipment must be operated per the manufacturer's operating instructions if unavailable, instructions for the use and
care of equipment will be developed Standard Operating Procedures (SOPs) will be prepared and used for all shop
operations (refer to AR 385-95) The supporting Safety Office will use their expertise to provide assistance. Guidance for
industrial hazards can be found in Code of Federal Regulations, 29 CFR 1910 and Chemical Hazards in NIOSH/OSHA
Guidelines for Chemical Hazards

c/(d blank)
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CHAPTER 1

INTRODUCTION

1-1. Purpose. This volume provides general
information pertaining to the repair of aircraft metal
structures. The application of techniques and materials
on specific aircraft is not covered in this volume.
Specific aircraft application and usage are found in the
individual aircraft maintenance manuals. This volume is
of maximum benefit to the mechanic who desires
information about metals, metal-working tools and
procedures, and airframe repair techniques This volume
furnishes the mechanic a source of information about
how to perform various mechanical functions which are
used on all aircraft This volume is not a requlsrtloning
authority, and applicable repair parts and special tools
lists should be consulted to obtain the unit of issue and
National Stock Number of the items required for
maintenance.

1-2. Scope. General information to guide aircraft
maintenance personnel is covered in this volume,
however, no attempt has been made to include special
parts or equipment which are applicable only to
individual or special aircraft. Sheet metal shop

operations are covered in Chapters 2 and 3. Aircraft
structures are discussed in. Information
regarding structural metals and the forming of same are
presented in Chapters 5 and 6.covers rivets
and riveting techniques, while sheet metal and sandwich

construction repair methods are presented in Chapters 8

and 9. Aircraft plastics are discussed in|Chapter 10} and

balancing of flight control surfaces is presented in
|Chapter 11. Finally, repair of spot welds is presented in
Chapter 12

1-3. Consumable Materials. Refer to TM 1-1500204-
23-6 for consumable materials in this volume.

1-1 (1-2 blank)
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CHAPTER 2

SHEET METAL SHOP OPERATIONS

2-1. General Shop Rules. The practices and proce-
dures described in thischapter pertain to the manufactur-
ing and repair functions of aviation activities and are
applicable to all levels of maintenance. Because of the
many types of Army aircraft, each shop within the
manufacturing and repair section must, of necessity,
have personnel trained in general practices and proce-
dures to the extent that different type and model aircraft
do not upset a smooth running shop.

a. Responsibility. All supervisory personnel in the
manufacturing section are responsible for a continuing

and effective shop safety program. To implement and
maintain this program, shop supervisors will utilize bulle-
tin boards, signs, and any other effective method. Shop
personnel will cooperate in the shop safety program by
making helpful recommendations, and continually exer-
cising care and caution in the operation of all shop equip-
ment. All shop personnel will strive to improve the safety
program and be especially alert to observe and correct
hazardous conditions and unsafe shop practices. All ac-
cidents, no matter how minor, shall be reported to the
shop supervisor, and all published instructions regarding
safety shall be strictly adhered to. Also, safety engineers
and safety officers will ensure that proper safety proce-
dures are adhered to in accordance with AR 385-10,
Army Safety Program; AR 385-30, Safety Color Code
Markings and Signs; AR 385-32, Protective Clothing and
Equipment; The Occupational Safety and Health Act of
1971, OSHA 1910.251; all applicable fire codes, NFPA
410; and other accepted civilian and military safety prac-
tices.

b. Shop Housekeeping. Housekeeping is the yard-

stick by which the shops in the manufacturing section are
judged. A clean, well arranged shop is a safe shop and
reflects credit on all personnel concerned with its opera-
tion. The following shop practices shall be observed:

(1) Oil pans or drip pans shall be used where
leaking oil, grease, and similar materials may cause haz-
ardous accumulations on equipment or floors. All spills
shall be cleaned up immediately. Approved sweeping
compound may be used to remove these materials from
the floor.

CAUTION

Floors shall not be cleaned with volatile or
flammable liquids. A flammable film may re-
main and cause a fire hazard.

(2) Floors shall be maintained smooth and
clean, free of all obstruction and slippery substances.
Holes and irregularities in floors shall be repaired to
maintain a level surface free from tripping hazards.

(3)  All unnecessary materials on walls shall be
removed and projections shall be kept to a minimum.

(4) Aisles shall be clearly defined and kept free
of hazardous obstructions. Where possible, aisles shall
be suitably marked by painting.

(5) Al machines, work benches, aisles, etc.,
shall be adequately illuminated.

c. Shop Safety. Unsafe equipment and fire hazards
are the main factors to be observed while planning safety
procedures.

(1) Equipment safety. Unsafe equipment shall
be reported immediately. The following equipment safety
practices shall be observed:

(@ Machines shall be located to provide
operators with sufficient space to handle materials and
perform job operations without interference.

(b)  Bolt down all machinery that can move
or walk due to vibration (drill press, bench grinder, etc.)

(c) Substantial low resistance conductors
shall be used to ground all stationary and portable ma-
chines, equipment, or other devices in which static
charges may be generated, or which require electrical
circuits of a hazardous nature.

(d)  Shop machinery shall be operated only
by qualified personnel observing safe practices.

Change 1 2-1
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(e) Safety devices, such as guards, inter-
locks, automatic releases, and stops, shall always be
kept in operating condition.

()  Ensure that all unauthorized personnel
are clear of area before opening valves or energizing
electrical circuits for starting machinery.

(g) Suitable mechanical guards, such as
enclosures or barricades, shall be permanently installed
on all machinery not already equipped with such to elimi-
nate danger of injury from moving parts.

(h) Machinery shall not be adjusted, re-
paired, oiled, or cleaned while machine is in operation or
power is on.

(i) Personnel operating machinery shall
wear protective clothing as prescribed. A protective face
shield or goggles shall be worn when operating a grinder
rﬁgzlaédless of whether grinder is equipped with attached
shields.

() Jewelry shall not be worn while per-
forming any maintenance.

(2) Fire safety. A constant vigilance must be
maintained to seek out fire hazards. Fire hazards are
constantly present in the shop where sparks, friction, or
careless handling can cause an explosion that may de-
stroy equipment or buildings, and injure or kill personnel.
Refer to AR 385-10, Army Safety Program and the Occu-
pational Safety and Health Act of 1971. The following fire
safety practices shall be observed:

(@) NO SMOKING signs shall be placed in
areas where smoking could create a fire hazard.

(b) Personnel shall be trained in the use,
knowledge, and location of shop fire fighting equipment.

(c)  Each shop shall be equipped with fire
extinguishers suited for type of fire most likely to occur.

(d) Use correct fire extinguisher for class of
fire as follows:

o Class A fire (wood, paper, trash, etc.) Use
water or soda-acid fire extinguisher.

2-2 Change 1

e Class B fire (oil, paint, fuel, grease, etc).
Use bromotrifluoromethane or carbon
dioxide fire extinguisher.

e Class C fire (electrical equipment). Use
bromotrifluoromethane or carbon dioxide
fire extinguisher.

e Class D fire (combustible metals) magne-
sium, titanium, zirconium, sodium, lithium,
and potassium. Use dry powder type fire
extinguisher.

(e) Oily waste, rags, and similar combus-
tible materials shall be discarded in self-closing metal
containers which shall be emptied daily.

() Flammable materials shall not be
stored in the shop.

(9) Use only approved cleaning solvents.

d. Shop Tools and Materials. Handling tools and
materials require observance of the following common
safety practices:

(1) Do not leave tools or objects in elevated
positions from which they can fall or be knocked off.

(2 Do not point a compressed airstream to-
ward any part of the body.

(3) All unserviceable tools will be plainly
marked and removed from service.

(4)  Electrical cablesand air hoses to portable
units will be laid out so there is no danger of tripping.

(5)  Electrical tools must be connected to a low
resistance ground.

(6) Keep bench tops covered with material hard
enough to prevent chips and other foreign material from
becoming imbedded. Keep bench tops clean and free
from chips and filings.

(7)  Keep vise jaws covered with soft metal jaw
caps.

2-2. Shop Equipment. Refer to[Chapter 3for com-
plete information on sheet metal shop equipment.
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CHAPTER 3

SHOP EQUIPMENT

3-1. General. Shop equipment used in repair and
manufacturing of sheet metal parts consists of cutting
machines, hand tools, and forming machines. The
following are general descriptions and maintenance
procedures for this equipment. For specific information,
refer to the applicable technical manual for each piece
of equipment.

3-2. Maintenance. The maintenance of machinery
and shop equipment shall be divided into the following
classes: operator maintenance and major repair.

a. Operator Maintenance. Operator
maintenance consists of cleaning, lubrication, and minor
adjustment of belts, guards, gibs, etc. It also includes
periodic visual inspection to preclude possible damage,
failure, or breakdown due to loose or excessively worn
parts, defective wiring connections, insulation, safety
appliances, etc.

b. Major Repair. Major repair consists of all
repair work not performed by operators. Major repair
within the scope of facilities shall be accomplished
locally. Repairs not within the scope of local faculties
shall be accomplished through a work order to direct
support or a commercial contractor.

C. Storage of Tools. Equipment. and Materials.
The manufacturing section should have the following
facilities to properly maintain shop equipment.

Racks for storage of various metals used for
manufacturing. Design of racks should allow easy
identification of stock

Racks for dispensing materials issued in rolls
Storage bins for items of high value designed so
items are secure when stored.

Tool crib for storing of moderately high value tools
which would normally be issued only when work
projects require their use.

Bins for storing incoming repairable items and
outgoing serviceable items.

3-3. Non-Powered Metal Cutting Machines. The
following non-powered metal cutting machines are
common to the sheet metal shop. Detailed operation
can be found in the applicable manuals.

a. Squaring Shears. Squaring shears provide
a convenient means of cutting and squaring metal.
These shears shown in figure 3-1] consist of a stationary
lower blade attached to a bed and a movable upper
blade attached to a crosshead. To make the cut, the
upper blade is moved down by placing the foot on the
treadle and pushing downward.

(1) Safety practices. The blade on a
squaring shear is extremely sharp. Therefore, extreme
care must be taken to ensure that hands are not near
the blade when the treadle is actuated

(2) Operation. Three different
operations can be performed on the squaring shears:
cutting to a line, squaring, and multiple cutting to a
specific size.

(a) Cutting to a line 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

CROSSHEAD FRONT

SQUARING GAUGE CUTTING
FENCE BLADE
u
= SQUARING

, FENCE
=,

HOLD-

BEVEL
DOWN GAUGE  EXTENSION
CLAMP ARMS

—= =t
FOOT
TREADLE HOUSING

Figure 3-1. Squaring Shears
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the cutting edge of the bed. The sheet is cut by
stepping on the treadle while the sheet is held securely
in place by the holddown clamp.

(b) Squaring. When squaring a
sheet, one edge is placed square to the edge, usually
with the aid of the squaring fence. Then the remaining
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

(c) Multiple cutting. When several
pieces must be cut to the same dimensions, use the
gauge which is on most squaring shears. The
supporting rods are graduated in fractions of an inch,
and the gauge bar may be set at any point on the rods.
Set the gauge at the desired distance from the cutting
blade of the shears and push each piece to be cut
against the gauge bar. All the pieces can then be cut to
the same dimensions without measuring and marking
each one separately.

®3)
maintenance manual for servicing,
maintenance instructions

Maintenance. Refer to the applicable
inspection, and

b. Scroll Shears. Scroll shears, sometimes
called unishears, are used for cutting irregular lines on
the inside of a sheet without cutting through to the edge.
They may be used in the manufacture of rings and
washers, for example. The maximum capacity for these
shears is usually 14-gauge mild steel. Portable and
pedestal models are available. shows a

typical example

(1) Safety practices. The cutting blade
on scroll shears is extremely sharp. Care must be taken
to avoid the area of the blade when the unit is being
operated.

(2) Operation. The upper cutting blade is
stationary, while the lower blade is movable. The lower
blade is controlled by a handle connected to it.

®3)
maintenance manual for servicing,
maintenance of scroll shears.

Maintenance. Refer to the applicable
inspection, and

C. Throatless Shears. Throatless shears are
used to cut 10-gauge mild carbon steel and 12-gauge
stainless steel. As shown irl_figure 3-3] the shear gets
its name from its construction; it has no throat. Since
there are no obstructions, any size sheet can be cut, and
the metal can be turned in any direction to allow for
cutting irregular shapes.
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Figure 3-2. Scroll Shears

(1) Safety practices. As with other
shears, the blades on throatless shears are extremely
sharp. Keep clear of the blades when operating this
equipment.

(2)

by a lever.

Operation. The top blade is moved

3)
maintenance manual for servicing,
main- tenance of throatless shears.

Maintenance. Refer to the applicable
inspection, and

d. Rotary Punch. The rotary punch shown in
[figure 3-4Jis used in the shop to punch holes in metal
parts. This machine can be used for cutting radii in
corners, 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.

(1) Safety practices. Keep fingers away
from the area between the turrets, which is where the
dies and punches meet to punch the holes



Figure 3-3. Throatess Shears.

(2) Operation.. The diameter of the
punch is stamped on the front of each die holder. After
the size of the hole is selected, place the metal to be
worked between the die and punch. Actuate the lever
on top of the machine. This will force the punch through
the metal. When the lever is returned to its original
position, the metal is removed from the punch.

(3) Maintenance. Refer to the applicable
maintenance manual for servicing, inspection, and
maintenance of rotary punches.

3-4. Hand Tools and Devices. The following tools and
devices are common to sheet metal shops.

a. Micrometers. Micrometers are used to
measure thickness of metal sheets or diameters of

cylindrical stock or tubes. An example of a micrometer
is shown in[figure 3-5]

b. Radius Gauge. The radius gauge shown in
as leaves on which one side is curved. The

3-3
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Figure 3-4.

Rotary Punch

curve has a specific radius which is marked on each
leaf. The gauge is used to determine the radius of a
curve by selecting the leaf that corresponds to the
surface being measured.

C. Sheet Metal Holders. Several types of
holding tools are used when working sheet metal
(including sheet metal screws). The type of operation
being performed and the type of metal being used
determine what holding tools should be used.

(1) Cleco fastener. Cleco fasteners
are widely used to hold metal and to keep drilled parts
made of sheet metal stock pressed tightly together to
prevent them from slipping or separating while being
riveted or fastened. The cleco fastener is available in
six different sizes: 3/32, 1/8, 5/32, 3/16, 1/4, and 3/8
inch. The size is stamped on the fastener.| Figure 3-7|
shows the cleco fastener and its holding feature.
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Figure 3-6. Radius Gauge
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Figure 3-7. Cleco Fastener
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Figure 3-5. Micrometer
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(2) Cleco fastener pliers. Cleco fastener
pliers as shown in[figure 3-8lare used to insert the cleco
fastener. One pair of pliers will fit all six sizes of
fasteners.

Figure 3-8. Cleco Fastener Pliers

(3) Clamp pliers. Clamp pliers shown in
[figure 3-9]are used to hold sheets of metal together.
Clamp pliers can be used to bend sheet metal, lock
templates to blank sheets, and hold metal for welding.
The grip can be adjusted for different metal thickness by
turning the thumbscrew in the end of the handle.

d. Hand Shears. These shears can be used to
cut metal up to 20 gauge in thickness. They come in
various shapes and sizes. There are two basic types for
welding, to bend sheet metal of hand shears Straight
(or regular) for straight cutting, as shown in[figure 3-10]|
and the curved type for making small circular cuts The
better grade of hand shears have tapered blades with
inlaid



Figure 3-9. Clamp Pliers

steel cutting edges. The grips of the shears, often
called bows, are shaped to fit the hand and centered to
give a maximum amount of leverage for cutting.

Figure 3-10. Hand Shears .

e. Bench Shears. Bench shears are shown in
These shears are designed for cutting the
thicker metals (20 to 16 gauge). The lower shank fits
into a bench plate, while the upper shank can be raised
and lowered by hand to cut the metal.

Figure 3-11. Bench Shears
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f. Aviation Snips.[_Figure 3-172 shows an
example of aviation snips. These snips are specially

designed to cut heat-treated aluminum alloy and
stainless steel. They can also be used to enlarge small
holes. Their blades have small teeth on the cutting
edges and are designed for cutting very small circles
and irregular shapes. The handles are of the
compound-leverage type, which enables the snips to cut
material as thick as 0.051 inch. Two kinds of aviation
snips are available: those that cut from right to left, or
from left to right. When cutting, place the upper blade
of the snips on the line to be followed and keep it
perpendicular to the surface of the metal. The waste
metal should curl up along the upper edge of the lower
blade. Take the following precautions when using
aviation snips.

CAUTION
Never use snips as pliers or wire cutters.
Never use snips to cut materials thicker than
0.051 inch because such misuse can spring
their blades and make them useless.

Figure 3-12. Aviation Snips

g.  Straight Snips. Shown in figure 3-13| these
ships are made to be used by both right-handed and
left-handed persons. They are used to cut sheet stock
along straight lines or along circles of large diameters.

Figure 3-13. Straight Snips



h.  Circle Snips. Shown in_figure 3-14, these
snips have curved blades and are designed for cutting

small inside and outside circles and scrolls. Before the
circle snips can be used to cut an opening in the sheet
of metal to allow a circle to be cut, a starting hole must
first be drilled inside the outline of the desired circle.

Figure 3-14. Circle Snips

i. Countersinks. Countersinks are used to
enlarge a portion of a drilled hole to a predetermined
angle. shows the two varieties of
countersinks: standard and stop-countersinks. With
the standard countersink, the user determines the depth
of the hole. The stop-countersink can only go as far as
a preset depth.

CUTTER SHAFT

100 DEGREES

\
STANDARD
COUNTERSINK

]

STOP COUNTERSINK

CUTTER
PILOT
BODY
\
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J- Punches, Punches are hamed according to
their shape and are designed for various purposes.

(1) Prick punch. A prick punch shown in

[figure 3-16is used to place reference marks on metal.
They are also often used to transfer dimensions from a
paper pattern directly onto the metal. The following
precautlons should be taken when using a pnck punch:

Never strike a prick punch a heavy blow with the

hammer because it could bend the punch or cause

excessive damage to the material being worked.

Do not use a prick punch to remove objects from

holes because the point of the punch will spread the

object and cause it to bind even more..

(2) Center punch. A center punch shown
in is used to make large indentations in
metal of the kind needed to start a twist drill. This punch
has a heavier body than the prick punch and its point is
ground to an angle of about 60 degrees. The following
precautions should be taken when using a center punch:

LOCKNUT
-I

CHIP
OPENING

FIBER COLLAR

Figure 3-15. Countersinks
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Figure 3-16. Prick Punch

=

Figure 3-17. Center Punch

CAUTION

Never strike the center punch with enough
force to dimple the material around the in-
dentation or cause the metal to protrude
through the other side of the sheet.

Like the prick punch and for the same reason,
a center punch must never be used to remove
objects from holes.

(3) Automatic center punch. The automatic
center punch shown i is used only to indent
metal to make starting points for twist drills. It contains an
inside mechanism that automatically strikes a blow of the
required force when the user places the punch exactly
where he wants it and pushes it by pressing on it with his
hand. This punch has an adjustable cap for regulating the
stroke; the point can be removed for regrading or re-
placement. Never strike an automatic center punch with
a hammer.

(4) Drive punch. The drive punch shown in[figh
is often called a taper punch. It is used to drive
out damaged rivets, pins, and bolts, which sometimes
bind in holes. Therefore, the drive punch is made with a
flat face instead of a point. The size of the punch is
determined by the width of the face, usually one-eighth
to onequarter inch.

TM 1-1500-204-23-10
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Figure 3-18. Automatic Center Punch

/

Figure 3-19. Drive Punch

(5) Pin punch. A pin punch shown ir figure 3-20]
is also often called a drift punch. It is similar to a drive
punch and is used for the same purpose. The difference
between the two is that the shank of a drive punch is
tapered all the way to the face, while the pin punch has
a straight shank. Pin punch points are sized in thirty-sec-
onds of an inch and range from one-sixteenth to three-
eights inch in diameter. The usual method for driving out
a pin or bolt is to start working it out with a drive, punch,
which is used until the shank of the punch is touching the
sides of the hole. A pin punch is then used to drive the pin
or bolt the rest of the way out of the hole. Pins and bolts
or rivets that are hard to dislodge may be started by
placing a thin piece of scrap copper, brass, or aluminum
directly against the pin and then striking it with a heavy
hammer until it begins to move.

Figure 3-20. Pin Punch
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6) Transfer punch. The transfer punch shown
inis used to transfer the holes through the
template or patterns to the material. This punch is usually
about 4 inches long. Its point is tapered at the back and
then turns straight for a short distance to fit the drill-locat-

ing hole in a template. The tip ends in a point like that of
a prick punch.

Figure 3-21. Transfer Punch

k. Forming Blocks. Forming blocks are used to hold
and support metal when forming. These are mostly made
of wood, but sometimes metal. Sandbags can also be
used.

1) V-blocks. A typical V-block is shown in|fig

They are widely used in airframe metalwork for
shrinking and stretching metal, especially angles and
flanges. The size of the block depends on the work to be

done and on the repairman’ s judgment or personal pref-

erence. Maple and ash are recommended for the best
results when working with aluminum alloys, but any other
hardwood is suitable. Aluminum and phenolic may also
be used to make V-blocks.

Figure 3-22. V-Block

(2) Forming blocks. Hardwood forming blocks
can be constructed to duplicate almost any part of an
aircraft, whether structural or nonstructural. The wooden
block or form shown in ffigure 3-23 |s shaped to match the
exact dimensions and contour of the original part to be
formed. When making these blocks, the rough work is
done with ordinary woodcutting saws, chisels, gouges,
files, and rasps, and the final smoothing is done with
sandpaper. Because the form must be accurate, several
templates must be prepared to allow the form to be tested

3-8 Change 1

for accuracy at frequent intervals. If the forms are to be
used over time, several coats of shellac should be ap-
plied to the blocks to keep them from checking, cracking,
or shrinking.

DESIRED CURVE

Figure 3-23. Forming Blocks

(3) Sandbags. A sandbag, as shown in
can be used to provide support during the bumping
process.

Figure 3-24. Sandbag

|. Dolly Blocks and Stakes. Sheet metal is often
formed or finished (planished) over variously shaped an-
vils 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 as shown in figure 3-25

m. Types of Stakes. Stakes are special kinds of
dolly blocks. They have various finished shapes and are
used with a bench plate in different metal-forming and




supporting operations The following types of stakes are
used by the airframe repairman, se

(1) Square stakes. Three varieties of
square stakes are used for general sheet metal-forming
work common, bevel-edge, and coppersmith. The
common square stake is squared off on all ends. The
bevel-edge stake is offset to allow more varied
applications The coppersmith stake has three square

sides and one rounded side These are ten most
commonly used stakes in aircraft structural repair shops

Figure 3-25. Bench Plates

i CREASING STAKE

BREAK HORN STAKE WITH HORN
@ m APRON

COPPERSMITH SQUARE STAKE BLOWHORN STAKE

i T

COMMON HATCHET STAK
SQUARE STAKE S 5
BOTTOM STAKE BEVEL EDGE
SQUARE STAKE
CANDLE MOLD STAKE CONDUCTOR STAKE
e ORERSTY RAS RA m

= SHANK b

NEEDLECASE STAKE SOLID MANDREL STAKE

= T

HOLLOW (AANDREL STAKE DOUBLE-SEAMING STAKE

Figure 3-26. Stakes
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(2) Double-seaming stakes. There are
two vanities of this type simple and four-head stakes.

(@) Simple. The simple double-
seaming stake is used as a support when laying down
double seams on small cylindrical objects. This stake
has two horns with elongated heads.

(b) Four-head. The four-head,
double-seaming stake is suitable for all kinds of riveting
and for double-seaming large objects. It has two shanks
and four interchangeable heads, allowing it to be used in
several different positions and conditions.

(3) Roundhead stake. This stake has a
curved head that makes it suitable for forming objects of
curved and irregular shape. However, this stake is not
used extensively.

(4) Bottom stake. This stake is used in
dressing down an object with a burred or flange circular
bottom. This stake has a flared end.

(5) Needle case stake. This stake has a
round, tapered horn on which small rings and tubular
objects can be formed and a heavier rectangular horn
on which square work can be formed.

(6) Conductor stake. This stake is used
for forming, seaming and riveting pipes and elbows,
especially those with small diameters. It has two
cylindrical horns of different diameters.

(7) Candle mold stake. This stake has a
horn of rather large diameter on one end for general-
purpose use and a long, tapered horn on the other end
for use in reshaping and tube forming.

(8) Hatchet stake. This stake is used for
making straight bends, for folding and bending edges,
and for flanging and dovetailing. This stake has a
beveled horizontal bar

(9) Creasing stake. This stake has a
tapered horn on one end for shaping conical objects and
a creased mandrel on the other end that permits
bending, wiring, and turning.

(10) Beakhorn stake. This stake has a
round, tapered horn on one end and a square, tapered
horn on the other, which makes it suitable for general
sheet metal work and shaping, and for riveting round
and square objects.



(11) Blowhorn stake. This stake has a
tapered end, called an apron, used for shaping objects
that taper abruptly, such as funnels. The other end of
the stake is round and has a long, narrow taper for
forming slightly tapered objects. This taper can also be
used to form metal or wire into rings with small
diameters.

(12) Solid mandrel stake This stake is
generally used for riveting, forming and seaming square
or rectangular objects. These stakes are available in
30-, 34 1/2-, and 40-inch lengths. Each stake has a
double shank on one end.

(13) Hollow mandrel stake. This stake has
a square section at one end and a rounded mandrel on
the other, which makes it suitable for leveling, forming,
and seaming. It also has a large bolt inside a slot on the
lower side that allows the stake to slide and enables it to
be fastened securely on the bench in any desired
position. The hollow mandrel stake comes in overall
lengths varying from 40 to 60 inches.

b. Care. Most stakes have machined,
polished, and hardened surfaces. Stakes should not be
used to back up material when using a chisel or any
similar cutting tool because this will mar their surfaces
and make them useless for finishing work

3-5. Powered Metal Cutting Machines. As with all
other phases of manufacturing, powered tools have
been developed to increase productivity and ease in the
sheet metal shop. Several of the more common
powered metal-cutting tools are discussed here

a. Safety. Many dangers are present during
use of these tools in applications such as drilling or
grinding where flying metal particles are generated,
always wear safety glasses or goggles. When work is
located in the vicinity of flammable materials, and such
tools are available, use pneumatic tools instead of
electric, to reduce the possibly of a fire started by a
spark. If pneumatic tools are not available, every effort
should be made to relocate the work to a safe area

b. Ketts Saw. Figure 3-2T shows the

electrically operated, portable, circular-cutting Ketts saw.

(1) Operation. The Ketts saw uses
blades of vanous diameters. The head of this saw can
be turned to any desired angle, and is very handy for
removing damaged sections on a stringer. Advantages
of a Ketts saw are:

TM 1-1500-204-23-10

The ability to cut metal up to 3/16 in. thick

Figure 3-27. Ketts Saw

No starting hole is required
A cut can be started anywhere on a sheet of metal
The capability of cutting an inside or outside radius.

NOTE
To prevent grabbing, keep a firm grip on the
saw handle at all times

(2) Maintenance. Before installing a
blade, it should be checked carefully for cracks. A
cracked blade can fly apart and perhaps result in serious
injury.

C. Reciprocating Sawl. _Figure 3-28 shows a
portable, air-powered reciprocating saw.

Figure 3-28. Reciprocating Saw

3-10



CAUTION
Avoid applying too much downward
pressure on the saw handle because the
blade may break

(1) Operation. The reciprocating saw has
a gun-type shape for balancing and ease of handling
and operates most effectively at an air pressure of from
85 to 100 psi. The reciprocating saw uses a standard
hacksaw blade and can cut a 360-degree circle or a
square or rectangular hole. This saw is easy to handle
and safe to use. A reciprocating saw should be used in
such a way that at least two teeth of the saw blade are
cutting at all times.

(2) Maintenance. Maintenance of the
reciprocating saw primarily consists of changing the
blade. Refer to the applicable technical manual for
inspection, servicing, and maintenance procedures.

d. Band Saw. A band saw, as shown in
is used in repair and replacement of aircraft
fittings which are made from plates too heavy to be
stamped out or cut by shears. It is also used to
advantage when a number of similar parts are to be cut
from sheet stock. Blade type and tooth spacing vary
with the type of material to be cut. Refer to the
applicable maintenance manual for proper blade type

(1) Operation. For most types of work,
high blade speeds are desirable with a speed range
from 1,500 to 5,000 feet per minute. The band saw
blades must be well supported by side rollers and back
support both immediately below the saw table and about
2 or 3 inches above the work. The top blade supports
are placed slightly in advance of those below the tables
and the blade should be allowed to vibrate freely to
eliminate excessive saw breakage. As a general rule, a
noisy band saw is cutting more efficiently than the saw
that cuts quietly. Quiet smooth cutting band saws
usually  produce  smooth burnished  surfaces
accompanied by excessive heat and consequently
decreased blade life.

(2) Maintenance . Refer to the applicable
maintenance manual for maintenance on the type band
saw being used.

e. Drills and Drill Presses. 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. However,
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Figure 3-29. Contour Band Saw.

there will be times when a drill press may prove to be
the better machine for the job

(1) Portable drills. Portable power drills
are powered by electricity or air. Pneumatic drills are
recommended for use on projects around flammable
materials where sparks from an electric drill might
become a fire hazard.[ Figure 3-30 shows various types

and configurations of portable drills.

(&) Operation.
procedures are as follows:

General operating

WARNING
Always wear safety goggles when
drilling Failure to comply may result in
serious bodily injury

1 The drill bit should be
inserted in the chuck and tested for trueness or
vibration. This may be visibly checked by running the
motor freely. A drill bit that wobbles or is slightly bent
should not be used since such a condition will cause
enlarged holes.



2 When using the portable
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.

3 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
elongation of the hole.

4 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, countersink, or a twist
drill larger than the hole. If a drill or countersink is used,
it should be rotated by hand.

STRAIGHT ELECTRIC

OIS, (
‘ N\
° ° \
RIGHT-ANGLE ELECTRIC o T
, f ‘
{
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1
RIGHT-ANGLE AIR
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Figure 3-30. Portable Power Drills
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(b)  Maintenance. Procedures  for
inspection, servicing, and maintenance of portable,
powered hand drills are contained in their appropriate
technical manuals.

(2) Dnll 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. The most common type is the

upright drill press shown in[figure 3-311

(&) Operation. The following
are general procedures for operation of the drill press

1 When using a drill press,
the height of the drill press table is adjusted to
accommodate the height of the part to be drilled.

Dress Press

Figure 3-31.



2 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.

Parts not properly clamped may bind on the
drill and start spinning, causing the loss of
fingers or hands or serious cuts on the opera-
tor' s arms or body. Always make sure the part
to be drilled is properly clamped to the drill
press table before starting the drilling opera-
tion.

3 The part is then clamped to the drill
press table to prevent it from slipping during the drilling
operation.

| CAUTIONI

Be careful never to use the sleeve-clamping
vise to remove a drill since this may cause the
sleeve to warp.

4 Once the part is securely clamped, the
drilling operation can commence.

(b) Maintenance. 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.

f. Grinding and Sanding Machines There are two
basic types of grinders:: bench type and a pedestal type.

These grinders consist of an electric motor with a grind-
ing wheel attached to each end of the motor shaft. One
wheel is coarse, for rough work; the other is fine and is

used for sharpening purposes. A typical bench grinder is
shown inffigure 3-32

(1) Operation.  The grinder can be used to
dress mushroomed heads on chisels, and points on chis-
els, screwdrivers, and drills. It can be used for removing
excess metal from work and smoothing metal surfaces.

TM 1-1500-204-23-10

A

Figure 3-32. Bench Grinder

Always wear safety goggles when using
grinder. Failure to comply may result in seri-
ous bodily injury.

Ensure that the abrasive wheels are firmly
attached to the spindles by the flange nuts. If
a wheel should loosen or detach, serious
bodily injury could result.

Ensure that tool rests are firmly in place. A
loose tool rest could cause the tool or piece of
work to be grabbed by the wheel and cause
the operator’ s hand to contact the wheel. Se-
rious bodily injury may result.

(@) Use of abrasive wheels. The bench
grinder is generally equipped with one mediumgrain 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 unimportant. The fine-grain wheel is usually used
for sharpening tools and grinding to close limits because
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.
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(b) Use of othertypes of wheels. The grind-
ing wheels are removable, and the grinders are usually
designed so that wire brushes, polishing wheels, or buff-
ing wheels can be substituted for the abrasive wheels.

(c) Use of side of wheel. 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 cut-
ting efficiency is reduced because of a decrease in sur-
face speed. When a wheel becomes worn in this manner,
it should be discarded and a new one installed.

(d) Use of water.  Some grinders are
equipped with water pumps which pump a steady stream
of water over the work. When grinder is not equipped with
a water pump, the work should be immersed in water
often enough to prevent overheating. Under no condition
shall the wheel, when used in wet grinding, stand partially
immersed in water. This will cause the water-soaked por-
tion of the wheel to become heavy and the wheel to
become thrown out of balance.

(e) Grinding soft materials. Do not grind
soft materials such as aluminum or brass as these mate-
rials will clog the pores of the grinding wheel and stop its
cutting action. A clogged or glazed wheel should be
dressed to obtain proper cutting action.

(2) Maintenance.  General maintenance of
grinders consists of wheel installation, dressing, and in-
spection before use.

(a) Installation. Installation of a grinding
wheel on a grinder is as follows:

NOTE

Do not use a metallic object for testing sound-
ness of a grinding wheel.

1 Test wheel for soundness before
installation by holding wheel and tapping it with a piece
of wood. A sound wheel will emit a dull ring.

2 Place blotting between wheel and
wheel flanges. Wheel flanges should be of ample size.

3 Place wheel on arbor and tighten
spindle nut so flanges hold wheel securely.
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NOTE

Do not over-tighten spindle nut as cracking of
grinding wheel may result.

4 Test grinding wheel for breakage, after
installing, by permitting grinder to run for a few minutes.

(b) Dressing.  Grinding wheels shall be
dressed as follows in order for them to run true:

1 Place wheel dresser against wheel
and move back and forth while grinder is running until
wheel is trued.

2 When using wheel dresser, hold dress-
er against grinding wheel firmly enough to prevent
sparks.

(c) Inspection before use. 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.

3-6. Metal Forming Machines.  Forming machines
can be either hand-operated or power-driven. Small ma-
chines are usually hand-operated, whereas the larger
ones are power-driven. Straight-line machines include
such equipment as the bar folding machine and the cor-
nice brake. Rotary machines include the slip roll former.
The slip roll former can also be power-driven.

The bar folder shown in
figure 3-33lis de5|gned 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
gauge in thickness and 42 inches in length.

(1) Operation.  General procedures for using
the bar folding machine are as follows:

(@) Before using the bar folder, the follow-
ing adjustments must be made for thickness of material,
width of fold, sharpness of fold, and angle of fold.

1 The adjustment for thickness of materi-
al 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 operat-
ing handle until the small roller rests on the cam.
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Figure 3-33. Bar Folding Machine

2 To adjust the width, 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.

3 To adjust sharpness and angle, there
are two positive stops on the folder, one for 45-degree
folds or bends and another for 90-degree folds or bends.
An additional collar is provided and can be adjusted to
| any degree of bend within the capacity of the machine.
For forming angles of 45 degrees or 90 degrees, the
correct stop is moved into place. This will allow the han-
dle to be moved forward to the correct angle. For forming
other angles, the adjustable collar shown in detail A of
s used. This is accomplished by loosening
the setscrew and setting the stop at the desired angle.
After setting the stop, tighten the setscrew and complete
the bend.

TM 1-1500-204-23-10

(b) To make the fold, adjust the machine
correctly and then insert the metal. The metal goes be-
tween the folding blade and the jaw. Hold the metal firmly
against the gauge and pull the operating handle toward
the body. As the handle is brought forward, the jaw auto-
matically raises and holds the metal until the desired fold
is made. When the handle is returned to its original posi-
tion, the jaw and blade will return to their original posi-
tions and release the metal.

(2) Maintenance. Refer to the applicable main-
tenance manual for inspection, servicing, and mainte-
nance procedures.

b. Cornice Brake. The cornice brake shown in fig-]
[ure 3-34 has a much greater range of usefulness than the
bar folder Any bend formed on a bar folder can be made
on the cornice brake. The bar folder can form a bend or
edge only as wide as the depth of the jaws. In compari-
son, the cornice brake allows the sheetthat is to be folded
or formed to pass through the jaws from front to rear
without obstruction.

(1) Operation. In making ordinary bends with
the cornice brake, the sheet is placed on the bed with the
sight line (mark indicating line of bend) directly under the
edge of the clamping bar. The clamping bar is then
brought down to hold the sheet firmly in place. The stop
at the right side of the brake is set for the proper angle or
amount of bend, and the bending leaf is raised until it
strikes the stop. If other bends are to be made, the clamp-
ing bar is lifted and the sheet is moved to the correct
position for bending.

(&) Capacity The bending capacity of a
cornice brake is determined by the manufacturer. Stan-
dard capacities of this machine are from 12- to 22-gauge
sheet metal, and bending lengths are from 3 to 12 feet.
The bending capacity of the brake is determined by the
bending edge thickness of the various bending leaf bars.

(b) Springback. Most metals have a ten-
dency to return to their normal shape - a characteristic
known as springback. If the cornice brake is set for a
90-degree bend, the metal bent will probably form an
angle of about 87 degrees to 88 degrees. Therefore, if a
bend of 90 degrees is desired, set the cornice brake to
bend an angle of about 93 degrees to allow for spring-
back.
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Figure 3-34. Cornice Brake
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(2) Maintenance. Refer to the applicable main-
tenance manual for inspection, servicing, and mainte-
nance procedures.

fl __c. Slip Roll Former. The slip roll former shown in
operated and consists of three
rolls, two housings, a base, and a handle. The handle
turns the two front rolls through a system of gears en-
closed in the housing.

Figure 3-35. Slip Roll Farmer

(1) Operation. The front rolls serve as feeding
or gripping rolls. The rear roll gives the proper curvature
to the work. The front rolls are adjusted by two front
adjusting screws on each end of the machine. The rear
roll is adjusted by two screws at the rear of each housing.
The front and rear rolls are grooved to permit forming of
objects with wired edges. The upper roll is equipped with
a release which permits easy removal of the metal after
it has been formed.

(@) Adjustment.  When using the slip roll
former, the lower front roll must be raised or lowered so
that the sheet of metal can be inserted. If the object has
a folded edge, there must be enough clearance between
the rolls to prevent flattening the fold. The rear roll must
be adjusted to give the proper curvature to the part being
formed. There are no gauges that indicate settings for a
specific diameter; therefore, trial-and-error settings must
be used to obtain the desired curvature.

(b) Inserting metal. The metal should be
inserted between the rolls from the front of the machine.
Start the metal between the rolls by rotating the operating
handle in a clockwise direction.

(c) Starting edge. A starting edge is
formed by holding the operating handle firmly with the
right hand and raising the metal with the left hand. The
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bend of the starting edge is determined by the diameter
of the part being formed. If the edge of the part is to be
flat or nearly flat, a starting edge should not be formed.

(d) Forming. Be sure that fingers or loose
clothing are clear of the rolls before the actual forming
operation is started. Rotate the operating handle until the
metal is partly through the rolls and change the left hand
from the front edge of the sheet to the upper edge of the
sheet. Then roll the remainder of the sheet through the
machine.

(2) Maintenance. If a material requiring special
handling, such as Alclad aluminum, is to be formed, en-
sure that the rollers are kept clean in order to prevent
scratching. Specific information on servicing, inspection,
and maintenance of the slip roll former can be found in
the applicable technical manual.

d. Shrinking and Stretching Machine. The shrinking
and stretching machine shown i_fiure 3-36is used to
form angles and channels and to smooth curves in mate-
rials used in aircraft structural repair.

Figure 3-36. Shrinking and Stretching Machine
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(1) Operation. This machine is equipped with
two sets of jaw assemblies (one for shrinking and one for
stretching). By replacing the jaw assemblies, the ma-
chine can be used to form either concave angles (shrink-
ing) or convex angles (stretching). It has a ram that is
actuated by the pendulum motion of the foot pedal and
cam mechanism inside the frame. No adjustment need
be made for thickness because the pendulum movement

3-18

of the counterbalanced foot pedal compensates for all
the different thicknesses of materials that are within the
machine’ s capacity.

(2) Maintenance. Refer to the applicable main-
tenance manual for inspection, servicing, and mainte-
nance procedures for the shrinking and stretching ma-
chine.



TM 1-1500-204-23-10

CHAPTER 4

AIRCRAFT STRUCTURES

4-1. General. An aircraft is constructed of many parts
that are either riveted, bolted, screwed, bonded, or
welded together. Because these parts make up the
structure of the aircraft, they are called structural
members. The combined units are called the aircraft
structure or airframe. This chapter will identify the
components that make up the airframes of both fixed
and rotary wing aircraft.

4-2. Fuselage. The basic type of fuselage
construction now in use in Army helicopters and
airplanes is the monocoque. This type of construction
shown in[figure 4-1]is like a shell in which the skin
carnes the major stresses and functions as part of the
airframe. In the full monocoque construction shown, the
formers and bulkhead merely provide the shape, the
skin carries the primary stress. This type of construction
is rarely used because of its limited load-carrying
capability. Therefore, two modifications of this
construction were developed semi-monocoque and
reinforced shell construction. The semi-monocoque
type has formers, with the skin reinforced by stringers as
shown in [figure 4-2.|[ Figure 4-3| shows the reinforced
shell construction, where the skin is reinforced by a
complete framework.

FORMER

BULKHEAD

Figure 4-1. Monocoque Construction

a. Helicopters. The fuselage of a helicopter has
two or more main sections, the cabin, tall cone,
fuselage, and pylon, as shown infigures 4-4] and 4-5.
The cabin section contains the passenger or cargo
compartments, with space for the crew, passengers,
cargo, fuel, oll

4-1

FORMER

STRINGER

Figure 4-2. Semi-Monocoque Construction

Figure 4-3. Reinforced Shell Construction

tanks, controls, and power plant. The exception is multi-
engined helicopters, where the power plant is mounted
internally or externally in separate engine nacelles. The
tall cone is attached to the cabin in such a manner that it
can be removed, inspected, repaired, or replaced as
necessary. The tall cone supports the tall rotor, tall rotor
drive shafts and the stabilizer. The aft fuselage
supports the aft pylon.
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Figure 4-4. Airframe Sections

b. Airplanes. The fuselage is the main structural
unit of any airplane. Ad_figure 4-6] shows, the other
structural units are directly or indirectly attached to it.
On most multi-engine airplanes, the powerplants are
housed in nacelles which are either built into the wings
or suspended in pods from the wings or fuselage. The
basic internal structure of an airplane fuselage is the
same as for helicopters.

c. Construction Materials.
use for fuselage construction is aluminum alloy,
principally one or the other of the two alloys
commercially known as 2017-T and 2024-T. These are
about three times lighter than steel and after being heat-
treated have a strength approximately equal to that of
mild steel. Skin sheet metal is usually Alclad aluminum
(refer to [paragraph 5-7¢ for a description of Alclad)
Extrusions are generally of 2024-T, however, 2014-T is
being used for extrusions with web thickness greater
than 1/8 inch.

The metal in general

4-2

4-3. Engine Mounts. Engine mounts are designed to
meet particular conditions of installations, such as
location on aircraft, methods of attachment, and size,
type, and characteristics of the engine they are intended
to support Atypical engine mount is shown i
Although they vary widely in their appearance and in
arrangement of their members, the basic features of
their construction are similar.

a. Piston-Engine Mounts. A primary consideration
in design of engine mounts is to render the engine and
its equipment accessible for maintenance and
inspection. A framework construction of welded
chrome-molybdenum steel tubing is well adapted to this
purpose and is used extensively. Forgings of chrome-
nickel molybdenum are used for the more highly
stressed fittings, these being accurately machined at
points of rigid connection to the engine or other
structures.
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Figure 4-5. Airframe Sections
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Figure 4-6. Airplane Structure Parts

b. Turbine-Engine Mount. Some important
features of turbine-engine mounts are as follows:

- They operate in a high temperature environment.
They are subjected to high vibration inertial loads.
They are susceptible to fatigue failure from their
loading environment.

Corrosion properties must be of the highest quality
to prevent stress corrosion failures.

Improper torque of fittings and fasteners, coupled
with flight load, can cause fastener failure This is
critical to safety of flight.

c. Maintenance. Cracked, bent, or broken
members of these structures constitute a highly
dangerous condition and without exception must be
replaced or repaired by activities authorized to do such
work before

Figure 4-7. Engine Mount
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the aircraft is permitted to be flown in general, cracks
are most likely to occur at the welded joints, and small
cracks particularly may be difficult to see through the
protective coating. This is especially so if the structure
is not kept thoroughly clean, and special care must be
exercised in making inspections at these points.
Mounting clamps and bolts, if not properly tightened, will
allow movement of the mount with consequent rapid
wear of the bolts, elongation of bolt holes, and a
resultant serious vibration Protective coatings, if
damaged, should be retouched promptly to prevent
corrosion of exposed steel surfaces. (Refer to TM 55-
1500-345-23).

4-4. Nacelles. Nacelles are enclosed, streamlined
structures that primarily house the engines on
multiengined aircraft. They are used on helicopters and
airplanes as required by the engine configuration. On
airplanes, they may even house the landing gear and
some cargo. shows, the structure is

essentially the same as for a fuselage.

STRINGERS

BULKHEAD
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4-5. Wings. The wings of an airplane are airfoils
designed to provide lift at operating speeds of the
aircraft. Design and construction of the wings depend
on the size, weight, intended use, operating speeds, and
rate of climb of the airplane. Military aircraft today have
wings of cantilever construction, meaning they have no
external bracing.

a. Types of Design. In general, wing construction
is based on one of three fundamental designs
monospar, multispar, and box beam.

(1) Monospar. The monospar wing shown in
[figure 4-9]uses only one main longitudinal member in its
construction. Ribs or bulkheads provide the necessary
contour or shape to the airfoil. Wings of the strict
monospar type of construction are not in common use.
However, this type of wing design is often used when
modified by adding false spars or light shear webs along
the trailing edge as support for the control surfaces.

LONGERON

Figure 4-8. Nacelle Structure
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Figure 4-9. Monospar Wing Construction

(2) Multispar. The multispar wing shown in
[figure 4-10] uses more than one main longitudinal
member in its construction. Ribs or bulkheads are
included to give contour to the wing. This type of
construction is used in lighter aircraft.

(3) Box beam. The box beam construction

shown in [figure 4-11| uses two main longitudinal
members with connecting bulkheads to provide

additional strength and give contour to the wing. A
corrugated sheet may be placed between the bulkheads
and the smooth outer skin to enable the wing to carry
tension and compression loads better. In some cases,
heavy longitudinal stiffeners are substituted for the
corrugated sheets or a combination of corrugated sheets
on the upper surface of the wing and stiffeners on the
lower surface is used.

b. Internal Construction. The main structural
components of a wing are the spars, the ribs, and the
stringers. These parts are shown ir| figure 4-12

(1) Spars. Spars are the principal structural
members of the wing. They run parallel to the lateral
axis or toward the wing tip, and are usually attached to
the fuselage by wing fittings, plain beams, or by part of a
truss system. The I-beam type of spar construction.

4-6

consists of a web and capstrips, as shown in figure 4-13]
The web is the portion of the I-beam that is between the
capstrips. Capstrips are extrusions, formed angles, or
milled sections to which the web is attached. They carry
the loads caused by the wing bending and also provide
a foundation for attaching the skin.

(2) Ribs These are the crosspieces that make
up the framework of a wing. They run from the leading
edge of the wing towards its trailing edge (front to rear).
The ribs give the wing its contour or shape and transfer
the load from the skin to the spars. Ribs are also used
in ailerons, elevators, fins, and stabilizers. There are
three general types of rib construction: reinforced, truss,
and formed, as shown in[figure 4-14.] The reinforced
and truss ribs are both relatively heavy compared to the
formed rib and are located only at points where the
greatest stresses are imposed. The construction of
reinforced ribs is similar to that of spars and consists of
upper and lower capstrips joined together by a web
plate. The web is reinforced between the capstrips by
vertical and diagonal angles. Reinforced ribs are much
more widely used than truss ribs. The latter consist of
capstrips reinforced only by vertical and diagonal cross
members. Formed ribs are made of formed sheet metal
and are very light in weight. The bent-up portion of a
formed rib is known as the flange; the vertical portion is
called the web. The web is
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Figure 4-10. Multispar Wing Construction

Figure 4-11. Box Beam Wing Construction
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Figure 4-12. Wing Internal Construction
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Figure 4-13. Spar Construction Figure 4-14. Rib Construction
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generally constructed with lightening hoses as shown in

with beads formed between the holes. The
lightening holes lessen the weight of the rib without
decreasing its strength. The lightening hole areas are
made rigid by flanging the edges of the holes. The
beads stiffen the web portion of the rib.

(3) Stringers.  See paragraph 4-84 for

information on stringers

4-6. Empennage. The tall section of an aircraft is
called the empennage it includes the aft end of the
fuselage or booms, the rudders, stabilizers, elevators,
and trim tabs. Generally speaking, the empennage
structures are the same as for wings. The empennage
is usually of all-metal construction and cantilever
design. Monospar and multispar construction are both
commonly used. Ribs give
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shape to the cross section_Figure 4-15 shows a typical
Figure 4-16

empennage assembly and its omponents.
shows a typical helicopter stabilizer installation.

4-7. Flight Control Surfaces. Flight control surfaces
are hinged or movable airfoils designed to change the
attitude of the aircraft during flight. They consist of
ailerons, elevators, rudders, trim tabs, and flaps. Figure
4-17 shows these surfaces installed on the aircraft.
These surfaces are similar in structure to wings.

4-8. Structural Members. Specific structural members
consist of bulkheads, frames, formers, stringers, and

longerons.

{f
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Figure 4-15. Empennage Assembly
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a. Bulkheads, Frames, and Formers.
Bulkheads, frames, and formers serve a dual purpose.
They give cross-sectional shape to the fuselage, and
they add rigidity and strength to the structure. The
shape and size of these structures vary depending on
their function and location.

(1) Formers. Formers are the lightest of
these units. They are used primarily for support
between larger members and for skin attachment. An
example is shown in|figure 4-18

(2) Frames. Frame assemblies are the most
numerous and important members in the fuselage.
They provide the major cross-sectional structure as
shown in| figure 4-18| and outline structural features
such as doors and windows.

Figure 4-16. Helicopter Stabilizer

AILERON RIB
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SPEED BRAKE
FLAP
AILERON

Figure 4-17. Flight Control Surfaces
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Figure 4-18. Former and Frame Installation
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(3) Bulkheads. When frame assemblies are
used to separate one section from another, they are
called bulkheads. Their construction is heavier than that
of formers, and they are sometimes equipped with doors
or other means of access.[ Figure 4-19 shows typical

bulkhead installations.

b. Stringers and Longerons. Stringers and
longerons are the main lengthwise members of the

structure.| Figure 4-20 [shows these members installed.

(1) Stringers. Stringers are smaller, lighter,
and weaker than longerons. They have some rigidity,
but are mainly used to shape the structure and attach
the skin Stringers usually have a cross-section in the

shape of a J or a Z, as shown in_figure 4-21} but other

shapes may be used.

(2) Longerons. Longerons are fairly heavy

Several longerons usually run the full length of the
structure. They hold the bulkheads and formers which,
in turn, hold the stringers Longerons usually take the
form of a T extrusion or a formed hat section, as shown
inlfigure 4-22

BULKHEADS

Figure 4-19. Bulkhead Installation
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LONGERONS
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Figure 4-20. Longeron and Stringer Installation
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Figure 4-21. Typical Stringer Cross-Sections Figure 4-22. Longeron and Hat Sections
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CHAPTER 5

STRUCTURAL METALS

5-1. General. Metals are divided into two classes,
ferrous and nonferrous. Ferrous metals are those in the
iron class and magnetic in nature. These metals are of
iron, steel, and the alloys related to them. Nonferrous
metals are metals that contain little or no ferrous metals
and include aluminum, copper, magnesium, and
titanium. This chapter describes the characteristics of
these metals and their alloys, with particular reference to
their use in aircraft structures.

5-2. Properties of Metals. Following are the proper
ties of metals that are relevant to their use in aircraft
structures.

a. Tensile Strength . Tensile strength is the ability
of the metal to resist being pulled apart. It is expressed
as the number of pounds of force required to pull apart a
bar of the metal one inch wide and one inch thick.

b. Shear Strength. Shear strength is the ability of
a metal to resist being fractured by opposing forces in a
straight line, but not in the same plane.

c. Compressive Strength. Compressive strength is
the ability of a metal to withstand pressures acting on
the same plane.

d. Elasticity. Elasticity is the ability of a metal to
return to its original size, shape, and dimensions after
being formed.

e. Linear Expansion. Linear expansion is the
increase in the length of a body with a rise in
temperature.

f. Ductility. Ductility is the ability of a metal to be
drawn or stretched permanently without rupture or
fracture. Lack of ductility is brittleness.

g. Malleability. Malleability is the ability of a metal
to be deformed or compressed permanently without
rupture or fracture.

h. Toughness. Toughness is the ability of a metal
to resist the start of permanent distortion, and the ability
to resist shock or absorb energy.

5-1

i. Hardness. Hardness is the ability of a metal
to resist penetration and wear by another material.

j- Machinability. = Machinability is the ease or
difficulty with which a metal can be machined.

k. Corrosion Resistance. Corrosion resistance is
the resistance to eating away or wearing by the
atmosphere, moisture, or other agents.

|. Abrasion Resistance. Abrasion resistance is the
resistance to wearing by friction.

m. Conductivity. Conductivity is the ability of a
metal to conduct or transfer heat or electricity.

n. Specific Gravity. Specific gravity is the ratio of
weights between two objects of equal volume, one of
which is always water.

5-3. Stress and Strain Forces. When an aircraft is
designed, every portion of it is considered in relation to
the physical characteristics of the metal of which it is
made. Every part of the aircraft is planned to carry the
load to be imposed on it. Although the aircraft repairer
is not involved in this planning and design, it is
important that the repairer understand the stresses
involved in order to avoid changes in the original design
through improper repairs. The five major stresses to
which an aircraft is subjected are tension, compression,
torsion, shear, and bending.

a. Tension. Tension, shown im_figure 5-1l, 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 psi (pounds per square inch) and is
calculated by dividing the load (in pounds) required to
pull the material apart by its cross-sectional area (in
square inches).

b. Compression. Compression, shown in
E.] is the stress that resists a crushing force. The

compressive strength of a material is also measured in



Figure 5-1. Tension

Figure 5-2. Compression

psi. Compression is the stress that tends to shorten or
squeeze aircraft parts.

c. Torsion. Torsion, shown i _figure 5-3] is the
stress that produces twisting. While moving the aircraft
forward, the engine 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

Figure 5-3. Torsion

d. Shear. Shear, shown ip figure 5-4, 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 subject the rivets to a shearing force
Usually, the shear strength of a material is either equal
to or less than its tensile or compressive strength.
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Figure 5-4. Shear

Aircraft parts, especially screws, bolts, and rivets, are
often subject to a shearing force.

e. Bending. Bending stress is a combination of
compression and tension. The rod ir[_figure 5-5] has
been shortened (compressed) on the inside of the bend
and stretched on the outside of the bend.

5-4. Metals and Alloys. Iron, aluminum, copper,
magnesium, and titanium have proven to be very useful
metals. Alloys, however, increase their usefulness by
altering their physical characteristics, and producing
much more versatile and practical materials for aircraft
structures

a. Alloying. An alloy is a metallic mixture
composed of two or more elements of which at least one
is a metal However, a metal is not designated an "alloy"
based on elements used in its manufacture. For
example iron, carbon, manganese, silicon, phosphorous,
sulfur, oxygen, nitrogen, and hydrogen are used in the
manufacture of plain carbon steel. It does not become
an "alloy steel" until the elements are increased beyond
regular composition or until other elements are added in
significant amounts for a specific purpose.

b. Industrial Alloys. Steel, aluminum, and titanium
are the primary metals which are alloyed for use in
aircraft structures.

(1) Steel alloys. Carbon is used in varying
amounts up to 1.05 percent to produce carbon steels
which range from mild to very hard Silicon, manganese,
nickel, vanadium, tungsten, molybdenum, and
chromium are most commonly used to produce alloy
steels. Each element imparts special properties to the
alloy in which it is used, and they are used alone or in
certain combinations for alloys which have specific
qualities

(2) Aluminum alloys. Aluminum alloys are
made when aluminum is combined with copper,
manganese, and magnesium. These alloys are
lightweight
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TENSION OUTSIDE OF BEND

BENT STRUCTURAL MEMBER

COMPRESSION
INSIDE OF BEND

SHEAR ALONG
IMAGINARY LINE (DOTTED)

Figure 5-5. Bending

and strong, but require treatment to have the same
corrosion resistance as pure aluminum.

(3) Titanium alloy. Titanium alloy can contain
small amounts of aluminum and vanadium. It is light,
strong, and corrosion resistant.

c. Preparing Alloys. The most common way of
preparing alloys is by melting together the constituent
metals. If the melting point of the metals differs widely
or if one metal is relatively very reactive, it may be
convenient to first prepare a master alloy, portions of
which are then melted with the remaining metals.
Depending on the nature of the alloy, the melting
process may be carred out in gas-, coke-, or oilfired
furnaces. Electrical heating by resistance, induction, or
arc-melting methods is also used. A few alloys are
prepared directly by the process whereby the metals are
extracted from their ores. Thus, pig iron is prepared by
the reduction of iron ore in the blast furnace and steels
are prepared by further purifying the pig iron. Alloys
may also be prepared by mixing finely divided powders
of the constituent metals and compacting the mixture
under high pressure, followed by removing the
impurities.

5-5. Heat Treatment. Heat treatment is an operation
which involves the heating and cooling of the metal in
its solid state in order to obtain certain desirable
characteristics or properties.

a. Types. The general types of heat treatment are

annealing, hardening, tempering, and surface
hardening.
(1) Annealing. Annealing is a process

involving the heating of a metal above the critical
temperature and subsequent slow cooling. The purpose
of such heating may be to remove stresses, to induce
softness, to alter ductility, toughness, electrical,
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other

magnetic, or physical properties; to refine
crystalline structure, to remove gases, or to produce a
definite microstructure. Some specific treatments which
fall into this category are normalizing, tempering, and
malleablizing.

(2) Hardening. Alloys are hardened by
heating them above their critical temperature and
cooling them rapidly by plunging them into cold water,
iced brine, or other liquid. When the metal is at its
critical temperature, certain alloying elements are in fine
solution within its structure. As it is rapidly cooled, or
guenched, the elements are fixed in that fine solution,
and the metal is hardened if the alloy is allowed to cool
slowly, the alloying element "spreads out," which results
in a softer final product.

(3) Tempering. After a metal is hardened, it
may be too brittle for ordinary purposes, therefore, some
of the hardness should be removed and toughness
induced. Tempering is the process of reheating
hardened metal to a point below its critical temperature
and cooling it at any rate required. The metal is heated
according to the toughness desired. As the tempering
temperature increases, toughness increases, and
hardness decreases.

(4) Surface hardening. The surface of some
alloyed structures, usually steel, can be hardened by
means of case hardening. This process produces a
hard, wear-resistant surface, and a soft, tough core. Itis
accomplished in steel by increasing the carbon content
of the surface The methods for surface hardening are
called pack carburizing, gas carburizing, and nitriding.
See TM 9-237 for a description of each process.

b. Hot Working. Metals are sometimes hot-worked
from the ingot into some form from which it is either hot-
or cold-worked to the finished shape. There are three
basic techniques used in hot working casting, forging,
and extruding.



(1) Casting. Castings are produced by
pouring a molten metal or alloy into a mold, where it is
allowed to solidify. There are two types of molds single-
purpose and permanent. A single-purpose mold is
specially prepared for each casting. This mold is often
made of sand. Where large numbers of a casting are
desired, it is advantageous to use a permanent mold.

(2) Forging. Forging is the mechanical
working above the critical temperature to shape the
metal as required it is done by either pressing or
hammering the metal into shape.

(3) Extruding. The extrusion process
involves forcing metal through an opening in a die,
causing the metal to take the shape of the die opening.
Some metals, such as lead, tin, and aluminum, may be
extruded cold, but metals are generally heated prior to
this process. Many structural parts, such as stringers,
are formed by extrusion.

C. Cold-Working. Cold-working is the forming
of metal at temperatures below the critical range. It
results in strain-hardening of the metal, therefore, the
metal must be occasionally softened by annealing. The
three primary processes of cold working are cold-rolling,
cold drawing, and stamping or pressing.

(1) Cold-rolling. Cold rolling is performed
with the metal at room temperature, by passing the
metal through chilled finishing rolls. This produces a
smooth finish and also shapes the pieces to accurate
dimensions. The principal forms of cold-rolled metal are
sheets, bars, and rods.

(2) Cold-drawing. This process is used in
making seamless tubing, wire, streamlined tie rods, and
other forms of stock. Material is drawn through dies
which form the metal into the desired shape.

(3) Stamping or pressing. Forming sheet
metal parts by forcing the flat metal into molds or dies is
called stamping or pressing. The machines used for this
process are hydraulic, mechanical, and manually
operated. Due to the expense of making dies with
harder metals, hardwood is often used. However, some
machinery tends to deform wood dies, so some
machines use lead male dies and zinc female dies.

5-6. Steel. Iron obtained directly from the smelting
process contains an excess of carbon and impurities
which render it undesirable for commercial use. After
refining, only small amounts of carbon and impurities
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remain in the iron. This presence of limited quantities of
carbon greatly affects the useful properties of iron. If
carbon is added in percentages ranging up to
approximately 1 percent, the product will be vastly
superior to iron in toughness, strength, and hardness
and is classified as carbon steel. Numerous types of
carbon steels, ranging from mild to very hard, can be
produced by heat treating these metals.

a. ldentification of Steels. Steel stock can be
identified by the Society of Automotive Engineers (SAE)
numbering system, and painting.

(1) SAE numbering system. A numeral index
system is used to identify the compositions of the SAE
steels, which makes it possible to use numerals that are
partially descriptive of the composition of material
covered by such numbers. shows these
numbers. The first digit indicates the type to which the
steel belongs; for example "1 " indicates a carbon steel,
"2" a nickel steel, and "3" a nickel chromium steel in the
case of the simple alloy steels, the second digit
generally indicates the approximate percentage of the
predominant alloying element. Usually the last two or
three digits indicate the approximate average carbon
content in "points" or hundredths of 1 percent. Thus
"2340" indicates a nickel steel of approximately 3
percent nickel (3.25 to 3.75) and 0.40 percent carbon
(0.38 to 0.43). In some instances, in order to avoid
confusion, it has been found necessary to depart from
this system of identifying the approximate alloy
composition of a steel by varying the second and third
digits of the number. An instance of such departure is
the steel numbers selected for several of the corrosion
and heat resisting alloys.

(2) Painting. Every effort should be made to
identify the type of steel, when it has not been marked
by the mill, with identification indicated by color marking
The markings will be painted in stripes on each tube,
bar, rod, sheet, or plate using enamel, Federal
Specification TT-E-489, and the following procedure:

WARNING
Dry-cleaning solvent is flammable and
solvent vapors are toxic. Use P-D-680,
Type Il Solvent in a well-ventilated area.
Keep away from open flames. Avoid
prolonged solvent contact with skin.

(&) Clean all grease, dirt, and foreign matter from
surface to be painted using dry-cleaning solvent,
Federal Specification P-D-680
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Type of steel Numerals
(and digits)
Carbon steels IxxXx
Plain carbon 10xx
Free cutting (screw stock) 11xx
Manganese steels 13xx
Nickel chromium steels 3xxx
1.25 percent nickel, 0.65 percent chromium 31xx
Corrosion and heat resisting 303xx
Molybdenum steels 4XXX
0.25 percent molybdenum 40xx
Nickel-Chromium-Molybdenum steels
1.80 percent nickel, 0.50 and 0.80 percent chromium; 0.25 percent molybdenum 43xx
0.55 percent nickel, 0.50 and 0.65 percent chromium; 0.20 percent molybdenum 86xx
0.55 percent nickel, 0.50 percent chromium, 0.25 percent molybdenum 87xx
3.25 percent nickel; 1.20 percent chromium; 0.12 percent molybdenum 93xx
Nickel-Molybdenum steels
1.75 percent nickel, 0.25 percent molybdenum 46xX
3.50 percent nickel; 0.25 percent molybdenum 48xx
Chromium steels 5xxx
Low chromium 50xx
Medium chromium 51 xxx
High chromium 52xxx
Corrosion and heat resisting 514xx
and
515xx
Chromium-Vanadium steel BXXX
0.80-1.00 percent chromium, 0.10-0.15 vanadium 61xx
Silicon manganese steels 9xxX
2.0 percent silicon 92xx
Low alloy, high tensile 950
Boron Intensified XXBXxX
Leaded steels XXLXX
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NOTE
It will not be necessary to color code
material having legible, continuous
identification markings applied in
accordance with Federal Standard FED-
STD-183 or FED-STD-184. However,

material that was not marked numerically
by the manufacturer because of its size,
will be color coded by the supply and
maintenance organizations receiving the
material. Material that is cut up in such a
manner that identification markings are
illegible or missing will be color coded by
the holding activity. Material that was
color coded using an obsolete color code
shall be recoded as outlined in below.
Color marking does not apply to
corrosion-resistant steels, low carbon
alloy steel, or tool steels

There are ten colors wused in this
identification marking system to represent
numbers 1 through 9, and 0 [(table 5-2).
These ten colors are also used to
represent the letters F, H, O, T, W, A, B, C,
D, and S. A combination of these colors,
representing a combination of numbers
and letters, is used to mark the material to
denote its material designation. For
example, aluminum alloy with material
designation 2025-T6 is marked green,
black, green, orange, space, yellow, and
red The commercial
designation, AISI (American Iron and Steel
Institute), and SAE (Society of Automotive
Engineers) numbers are utilized as
material designation numbers.

(b) Using paint of appropriate color, mark
each item of material with parallel stripes of equal width,
1/2 to 3/4 inch wide, placed side by side and in
sequence so that when read from nearest end of bar
toward middle, the material designation is shown (see

figure 5-6).

(c) When two or more like colors appear
adjacent to each other, leave a space between stripes of
not more than 1/4 inch.

(d) Leave a space of 3/4 to 1 inch between
stripes representing first two digits and last two digits of
steel designation.
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(e) To facilitate identification of materials
coded with the old color code, a cross reference
between the old and new codes is provided intable 5-3

NOTE

.[_Table 5-B is useful only for identifying
material in stock Do not attempt to remark
material using[table 5-3|information.
To facilitate identification of materials
marked with a specification number, a list
of Federal and Military Specifications,
Cross referenced with commercial
designations, AISI, and SAE numbers is
provided in[table 5-4]

b. Alloying Elements. Carbon steel forms the base
of the alloy steels which are produced by combining
carbon steel with sufficient quantities of certain other
elements known to improve the properties of steel
Silicon, manganese, nickel, vanadium, tungsten,
molybdenum, and chromium are the common elements
used and are known as alloying elements. Each
element imparts special properties to the alloy in which
it is used. These elements alter the rate and
temperature at which internal structural changes take
place during the heat treatment, resulting in a finer
quality of alloy. Except in rare instances, the superiority
of steel alloys over carbon steels is demonstrated only
after proper heat treatment.

c. Types of Steels and their Uses.
the different types of alloy steels.

Following are

(1) Carbon steels Steel alloys with varying
amounts of carbon are classed as low-, medium-, and
high carbon steels.

(&) Low-carbon steel. Steel containing
carbon in percentages ranging from 0.10 to 0.30 percent
is classed as low carbon steel. The equivalent SAE
numbers range from 1010 to 1030. Steels of this grade
are used for the manufacture of articles such as safety
wire, certain nuts, cable bushing, etc. This steel in sheet
form is used for secondary structural parts and clamps
and in tubular form for moderately stressed structural
parts.
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Table 5-2. Identification Marking Code

Color identification number

(federal standard number 595) Color Number Letter
15102 Blue 1 F
14187 Green 2 H
14087 Olive drab 3 o
13538 Yellow 4 T
12197 Orange 5 W
11136 Red 6 A
10049 Maroon 7 B
17875 White 8 C
16473 Gray 9 D
17038 Black 0 S

GREEN

BLACK
GREEN
ORANGE

(BASE METAL COLOR CODES)

RED
YELLOW

(TEMPER AND STRAIN HARDENING COLOR CODES)

Figure 5-6. Steel Identification Marking Example
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Table 5-3. Old Color Code Cross Reference

di
Old color

Last

gits,

steel number

New color

Narrow Stripe

Red and black
Red
Red and green

Red and white
Yellow

Yellow and white
Black

Black and white
Green

Green and white
Blue

Blue and brown
Brown

Brown and white
Olive drab (khaki)

Broad Stripe

Red

Red and yellow
Yellow

Yellow and green
Green

Green and white
Black and white
Blue and white
Red and black
White

Black and yellow
Black and green

00
10
12
15
20
25
30
35
40
45
50
55
60
65
95

10
13
23
25
31
40
41
43
46
61
86
87

Black and black
Blue and black

Blue and green

Blue and orange
Green and black
Green and orange
Olive drab and black
Olive drab and orange
Yellow and black
Yellow and orange
Orange and black
Orange and orange
Red and black

Red and orange
Gray and orange

Blue and black

Blue and olive drab
Green and olive drab
Green and orange
Olive drab and blue
Yellow and black
Yellow and blue
Yellow and olive drab
Yellow and red

Red and blue

White and red

White and maroon

(b) Medium-carbon steel. Steel containing carbon
in percentages ranging from 0.30 to 0.50 percent is
classed as medium carbon steel. This steel is especially
adaptable for machining, forging, and where surface
hardness is important. Certain rod ends, light forgings,
and parts such as Woodruff keys, are made from SAE
1035 steel.

(c) High-carbon steel. Steel containing carbon in
percentages ranging from 0.50 to 1.05 percent is
classed as high carbon steel. The addition of other
elements in varying quantities adds to the hardness of
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this steel. In the fully heat-treated condition it is very
hard and will withstand high shear and wear, but little
deformation. It has limited use in aircraft construction.
SAE 1095 in sheet form is used for making flat springs
and in wire form for making coil springs.

(2) Nickel steels. Nickel steels are produced
by combining nickel with carbon steel. Some benefits
derived from the use of nickel as an alloying agent are
as follows:
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Table 5-4. Specifications, Cross Reference of Nearest Corresponding Numbers

SAE/AISI Form Federal Military AMS* ASTM?
1020 Bars QQ-S-637 MIL-S-11310 A107-61T
A108-61T
Bars, Blooms, Billets & Slabs Al107-61T
MIL-S-16974 A108-61T
(SAE 1009) Plate QQ-S-635 A201-61T
Sheet & Strip QQ-S-698 MIL-S-7952 5045
Tubing MIL-S-3520
Wire QQ-W-461 5032
A545
A546
A547
A548
A549
1022 Bars MIL-S-11310 A108-61T
Bars, Billets & Blooms DOD-F-24669/1 A273-63T
Bars & Forgings 5070
Plates A515
A516
A2048
A306
Sheet & Strip QQ-S-698
Tubing
Wire A545
A546
A547
A548
A549
1025 Bars MIL-S-11310 A107-61T
A108-61T
Castings MIL-S-15083 A27-62T
A216-63T
Sheet & Strip QQ-S-698 MIL-S-7952
Tubing MIL-T-3520 5075,
5077
MIL-T-5066 5075,
5077
1035 Bars, Forging & Tubing 5080
Plate, Carbon QQ-S-635 A284-55T
Plate, Marine Boiler A289-55T
A515
A516
A2048
A306

See footnotes at end of table
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Table 5-4. Specifications, Cross Reference of Nearest Corresponding Numbers - CONT

SAE/AISI Form Federal Military AMS* ASTM?
1035 Shapes, Bars & Plate 36/A36M
¥ continued Wire QQ-W-461 A545
Ab546
A547
A548
A549
1095 Bars MIL-S-8559 5132 A108-61T
Bars, Blooms, Billets & Slabs DOD-F-24669/1
MIL-S-16788
Bars & Forgings MIL-S-46033 513-1 A107-61T
Sheet & Strip QQ-S-698 MIL-S-11713
MIL-S-7947 5121
Wire QQ-W-428 A228
4130 Bars, Blooms, Billets & Slabs DOD-F-24669/1 A274-63T
Bars, Rods & Forgings MIL-S-6758 6370 A304
Plate QQ-S-626 6351
Plate, Sheet & Strip MIL-S-18727 6350 &
6351
Tubing, Seamless MIL-T-6736 6360,
6361
6362,
6371
Tubing, Welded MIL-T-6736
Wire A545
Ab546
A547
A548
A549
4135 Bars A304
Bars & Blooms DOD-F-24669/1
Plate, Sheet & Strip Tubing MIL-T-6735 6365
4140 Bars, Blooms & Billets DOD-F-24669/1
Bars, Rods & Forgings MIL-S-5626 6882 A304
Plates QQ-S-626
Tubing 6381 &
6390
Wire A545
A546
A547
A548
A549

See footnotes at end of table
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Table 5-4. Specifications, Cross Reference of Nearest Corresponding Numbers - CONT

SAE/AISI Form Federal Military AMS* ASTM?
4340 Bar A304
Bars, Blooms & Billets DOD-F-24669/1
Bars & Forgings MIL-S-5000 6415E
Bars & Reforgings MIL-S-5000
Plate, Sheet & Strip 6359
Tubing 6415
8630 Bars, Blooms, Billets & Slabs DOD-F-24669/1
Bars & Forgings MIL-S-6050 6280 A304
Bars, Rods & Forgings MIL-S-6050 6282
Plate QQ-S-626 6355F
Plate, Sheet & Strip MIL-S-18728 6355F
Sheet & Strip
Tubing, Seamless MIL-T-6736 6281,
6530
Tubing, Welded MIL-T-6736 6550
Wire A545
A546
A547
A548
A549
8735 Bars, Rods & Forgings MIL-S-6098 6320
Sheet, Strip & Plate 6357
Tubing MIL-T-6735 6282 &
6535
8740 Bars A304
Bars, Rods & Forgings MIL-S-6049 6322D,
6325C
6324A,
6327C
Plate QQ-S-626 6358
Plate, Sheet & Strip 6358
Tubing, Seamless 6323
Wire A545
A546
A547
A548
A549
Type 301 Sheet, Strip & Plate QQ-S-766 MIL-S-5059 Al167-61T
30301

See footnotes at end of table
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SAE/AISI Form Federal Military AMS* ASTM?
Type 302 Bars 5636, A276-60T
30302 5637
Bars, Billets & Reforgings DOD-F-24669/6
Bars, Shapes & Forgings QQ-S-763 MIL-S-7720
Pins, Cotter FF-P-386 7210
Plate, Sheet & Strip Al167-61T
A240-61T
A263
A264
A265
Rivets 7228
Sheet & Strip (Clad) QQ-S-766 MIL-S-5059
Wire, Spring Temper A313
A580
Type 303 Bars, Billets, Reforging DOD-F-24669/6
30303 Bars, Shapes & Forgings QQ-S-763 MIL-S-7720 5640
Type 304 Castings MIL-S-867 5370,
30304 5371
Plate, Sheet & Strip QQ-S-766 MIL-S-4043 5511 A240-61T
A264-44T
Tubing MIL-T-6845 5566
MIL-T-8504
MIL-T-8506
MIL-T-5695
Wire 5697 Al167-61T
A313
A580
Type 316 Bar, Billet & Reforging DOD-F-24669/6
30316 Bar, Shape & Forging QQ-S-763 MIL-S-7720 5648
Casting MIL-S-867 5361
Pipe (Stainless) Welded MIL-P-1144
Sheet, Strip & Plate QQ-S-766 MIL-W-5059 5524
Tubing, Seamless 5573
Wire A313
A580
Type 321 Bars, Billets, Reforging DOD-F-24669/6
30321 Bars, Shapes, Forgings, QQ-S-763 5645
Tubing
Plate, Sheet & Strip QQ-S-766 5510 A263
A264
A265

See footnotes at end of table.
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Table 5-4. Specifications, Cross Reference of Nearest Corresponding Numbers - CONT

SAE/AISI Form Federal Military AMS* ASTM?
Type 321 Tubing, Seamless MIL-T-8606 5570
30321 Tubing, Welded, Thin Wall MIL-T-8887 5559
¥ continued Tubing, Flexible WW-H-1053
Type 347 Bars, Shapes, Forgings QQ-S-763 5641
30347 & Tubing
Castings MIL-S-867
Plate, Sheet & Strip QQ-S-766
Rivets 7229
Rods, Welding AWS A5 9-81
AWS A5 14-83
Sheet & Strip 5512
Tubing WW-H-1053 MIL-T-8606
MIL-T-8808
Wire, Welding MIL-R-5031 5681
Type 416 Bars, Billets, Reforging DOD-F-24669/6
51416 Bars, Shapes & Forgings QQ-S-763 5610
Type 431 Bars, Billets, Reforging DOD-F-24669/6
Bars, Shapes, Forgings QQ-S-763
Castings, Sand 5372
Type 440
51440
A/ B,C F& Bars, Shapes, Forgings QQ-S-763 5631
FSE (440A)
5352
(440C)

1 Aeronautical Material Specification
2 American Society for Testing and Materials

It lowers the percentage of carbon needed
for hardening. This makes the steel more
ductile and less susceptible to uneven stress.
It lowers the critical temperature range for
heating and cooling, and permits the use of
lower heating temperatures for hardening.
Hardening of nickel steels at moderate rates
of cooling reduces internal stress and
warpage, and permits deeper and more
uniform hardening.

The low heat-treating temperatures reduce
the danger of overheating, excessive grain
growth, and the resulting brittleness.
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Nickel steels have good mechanical
properties after quenching and
tempering. Except for very thin
sections or parts, they have greatly
improved elastic properties, impact
resistance, and toughness.

(3) Chromium steels. Chromium steel is
high in hardness, strength, and corrosion resistant
properties. SAE 51335 steel is particularly
adaptable for heat treated forgings which require
greater toughness



and strength than may be obtained in plain carbon steel. It
may be used for such articles as the balls and rollers of anti-
friction bearings.

(4) Chromium-nickel steels. Chromium and
nickel in various proportions mixed with steel form the
chrome-nickel steels. The general proportion is about two
and one-half times as much nickel as chromium. For all
ordinary steels in this group the chromium content ranges
from 0.45 to 1.25 percent, while the nickel content ranges
from 1 to 2 percent. Both nickel and chromium influence
the properties of steel, nickel toughens it, while chromium
hardens it. Chrome-nickel steel is used for machined and
forged parts requiring strength, ductility, toughness and
shock resistance. Parts such as crankshafts and connecting
rods are made of SAE 3140 steel.

(5) Corrosion-resistant steels. Chrome-nickel
steel containing approximately 18 percent chromium and 8
percent nickel is known as corrosion-resistant steel. It is
usually identified as AISI types 301, 302, 303, 304, 304L,
309, 316, 316L, 321, 347, 347F or Se, etc., however, the
basic 18-8 chrome-nickel steel is type 302. The other
grades/types have been modified by changing or adding
alloying elements to that contained in the basic alloy. The
alloys are varied to obtain the required mechanical
properties for some specific purpose such as improving
corrosion resistance or forming machining, welding
characteristics, etc.

(6) Chrome-vanadium steels. The vanadium
content of this steel is approximately 0.18 percent and the
chromium content approximately 1.00 percent. Chrome-
vanadium steels when heat-treated have excellent
properties such as strength, toughness, and resistance to
wear and fatigue. A special grade of this steel in sheet form
can be cold-formed into intricate shapes. It can be folded
and flattened without signs of breaking or failure. Chrome-
vanadium steel with medium high carbon content (SAE
6150) is used to make springs Chrome-vanadium steel with
high carbon content (SAE 6195) is used for ball and roller
bearings.

(7) Chrome-molybdenum steels. Molybde-num in
small percentages is used in combination with chromium to
form chrome-molybdenum steel; this steel has important
applications in aircraft. Molybdenum is a strong alloying
element, only 0.15 to 0.25 percent being used in the
chrome-molybdenum steels, the chromium content vanes
from 0.80 to 1.10 percent. Molybdenum raises the ultimate
strength of steel without affecting ductility or workability.
Molybdenum steels are tough, wear resistant, and harden
throughout from heat treatment. They are especially
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adaptable for welding and for this reason are used
principally for welded structural parts and
assemblies. Tubing made from 4130 steel is used
for structural parts such as welded fuselages, engine
mounts, and gear structures.

5-7. Aluminum and Aluminum Alloys . Aluminum
is a white, lustrous metal, light in weight and
corrosion resistant in its pure state. The thermal
conductivity of aluminum is very high. It is ductile,
malleable, and nonmagnetic. Commercial
aluminum, usually referred to as pure aluminum,
ordinarily contains not more than one percent of
other elements. These elements, chiefly iron and
silicon, in such small percentages are regarded as
impurities. Aluminum combined with various
percentages of other metals, generally copper,
manga-nese, and magnesium, form the aluminum
alloys which are used in aircraft construction.
Aluminum alloys are lightweight and strong. They
do not possess the corrosion resistance of pure
aluminum and are generally treated to prevent
deterioration. Alclad is an aluminum alloy with a
protective coating of aluminum to make it almost
equal to the pure metal in corrosion resistance.

a. Identification. Aluminum and its alloys are
identified by the SAE numbering system and
painting.

(1) SAE numbering system. The SAE
numbers for aluminum alloys are four-digit numbers
which primarily show the major alloying element.

(a) First digit. [ Table 5-5 shows the
designations for the alloy groups The first digit
indicates the main alloying element.

Table 5-5. Major Alloying Elements

IXXX Aluminum 99.00% minimum purity
and greater
2XXX Copper

XXX Manganese

4XXX Silicon

5EXXX Magnesium

BXXX Magnesium and silicon
TXXX Zinc

8XXX Other element

9XXX Unused series




(b) Second digit. The second digit of the
designation indicates control of impurities. If the second
digit is 0, it indicates that there is no special control of
impurities, while numbers 1-9 indicate special control of
one individual impurity. Thus 1040 indicates 99.4 percent
pure aluminum without special impurity control, and 1140
or 1240 indicate the same material with special control on
one or more impurities.

(c) Last two digits. The last two of the four
digits in alloy groups 2XXX through 8XXX merely serve
to designate the alloy by its former number, i.e., 245,525,

etc. These numbers are shown in|table 5-6

(d) Temper designations. The tempers of
aluminum alloys are produced essentially by three meth-
ods. These methods are cold working (strain hardening),
heat treatment and a combination of the two. The various
alloys of aluminum are either classed as non-heat-treat-
able or heat-treatable.

1 Non-heat-treatable alloys.  Alloys
1100, 3003, alclad 3003, 3004, alclad 3004, 5050, and
5052 are non-heat-treatable alloys. The tempers of
these alloys are designated by symbols as follows:

-F As fabricated
-0 Annealed
-H1 Strain hardened only

-H2 Strain hardened, then partially
annealed

-H3 Strain hardened, then stabilized

The degree of strain hardening is shown by a second
number as shown below:

2 =1/4 hard
4 =1/2 hard
6 = 3/4 hard
8 = Full hard

Thus, 5052 aluminum stock that is strain hardened 3/4
hard, then partially annealed, would be marked
5052-H26.

2 Heat-Treatable alloys. Alloys 2024, al-
clad 2024, alclad 2014, 6061, 7075, alclad 7075, and
7178 are classed as heat-treatable alloys. The mechani-
cal properties of these alloys is improved by heat treat-
ment or by a combination of heat treatment and strain
hardening. The tempers of these alloys are designated
by the following symbols:
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-F As fabricated
-0 Annealed
-W Solution heat treated - unstable temper

-T Treated to produce stable tempers other
than -F or O

-T2 Annealed (cast products only)

-T3 Solution heat treated and then cold
worked

-T4  Solution heat treated

-TS  Artificially aged only

-T6  Solution heat treated and then artificially
aged

-T7  Solution heat treated and stabilized

-T8  Solution heat treated, cold worked and
then artificially aged

-T9  Solution heat treated, artificially aged,
and then cold worked

-T10 Artificially aged and then cold worked

Numbers added to the above denote a modified process
of tempering. For example, a "6” following “ T3" indicates
a different amount of cold working than for just “ T3".
These numbers are arbitrarily assigned, and specifica-
tions should be utilized to determine specific data.

3 Wrought aluminum designations. The
following standard digits have been assigned for wrought
products in all alloys:

-TX51  Stress relieved by stretching
-TX52  Stress relieved by compressing
-TX53 Stress relieved by thermal treatment

-T42  Solution heat treated by the user with
properties different from “ T4” temper

-T62  Solution heat treated and artificially
aged by the user with properties
different from "76” temper

Exceptions not conforming to these definitions are
4032-T62, 6101-T62, 6062-T62, 6063-T42, and
6463-T42.

(2) Painting.  Every effort should be made to
identify the type of aluminum alloy, when it has not been
marked by the mill, and identification indicated by color
marking. The marking should consist of painting color
bands on each tube, bar, rod, sheet or plate, using enam-
el, Federal Specification TT-E-4809.
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Table 5-6. Aluminum Alloy Designation and Conversions to 4 Digit System

Old New Majoralloying
element

2S 1100 None (aluminum 99.00 percent)

3S 3003 Manganese

45 3004 Manganese

11S 2011 Copper

14S R301 core 2014 Copper

17S 2017 Copper

Al7S 2117 Copper (special control of impurities)

18S 2018 Copper

24S 2024 Copper

19S 2219 Copper

32S 4032 Silicon

50S 5050 Magnesium

52S 5052 Magnesium

56S 5056 Magnesium

61S 6061 Magnesium & silicon

62S 6062 Magnesium & silicon

63S 6063 Magnesium & silicon

72S 7072 Zinc

75S 7075 Zinc

78S 7178 Zinc

79S 7079 Zinc
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NOTE
Aluminum alloys that require marking, but
cannot be identified and marked, should
not be used for repair of aircraft.

(&) Method. There are ten colors used
in this identification marking system to represent
numbers 1, 2, 3, 4,5, 6, 7, 8, 9, and 0 (Refer tom

. These ten colors are also used to represent letters,
F, H, O, T, W, A, B, C, D, and S. A combination of
these colors, representing a combination of numbers
and letters, are used to mark material to denote its
material designation. For example, aluminum alloy with
material designation 2218-T6 is marked green, space,
reen, blue, white, space, yellow, and red (see
The commercial designation, AISI (American Iron
and Steel Institute), and SAE (Society of Automotive
Engineers) numbers are utilized as material designation
numbers.

(b) Procedure The following procedure
will be followed for marking aluminum stock.

WARNING
Drycleaning solvent is flammable and
solvent vapors are toxic. Use P-D-680,
Type Il Solvent in a well-ventilated area.

Keep away from open flames. Avoid
prolonged solvent contact with skin.
Table 5-7. Color Codes
Equivalent Equivalent
Color number letter
Black 0 S
Blue 1 F
Green 2 H
Olive drab 3 O
Yellow 4 T
Orange 5 W
Red 6 A
Maroon 7 B
White 8 C
Gray 9 D

1 Clean all grease, dirt, and
foreign matter from the surface to be painted using
drycleaning solvent, Federal Specification P-D-680.
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2 Using paint of appropriate
color, mark each item of material with parallel stripes of
equal width, 1/2 to 3/4 inch wide, placed side by side
and in sequence so that when read from nearest end, of
bar towards the middle, the material designation is
shown (selors of each band must be in
accordance with [table 5-2] Cross-reference of old and
new color code is presented in[table 5-8]

3 When two or more like colors
appear adjacent to each other, leave a space between
the stripes of not more than 1/4 inch.

4 Leave a space of 3/4 to 1
inch between basic color number stripes and temper and
strain hardening color stripes.

(3) Distinguishing heat-treatable and non-heat
treatable alloys. All aluminum base sheets will be
marked with the specification number or code marking
on approximately every square foot of material. If for
any reason this identification is not on the material, it is
possible to separate the heat-treatable alloys from the
non-heat-treatable alloys by immersing a sample of the
material in a 10 percent solution of caustic soda (sodium
hydroxide). The heat-treatable alloys will turn black due
to the copper content, whereas the others will remain
bright. This test applies to the alloys containing copper.
In the case of Alclad, the surface will remain bright but
there will be a dark area in the middle when viewed from
the edge.

b. Alloy Characteristics and Uses. The following
aluminum alloys are used in aircraft construction.

(1) Aluminum 1100. This aluminum is used
where strength is not an important factor, but where low
weight and low corrosion are desirable. This aluminum
is used for fuel tanks, cowlings, oil tanks, and for the
repair of wingtips and tanks.

(2) Alloy 3003. Alloy 3003 is similar to
1100, and is generally used for the same purposes. It
contains a small percentage of manganese and is
stronger and harder than 1100 aluminum.

(3) Alloy 2014.
extruded shapes and forgings.

Alloy 2014 is used for
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(5) Alloy 2024. Alloy 2024, plain, and with

Color Code Alclad coating, is used for heat-treated parts, airfoil
covering, and fittings it is stronger than 2017 and may
Aluminum Old color New color be used where 2017 is specified.
alloy
number (6) Alloy 2025. Alloy 2025 is used
extensively for propeller blades.
1100 White Green
3003 Green Olive drab (7) Alloy 5052. Alloy 5052 s used for fuel
2014 Gray Blue and yellow lines, hydraulic lines, fuel tanks, and wingtips.
2024 Red Green and yellow
5052 Purple Orange and green .
6053 Bla(?k Orange and cg)live drab (8) Castalloys. Cast aluminum alloys are
6061 Blue and yellow Red and blue used for cylinder heads, crankcases, fuel injectors,
7075 Brown and yellow  Maroon and orange carburetors, and landing gear wheels.

(4) Alloy 2017. Alloy 2017 is used for c. Corrosion Resistance. Pure aluminum has the
rivets, stressed skin covering, and other structural best corrosion resistance. As aluminum is alloyed, its
members. resistance drops. Alloys are usually treated to prevent

GREEN
GREEN
BLUE
WHITE
YELLOW
RED
— I~ (TEMPER AND STRAIN
HARDENING COLOR
CODES)
(BASE METAL
COLOR CODES) — -
READING FROM EACH END TOWARD
CENTER
COLORI GRN I GRN| BL |WH | YEL l
3 ¥4 TO1 EQUIVA-|l 2 2 1 8 T 6=
= )\\( (SPACE) LENT
\ 1/4 (SPACE) 2218-T6 ALUMINUM ALLOY
/\/ NOTE

172 TO 3/4
(COLOR
STRIPE)

DIMENSIONS SHOWN ARE IN INCHES

Figure 5-7. Aluminum Identification Marking Example
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corrosion. Alclad is an aluminum alloy, usually in sheet
form, that has a protective coating of pure aluminum to

make it almost equal to pure aluminum in corrosion
resistance. See figure 5-8 for an example of an alclad
sheet

ALLOY

i),

Figure 5-8. Alclad Construction

PURE
ALUMINUM

d. Shop Working Practice. The methods and
processes of working aluminum are forming, riveting,
welding, and annealing.

(1) Forming. Refer tg_Chapter g for

procedures for forming aluminum.

(2) Riveting. Refer td_Chapter 4 for
procedures for riveting aluminum.
(3) Welding. Aluminum alloys can be

welded, however, the techniques vary with each alloy.
Therefore, TM 1- 1500-204-23-8 and TM 9-237 should
be consulted for detailed procedures.

(4) Annealing. Annealing is loosely defined
as partial softening following the hardening induced by
cold-working. Higher-strength conditions can only be
obtained by a controlled amount of cold-work prior to

aging.

e. Heat-Treatment Methods. Two types of heat
treatment are applicable to aluminum alloys- the
solution treatment and the precipitation treatment.
Certain alloys develop their full strength from the
solution treatment while others require both treatments
for maximum strength.

(1) Solution treatment. The solution
treatment consists of heating the metal to the
temperature required to cause the constituents to go into
solid solution, holding or soaking the parts at this
temperature for a sufficient time to complete the
solution, followed by rapid quenching in cold water to
retain the condition. The time of transfer from the
furnace to the quench tank must not exceed seven
seconds.

(2) Precipitation  treatment. The
precipitation treatment consists of aging the parts
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previously subjected to the solution treatment at a
definite temperature for a considerable time. During the
aging period a portion of the alloying constituents
precipitate out in the form of extremely fine particles,
greatly increasing the strength of the alloy.

f. Aging Time and Temperature. Precipitation
(age) hardening consists of aging material previously
subjected to solution heat treatment. This is done
naturally (at room temperature), or artificially. Atrtificial
aging is accomplished by heating aluminum alloy to a
specific temperature and holding it for a specified period
of time. During this operation, the alloying agents in
solid solution precipitate out. As this progresses, the
strength of the material increases until the maximum is
reached. The increase in strength is due to the uniform
alignment or formation of the molecule structure. Aging
beyond the maximum point causes the strength to
decline until a stable condition is reached. This
overaging is usually done to increase an alloy's
resistance to corrosion, especially alloys with high

copper content. Table 5-9 shows aging times,

temperatures, and conditions.

g. Heat-Treating Procedures. Temperature and
guenching will be kept within close limits when heat
treating aluminum. Following are general practices for
heat-treatment of these alloys.

NOTE

MIL-H-6088, Heat Treatment of Aluminum
Alloys, will be the control document for
heat treatment of aluminum alloys used on
aerospace equipment. For complete
description of aluminum heat treat
requirements, refer to latest issue of MIL-H-
6088.

(1) Temperature The temperature for
solution heat-treating is usually chosen as high as
possible without exceeding the melting point of any
element in the alloy. The temperature selected must put
all of the soluble elements into solid solution.

shows heat-treating temperatures for aluminum
alloys.

(2) Heating time. The heating time is
commonly called soaking time. It increases with the
thickness of the part to be treated. Solution heat-
treatment should be kept to the minimum time required
to obtain the desired physical results. With clad
materials, prolonged heating may defeat the purpose of
the cladding by excessive diffusion of copper and other
soluble elements into the cladding. contains
the recommended approximate soaking times for
various
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Table 5-9. Precipitation (Aging) Treating Temperatures, Times and Conditions

Alloy and temper or Aging time Aging temp Temper
condition before aging (hours)2 (degrees °F) after aging

Wrought Alloys
(Excluding Forgings)

2017 - as quenched (w) 96 Room 2017-T4
2117 - as quenched (w) 96 Room 2117-T4
2024 - as quenched (w) 96 Room 2024-T4
6061 - as quenched (w) 96 Room 6061-T4
6061-T4 71/2-81/2 340-360 6061-T6
2020-W 18 310-360 2020-T6
2024-T41-T42 16 370-380 2024-T61-T62
2024-T4 (alternate for
sheet) 11-13 370-380 2024-T6
2024-T3 11-13 370-380 2024-T81
2024-T36 7-9 370-380 2024-T86
2014-T41-T42 8-12 305-330 2014-T61-T62
2014-T4 (alternate for
plate) 17-20 305-330 2014-T6
6066-T4 71/2-81/2 340-360 6066-T6
6061-T4 71/2-81/2 340-360 6061-T6
7075-W1 22 minimum 240-260 7075-T6
7178-W 22 minimum 240-260 7178-T6
6063-F 1-2 440-460 6063-T5
7079 - as quenched (w) 5 days at room temperature 7079-T6

following 48 hours at 230-

250°F

See footnotes at end of table.
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Table 5-9. Precipitation (Aging) Treating Temperatures, Times and Conditions - CONT

See footnotes at end of table.

Alloy and temper or Aging time Aging temp Temper
condition before aging (hours)* (degrees ° F) after aging
Forging Alloys
2014-T4 5-14 340-360 2014-T6
2014 - as quenched 96 minimum Room 2014-T4
2017 - as quenched 96 minimum Room 2017-T6
2018-T4 4-12 330-350 2018-T6
2025-T4 6-14 330-350 2025-T6
4032-T4 4-12 330-350 4032-T6
6151-T4 4-12 330-350 6151-T6
7075-W 22 minimum 230-260 7075-T6
X7079 5 days at room temperature X7079-T6
followed by 48 hours at
230-250 ° F
Sand Cast Alloys
142-T41 1-3 400-450 142-T61
195-T4 1-3 300-320 142-T6
S195-T4 1-4 300-320 S195-T6
220-W 96 minimum Room 220-T4
319-T4 1-6 300-320 319-T6
335-T4 1-6 300-320 335-T6
356-T4 1-6 300-320 356-T6
356-F 6-12 430-450 356-T6
40 9-11 345-365 40-E
40- 21 days Room 40-E
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Table 5-9. Precipitation (Aging) Treating Temperatures, Times and Conditions - CONT
Alloy and temper or Aging time Agingtemp Temper
condition before aging (hours)* (degrees ° F) after aging
Permanent Mold
Cast Alloys
142-T41 1-3 400-450 142-T61
B195-T4 1-8 300-320 B195-T6
319-T4 1-6 300-330 319-T6
355-T4 1-6 300-320 355-T6
356-T4 1-6 300-320 356-T6
A132-T45 14-18 300-350 A132-T65

! Alternate aging treatment for 7075-W sheet only; in thicknesses less than 0.500 inch: Heat at 230° -
250° F for 3-4 hours, then heat 315° - 330° F for 3-4 hours. The temperature may be raised directly
from the lower to the higher temperature, or load may be allowed to cool between the two steps of
the treatment.

2 Time is soak time after recorder is at temperature, for 0.500 inch thickness or less. Add 1/2 hour for

each additional 1/2 inch of thickness.

alloys. The time at temperature (soaking time) is mea-
sured from the time the metal reaches the minimum limit
of the temperature range. In the case of thick material the
controlling factor would be when the center (core)
reached the minimum temperature. The soaking period
will vary from 10 minutes for thin sheet to approximately
12 hours for the thicker materials, such as heavy forg-
ings. A general guide to use is approximately one hour
for each inch of cross-sectional thickness.

(3) Reheat-treatment. Heat-treatable alloys
can be repeatedly solution heat-treated without harmful
effects other than high temperature oxidation. This can
be retarded by the use of either sodium or potassium
fluoroborate during heating. For clad sheet, the number
of treatments is limited due to the increased diffusion of
the core and cladding. See for these limita-
tions.
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NOTE

Heat treatment of a previously heat-treated
material is classified as a reheat treatment,
Therefore, the first heat treatment of material
purchased in the heat treated condition is a
reheat treatment. Insofar as this table is con-
cerned, annealing and precipitation treat-
ments are not considered heat treatments.

(4) Quenching. The basic purpose for quench-
ing is to prevent the immediate reprecipitation of the solu-
ble elements after they are in a solid solution. Rapid
quenching is required to obtain the best physical proper-
ties. The recommended time interval between removal
from the heat and immersion is 7 seconds or less. Refer
to[table 5-13 for specific quench delay times. Allowing
the metal to cool before quenching promotes the danger
of intergranular corrosion and slightly affects the hard-
ness. This is caused by reprecipitation along the grain
boundaries. There are three types of quenching. The one
used depends on the item, alloy, and the properties de-
sired.
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Table 5-10. Heat Treating (Soaking) Temperatures

Solution heat treat
Alloy designation temperature Temper

Wrought Alloys
(except forgings alloys)

2014 925-945°F (496-507°C) 2014-T4
2017 925-945°F (496-507°C) 2017-T4
2117 925-950°F (496-510°C) 2117-T4
2024 910-930°F (488-499°C) 2024-T4
6061 960-1010°F (516-543°C) 6061-T4
6062 960-1010°F (516-543°C) 6062-T4
6066 960-980°F (516-527°C) 6066-T4
7075 (rolled or drawn) 860-930°F (460-499°C) 7075-W
7075 (extruded) 860-880°F (460-471°C) 7075-W
7075 (sheet 051 In thickness or less) 910-930°F (488-499°C) 7075-W
7178 (rolled or drawn) 860-930°F (460-499°C) 7178-W
7178 (extruded) 860-880°F (460-471°C) 7178-W
70791 820-840°F (438-449°C) 7079-W

Forgings Alloys

2014 925-950°F (496-510°C) 2014-T4

2017 925-950°F (496-510°C) 2017-T4

2018 940-970°F (504-521°C) 2018-T4
Forgings

2025 950-970°F (510-5210°C) 2025-T4

4032 940-970°F (504-521° C) 4032-T4

See footnote at end of table
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Solution heat treat

Alloy designation temperature Temper
Forgings - continued

6151 950-980°F (510-527°C) 6151-T4

6061 960-1010°F (516-543°C) 6061-T4

70751 360-890°F (182-477°C) 7075-W

70791 820-840°F (438-449°C) 7079-W
Sand Cast Alloys

122 930-960°F (499-516°C) T4

142 950-980°F (510-527°C) T4

195 940-970°F (504-521°C) T4

220 800-820°F (427-438°C) T4

319 920-950°F (493-510°C) T4

355 960-990°F (516-532°C) T4

356 980-1010°F (527-543°C) T4
Permanent Mold Cast Alloys

122 930-960°F (499-516°C) T4

Al132 940-970°F (504-521°C) T4

142 950-980°F (510-527°C) T4

B195 935-965°F (502-518°C) T4

355 960-990°F (516-532°C) T4

356 980-1010°F (527-543°C) T4

! Other temperatures may be required for certain sections and conditions.
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Table 5-11. Soaking Time for Solution Treatment of Cast Alloys

Alloy

Time (hours)

Sand Cast Alloys

122
142
195

S$195 (105)
220

3-19
355

356

Permanent Mold Cast Alloys

122
Al132
142
B195
355

356

6-18

2-10

6-18

6-24

12-24

6-18

6-18

6-18

6-18

6-18

2-10

4-12

6-18

6-18

(@) Cold wafer. Small fakings and small
articles made from sheet, extrusions, and tubing are nor-
mally quenched in cold water. The temperature before
quenching should be 85° F (29° C) or less. Sufficient cold
water should be circulated within the quenching tanks to
keep the temperature rise under 20° F (10° C). This type
of quench will insure good resistance to corrosion which
is particularly important when heat-treating 2017 and
2024.

NOTE

Quench delay time begins at the instant fur-
nace door begins to open or at the instant any
portion of a load emerges from a salt bath and
when portion of the load is immersed in the
(water) quench tank. The maximum quench
delay may be exceeded (usually confined to
large sections or loads) if temperature will be
above 775° F (413° C) when quenched.

Change 1
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Table 5-12. Reheat Treatment of Alclad Alloys

Maximum No. of

Thickness reheat treatment
(inches) permissible
I Deleted
0.125 and less 1
over 0.125 2

Table 5-13. Recommended Maximum Quench
Delay, Wrought Alloys (for immersion type

quenching)
Nominal thickness Maximum time
(inches) (seconds)
up to 0.016 5
0.017 to 0.031 7
0.032 to 0.091 10
0.091 and over 15

(b) Hot water. Large forgings and heavy

sections can be quenched in hot (150° - 180° F (66° -

82° C) or boiling water. This type of quench is used to
minimize distortion and cracking which are produced by
the unequal temperatures obtained during the quench-
ing operation. The hot water quench will also reduce
residual stresses which improves resistance to stress

corrosion cracking.

(c) Spray. ~ Water sprays are used to
qguench parts formed from alclad sheet and large sec-
tions of most alloys. Principal reasons for using this
method is to minimize distortion and to alleviate quench
cracking. This system is not usually used to quench bare
2017 and 2024 due to the effect on their corrosion resist-
ance. The parts quenched by this medium should pass
the corrosion test required for the item involved (refer to
specification MIL-H-6088).
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(5) Annealing. Aluminum alloys are annealed
to remove the effects of solution heat-treatment and
strain hardening. It is utilized to help facilitate cold work-
ing. Parts work-hardened during fabrication are an-
nealed at various stages of the forming operation so that
complicated shapes can be formed.

NOTE

Annealed aluminum parts shall not be used
for parts or fittings on aircraft or missiles un-
less specified by drawings or other approved
engineering data.

(6) Heat-treatment of rivets. The heat-treat-
able alloys_ commonly used for rivets are 2117, 2017, and
2024, Se for identification.

¢ © I=

2017-(D) RAISED DOT

2024 (DD) RAISED DASHES

Figure 5-9. Heat-Treatable Rivet identification

(@ 2117 rivets. |If supplied in T-4 temper, no
further treatment is required. This rivet is identified by a
dimple in the center of the head.

(b) 2017 rivets. These rivets, sometimes
called icebox rivets, must be heat-treated prior to installa-
tion. Heat to 940° (£ 10° )F for 30 minutes in a circulating
air furnace, 1 hour in a still air furnace, or 30 minutes in
a molten salt bath. Quench in water. These rivets must
be driven within 20 minutes after quenching, or refriger-
ate at 32° F (0° C) or lower, which will delay the aging time
24 hours. If stored in dry ice, the aging will be delayed for
two weeks. If either time is exceeded, reheat-treating is
required.

(c) 2024 rivets. The same conditions apply
for these rivets as for 2017, except they must be heat-
treated at 920° (£10° )F (493° (£ 6)° C).



NOTE
Rivets which have been anodically oxide-
coated should not be reheat-treated in
direct contact with molten salts more than
5 times.

h. Insulation of Dissimilar Metals. Refer to

paragraph 8-6¢ for procedures to prevent corrosion
between dissimilar metals.

i. Aluminum Alloy Sheet Substitution.
gives factors which, when multiplied by the thickness of
the sheet to be replaced, give the thickness of the
appropriate sheet substitutes. The following rules apply
to this substitution.

(1) Rule number 1. The substitute material
shall provide cross-sectional strength in tension,
compression, shear, and bearing at least equal to that of
the original material. Most parts in an aircraft structure
carry a tension, compression, shear, and bearing load at
some time during the operation of the aircraft. The
magnitude of these loads seldom is known when repairs
are to be made. Therefore, it is necessary that the
tensile, compression, shear, and bearing strengths of a
part made of substitute material be at least equal to
those of the original part. Strict adherence to rule 1
leads to the following paradox: If in one application
2024-T4 is substituted for 2024-T6 and in another
application 2024-T6 is substituted for 2024-T4, a
substitute thicker than the original must be used in either
application. This seeming inconsistency, which also
occurs with other combinations of aluminum alloys, is
explained by the following comparison of mechanical
properties.

2024-T4 (bare) 2024-T6 (clad)
Ultimate tensile
strength 62,000 psi 60,000 psi
Compressive yield

strength 40,000 psi 247,000 psi

If 2024-T4 is substituted for 2024-T6, the substitute
material must be thicker, unless the reduction in
compressive strength is known to be acceptable. On
the other hand, if 2024-T6 is substituted for 2024-T4, the
substitute material must be thicker, unless the reduction

in tensile strength is known to be acceptable.

(2) Rule number 2. Never substitute a
material thinner than the original material or with a
cross-sectional area less than the original. The buckling
and torsional strengths of many sheet metal and tubular
parts are dependent primarily upon the thickness, rather
than the allowable compressive and shear strengths of
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the material. Therefore, a substitute thinner than the
original will reduce the buckling and torsional strengths
of a part considerably, even though the thinner
substitute material has higher allowable compressive
and shear strengths.

j.- Material Substitution. If the repair part cannot
be made from the same type of metal as the original
part, select a substitute material. shows the
multiplication factors to determine the thickness of the
repair sheets. Aluminum alloys can be used to repair
certain magnesium alloys, and steel alloys can be used
to repair certain aluminum, magnesium, and steel
alloys.

NOTE

Substitution of material can create a
corrosion hazard if the substitute material
is different than the original part (as when
a 7075-T6 aluminum extrusion is reinforced
with a 4130 steel strap), failure to insulate
the metals from direct contact with each
other will permit electrolytic corrosion to
attack the repaired area. Insulation of
dissimilar metals is extremely important.

5-8. Magnesium Alloys. Magnesium alloys are
produced and used in many shapes and forms, i e,
castings, extruded bars, rods, tubing, sheets and plate
and forgings. They are suitable for varied stress and
non-stress aerospace applications. Their inherent
strength, light weight, shock and vibration resistance are
factors which make their use advantageous. The weight
for an equal volume of magnesium is approximately
two-thirds of that for aluminum and one-fifth of that for
steel.

a. Identification. The current system used to
identify magnesium alloys is two letters followed by two
or three numbers. The letters designate the major
alloying elements, arranged in decreasing percentage
order, or in alphabetical order if the elements are of
equal amounts. The numbers which follow are the
respective percentages of these elements. This
percentage is rounded off to the nearest whole number,
or if a tolerance range is specified, the average (mean)
of the range is used. A suffix letter denotes the latest
revision of the alloy. For example alloy AZ92A
consists of 9 percent aluminum, and 2 percent zinc as
the main alloying elements. The suffix A indicates that
it is the first alloy of its type. The exception to the use of
a suffix letter is that X denotes control of impurity
content to a lower limit. Some of the more common
letters used to designate alloying elements are:



E Rare earth
K  Zirconium
Z Zinc

A Aluminum
H Thorium
M Manganese

(1) Temper designation. The hyphenated
suffix following the alloy designation denotes the
condition of temper to which the alloy has been
processed. These symbols are listed below.

-AC As-Cast

-F As-fabricated

-0 Annealed

-W Solution heat treated - unstable temper

-T Treated to produce stable tempers other
than for -O

-T2 Annealed (cast products only)

-T3 Solution heat treated and then cold worked

-T4 Solution heat treated

-T5 Artificially aged only

-T6 Solution heat treated and then artificially
aged

-T7 Solution heat treated and stabilized

-T8 Solution heat treated, cold waked and
then artificially aged

-T9 Solution heat treated, artificially aged and
then cold worked

-T10 Artificially aged and then cold worked

-H1 Strain hardened only

-H2 Strain hardened and partially annealed

-H3 Strain hardened and stabilized

(2) Strain-hardening. Added digits 2, 4, 6,
and 8 to the H1, H2, and H3 symbols above indicate the
degree of strain-hardening, as shown below.

2= 1/4 hard
4= 1/2 hard
6= 3/4 hard
8= Full hard

(3) Testing. A spot test can be used to
distinguish magnesium, with no identifying markings,
from aluminum.

(&) Clean unknown alloy with a file,
removing all paint or other surface coating to expose
base metal.

(b) Place a drop of 10 percent
hydrochloric acid on the cleaned surface.

(c) If the metal surface turns black,
the metal is magnesium. When no reaction occurs,
metal is probably aluminum.
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NOTE
Cadmium and zinc also react hydrochloric
acid, but these metals are in thin coatings,
and should be removed by filing performed
in step (a).

b. Commonly Used Alloys. Magnesium, when
alloyed with small amounts of such other metals as
aluminum, manganese, zirconium, zinc, rare earth
metals, and thorium vyields alloys with excellent
properties and high ratios of strength to weight. Proper
combinations of these alloying constituents provide
alloys suitable for sand, permanent mold and die
castings, forgings, extrusions and rolled sheet and plate
with good properties at room and elevated
temperatures. Certain magnesium alloys, in cast and
wrought forms can be heat treated to provide
improvement in properties. Magnesium alloys have
been developed for elevated temperature service.

c. Methods of Working. Magnesium is a versatile
metal and can be shaped and worked by practically all
methods used by the metal worker.

(1) Machining. The excellent machinability
of magnesium and its alloys permits machining
operations at extremely high speeds.

(2) Forming. The methods and equipment
used for forming magnesium are the same types
employed on other metals. However, magnesium is
best formed at elevated temperatures.

(3) Joining. Magnesium can be joined by
most of all the fusion and fastening methods used.
These include inert gas shielded welding, metal arc
welding, gas welding, electric resistance welding,
riveting, bolting, screwing, and adhesive bonding.

5-9. Titanium and Titanium Alloys. Titanium, in a
mineral state, is the fourth most abundant structural
metal in the earth's crust. It is a light, strong, corrosion
resistant, and ductile metal which lies between the
aluminum alloys and stainless steels insofar as
modulus, density, and strength at intermediate
temperatures are concerned. At normal atmospheric
temperatures, commercially pure titanium and titanium
alloys have excellent corrosion resistance to sea water
and marine atmospheres. Most alloys are subject to
stress corrosion at elevated temperatures.
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Table 5-14. Aluminum-Alloy Sheet Substitution (Sheet 1 of 3)

Oid
material New or substitute material

7075- 2024- 7075- 2024- 7178- 7079- 7079- 2024- 7178- 2024-
T6 T86C T6C T84C T6 T6 T6C T81C T6C T36

7075-T6 1.07 1.08 108 1.17 1.18 1.19 1.22 1.26 1.37
2024-T86C 1.00 1.00 1.00 1.09 111 1.1 114 1.17 1.28
7075-T6C 1.00 1.00 1.08 110 1.10 1.12 1.16 1.26
2024-T84C 1.00 1.08 110 1.10 1.12 1.16 1.26
7178-T6 1.00 1.01 1.01 104 1.07 1.17
7079-T6 100 1.00 1.02 1.06 1.15
7079-T6C 1.00 1.02 1.06 1.15
2024-T81C 1.00 103 112
7178-T6C 100 1.09
2024-T36 1.00
2024-T6C 100
2024-T36C

2024-T3

2014-T6C

2024-T4

2024-T46C

6061-T6

5052-H38

5052-H36

5052-H34

5052-H32

5456-0

5083-0

6061-T4

5086-0

5454-0

5052-0

3003-0

1100-H112
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Table 5-14. Aluminum-Alloy Sheet Substitution (Sheet 2 of 3)

Old
material New or substitute material
11 12 13 14 15 16 17 18 19 20

2024- 2024- 2024- 2014- 2024- 2024- 6061- 5052- 5052- 5052-

T6C T36C T3 T6C T4 T4C T6 H33 H36 H34
7075-T6 143 146 151 1.53 168 181 192 210 240 292
2024-T86C 133 136 1.41 142 157 169 180 196 224 272
7075-T6C 132 135 139 141 155 167 177 1 94 222 270
2024-T84C 132 135 139 1.41 155 167 177 194 2.22 270
7178-T6 122 124 129 130 143 154 164 179 205 249
7079-T6 120 123 127 128 141 1.52 161 176 202 245
7079-T6C 120 123 1.27 128 141 152 161 176 202 245
2024-T81C 117 120 124 125 138 148 157 172 197 239
7178-T6C 113 116 120 121 133 144 152 167 190 232
2024-T36 104 106 1.10 112 120 132 140 153 175 213
2024-T6C 102 1.05 107 117 1.26 135 147 168 204
2024-T36C 100 1.03 105 115 124 132 144 164 200
2024-T3 100 101 111 120 127 139 159 1.93
2014-T6C 100 110 118 125 137 157 1.91
2024-T4 100 108 115 125 143 1.74
2024-T4C 100 106 116 132 1.61
6061-T6 100 109 125 152
5052-H38 100 114 139
5052-H36 1.00 122
5052-H34 100
5052-H32 100
5456-0
5083-0
6061-T4
5086-0
5454-0
5052-0
3003-0
1100-H112
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Old
material New or substitute material
21 22 23 24 25 26 27 28 29
5052- 6061- 1100-
H32 5456-0 5083-0 T4 5086-0 5454-0 5052-0 3003-0 Hi112
7075-T6 336 3.58
2024-T86C 314 334 3.73 3.97
7075-T6C 3N 331 3.70 3.93
2024-T84C 3N 331 3.70 3.93
7178-T6 287 306 342 3.63
7079-T6 282 301 3.36 3.37
7079-T6C 2.82 3.01 336 357
2024-T81C 2.75 293 328 348 398
7178-T6C 2.67 284 317 337 386
2024-T36 235 2.61 292 310 355
2024-T6C 235 2.50 280 297 340 396
2024-T36C 230 2.45 274 291 3.33 388
2024-T3 222 2.37 265 2.81 3.22 375
2014-T6C 220 2.34 261 278 3.18 370
2024-T4 200 213 2.38 253 2.89 337
2024-T4C 186 198 2.21 2.35 2.68 268 395
6061-T6 175 1.86 2.08 2.21 2.53 2.95 3.72
5052-H38 160 170 1.90 2.02 231 270 3.40
5052-H36 1.40 149 1.67 1.77 202 236 2.98
5052-H34 1.15 123 137 145 166 194 2.45
5052-H32 106 119 126 145 1.69 2.13
5456-0 1.00 112 1.19 136 1.58 2.00 3.80
5083-0 1 00 106 121 1.42 1.79 340
6061-T4 100 1.14 1.33 168 320
5086-0 100 1.17 147 280 399
5454-0 100 126 2.40 3.42
5052-0 1.00 1.90 2.71
3003-0 100 1.43
1100-H112 1.00
NOTE

Alclad material is denoted by a capitol C.
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Table 5-15. Substitute Materials

Original Factors to Determine Thickness of Aluminum Substitute Material
material
2014 2024 2024 2024 2024 5052 5052 5052 6061 7075
H36
T6 T36 T36' T81' Tes' H32 H34 H38 T6 T6!
Magnesium
AZ31B1-H24 1 00 1.00 100 100 1.10 1 100 1.00 100
HK31-H24 100 1.0 1 1.00 1.2 115 100 1.00
Factors to Determine Thickness of Steel Substitute Material
17-7 301, 301, 301 301 301 4130 4130 4130
302, 302
321,
347
TH1050 ANL 1/4H 1/2H 3/4H H N uUtS 125 UTS 150
Aluminum:
2024-T3" /T4 100 106 100 1.00 100 1.00 100 100 100
2024-T4 106 ] I
5052-H34 100
6061-T6 100 100 1.00
7075-T6 191 156 1.16
7075-T6! 177 144 1.07
7178-T6 209 170 1.26
7178-T61 191 156 1.16
Magnesium.
AZ31B1-H24 100 100
HK31-H24 100 1.00 100 100 100 100 1.00
Steel
17-7 TH1050 462 377 2.80 214 1.91 232 157 1.39
301, 302 ANL 100 100 1.00 100 1. 107 100 100
301, 302 1/4H 167 1.00 100 178 129 114
301 1/2H 200 1.35 100 214 155 137
301 3/4H 1.00 234 1.77 131 100 2 50 180 160
301H 1.03 247 1.98 147 112 264 191 169
321 ANL, 347 1.00 1.00 100 100 100 100 100 100
1020, 1025 103 100 100 100 100
4130 N l 2.00 163 121 100 1.00 100
4130 UTS 125 323 263 195 149 1. 162 100
4130 UTS 150 | 1.00 429 337 250 191 1.11 207 128 100

1 Alclad, all other aluminum alloys listed are bare sheet
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a. Identification. Titanium alloys are generally
designated by chemical composition. Therefore, alloy
6A1 -4V has the following composition:

Aluminum - 6 percent
Vanadium - 4 percent
Titanium - balance

Titanium alloys usually contain one or more of these
elements aluminum (Al), chromium (Cr), iron (Fe),
manganese (Mn), molybdenum (Mo), tin (Sn), and
vanadium (V).

b. Characteristics. Titanium and its alloys are
used chiefly for parts which require good resistance,
moderate strength at temperatures up to 600°F (315°C),
and light weight. Due to its cost, titanium is used only
where outstanding advantages will be realized. Its
machinability is poor. Installation of titanium parts
should be accomplished using monel rivets or close-
tolerance steel fasteners. If titanium is not available for
a repair, the substitute material should be 4130, 4140,
4340, or 8630 steel of the same gauge.

c. Methods of Working. Titanium can be worked
by grinding, drilling, sawing, and the types of working
used on other metals.

(1) Grinding. Titanium and its alloys can be
ground at about the same rate of speed as hardened
high-speed steels. Care must be taken when grinding
titanium to prevent poor surface finish and high tensile
stresses. The proper wheel types should be used at low
speeds, and the grinding area should be flooded with
cutting fluid.

(2) Drilling. Titanium can be difficult to drill
unless certain procedures are followed. High cutting
temperatures can result in a rapid dulling of the drill.
Holes should be as shallow as possible, short, sharp
drills of approved design should be used, large amounts
of cutting fluid should flood the area, and low drill
speeds should be used.

(3) Sawing. Power hacksaws, band saws,
and friction saws are used for sawing titanium. Water-
soluble coolants are desirable. Sawed edges must be
filed or belt-sanded to remove the ragged edges prior to
forming.

(4) Shearing. Shearing will be successful if
the blades are in perfect condition.

(5) Forming. Many forming operations are
carried out at room temperature, but others are more
readily done warm. The metal must be formed slowly,
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because the metal resists sudden movement.
Stretching, hydropressing, and draw-pressing are
preferable to punch-pressing and drop-hammer work.
After severe cold-forming, stress-relieving is desirable.

(6) Heat-treatment of titanium alloys. Heat-
treatment is not commonly used, because it has not
been completely perfected and the resulting metal is
difficult to use. However, titanium is heat-treated to

relieve stresses set up during cold-forming or
machining.
5-10. Copper and Copper Alloys. Most of the

commercial coppers are refined to a minimum purity of
99.9 percent. The principal copper base alloys are
brass, containing zinc, and bronze, containing tin.

a. Identification. [ Table 5-18 lists wrought copper
and copper alloy designations, specifications, and trade
names.

b. Major Alloying Elements. The following are the
major alloying elements for copper.

(1) Zinc. Zinc is added to copper to form
brass. It is ductile, malleable, corrosion-resistant, and
has colors ranging from pink to yellow.

(2) Tin. Tin is added to copper to form
bronze. Bronze is a quality spring material, and is
strong, ductile, and corrosion-resistant.

(3) Lead. Lead, when added to copper,
forms a machinable, highly conductive copper alloy. It
is added to brass and bronze in various proportions to
improve machinability and bearing properties.

(4) Aluminum.  Aluminum bronzes are
formed when aluminum is added to copper. They are of
high strength and corrosion-resistance.

(5) Iron. Iron is added along with aluminum
in some aluminum bronzes, and with manganese in
some manganese bronzes.

(6) Phosphorous. Phosphorous is added
mainly as a deoxidizer. In some bronzes it is added to
improve spring properties.

(7) Nickel. Nickel produces higher strength
without loss of ductility and excellent corrosion-
resistance.
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Copper
alloy
number Federal Military Trade name
101 A-A-51144
MIL-W-85C Oxygen free certified

QQ-C-502 copper
QQ-C-576
QQ-W-343
WW-P-377

102 A-A-51144

MIL-W-85C Oxygen free copper

QQ-C-502 MIL-W-6712A
QQ-B-825
QQ-C-576
QQ-R-571
QQ-W-343
WW-T-799

104 QQ-C-502 Oxygen free with silver
QQ-C-825

105 QQ-C-502 Oxygen free with silver
QQ-C-825

110 QQ-A-673,
type | MIL-W-3318 Electrolyte tough pitch
QQ-C-502 MIL-W-6712 copper
QQ-B-825
QQ-C-576

128 QQ-C-502 Fire refined tough pitch
QQ-C-576 with silver

130 QQ-C-502 Fire refined tough pitch
QQ-C-576 with silver

170 QQ-C-530 ASTM B196 & Beryllium copper

172 QQ-C-533 B197

210 QQ-W-321, Gilding, 95 percent

comp 1
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Copper
alloy
number

Federal

Military

ASTM

AWS

Trade name

220

230

240

260

261

262

QQ-W-321,
comp 2

QQ-B-613,
comp 4
QQ-B-626,
comp 4
QQ-W-321,
comp 3
WW-P-351,
grade A
WW-T-791,
Grade 1

QQ-A-660
QQ-B-613,
comp 3
QQ-B-626,
comp 3
QQ-B-650,
comp D
QQ-W-321,
comp 4

QQ-B-613,
comp2 & 11
QQ-B-626,
comp 2 & 11

QQ-B-650,
comp C
QQ-W-321,
comp 6

Same as 260

QQ-B-613,
comp 11
QQ-B-626,
comp 11

MIL-W-85C
MIL-W-6712

MIL-S-22499

MIL-T-6945
comp |l

MIL-T-20219

5-35

Commercial bronze,
90 percent

Red brass, 85 percent

Low brass, 80 percent

Cartridge brass, 70
percent
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Copper
alloy
number

Federal Military

ASTM

Trade name

268

270

274

280

298

330

331

QQ-B-613,
complé&l1l
QQ-B-626,
complé&l1l

QQ-B-613,
comp 11
QQ-B-626,
comp 11
QQ-W-321,
comp 7

QQ-B-613,
comp 11
QQ-B-626,
comp 11
QQ-W-321,
comp 8

QQ-B-613,
comp 11
QQ-B-626,
comp 11
WW-P-351,
Grade C
WW-T-791,
Grade 3

QQ-B-650
comp A

QQ-B-613,

comp 11 MIL-T-6945
QQ-B-626, comp Il
Comp 11

WW-P-351,

Grade B

WW-T-791,

Grade 2

QQ-B-613,
comp 11
QQ-B-626,
comp 11

5-36

Yellow brass, 66 percent
(sheet)

Yellow brass 65 percent
(rod and wire)

Yellow brass 63 percent

Muntz metal, 60 percent

Brazing alloy

Low leaded brass



TM 1-1500-204-23-10

Table 5-16. Chemical Composition by Trade Name (Sheet 4 of 9)

Copper
alloy
number Federal Military ASTM AWS Trade name
110 QQ-R-571, Class
FS-RW-1
QQ-W-343
WW-P-377
111 QQ-C-502 Electrolytic touch pitch
QQ-B-825 anneal resist copper
QQ-C-576
QQ-W-343
114 QQ-C-502 Tough pitch with silver
QQ-B-825
QQ-C-576
116 QQ-C-502 Tough pitch with silver
QQ-B-825
QQ-C-576
120 QQ-C-502 MIL-W-85C Phosphorus deoxidized
QQ-C-576 low residual phosphorus
WW-P-377 copper
WW-T-797
WW-T-799
121 QQ-C-502
QQ-C-576
122 QQ-C-502 Phosphorus deoxidized
high residual phosphorus
copper
122 QQ-C-576
WW-P-377
WW-T-797
123 QQ-C-502
QQ-C-576
125 QQ-C-502 Fire refined tough pitch
QQ-C-576 copper
127 QQ-C-502 Fire refined tough pitch
QQ-C-576 with silver
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Table 5-16. Chemical Composition by Trade Name (Sheet 5 of 9)

Copper
alloy

number

Federal

Military

ASTM

AWS

Trade name

5-38

332

340

335

342

344

347

348

350

QQ-B-613, comp 11

QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11 & 24
QQ-B-626,
comp 11 & 24

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11

High leaded brass 64
1/2 percent

Medium leaded brass 64
1/2 percent

Low leaded brass

High leaded brass 64
1/2 percent

Medium leaded brass 62
percent
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Table 5-16. Chemical Composition by Trade Name (Sheet 6 of 9)

Copper
alloy
number

Federal Military ASTM

AWS Trade name

353

356

370

360

377

443

444

445

462

464

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-B-613,
comp 11
QQ-B-626,
comp 11 & 22

QQ-B-613,
comp 11
QQ-B-626,
comp 11

QQ-8-613,
comp 11
QQ-B-626,
comp 11 & 22

QQ-B-626,
comp 21

WW-T-756
WW-T-756
WW-T-756

QQ-B-626,
comp 11
QQ-B-637,
comp 4

QQ-B-613,

comp 11 MIL-W-6712
QQ-B-626,

comp 11 MIL-T-6945
QQ-B-637, comp 1
comp 1

5-39

Extra high leaded brass

Extra high leaded brass

Free cutting muntz metal

Free cutting brass

Forging brass

Admiralty, arsenical

Admiralty, antimonial

Admiralty, phosphorized

Naval brass, 63 1/2
percent

Naval brass



TM 1-1500-204-23-10

Table 5-16. Chemical Composition by Trade Name (Sheet 7 of 9)

Copper
alloy
number

Federal

Military

ASTM

Trade name

465

466

467

470

472

482

485

510

518

QQ-B-613,
comp 11
QQ-B-626,
comp 11
QQ-B-637,
comp 1

QQ-B-613,
comp 11
QQ-B-626,
comp 11
QQ-B-637,
comp 1

QQ-B-613,
comp 11
QQ-B-626,
comp 11
QQ-B-637,
comp 1

QQ-R-571

QQ-B-650,
comp B

QQ-B-626,
comp 11
QQ-B-637,
comp 2

QQ-B-626,
comp 1
QQ-B-637,
comp 3

QQ-B-750,
comp A

QQ-W-321
QQ-R-571

QQ-R-571

MIL-W-6712
MIL-T-6945

comp 1

MIL-W-6712

MIL-T-6945
comp 1

MIL-W-6712
MIL-T-6945

MIL-W-6712
MIL-T-6945
comp 1

MIL-W-671:
MIL-T-6945
comp 1

5-40

Naval brass, arsenical

Naval brass, antimonial

Naval brass, phosphorized

Naval brass, welding and
brazing rod

Brazing alloy

Naval brass, medium

leaded

Naval brass, high leaded

Phosphor bronze A

Phosphor bronze
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Table 5-16. Chemical Composition by Trade Name (Sheet 8 of 9)

Copper
alloy
number Federal Military ASTM AWS Trade name
521 QQ-R-571 Phosphor bronze C
524 QQ-B-750, Phosphor bronze D
Comp D
544 QQ-B-750 MIL-B-13501 Phosphor bronze B-2
606 AWS A5 1
612 AWS A5.1
614 AWS A5 1 Aluminum bronze D
618 MIL-W-6712
MIL-R-18818
622 MIL-R-