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WELCOME

The publishers of this Aviation Maintenance Technician Certification Series welcome you to the world of
aviation maintenance. As you move towards EASA certification, you are required to gain suitable knowledge and
experience in your chosen area. Qualification on basic subjects for each aircraft maintenance license category or
subcategory is accomplished in accordance with the following matrix. Where applicable, subjects are indicated by
an "X" in the column below the license heading.

For other educational tools created to prepare candidates for licensure, contact Aircraft Technical Book Company.

We wish you good luck and success in your studies and in your aviation career!

EASA LICENSE CATEGORY CHART

. Al 7 B1'.1 | .B1 2 | B1.3 B2
Module number and title Airplane Airplane Airplane Helicopter oS
Turbine Turbine Piston Turbine

1 Mathematics X X X X
2 Physics X X X X X
3 Electrical Fundamentals X X X X X
4 Electronic Fundamentals X X X X
5 Digital Techniques / Electronic Instrument Systems X X X X X
6 Materials and Hardware X X X X X
7A | Maintenance Practices X X X X X
8 Basic Aerodynamics X X X X X
9A | Human Factors X X X X X
10 Aviation Legislation X X X X X

11A | Turbine Aeroplane Aerodynamics, Structures and Systems X X

11B | Piston Aeroplane Aerodynamics, Structures and Systems X
12 Helicopter Aerodynamics, Structures and Systems X

13 Aircraft Aerodynamics, Structures and Systems
14 Propulsion
15 Gas Turbine Engine X X X
16 Piston Engine X

17A | Propeller X X




FORWARD

PART-66 and the Acceptable Means of Compliance (AMC) and Guidance Material (GM) of the European Aviation
Safety Agency (EASA) Regulation (EC) No. 1321/2014, Appendix 1 to the Implementing Rules establishes the
Basic Knowledge Requirements for those seeking an aircraft maintenance license. The information in this Module
of the Aviation Maintenance Technical Certification Series published by the Aircraft Technical Book Company
meets or exceeds the breadth and depth of knowledge subject matter referenced in Appendix 1 of the Implementing
Rules. However, the order of the material presented is at the discretion of the editor in an effort to convey the
required knowledge in the most sequential and comprehensible manner. Knowledge levels required for Category Al,
B1, B2, and B3 aircraft maintenance licenses remain unchanged from those listed in Appendix 1 Basic Knowledge
Requirements. Tables from Appendix 1 Basic Knowledge Requirements are reproduced at the beginning of each
module in the series and again at the beginning of each Sub-Module.

How numbers are written in this book:
This book uses the International Civil Aviation Organization (ICAQ) standard of writing numbers. This method

displays large numbers by adding a space between each group of 3 digits. This is opposed to the American method which
uses commas and the European method which uses periods. For example, the number one million is expressed as so:

JCAQ Standard 1000 000

European Standard 1.000.000

American Standard 1,000,000
SI Units:

'The International Systemn of Units (SI) developed and maintained by the General Conference of Weights and
Measures (CGPM) shall be used as the standard system of units of measurement for all aspects of international civil

aviation air and ground operations.

Prefixes:
'The prefixes and symbols listed in the table below shall be used to form names and symbols of the decimal multiples

and submultiples of International System of Units (SI) units.

[ MULTIPLICATION FACTOR 2 prerFix [ symBsoL [
1 000 000 000 000 000 000 = 108 exa E
1 000 000 000 000 000 = 10%* peta P
1000 000 000 000 = 10*? tera T
1000 000 000 =10° giga G
1000000 =10° mega M
1000 =10° kilo k
100 =102 hecto h
10 =10! deca da
0.1 =107 deci d
0.01 =107 centi c
0.001 =107 milli m
0.000001 =10 micro u
0.000000001 =107 nano n
0.000 000 000 001 =102 pico p
0.000 000000000001 =10 femto f
0.000 000 000 000 000 001 = 1078 atto a

International System of Units (SI) Prefixes



PREFACE

This module includes an examination of many of the maintenance practices used by the EASA technician on a
daily basis. In Module 06 - Hardware and Materials, an introduction to many of the materials and hardware used
in aviation was given. Here in Module 07 - Maintenance Practices, rules, techniques and processes utilized when
working with these materials and hardware are explained. Additionally, practices used for safe operation and
handling of the entire aircraft during the performance of maintenance, operations and storage are also explained.
Safety and quality workmanship are emphasized.

Module 074 Syllabus as outlined in PART-66, Appendix 1.
LEVELS

CERTIFICATION CATEGORY - B1 B2

Sub-Module 01 - Safety Precautions - Aircraft and Workshop
Aspects of safe working practices including precautions to take when working with electricity, 3 3
gases (especially oxygen) oils and chemicals.

Also, instruction in the remedial action to be taken in the event of a fire or another accident with
one or more of these hazards including knowledge on extinguishing agents.

Sub-Module 02 - Workshop Practices
Care of tools, control of tools, use of workshop materials; 3 3
Dimensions, allowances and tolerances, standards of workmanship;
Calibration of tools and equipment, calibration standards.

Sub-Module 03 - Tools
Common hand tool types; 3 3
Common power tool types;
Operation and use of precision measuring tools;
Lubrication equipment and methods.
Operation, function and use of electrical general test equipment.

Sub-Module 04 - Avionic General Text Equipment

Operation, function and use of avionic general test equipment. 2 3

Sub-Module 05 - Engineering Drawings, Diagrams and Standards
Drawing types and diagrams, their symbols, dimensions, tolerances and projections; 2 2
Identifying title block information;
Microfilm, microfiche and computerized presentations;
Specification 100 of the Air Transport Association (ATA) of America;
Aeronautical and other applicable standards including ISO, AN, MS, NAS and MIL;

Wiring diagrams and schematic diagrams.

>
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LEVELS

CERTIFICATION CATEGORY - B1 B2

Sub-Module 06 - Fits and Clearances
Drill sizes for bolt holes, classes of fits;
Common system of fits and clearances;

Schedule of fits and clearances for aircraft and engines;

Limits for bow, twist and wear;

Standard methods for checking shafts, bearings and other parts.

Sub-Module 07 - Electrical Wiring Interconnection System (EWIS)

Continuity, insulation and bonding techniques and testing;

Use of crimp tools: hand and hydraulic operated;
Testing of crimp joints;
Connector pin removal and insertion;

Co-axial cables: testing and installation precautions;
Identification of wire types, their inspection criteria and damage tolerance.

Wiring protection techniques: Cable looming and loom support, cable clamps, protective

sleeving techniques including heat shrink wrapping, shielding.
EWIS installations, inspection, repair, maintenance and cleanliness standards.

Sub-Module 08 - Riveting
Riveted joints, rivet spacing and pitch;
Tools used for riveting and dimpling;
Inspection of riveted joints.

Sub-Module 09 - Pipes and Hoses
Bending and belling/flaring aircraft pipes;
Inspection and testing of aircraft pipes and hoses;
Installation and clamping of pipes.

Sub-Module 10 - Springs
Inspection and testing of springs.

Sub-Module 11 - Bearings
Testing, cleaning and inspection of bearings;
Lubrication requirements of bearings;
Defects in bearings and their causes.

Sub-Module 12 - Transmissions

Inspection of gears, backlash;

Inspection of belts and pulleys, chains and sprockets;
Inspection of screw jacks, lever devices, push-pull rod systems.

Sub-Module 13 - Control Cables
Swaging of end fittings;
Inspection and testing of control cables;
Bowden cables; aircraft flexible control systems.

vi
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LEVELS
CERTIFICATION CATEGORY - B1 B2

Sub-Module 14 - Material Handling

Sub-Module 14.1- Sheet Metal
Marking out and calculation of bend allowance; 2
Sheet metal working, including bending and forming;
Inspection of sheet metal work.

Sub-Module 14.2 - Composite and Non-metallic
Bonding practices; 2 =
Environmental conditions; Inspection methods.

Sub-Module 15 - Welding, Brazing, Soldering and Bonding
(@ Soldering methods; inspection of soldered joints. 2 2

(b) Welding and brazing methods; 2 -
Inspection of welded and brazed joints;
Bonding methods and inspection of bonded joints.

Sub-Module 16 - Aircraft Weight and Balance

(@) Centre of Gravity/Balance limits calculation: use of relevant documents; 2 2
(b) Preparation of aircraft for weighing; Aircraft weighing y

Sub-Module 17 - Aircraft Handling and Storage
Aircraft taxiing/towing and associated safety precautions; 2 2
Aircraft jacking, chocking, securing and associated safety precautions;
Aircraft storage methods;
Refuelling/defuelling procedures;
De-icing/anti-icing procedures;
Electrical, hydraulic and pneumatic ground supplies.
Effects of environmental conditions on aircraft handling and operation.

Sub-Module 18 - Disassembly, Inspection, Repair and Assembly Techniques
(@ Types of defects and visual inspection techniques; 3 3

Corrosion removal, assessment and reprotection;

(b) General repair methods, Structural Repair Manual; 2
Ageing, fatigue and corrosion control programmes;

(© Non destructive inspection techniques including, penetrant, radiographic, eddy current, 2 1
ultrasonic and boroscope methods;

(d) Disassembly and re-assembly techniques; 2 2

(e Trouble shooting techniques. 2 2

Module 07A - Maintenance Practices AIRCRAFT vii
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LEVELS
CERTIFICATION CATEGORY - B1 B2

Sub-Module 19 - Abnormal Events

(@ Inspections following lightning strikes and HIRF penetration; ‘ 2 2
(b) Inspections following abnormal events such as heavy landings and 2 =
flight through turbulence.

Sub-Module 20 - Maintenance Procedures

Maintenance planning; 2 2
Modification procedures;

Stores procedures;

Certification/release procedures;

Interface with aircraft operation;

Maintenance Inspection/Quality Control/Quality Assurance;

Additional maintenance procedures;

Control of life limited components.

~AIRCRAFT Module 07A - Maintenance Practices
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MAINTENANCE PRACTICES

SAEFETY PRECAUTIONS
AIRCRAFT AND WORKSHOP

SUB-MODULE O1
PART-66 SYLLABUS LEVELS

CERTIFICATION CATEGORY - B1 B2

Sub-Module 01
SAFETY PRECAUTIONS - AIRCRAFT AND WORKSHOP

Knowledge Requirements

7.1 - Safety Precautions - Aircraft and Workshaop
Aspects of safe working practices including precautions to take when working with electricity, gases 3 3

(especially oxygen) oils and chemicals.

Also, instruction in the remedial action to be taken in the event of a fire or another accident with
one or more of these hazards including knowledge on extinguishing agents.

Level 3

A detailed knowledge of the theoretical and practical aspects of the subject
and a capacity to combine and apply the separate elements of knowledge in a
logical and comprehensive manner.

Objectives:

(@ The applicant should know the theory of the subject and
interrelationships with other subjects.

(b) The applicant should be able to give a detailed description of the
subject using theoretical fundamentals and specific examples.

(©) The applicant should understand and be able to use mathematical
formula related to the subject.

(d) The applicant should be able to read, understand and prepare
sketches, simple drawings and schematics describing the subject.

(e) The applicant should be able to apply his knowledge in a practical
manner using manufacturer's instructions.

(f) The applicant should be able to interpret results from various sources
and measurements and apply corrective action where appropriate.
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SAFETY PRECAUTIONS - AIRCRAFT AND WORKSHOP

Keeping hangars, shop, and the flight line orderly and
clean is essential to safety and efficient maintenance.
'The highest standards of orderly work arrangements and
cleanliness should be observed during the maintenance
of aircraft. Safety lanes, pedestrian walkways, and fire
lanes should be painted around the perimeter inside the
hangars. This is a safety measure to prevent accidents
and to keep pedestrian traffic out of work areas. Signs
should be posted to indicate dangerous equipment or
hazardous conditions. There should also be signs that
provide the location of first aid and fire equipment.

Safety is everyone's business, and communication is
key to ensuring everyone's safety. Technicians and
supervisors should watch for their own safety and for the
safety of others working around them. If other personnel
are conducting their actions in an unsafe manner,
communicate with them. Remind them of their safety
and that of others around them.

Where continuous work shifts are established, the
outgoing shift personal should remove and properly
store personal tools and roll-a-way boxes. Work stands,
maintenance stands, hoses, electrical cords, hoists,
crates, and boxes that are still needed for the work to be
accomplished may stay in the work area.

A face-to-face turnover of the progress made and the
exact step in the procedure where the new technician
must continue the operation should be mandatory.
A review of the repair/maintenance documentation
verifying all steps performed have been signed by the
performing technician should also be done before or
during turnover. This is of extreme importance because
any work signed for is considered completely and
satisfactorily accomplished by the incoming technician.

FLIGHT LINE SAFETY

HEARING PROTECTION

'The flight line is a place of dangerous activity. Technicians
who perform maintenance on the flight line must
constantly be aware of what is going on around them.
The noise on a flight line comes from many places.
Aircraft are only one source of noise. There are auxiliary
power units (APUs), fuel trucks, baggage handling
equipment, and so forth. Each has its own frequency
of sound. Combined all together, noises on the ramp or
flight line can cause hearing loss.

There are many types of hearing protection available.
Hearing protection can be external or internal. The
external protection is the earmuff/headphone type. The
internal type fit into the auditory canal. Both types will
reduce the sound level reaching the eardrum and reduce
the chances of hearing loss. Hearing protection should
also be used when working with pneumatic drills, rivet
guns, or other loud or noisy tools or machinery. Because
of their high frequency, even short duration exposure
to these sounds can cause a hearing loss. Continued
exposure will cause permanent hearing loss.

1.2

% BOOK

FOREIGN OBJECT DAMAGE (FOD)
FOD is any damage caused by any loose object to
aircraft, personnel, or equipment. These loose objects
can be anything from broken runway concrete to shop
towels to safety wire.

To control FOD, keep ramp and operation areas clean,
have a tool control program, and provide convenient
receptacles for trash, used hardware, shop towels, and
other consumables.

'The modern gas turbine engine will create a low pressure
area in front of the engine that will cause any loose object
to be drawn into the engine. The exhaust of these engines
can propel loose objects great distances with enough
force to damage anything that is hit. The importance
of an FOD program cannot be overstressed when a
technician considers the cost of engines, components, or
the cost of a human life. Never leave tools or other items
around the intake of a turbine engine.

SAFETY AROUND AIRPLANES

As with the previously mentioned items, it is important
to be aware of propellers. Do not assume the pilot of
a taxiing aircraft can see you. Technicians must stay
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where the pilot can see them while on the ramp area.
Turbine engine intakes and exhaust can also be very
hazardous areas. There should be no smoking or open
flames anywhere near an aircraft in operation. Be aware
of aircraft fluids that can be detrimental to skin. When
operating support equipment around aircraft, be sure to
allow space between it and the aircraft and secure it so
it cannot roll into the aircraft. All items in the area of
operating aircraft must be stowed properly.

SAFETY AROUND HELICOPTERS

Every type of helicopter has its own differences.
These differences must be learned to avoid damage
to the helicopter or injury to the technician. When
approaching a helicopter while the blades are turning,
observe the rotor head and blades to see if they are level.

'This will allow maximum clearance as you approach the
helicopter. Observe the following:
* Approach the helicopter in view of the pilot.
* Never approach a helicopter carrying anything with
a vertical height that blades could hit. This could
cause blade damage and personal injury.
* Never approach a single masterhead helicopter from
the rear. The tail rotor is invisible when operating.
* Never go from one side of the helicopter to the
other by going around the tail. Always go around
the nose of the helicopter.

When securing the rotor on helicopters with elastometric
bearings, check the maintenance manual for the proper
method. Using the wrong method could damage the
bearings.

SAFETY PRECAUTIONS

ELECTRICAL

Working with electrical equipment poses certain
physiological safety hazards. It is known that when
electricity is applied to the human body, it can create
severe burns in the area of entrance and at the point of
exit from the body. In addition, the nervous system is
affected and can be damaged or destroyed.

To safely deal with electricity, the technician must have
a working knowledge of the principles of electricity,
and a healthy respect for its capability to do both work
and damage. Wear or use proper safety equipment to
provide psychological assurance and physically protect
one self. The use of rubber gloves, safety glasses, rubber
or grounded safety mats, and other safety equipment
contributes to the physiological safety of the technician
working on or with electrical equipment.

Two factors that affect safety when dealing with
electricity are fear and overconfidence. These two factors
are major causes of accidents involving electricity. While
both a certain amount of respect for electrical equipment
is healthy and a certain level of confidence is necessary,
extremes of either can be deadly.

Lack of respect is often due to lack of knowledge.
Personnel who attempt to work with electrical equipment
and have no knowledge of the principles of electricity
lack the skills to deal with electrical equipment safely.
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Overconfidence leads to risk taking. The technician who
does not respect the capabilities of electricity can, sooner
or later, become a victim of electricity's awesome power.

FIRE SAFETY

Any time current flows, whether during generation
or transmission, a byproduct of that flow is heat. The
greater the current flow, the greater the amount of heat
created. When this heat becomes too great, protective
coatings on wiring and other electrical devices can melt,
causing shorting, which leads to more current flow
and greater heat. This heat can become so great that
metals can melt, liquids can vaporize, and flammable
substances can ignite.

An important factor in preventing electrical fires is
to keep the area around electrical work or electrical
equipment clean, uncluttered, and free of all unnecessary
flammable substances. Ensure that all power cords,
wires, and lines are free of kinks and bends which can
damage the wire. Never place wires or cords where
they will be walked on or run over by other equipment.
When several wires inside a power cord are broken, the
current passing through the remaining wires increases.
'This generates more heat than the insulation coatings on
the wire are designed to withstand and can lead to a fire.
Closely monitor the condition of electrical equipment.
Repair or replace damaged equipment before further use.

1.3
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SAFETY AROUND COMPRESSED
GASES

Compressed air, like electricity, is an excellent tool as
long as it is under control. A typical nitrogen bottle set
is shown in Figure 1-1.

The following "do's and don'ts" apply when working
with or around compressed gases:

* Inspect air hoses frequently for breaks and
worn spots. Unsafe hoses should be replaced
immediately.

* Keep all connections in a "no-leak condition."

* Maintain in-line oilers in operating condition, if
installed.

* The system should have water sumps installed and
should be drained at regular intervals.

» Air used for paint spraying should be filtered to
remove oil and water.

* Never use compressed air to clean hands or
clothing. Pressure can force debris into the flesh
leading to infection.

* Never spray compressed air in the area of other
personnel.

* Air hoses should be straightened, coiled, and

propetly stored when not in use.

Many accidents involving compressed gases occur
during aircraft tire mounting. To prevent possible
personal injury, use tire dollies and other appropriate
lifting and mounting devices in mounting or removing
heavy aircraft tires.

1.4 AlR

When inflating tires on any type of aircraft wheels,
always use tire cage guards. Because of possible personal
injury, extreme caution is required to avoid over-
inflation of high pressure tires. Use pressure regulators
on high pressure air bottles to eliminate the possibility
of over-inflation of tires. Tire cages need not be used
when adjusting pressure in tires installed on aircraft.

OXYGEN SAFETY CONSIDERATIONS
Precautions must be observed when working with or
around pure oxygen. It readily combines with other
substances, some in a violent and explosive manner. It
is extremely important to keep some distance between
pure oxygen and petroleum products. When allowed to
combine, an explosion can result. Additionally, there are
a variety of inspection and maintenance practices that
should be followed to ensure safety when working with
oxygen and oxygen systems. Care should be used and, as
much as possible, maintenance should be done outside.

When working on an oxygen system, it is essential
that the warnings and precautions given in the aircraft
maintenance manual be carefully observed. Before
any work is attempted, an adequate fire extinguisher
should be on hand. Cordon off the area and post
"NO SMOKING" placards. Ensure that all tools and
servicing equipment are clean and avoid power on
checks and use of the aircraft electrical system.

When working around oxygen and oxygen systems,
cleanliness enhances safety. Clean, grease-free hands,
clothes, and tools are essential. A good practice is to
use only tools dedicated for work on oxygen systems.
There should be absolutely no smoking or open flames
within a minimum of 50 feet of the work area. Always
use protective caps and plugs when working with oxygen
cylinders, system components, or plumbing. Do not use
any kind of adhesive tape. Oxygen cylinders should be
stored in a designated, cool, ventilated area in the hangar
away from petroleum products or heat sources.

Oxygen system maintenance should not be accomplished
until the valve on the oxygen supply cylinder is closed
and pressure is released from the system. Fittings should
be unscrewed slowly to allow any residual pressure to
dissipate. All oxygen lines should be marked and should
have at least 2 inches of clearance from moving parts,
electrical wiring, and all fluid lines. Adequate clearance
must also be provided from hot ducts and other sources
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that might heat the oxygen. A pressure and leak check
must be performed each time the system is opened
for maintenance. Do not use any lubricants, sealers,
cleaners, etc., unless specifically approved for oxygen
system use.

SAFETY AROUND HAZARDOUS
MATERIALS

A material safety data sheet (MSDS or SDS) is a
required document that contains information for the
safe handling, use, storage and disposal of potentially
hazardous chemicals. Manufacturers and distributors
of these substances must supply users with a safety data
sheet for each different chemical purchased. Employers
are required to make this information available to their
employees. Previously, each country's regulating agency
had some type of similar required documentation and
procedures for disseminating information on chemical
substances. The United Nations created a Globally
Harmonized System of Classification and Labeling of
Chemicals (GHS) which was adopted by the European
Union in EC 1272/2008. This standardizes worldwide
the required documents that are to accompany and be
kept on file for all potentially hazardous chemicals.
The goal is to ensure the safety of all personnel that are
involved in manufacturing, distributing, transporting
and using these materials in their day-to-day operations
by providing standardized information.

The GHS safety data sheet is a 16 section document that
includes the following information:
1. Identification
. Hazard(s) identification
Composition/ information on ingredients
First-aid measures
Fire-fighting measures
. Accidental Release Measures
Handling and storage
. Exposure control/personal protection
Physical and chemical properties
. Stability and reactivity
. Toxicological information
. Ecological information
. Disposal considerations
. Transport information
. Regulatory information
. Other information.
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‘The GHS safety data sheets are accompanied by standard
labeling pictograms or symbols which categorize
substances and can be easily seen by a transporter or
user of a particular substance. There are pictograms for
physical hazards, health hazards and environmental
hazards as well as transportation class identification
pictograms. Examples of various pictograms are shown
in Figure 1-2.

Many older national chemical safety organization
SDS's may contain the pictogram label known as the
risk diamond. This has been a staple of the Material
Safety Data Sheet system utilized in the United States.
It is a four color segmented diamond that represents
Flammability (Red), Reactivity (Yellow), Health (Blue),
and special Hazard (White). In the Flammability,
Reactivity, and Health blocks, there should be a number
from O to 4. Zero represents little or no hazard to the
user; 4 means that the material is very hazardous. The
special hazard segment contains a word or abbreviation
to represent the special hazard. Some examples are:
RAD for radiation, ALK for alkali materials, ACID for
acidic materials, and CARC for carcinogenic materials.
The letter W with a line through it stands for high
reactivity to water. (Figure 1-3)

FIRE SAFETY

Performing maintenance on aircraftand their components
requires the use of electrical tools which can produce
sparks, along with heat-producing tools and equipment,
flammable and explosive liquids, and gases. As a result, a
high potential exists for fire to occur.

Environmentally
Damaging

Explosive

Non-Flé}nmable Flammable Liquids

Non-Toxic Gases

Figure 1-2. Examples of Globally Harmonized System of
Classification and Labeling of Chemicals (GHS) pictograms.
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Figure 1-3. A risk diamond.

Measures must be taken to prevent a fire from occurring
and to also have a plan for extinguishing it. The key
to fire safety is knowledge of what causes fire, how
to prevent it, and how to put it out. This knowledge
must be instilled in each technician and emphasized
by their supervisors through sound safety programs,
and occasionally practiced. Airport or other local fire
departments can normally be called upon to assist in
training personnel and helping to establish fire safety
programs for the hangar, shops, and flight line.

FIRE PROTECTION

REQUIREMENTS FOR FIRE TO
OCCUR
Three things are required for a fire:

1. Fuel — something that will, in the presence of
heat, combine with oxygen, thereby releasing more
heat and as a result reduces itself to other chemical
compounds;

2. Heat — accelerates the combining of oxygen with
fuel, in turn releasing more heat; and

3. Oxygen — the element which combines chemically
with another substance through the process of
oxidation. Rapid oxidation, accompanied by
a noticeable release of heat and light, is called
combustion or burning. (Figure 1-4) Remove any
one of these things and the fire extinguishes.

CLASSIFICATION OF FIRES

For commercial purposes, the National Fire Protection
Association (NFPA) has classified fires into three basic
types: Class A, Class B, and Class C.

1. Class A fires occur in ordinary combustible
materials, such as wood, cloth, paper, upholstery
materials, and so forth.

2. Class B fires occur in flammable petroleumn
products of other flammable or combustible liquids,
greases, solvents, paints, and so forth.

3. Class C fires involve energized electrical wiring
and equipment.

A fourth class of fire, with which the technician
should be familiar, the Class D fire, is defined as fire
in flammable metal. Class D fires are not commercially
considered by the National Fire Protection Association
to be a basic type or category of fire since they are

caused by a Class A, B, or C fire. Usually Class D fires

1.6

It takes three things to start a fire:
OXYGEN, HEAT, FUEL

. . Oxygen

FL'.CL’.Oﬂ (heaf)‘
; Fuel

Figure 1-4. Three elements of fire.

involve magnesium in the shop or in aircraft wheels and
brakes, or are the result of improper or poorly conducted
welding operations.

Any one of these types of fires can occur during
maintenance on or around, or operations involving,
aircraft. There is a particular type extinguisher which is
most effective for each type of fire.

FIRE EXTINGUISHERS

TYPES AND OPERATION

Water extinguishers are the best type to use on Class
A fires. Water has two effects on fire: it deprives fire of
oxygen and cools the material being burned.

Since most petroleum products float on water, water-
type fire extinguishers are not recommended for Class
B fires.

Extreme caution must be used when fighting electrical

fires with water-type extinguishers. Not only must all
electrical power be removed or shut off to the burning
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area, but residual electricity in capacitors, coils, and so
forth must be considered to prevent severe injury and
possibly death from electrical shock.

Never use water-type fire extinguishers on Class D fires.
Because metals burn at extremely high temperatures,
the cooling effect of water causes an explosive expansion
of the metal. Water fire extinguishers are operated in a
variety of ways. Some are hand pumped, while some are
pressurized.

'The pressurized types of extinguishers may have a gas
charge stored in the container with the water, or it may
contain a "soda-acid" container where acid is spilled into
a container of soda inside the extinguisher. The chemical
reaction of the soda and the acid causes pressure to build
inside the fire extinguisher, forcing the water out.

Carbon dioxide (CO,) extinguishers are used for Class
A, B, and C fires, extinguishing the fire by depriving
it of oxygen. (Figure 1-5) Additionally, like water-type
extinguishers, CO; cools the burning material.

Never use CO; on Class D fires. As with water
extinguishers, the cooling effect of CO; on the hot metal
can cause explosive expansion of the metal.

When using CO; fire extinguishers, all parts of the
extinguisher can become extremely cold, and remain
so for a short time after operation. Wear protective
equipment or take other precautions to prevent cold
injury (such as frostbite) from occurring.

Extreme caution must be used when operating CO,
fire extinguishers in closed or confined areas. Not only
can the fire be deprived of oxygen, but so too can the
operator.

CO:s fire extinguishers generally use the self-expelling
method of operation. This means that the CO; has
sufficient pressure at normal operating pressure to
expel itself. This pressure is held inside the container
by some type of seal or frangible disk, which is broken
or punctured by a firing mechanism, usually a pin. This
means that once the seal or disk is broken, pressure in
the container is released, and the fire extinguisher is
spent, requiring replacement. (Figure 1-6)
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Figure 1-5. Carbon dioxide fire extinguisher.

Halogenated hydrocarbon extinguishers are most
effective on Class B and C fires. They can be used
on Class A and D fires but they are less effective.
Halogenated hydrocarbon, (commonly called Freon™
by the industry), are numbered according to chemical
formulas with Halon™ numbers.

Carbon tetrachloride (Halon 104), chemical formula
CCl4, has an Underwriters Laboratory (UL) toxicity
rating of 3. As such, it is extremely toxic. (Figure 1-7)

Hydrochloric acid vapor, chlorine and phosgene gas
are produced whenever carbon tetrachloride is used
on ordinary fires. The amount of phosgene gas is
increased whenever carbon tetrachloride is brought in
direct contact with hot metal, certain chemicals, or
continuing electrical arcs. It is not approved for any fire
extinguishing use. Old containers of Halon 104 found
in or around shops or hangars should be disposed of
in accordance with Environmental Protection Agency
(EPA) regulations and local laws and ordinances.

Methyl bromide (Halon 1001), chemical formula
CH3Br, is a liquefied gas with a UL toxicity rating of 2.
'This chemical is very toxic, it is corrosive to aluminum
alloys, magnesium, and zinc. Halon 1001 is not
recommended for aircraft use.

1.7
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Class of Fire E P w5 .
Extinguishing g T 55 B3 g @
Materials 3 E E fZ £ 2 g ]
A B c D § T 8= U=
Water and Anti-Freeze X X X X X
Soda-Acid (water) X X
Wetting Agent X X
Foam X X X
Loaded Stream X X+ X X
Multipurpose Dry Chemical X+ X X X X
Carbon Dioxide X+ X X
Dry Chemical X X X X
Bromotrifluoromethane—Halon 1301 X X X
Bromochlorodifluoromethane—Halon 1211 X X X
Dry Powder (Metal Fires) X X X
+ Smaller sizes of these extinguishers are not recognized for use on these classes of fires.
Figure 1-6. Extinguisher operation and methods of expelling.
Group Definition Examples
6 (Least toxic) Gases or vapors which in. concentrations up to 20% by volume for (_ju.rations of Bromotrifluoromethane
exposure of up to approximately 2 hours do not appear to produce injury. (Halon 1301)
5a Gases or vapors much less toxic than Group 4 but more toxic than Group 6. Carbon Dioxide

4 Gases or vapors which in concentrations of the order of 2 to 2/2% for durations Dibromodifiuormethane
of exposure of up to approximately 2 hours are lethal or produce serious injury. (Halon 1202)

Bromochloromethane

3 Gases or vapors which in concentrations of the order of 2 to 24% for durations (Halon 1011)
of exposure of the order of 1 hour are lethal or produce serious injury. Garbon Tetrachiotide
(Halon 104)
2 Gases or vapors which in concentrations of approximately ¥z to 1% for durations Methyl Bromide
of exposure of up to approximately ¥z hour are lethal or produce serious injury. (Halon 1001)

Figure 1-7. Toxicity table.

Chlorobromomethane (Halon 1011), chemical formula  Dibromodifluoromethane (Halon 1202), chemical
CH2CIBy, is a liquefied gas with a UL toxicity rating of ~ formula CBr2F2, has a UL toxicity rating of 4. Halon
3. Like methyl bromide, Halon 1011 is not recommended 1202 is not recommended for aircraft use.

for aircraft use.
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Bromochlorodifluoromethane (Halon 1211), chemical
formula CBrClF2, is a liquefied gas with a UL toxicity
rating of 5. It is colorless, noncorrosive and evaporates
rapidly, leaving no residue. It does not freeze or cause
cold burns, and will not harm fabrics, metals or other
materials it contacts. It acts rapidly on fires by producing
a heavy blanketing mist that eliminates oxygen from
the fire source. But more importantly, it interferes
chemically with the combustion process of the fire. It
has outstanding properties in preventing reflash after
the fire has been extinguished.

Bromotrifluoromethane (Halon 1301), chemical
formula CF3Br, is also a liquefied gas with a UL toxicity
rating of 6. It has all the characteristics of Halon 1211.
A significant difference between the two is that Halon
1211 forms a spray similar to CO,, while Halon 1301
has a vapor spray that is more difficult to direct.

Note: The U.S. Environmental Protection Agency
(EPA) has restricted Halon to its 1986 production level
due to its effect on the ozone layer.

Dry powder extinguishers, while effective on Class B
and C fires, are the best for use on Class D fires.

'The method of operation of dry powder fire extinguishers
varies from gas cartridge charges, or stored pressure
within the container which forces the powder charge
out of the container, to tossing the powder on the fire by
hand, by scooping pails or buckets of the powder from
large containers or barrels.

Dry powder is not recommended for aircraft use (except
on metal fires as a fire extinguisher) because the leftover
chemical residues and dust often make cleanup difficult,
and can damage electronic or other delicate equipment.

INSPECTION OF FIRE EXTINGUISHERS
Fire extinguishers should be checked periodically
utilizing a checklist. If a checklist is unavailable, check
the following as a minimum:

* Proper location of appropriate extinguisher

* Safety seals unbroken

* All external dirt and rust removed

¢ Gauge or indicator in operable range

* Proper weight

* No nozzle obstruction

* No obvious damage
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Airport or other local fire departments can usually
help in preparing and often can provide extinguisher
checklists. In addition, these fire departments can be
helpful in answering questions and assisting in obtaining
repairs to or replacement of fire extinguishers.

IDENTIFYING FIRE EXTINGUISHERS

Fire extinguishers should be marked to indicate
suitability for a particular class of fire. The markings
on Figure 1-8 should be placed on the fire extinguisher
and in a conspicuous place in the vicinity of the fire
extinguisher. When the location is marked, however
extreme care must be taken to ensure that the fire
extinguisher kept at that location is in fact the type

ORDINARY

COMBUSTIBLES
(1) Water

_FLAMMABLE ELECTRICAL

|QUIDS EQUIPMENT

(2) Carbon Dioxide, Dry Chemical Bromochlorodifiuoromethane
and Bromotrifluoromethane

ELECTRICAL

ORDINARY FLAMMABLE

Liquins EQUIPMENT

COMBUSTIBLES
(3) Multipurpose Dry Chemical
ELECTRICAL

/A

CAPABILITY

Liquins

EQUIPMENT
(4) Multipurpose Dry Chemical (Insufficient Agent for ‘A’ Rating)

COMBUSTIBLE

METALS
(5) Dry Powder

Figure 1-8. Typical extinguisher markings.
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depicted by the marking. In other words, if a location
is marked for a Class B fire extinguisher, ensure that
the fire extinguisher in that location is in fact suitable
for Class B fires. Markings should be applied by
decalcomanias (decals), painting, or similar methods.
They should be legible and as durable as necessary for the
location. For example, markings used outside need to be
more durable than those in the hangar or office spaces.

Where markings are applied to the extinguisher, they
should be located on the front of the shell (if one is
installed) above or below the extinguisher nameplate.
Markings should be large enough and in a form that is
easily seen and identifiable by the average person with
average eyesight at a distance of at least 3 feet.

ORDINARY

COMBUSTIBLES

Where markings are applied to wall panels, and so forth,
in the vicinity of extinguishers, they should be large
enough and in a form that is easily seen and identifiable
by the average person with average eyesight, at a distance
of at least 25 feet. (Figure 1-9)

USING FIRE EXTINGUISHERS

When using a fire extinguisher, make sure you have the
correct type for the fire. Most extinguishers have a pin
to pull that will allow the handle to activate the agent.
Stand back and aim at the base of the fire or flames.
Squeeze the lever and sweep side to side until the fire
is extinguished.

FLAMMABLE

Liuins

ELECTRICAL

COMBUSTIBLE

EQUIPMENT

METALS

Figure 1-9. Identification of fire extinguisher type location.
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Question: 1-1
Fire extinguishers should be
indicate suitability for a particular class of fire.

to

Question: 1-2
readily combines with other

substances, some in a violent and explosive manner.

Module 07A - Maintenance Practices

QUESTIONS

Question: 1-3
What fire extinguishing agent is used on class A, B,
and C fires and extinguishes the fire by depriving it of

oxygen?

Question: 1-4
Fire extinguishers should be
indicate suitability for a particular class of fire.

to
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ANSWERS

Answer: 1-1

FOD (foreign object damage).

Answer: 1-2
oxygen.

Answer: 1-3
Carbon dioxide (CO,).

Answer: 1-4
marked.

>
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MAINTENANCE PRACTICES

WORKSHOP PRACTICES

SUB-MODULE O2
PART-66 SYLLABUS LEVELS

CERTIFICATION cATEGORY ~ B1 B2

Sub-Module 02
WORKSHOP PRACTICES
Knowledge Requirements

7.2 - Workshop Practices
Care of tools, control of tools, use of workshop materials; 3 3
Dimensions, allowances and tolerances, standards of workmanship;
Calibration of tools and equipment, calibration standards.

Level 3

A detailed knowledge of the theoretical and practical aspects of the subject
and a capacity to combine and apply the separate elements of knowledge in a
logical and comprehensive manner.

Objectives:

(@ The applicant should know the theory of the subject and
interrelationships with other subjects.

(b) ‘The applicant should be able to give a detailed description of the
subject using theoretical fundamentals and specific examples.

(¢) The applicant should understand and be able to use mathematical
formula related to the subject.

(d) The applicant should be able to read, understand and prepare
sketches, simple drawings and schematics describing the subject.

(¢) The applicant should be able to apply his knowledge in a practical
manner using manufacturer's instructions.

(f) 'The applicant should be able to interpret results from various sources
and measurements and apply corrective action where appropriate.
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WORKSHOP PRACTICES

The aviation maintenance engineer engages in activities
where the use of tools is featured. Many common and
special tools are used on a daily basis. Proper care
and control of tools is integral to proper maintenance.

Workshop practices as they relate to tools may be
slightly different from organization to organization. In
this sub-module an examination of standard practices
with tools and tooling is made.

CARE OF TOOLS

Each engineer is responsible for the acquisition and
maintenance of his or her own common hand tool set.
Wirenches, spanners, socket sets, hammers, screwdrivers,
pliers and the like are normally owned by the engineer
while the maintenance organization owns and provide
special tools required to maintain the aircraft and power
plants. The user of any tool has the responsibility to
ensure the tool is in good working condition.

Tools must be kept clean. A light coating of oil wiped
on the tool after use helps prevent corrosion of steel
tools. Tools with moving parts should be kept clean
and lubricated if necessary to perform as designed.
Engineers typically store their tools in sturdy tool boxes
when not in use. Special tools, especially precision
instruments, are often stored in each tool's own custom
made storage container. A quick, visual inspection
before use is needed. Complicated or precision tools
should be inspected, zeroed or calibrated, and operated
in accordance with instructions that accompany the tool.
If ever in doubt about how to use a tool, the technician
should seck assistance from an experienced colleague or
the manufacturer of the tool.

CONTROL OF TOOLS

One of the most important responsibilities of the
engineer is the control of tools. A misplaced tool can have
catastrophic effects resulting in significant expense and
the possible loss of life. Effort must be made to control all
tools in a manner such that the whereabouts of any tool
is never in doubt.

Each engineer is responsible for the control of his or
her own tools and any special tools borrowed from the
company to perform a job. Organizing one's tool storage
so that all tools can be accounted for is a good practice.
Wrench and socket holders are helpful in that each tool
occupies a specific location in the holder and it is easy to
see when a tool is missing. A shadow board type concept
for storage of pliers, screw drivers, ratchets, hammers

2.2

and other tools have the same effect. In other words, tool
box tool storage should be executed in such a way that
every tool is kept in a specific place and the engineer can
quickly see when a tool is missing. (Figure 2-1)

Special tools and company owned tools mustbe accounted
for as well. A tool room or tool crib is a common feature
at large, organized aviation maintenance facilities. All
special tools are inventoried and kept in an organized
storage location in the tool room or crib. The tools are
frequently labeled with an identification number or
have a bar code label attached directly to the tool for
identification. When a tool is "checked out" for use by a
technician, the name of the engineer receiving the tool is
recorded and the inventory record is noted. Sometimes a
tag or a worker ID is exchanged.

At the end of a work shift, the administrator of the tool
room seeks to have every tool returned and inventory
restored. Missing tools are located. If still being used on
a job, the out-going engineer may transfer responsibility
of control of the tool to the incoming technician who
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becomes the registered responsible party for the tool's
whereabouts. The tool rooms records reflect the change.
Many maintenance operations will have shops or bays
where certain jobs are performed exclusively in those
locations and tools needed for these jobs are kept in an
organized fashion strictly in these locations.

No matter where tools are being used, it is the
responsibility of each technician to keep track of ALL
of the tools used during a particular task. The most
important check of all is the final, '"End of Work' tool
check, when all tools must be collected and checked off
against personal and tool room inventories. The aircraft
should not be released for service until every tool is
accounted for.

USE OF WORKSHOP MATERIALS

For safety, management and economy issues, many
workshop materials are issued in a controlled fashion.
Toxic materials may cause health risks which can be
controlled by controlling the handling and storage of
this type of substance. Highly corrosive materials pose
a similar issue where close control is required to prevent
material damage. Control of other materials may just be
due to a desire to manage accurate inventory control so
that quantities are known and available when needed.

Still other materials are easily wasted or stolen unless
controlled through disciplined administration. Abrasive
papers, solder and brazing materials, wire wool, tire
powder, oil spill powder and so on, all require control
of issue and use, though they may not, normally, require
stringent safety precautions. A huge range of liquids
can be used in the workshop situation, some of which
are harmless and some of which are extremely toxic. It
is vital that the work-force is aware of the risks involved
when dealing with any materials, and especially when
working within enclosed areas. Some materials are
flammable and must, therefore, be stored outdoors or in
specially designed cabinets.

These include oils, greases, some adhesives, sealing and
glazing compounds in addition to many paints, enamels
and epoxy surface finishes. When stored, the materials
and storage cabinets are kept out of direct sunlight in a
workshop or hangar.

When handling materials that give off fumes, it is
necessary to have the area well ventilated and/or have
the operator wearing a mask or some form of remote
breathing apparatus. The finished work may also give off
fumes for some time afterwards, so care must be taken
to keep it ventilated if necessary.
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All liquids must only be used for the purpose for which
they are designed and never mixed together, unless the
two materials are designed to be mixed, such as with
two part epoxy adhesives and sealants. Many liquids
used in workshops and in the hangar have a fixed 'life'.
'The expiration date is printed on the container and must
be checked before use. Many materials are unsafe if used
beyond their expiry date.

The disposal of liquids is a critical operation, and must
only be carried out in accordance with company, local,
national, and international regulations. Liquids must
never be disposed of by pouring them into spare or
unidentified containers and they must not be allowed
to enter the 'domestic' drains systems. Most large
companies have a department dedicated to the proper
disposal of materials.

Another area of hazardous workshop materials is that
of gases stored in high pressure containers such as
nitrogen and oxygen. Safety precautions for individual
high pressure gases are discussed in dedicated sections
throughout this module series. In general, follow
operator shop and hangar safety practices when working
with these gases.
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TOOL CALIBRATION

Requirements within the relevant airworthiness codes of
one's national aviation authority and EASA as well as a
company's air operation certificate prescribe that, where
necessary, tools, equipment and test equipment are all
calibrated to acceptable standards. Large companies
keep inventory control over tools that need periodic
calibration and may have a calibration shop in-house.
'They may also send tools out to independent agencies
that perform the calibration. An engineer who owns
a tool that requires periodic calibration must ensure
that it is performed or the tool is not suitable for use in
maintenance work on an aircraft.

'The key factor is the need to establish confidence in the
accuracy of the equipment when it is required for use.
The required calibration frequency for any particular
piece of test equipment is that which is considered
sufficient to ensure it is in condition to perform its
intended use. Annual calibration is common on tools
that hold calibration well. Sensitive instruments,
especially electrical instruments, are calibrated by the
user before each use. They may also require periodic
calibration.

Calibration takes place per the standard specified by
the equipment manufacturer/design organization and/
or the appropriate National/International Standards.
Appropriate standards are used to achieve consistency
between measurements made in different locations,
possibly using alternate measuring techniques.

'The calibration of test equipment is best achieved by the
operation of a methodical system of control.

This system should be traceable by an unbroken chain
of comparisons, through measurement standards of
successively better accuracy up to the appropriate
standard. Where recommendations for calibration
standards are not published, or where they are not
specified, calibration should be carried out per standards
set by the national standards organization approved
by the country NAA or EASA. In all instances, it is
the responsibility of the user to be satisfied that the
unbroken traceability chain is in place.

A written record is kept for all tools that require
calibration, detailing when last done, when next due,
and the requirements of the calibration. A sticker is
attached to the tool detailing the due date of the next
calibration. This should always be checked before use,
and no tool should be used if it out of calibration.
Calibration records or certificates should contain the
following information:

* Identification of equipment

* Standard used

» Results obtained

* Uncertainty of measurement

* Assigned calibration interval

* Limits of permissible error

* The authority under which the release document

was issued
* Any limitation in the use of the equipment
* Date on which each calibration was conducted

Any appliance whose serviceability is in doubt, should
be removed from service, and labeled accordingly. Such
equipment shall not be returned to service until the
reasons for the unserviceability have been eliminated
and its continued calibration is revalidated.

DIMENSIONS, ALLOWANCES, TOLERANCES

The aircraft maintenance engineer works with
consideration for dimensions, allowances and tolerances.
A dimension is a measurable extent of some kind, such
as length, width, or height. Aircraft components
including hardware have dimensions that physically
describe the item from a size prospective. A limit
dimension is the maximum or minimum dimension
of a machined part. When referring to the size of an
item, nominal size is an approximate dimension that is

x
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used for the purpose of general identification. The basic
size is the theoretical size from which limits of size
are derived by applying allowances and tolerances. The
actual size of a part is the measured size. A tolerance is
the total amount by which a given dimension is alloyed
to vary. Thus, if a basic size is known and the tolerance
is known, one can measure the actual size of a part and
know whether it is within tolerance.
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For Example, the diameter of a piston is 4.0 inches. This
is its basic size. The tolerance established by the engine
manufacturer is .005 inch. This means that if the piston
is measured, its actual size must be between 3.995 inches
and 4.005 inches to be within tolerance. If it is not, the
piston is rejected for use in the engine.

Most tolerances are given as bilateral tolerances, meaning
that the tolerance can be added to or subtracted from the
basic size. However, there are parts where a unilateral
tolerance is given by the manufacturer. This means that
the basic size only has tolerance in one direction. For
example, consider a piston again. Too large of a piston
can cause it to seize in the cylinder during operation. A
piston negligibly smaller than the basic size of the piston
will perform adequately. So the manufacturer may state
the basic size and give a unilateral tolerance of -.005. If
the actual measured size of the piston is the basic size or
within .005 inch smaller than the basic size, the piston
is within tolerance.

Any measurement of the piston that is greater than the
basic size would be cause for rejection because there is no
tolerance in that direction.

Tolerance can be used when examining the dimension
of a single part or it can be used when comparing the

dimensional relationship between two parts, which
is known as fit. When examining fit, clearance is the
space between mating parts. There are different types
of fits which reflect variations in the clearance between
parts. Generally, one can refer to a loose fit or a tight
fit, etc. But in machining, terms assigned to describe
fit have specific meanings. A clearance fit is a fit that
allows for sliding or rotating between mating parts. An
interference fit is one in which the dimensions of two
parts over lap - such as when a pin diameter is slightly
larger than the hole in which it is to be inserted.

An allowance is the minimum clearance space intended
between two parts. The intentional difference between
the maximum material dimensional limits of mating
parts creates the allowance. A limit is the maximum
or minimum dimension formed when maximum or
minimum tolerance is considered.

Note that the fit of two items may be slightly different
depending on which standard is being used. Standards
for hardware such as AN and MS have basically the same
fits and clearances but there may be small differences in
tolerance. Fits and clearances will be discussed further
in Sub-Module 06 of this Module.

STANDARDS OF WORKNMANSHIP

In aviation, the highest standards of workmanship are
practiced. An error for any reason could result in the
loss of human life. Therefore, it is the aspiration of all
engineers to meet or exceed the requirements of any
maintenance function.

Manufacturer's instructions are designed procedures
used by the engineer as mandatory guidance to bring
about the best results in aircraft maintenance and repair.
Deviation from these procedures requires approval.

Maintenance instructions typically specify measurable
values and tolerances for acceptable actions. Maintenance
actions that do not achieve these values within tolerances
cause the aircraft to remain unairworthy and it must not
be released for service.
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Question: 2-1
A is a common feature at large,
organized aviation maintenance facilities for controlling

and accounting for tools.

Question: 2-2
A means that the tolerance can be

added to or subtracted from the basic size.

>
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Question: 2-3

' are designed procedures used by
the engineer as mandatory guidance to bring about the
best results in aircraft maintenance and repair.

)
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ANSWERS

/’inswcrl: 2-1

tool room or tool crib.

Answer: 2-2
bilateral tolerance.

2.8

Answer: 2-3

Manufacturer's instructions.
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MAINTENANCE PRACTICES

SUB-MODULE 03
PART-66 SYLLABUS LEVELS

CERTIFICATION cATEGORY ~ B1 B2

Sub-Module 03
TOOLS

Knowledge Requirements

7.3 - Tools
Common hand tool types; 3 3
Common power tool types;
Operation and use of precision measuring tools;
Lubrication equipment and methods.
Operation, function and use of electrical general test equipment.

Level 3

A detailed knowledge of the theoretical and practical aspects of the subject
and a capacity to combine and apply the separate elements of knowledge in a
logical and comprehensive manner.

Objectives:

(@) The applicant should know the theory of the subject and
interrelationships with other subjects.

(b) The applicant should be able to give a detailed description of the
subject using theoretical fundamentals and specific examples.

(©) The applicant should understand and be able to use mathematical
formula related to the subject.

(d) ‘The applicant should be able to read, understand and prepare
sketches, simple drawings and schematics describing the subject.

(¢) The applicant should be able to apply his knowledge in a practical
manner using manufacturer's instructions.

(f) The applicant should be able to interpret results from various sources
and measurements and apply corrective action where appropriate.
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TOOLS

The aviation maintenance technician spends a major
portion of each day using a wide variety of hand
tools to accomplish maintenance tasks. This chapter
contains an overview of some of the hand tools the
aircraft maintenance professional can expect to use.
A technician encounters many special tools as their
experience widens; large transport category aircraft
have different maintenance tasks from those of a light
airplane, and special hand tools are often required when
working on complex aircraft.

This chapter outlines the basic knowledge required
in using the most common hand tools and measuring
instruments used in aircraft repair work. This
information, however, cannot replace sound judgment
on the part of the individual, nor additional training as
the need arises. There are many times when ingenuity
and resourcefulness can supplement the basic rules.
Sound knowledge is required of these basic rules and of
the situations in which they apply. The use of tools may
vary, but good practices for safety, care, and storage of
tools remain the same.

LAYOUT AND MEASURING TOOLS
Due to wise and experienced advise suggesting that you
"measure twice before cutting once," we have placed this
tool section first in this sub-module.

Layout and measuring devices are precision tools. They
are carefully machined, accurately marked and, in many
cases, are made up of delicate parts. When using these
tools, be careful not to drop, bend, or scratch them.

7/16 (4375)
9/16 (.5625)
5116 (.3125) 11/16 (6875)
13/16 (.8125)

3/16 (.1875)
1/16(.0825)—}1 lr‘—-15/16(.9375)
-]]!l'l'l'lIlllllllrlllll'rl'l'l'lr

1 2

| III|I|

The finished product will be no more accurate than
the measurements or the layout; therefore, it is very
important to understand how to read, use, and care for
these tools.

RULES

Rules (also called rulers or line gauges) are made of steel
and are either rigid or flexible. The flexible steel rule
will bend, but it should not be bent intentionally as it
may be broken rather easily. In aircraft work, the unit of
measure most commonly used is the inch. The inch may
be divided into smaller parts by means of either common
or decimal fraction divisions.

The fractional divisions for an inch are found by dividing
the inch into equal parts: halves (%), cjuarters (4),
eighths (%), sixteenths (Vi¢), thirty-seconds (%2), and
sixty-fourths (%s4).

The fractions of an inch may be expressed in decimals,
called decimal equivalents of an inch; for example, %
inch is expressed as 0.125 (one hundred twenty-five
thousandths of an inch).

Rules are manufactured in two basic styles — those
divided or marked in common fractions and those
divided or marked in decimals or divisions of one one-
hundredth of an inch. A rule may be used either as a
measuring tool or as a straightedge. The imperial rule is
a bit harder to read than a metric rule. (Figure 3-1)

3/64 (046 5/64 (.0781)
1/64 (0156) J( 7/64 (.1094)
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% (250) 7/8 (87%) 2/32 (0625) /32 (1562)
3/8(375) %(750) 3/32 (.0937) ‘
5/8 (,625) 4/32(125)
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Figure 3-1. Rules.
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COMBINATION SETS

The combination set, as its name implies, is a tool that
has several uses. It can be used for the same purposes
as an ordinary tri-square, but it differs from the tri-
square in that the head slides along the blade and can be
clamped at any desired place. Combined with the square
or stock head are a level and scriber. The head slides in a
central groove on the blade or scale, which can be used
separately as a rule. (Figure 3-2)

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

The combination of square head and blade can also be
used as a marking gauge to scribe lines at a 45° angle, as
a depth gauge, or as a height gauge. A convenient scriber
is held frictionally in the head by a small brass bushing.
The protractor head can be used to check angles and also
may be set at any desired angle to draw lines.

SCRIBER

The scriber is designed to serve the aviation mechanic in
the same way a pencil or pen serves a writer. In general,
it is used to scribe or mark lines on metal surfaces. The
scriber is made of tool steel, 4 to 12 inches long, and has
two needle pointed ends. One end is bent at a 90° angle
for reaching and marking through holes. (Figure 3-3)

Center Head

Protractor
Head Level

Scriber

Figure 3-2. Combination set.

Figure 3-3. Scriber.
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Before using a scriber, always inspect the points for
sharpness. Be sure the straightedge is flat on the metal
and in position for scribing. Tilt the scriber slightly in
the direction toward which it will be moved, holding
it like a pencil. Keep the scriber's point close to the
guiding edge of the straightedge. The scribed line
should be heavy enough to be visible, but no deeper than
necessary to serve its purpose.

DIVIDERS AND PENCIL COMPASSES
Dividers and pencil compasses have two legs joined at
the top by a pivot. They are used to scribe circles and arcs
and for transferring measurements from the rule to the
work. Pencil compasses have one leg tapered to a needle
point; the other leg has a pencil or pencil lead inserted.
Dividers have both legs tapered to needle points.

When using pencil compasses or dividers, the following
procedures are suggested:

1. Inspect the points to make sure they are sharp.

2. To set the dividers or compasses, hold them with
the point of one leg in the graduations on the rule.
Turn the adjustment nut with the thumb and
forefinger; adjust the dividers or compasses until
the point of the other leg rests on the graduation of
the rule that gives the required measurement.

3. To draw an arc or circle with either the pencil
compasses or dividers, hold the thumb attachment
on the top with the thumb and forefinger. With
pressure exerted on both legs, swing the compass
in a clockwise direction and draw the desired arc
or circle.

4. 'The tendency for the legs to slip is avoided by
inclining the compasses or dividers in the direction
in which they are being rotated. In working on
metals, the dividers are used only to scribe arcs
or circles that will later be removed by cutting,

All other arcs or circles are drawn with pencil
compasses to avoid scratching the material.

5. On paper layouts, the pencil compasses are used for
describing arcs and circles. Dividers should be used
to transfer critical measurements because they are
more accurate than a pencil compass.

>
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CALIPERS

Calipers are used for measuring diameters and distances
or for comparing distances and sizes. The three common
types of calipers are inside, outside, and hermaphrodite
calipers. (Figure 3-4)

Outside calipers are used for measuring outside
dimensions — for example, the diameter of a piece of
round stock. Inside calipers have outward curved legs
for measuring inside diameters, such as diameters of
holes, the distance between two surfaces, the width of
slots, and other similar jobs. A hermaphrodite caliper
is generally used as a marking gauge in layout work. It
should not be used for precision measurement.

Hermaphrodite
Calipers

Spring Inside Calipers

A

Ry

=]

-

—r

Firm Joint Screw
Adjusting Inside

‘ Calipers

Firm Joint Screw

MICROMETER CALIPERS

There are four types of micrometer calipers, each
designed for a specific use: outside micrometer, inside
micrometer, depth micrometer, and thread micrometer.
Micrometers are available in a variety of sizes, either 0
to ¥ inch, 0 to 1 inch, 1 to 2 inch, 2 to 3 inch, 3 to 4
inch, 4 to 5 inch, or 5 to 6 inch sizes. In addition to the
micrometer inscribed with the measurement markings,
micrometers equipped with electronic digital liquid
crystal display (LCD) readouts are also in common use.

The AMT will use the outside micrometer more
often than any other type. It may be used to measure
the outside dimensions of shafts, thickness of sheet
metal stock, the diameter of drills, and for many other
applications. (Figure 3-5)

The smallest measurement which can be made with the
use of the steel rule is one sixty-fourth of an inch in
common fractions, and one one-hundredth of an inch in
decimal fractions.

To measure more closely than this (in thousandths and
ten-thousandths of an inch), a micrometer is used. If a
dimension given in a common fraction is to be measured
with the micrometer, the fraction must be converted to
its decimal equivalent.

All four types of micrometers are read in the same
way. The method of reading an outside micrometer is
discussed later in this chapter.

Adjusting Outside
Calipers
Spring Outside Calipers
Figure 3-4. Calipers. Figure 3-5. Outside micrometers.
> . :
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Measuring Face

Frame

Micrometer Screw

=== T

Barrel

Thread Play Thimble Cap

Fixed Nut Adjusting Nut 1

gt AAAM S

Ratchet Stop
Thimble

Clamp Ring

Figure 3-6. Outside micrometer parts.

Micrometer Parts

The fixed parts of 2 micrometer are the frame, barrel, and
anvil. The movable parts of a micrometer are the thimble
and spindle. The thimble rotates the spindle which
moves in the threaded portion inside the barrel. Turning
the thimble provides an opening between the anvil and
the end of the spindle where the work is measured. The
size of the work is indicated by the graduations on the
barrel and thimble. (Figure 3-6)

Reading A Micrometer

The lines on the barrel marked 1, 2, 3, 4, and so forth,
indicate measurements of tenths, or 0.100 inch, 0.200
inch, 0.300 inch, 0.400 inch, respectively. (Figure 3-7)

Each of the sections between the tenths divisions
(between 1, 2, 3, 4, and so forth) is divided into four

Barrel

1/10 of an inch
Horizontal Line

Figure 3-7. Micrometer measurements.

parts of 0.025 inch each. One complete revolution of the
thimble (from zero on the thimble around to the same
zero) moves it one of these divisions (0.025 inch) along
the barrel.

The bevel edge of the thimble is divided into 25 equal
parts. Each of these parts represents one twenty-fifth
of the distance the thimble travels along the barrel in
moving from one of the 0.025 inch divisions to another.
Thus, each division on the thimble represents one one-

thousandth (0.001) of an inch.

These divisions are marked for convenience at every
five spaces by 0, 5, 10, 15, and 20. When 25 of these
graduations have passed the horizontal line on the
barrel, the spindle (having made one revolution) has
moved 0.025 inch.

The micrometer is read by first noting the last visible
figure on the horizontal line of the barrel representing
tenths of an inch. Add to this the length of barrel
between the thimble and the previously noted number.
(This is found by multiplying the number of graduations
by 0.025 inch.) Add to this the number of divisions on
the bevel edge of the thimble that coincides with the
line of the graduation. The total of the three figures
equals the measurement. Figure 3-8 shows several
sample readings.

>
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Vernier Scale

Some micrometers are equipped with a vernier scale
that makes it possible to directly read the fraction
of a division that is indicated on the thimble scale.
Typical examples of the vernier scale as it applies to the
micrometer are shown in Figure 3-9.

All three scales on a micrometer are not fully visible
without turning the micrometer, but the examples
shown in Figure 3-8 are drawn as though the barrel
and thimble of the micrometer were laid out flat so that
all three scales can be seen at the same time. The barrel
scale is the lower horizontal scale, the thimble scale is ) 450 n.
vertical on the right, and the long horizontal lines (0
through 9 and 0) make up the vernier scale.

In reading a micrometer, an excellent way to remember
the relative scale values is to remember that the 0.025
inch barrel scale graduations are established by the
lead screw (40 threads per inch). Next, the thimble
graduations divide the 0.025 inch into 25 parts, each
equal to 0.001 inch. Then, the vernier graduations
divide the 0.001 inch into 10 equal parts, each equal
to 0.0001 inch. Remembering the values of the various
scale graduations, the barrel scale reading is noted. The
thimble scale reading is added to it; then the vernier
scale reading is added to get the final reading. The
vernier scale line to be read is always the one aligned
exactly with any thimble graduation.

(B).151 In.

In the first example in Figure 3-9, the barrel reads 0.275
inch and the thimble reads more than 0.019 inch. The
number 1 graduation on the thimble is aligned exactly
with the number 4 graduation on the vernier scale.
Thus, the final reading is 0.2944 inch. In the second - (c) .1601in.
example in Figure 3-9, the barrel reads 0.275 inch,
and the thimble reads more than 0.019 inch and less
than 0.020 inch. On the vernier scale, the number 7
graduation coincides with a line on the thimble. This
means that the thimble reading would be 0.0197 inch.
Adding this to the barrel reading of 0.275 inch gives a
total measurement of 0.2947 inch.

The third and fourth examples in Figure 3-9 are
additional readings that would require use of the vernier 0 1751n
scale for accurate readings to ten-thousandths of an inch. S

Figure 3-8. Reading a micrometer,
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Figure 3-9. Vernier scale readings.

Using A Micrometer

The micrometer must be handled carefully. If it is
dropped, its accuracy may be permanently affected.
Continually sliding work between the anvil and spindle
may wear the surfaces. If the spindle is tightened too
much, the frame may be sprung permanently and
inaccurate readings will result.

To measure a piece of work with the micrometer, hold
the frame of the micrometer in the palm of the hand
with the little finger or third finger, whichever is more
convenient. This allows the thumb and forefinger to be
free to turn the thimble for adjustment.

DIAL INDICATOR

A variation of the micrometer is the dial indicator,
which measures variations in a surface by using an
accurately machined probe mechanically linked to a
circular hand whose movement indicates thousandths of
an inch, or is displayed on a liquid crystal display (L.CD)
screen. (Figure 3-10)

A typical example would be using a dial indicator to
measure the amount of runout, or bend, in a shaft. If a
bend is suspected, the part can be rotated while resting
between a pair of machined V-blocks. A dial indicator
is then clamped to a machine table stand, and the probe
of the indicator is positioned so it lightly contacts the
surface. The outer portion of the dial is then rotated until
the needle is pointed at zero. The part is then rotated,
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Figure 3-10. Dial indicator.

and the amount of bend is displayed on the dial as the
needle fluctuates. The total amount of the fluctuation is
the runout.

Another common use for the dial indicator is to check
for a warp in a rotating component such as a brake disc.
In some cases, this can be done with the brake disc
installed on the airplane, with the base clamped to a
stationary portion of the structure. In either case, it is
imperative that the dial indicator be securely fastened
so that the movement of the indicator itself induces no
errors in measurement.

SLIDE CALIPERS

Often used to measure the length of an object, the
slide caliper provides greater accuracy than the ruler.
It can, by virtue of its specially formed jaws, measure
both inside and outside dimensions. As the tool's name
implies, the slide caliper jaw is slid along a graduated
scale, and its jaws then contact the inside or outside of
the object to be measured. The measurement is then read
on the scale located on the body of the caliper, or on the
LCD screen. (Figure 3-11)

Some slide calipers also contain a depth gauge for
measuring the depth of blind holes.
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Figure 3-11. Various types of slide calipers.

GENERAL PURPOSE TOOLS

SCREWDRIVERS

The screwdriver can be classified by its shape, type of
blade, and blade length. It is made for only one purpose,
i.e., for loosening or tightening screws or screw head
bolts. Figure 3-12 shows several different types of
screwdrivers. When using the common screwdriver,
select the largest screwdriver whose blade will make a
good fit in the screw that is to be turned.

A common screwdriver must fill at least 75 percent of
the screw slot. If the screwdriver is the wrong size, it
cuts and burrs the screw slot, making it worthless. The
damage may be so severe that the use of screw extractor
may be required. A screwdriver with the wrong size
blade may slip and damage adjacent parts of the
structure. The common screwdriver is used only where
slotted head screws or fasteners are found on aircraft, An
example of a fastener that requires the use of a common
screwdriver is the cam-lock style fastener that is used to
secure the cowling on some aircraft.

3.8 AlR
c

The two types of recessed head screws in common use

are the Phillips and the Reed & Prince.

Both the Phillips and Reed & Prince recessed heads are
optional on several types of screws. As shown in Figure
3-12, the Reed & Prince recessed head forms a perfect
cross. The screwdriver used with this screw is pointed
on the end. Since the Phillips screw has a slightly larger
center in the cross, the Phillips screwdriver is blunt on
the end. The Phillips screwdriver is not interchangeable
with the Reed & Prince. The use of the wrong type
screwdriver results in mutilation of the screwdriver and
the screw head. When turning a recessed head screw,
use only the proper recessed head screwdriver of the
correct size. The most common crosspoint screwdrivers

are the Number 1 and Number 2 Phillips.

An offset screwdriver may be used when vertical space’
is limited. Offset screwdrivers are constructed with both
ends bent 90° to the shank handle. By using alternate
ends, most screws can be seated or loosened even when
the swinging space is limited.
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Offset Screwdriver

Flat Blade Screwdriver

Figure 3-12. Typical screwdrivers.

Offset screwdrivers are made for both standard and
recessed head screws. Ratcheting right angle screwdrivers
are also available, and often prove to be indispensable
when working in close quarters.

A screwdriver should not be used for chiseling or prying.
Do not use a screwdriver to check an electric circuit
since an electric arc will burn the tip and make it useless.
In some cases, an electric arc may fuse the blade to the
unit being checked, creating a short circuit.

When using a screwdriver on a small part, always hold
the part in the vise or rest it on a workbench. Do not
hold the part in the hand, as the screwdriver may slip
and cause serious personal injury.
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Replaceable tip screwdrivers, sometimes referred to as
"10 in 1" screwdrivers, allow for the quick changing of
a screwdriver tip, and economical replacement of the tip
when it becomes worn. A wide variety of screwdriver
tips, including flat, crosspoint (Phillips and Reed &
Prince), Torx and square drive tips are available for use
with the handles. (Figure 3-13)

The cordless hand-held power screwdriver has replaced
most automatic or spiral screwdrivers for the removal
of multiple screws from an airframe. Care must be
exercised when using a power screwdriver; if the slip
clutch is set for too high a setting when installing a
screw, the screwdriver tip will slip and rotate on top of
the screw head, damaging it. The screw should be started
by hand, to avoid driving the screw into the nut or nut
plate in a cross-threaded manner. To avoid damaging
the slot or receptacle in the head of the screw, the use of
cordless power drills fitted with a removable tip driver to
remove or install screws is not recommended, as the drill
does not have a slip-clutch installed.

Figure 3-13. Replaceable tip screwdriver.

PLIERS AND PLIER-TYPE CUTTING
TOOLS

As shown in Figure 3-14, the pliers used most frequently
in aircraft repair work are the diagonal, needlenose, and
duckbill. The size of pliers indicates their overall length,
usually ranging from 5 to 12 inches.

Roundnose pliers are used to crimp metal. They are not
made for heavy work because too much pressure will
spring the jaws, which are often wrapped to prevent
scarring the metal.

Needlenose pliers have half round jaws of varying
lengths. They are used to hold objects and make
adjustments in tight places.

Duckbill pliers resemble a "duck's bill" in that the jaws

are thin, flat, and shaped like a duck's bill. They are used
exclusively for twisting safety wire.
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Figure 3-14. Piliers.

Diagonal pliers are usually referred to as diagonals or
"dikes." The diagonal is a short-jawed cutter with a
blade set at a slight angle on each jaw. This tool can be
used to cut wire, rivets, small screws, and cotter pins,
besides being practically indispensable in removing
or installing safety wire. The duckbill pliers and the
diagonal cutting pliers are used extensively in aviation

for the job of safety wiring.

‘Two important rules for using pliers are:

1. Do not make pliers work beyond their capacity. The
long-nosed variety is especially delicate. It is easy
to spring or break them, or nick the edges. If this
occurs, they are practically useless.

2. Do not use pliers to turn nuts. In just a few
seconds, a pair of pliers can damage a nut more
than years of service.

CLAMPS AND VISES

In order to work with sheet metal during the fabrication
process, the aviation technician uses a variety of holding
devices, such as clamps, vises, and fasteners (see sub-
module 8 for more on fasteners) to hold the work
together. The type of operation being performed and

3.10

the type of metal being used determine what type of the
holding device is needed.

Clamps and vises hold materials in place when it is
not possible to handle a tool and the workpiece at the
same time. A clamp is a fastening device with movable
jaws that has opposing, often adjustable, sides or parts.
An essential fastening device, it holds objects tightly
together to prevent movement or separation.

Clamps can be either temporary or permanent. A
clamp is a fastening device with movable jaws that has
opposing, often adjustable, sides or parts. An essential
fastening device, it holds objects tightly together to
prevent movement or separation. Temporary clamps,
such as the carriage clamp (commonly called the
C-clamp), are used to position components while fixing
them together.

C-CLAMPS

'The C-clamp is shaped like a large C and has three main
parts: threaded screw, jaw, and swivel head. (Figure
3-15) The swivel plate or flat end of the screw prevents
the end from turning directly against the material being
clamped. C-clamp size is measured by the dimension of
the largest object the frame can accommodate with the
screw fully extended. The distance from the center line
of the screw to the inside edge of the frame or the depth
of throat is also an important consideration when using
this clamp. C-clamps vary in size from one inch upward.
C-clamps can leave marks on aluminum, protect the
aircraft covering with masking tape at the places where
the C-clamp is used.

Figure 3-15. C-clamps.
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VISES

Vises are another clamping device that hold the
workpiece in place and allow work to be done on it with
tools such as saws and drills.

'The vise consists of two fixed or adjustable jaws that are
opened or closed by a screw or a lever. The size of a vise is
measured by both the jaw width and the capacity of the
vise when the jaws are fully open. Vises also depend on a
screw to apply pressure, and their textured jaws enhance
gripping ability beyond that of a clamp.

Two of the most commonly used vises are the machinist's
vise and the utility vise. The machinist's vise has flat jaws
and usually a swivel base, whereas the utility bench vise
has scored, removable jaws and an anvil-faced back jaw.
This vise holds heavier material than the machinist's
vise and also grips pipe or rod firmly. The back jaw can
be used as an anvil if the work being done is light. To
avoid marring metal in the vise jaws, add some type of
padding, such as a ready-made rubber jaw pad.

(Figure 3-16)

HAMMERS AND MALLETS

Figure 3-17 shows some of the hammers that the
aviation mechanic may be required to use. Metal head
hammers are usually sized according to the weight of the
head without the handle.

Occasionally it is necessary to use a soft-faced hammer,
which has a striking surface made of wood, brass, lead,
rawhide, hard rubber, or plastic. These hammers are
intended for use in forming soft metals and striking
surfaces that are easily damaged. Soft-faced hammers
should not be used for striking punch heads, bolts, or
nails, as using one in this fashion will quickly ruin this
type of hammer. A mallet is a hammer-like tool with a
head made of hickory, rawhide, or rubber. It is handy

Ball Peen Straight Peen

Figure 3-16. Utility vise with swivel base and anvil.

for shaping thin metal parts without causing creases or
dents with abrupt corners. Always use a wooden mallet
when pounding a wood chisel or a gouge.

When using a hammer or mallet, choose the one best
suited for the job. Ensure that the handle is tight. When
striking a blow with the hammer, use the forearm as an
extension of the handle. Swing the hammer by bending
the elbow, not the wrist. Always strike the work squarely
with the full face of the hammer. When striking a metal
tool with a metal hammer, the use of safety glasses or
goggles is strongly encouraged. Always keep the faces
of hammers and mallets smooth and free from dents,
chips, or gouges to prevent marring the work.

PUNCHES

Punches are used to locate centers for drawing circles,
to start holes for drilling, to punch holes in sheet metal,
to transfer location of holes in patterns, and to remove
damaged rivets, pins or bolts. Solid or hollow punches
are the two types generally used. Solid punches are
classified according to the shape of their points. Figure
3-18 shows several types of punches.

Cross Peen Tinner's Mallet Riveting Hammer

Figure 3-17. Hammers.
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Starting Punch

Pin Punch
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Aligning Punch

Center Punch
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Drift Pin

Figure 3-18. Punches.

Prick punches are used to place reference marks on
metal. This punch is often used to transfer dimensions
from a paper pattern directly on the metal. To do this,
first place the paper pattern directly on the metal. Then
go over the outline of the pattern with the prick punch,
tapping it lightly with a small hammer and making
slight indentations on the metal at the major points on
the drawing. These indentations can then be used as
reference marks for cutting the metal. A prick punch
should never be struck a heavy blow with a hammer
because it may bend the punch or cause excessive
damage to the material being worked.

Large indentations in metal, which are necessary to start
a twist drill, are made with a center punch. It should
never be struck with enough force to dimple the material
around the indentation or to cause the metal to protrude
through the other side of the sheet. A center punch has a
heavier body than a prick punch and is ground to a point
with an angle of about 60°.

The drive punch, which is often called a tapered punch,
is used for driving out damaged rivets, pins, and bolts
that sometimes bind in holes. The drive punch is
therefore made with a flat face instead of a point. The
size of the punch is determined by the width of the face,
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which is usually % inch to % inch. Pin punches, often
called drift punches, are similar to drive punches and
are used for the same purposes. The difference between
the two is that the sides of a drive punch taper all the
way to the face while the pin punch has a straight shank.
Pin punches are sized by the diameter of the face, in
thirty-seconds of an inch, and range from %6 to 3 inch
in diameter. In general practice, a pin or bolt which is to
be driven out is usually started and driven with a drive
punch until the sides of the punch touch the side of the
hole. A pin punch is then used to drive the pin or bolt
the rest of the way out of the hole. Stubborn pins may be
started by placing a thin piece of scrap copper, brass, or
aluminum directly against the pin and then striking it
with a hammer until the pin begins to move.

Never use a prick punch or center punch to remove
objects from holes because the point of the punch will
spread the object and cause it to bind even more.

The transfer punch is usually about 4 inches long. It has
a point that tapers, and then turns straight for a short
distance in order to fit a drill locating hole in a template.
The tip has a point similar to that of a prick punch. As
its name implies, the transfer punch is used to transfer
the location of holes through the template or pattern to
the material.

WRENCHES

The wrenches most often used in aircraft maintenance
are classified as open-end, box-end, socket, adjustable,
ratcheting and special wrenches. The Allen wrench, is
required on one special type of recessed screw. One of
the most widely used metals for making wrenches is
chrome-vanadium steel. Wrenches made of this metal
are almost unbreakable.

OPEN-END WRENCHES

Solid, nonadjustable wrenches with open parallel
jaws on one or on both ends are known as open-end
wrenches. Open-end wrenches may have their jaws
parallel to the handle or at an angle of up to 90°% most are
set at an angle of 15°. The wrenches are designed to fit on
a nut, bolt head, or other object, which makes it possible
to exert a turning action.

BOX-END WRENCHES

Box-end wrenches are popular tools because of their
usefulness in close quarters. They are called box
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wrenches since they box, or completely surround, the nut
or bolt head. Practically all well-manufactured box-end
wrenches are made with 12 points so they can be used in
places having as little as 15° swing. In Figure 3-19, point
A on the illustrated double broached hexagon wrench
is nearer the centerline of the head and the wrench
handle than point B, and also the centerline of nut C.
If the wrench is inverted and installed on nut C, point
A will be centered over side "Y" instead of side "X." The
centerline of the handle will now be in the dotted line
position. It is by reversing (turning the wrench over) the
position of the wrench that a 15° arc may be made with
the wrench handle.

Although box-end wrenches are ideal to break loose
tight nuts or pull tight nuts tighter, time is lost turning
the nut off the bolt once the nut is broken loose. Only
when there is sufficient clearance to rotate the wrench
in a complete circle can this tedious process be avoided.

After a tight nut is broken loose, it can be completely
backed off or unscrewed more quickly with an open
than with a box-end wrench. In this case, a combination
wrench can be used; it has a box end on one end and an
open-end wrench of the same size on the other. Another
option for removing a nut from a bolt is the ratcheting
box-end wrench, which can be swung back and forth to
remove the nut or bolt. The box-end, combination, and
ratcheting wrenches are shown in Figure 3-20.

/
Allg
7
X1y
c
/
/

Figure 3-19. Box-end wrench use.

J
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SOCKET WRENCHES

Sockets with detachable handles usually come in sets
and fit several types of handles, such as the T, ratchet,
screwdriver grip, and speed handle. Socket wrench
handles have a square lug on one end that fits into a
square recess in the socket head. The two parts are held
together by a light spring-loaded poppet. Two types of
sockets, a set of handles, and an extension bar are shown
in Figure 3-21.

ADJUSTABLE WRENCHES

The adjustable wrench is a handy utility tool that has
smooth jaws and is designed as an open-end wrench.
One jaw is fixed, but the other may be moved by a
thumbscrew or spiral screwworm adjustment in the
handle. ‘The width of the jaws may be varied from 0 to
% inch or more. The angle of the opening to the handle
is 22% degrees on an adjustable wrench. One adjustable
wrench does the work of several open-end wrenches.
Although versatile, they are not intended to replace the
standard open-end, box-end, or socket wrenches. When
using any adjustable wrench, always exert the pull on
the side of the handle attached to the fixed jaw of the
wrench. To minimize the possibility or rounding off the
fastener, use care to fit the wrench to the bolt or nut to
be turned.

Box-End
Open-End
v/

Ratcheting Wrench | Iy
{8 ) -I
= !‘
Box-End Wrench

[ 4
%

Combination Wrench

Figure 3-20. Box-end wrench use.
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Figure 3-21. Socket wrench set.

SPECIAL WRENCHES

The category of special wrenches includes the crowfoot,
flare nut, spanner, torque, and Allen wrenches.
(Figures 3-22)

The crowfoot wrench is normally used when accessing
nuts that must be removed from studs or bolts that

cannot be accessed using other tools.

'The flare nut wrench has the appearance of a box-end
wrench that has been cut open on one end. This opening
allows the wrench to be used on the B-nut of a fuel,
hydraulic, or oxygen line. Since it mounts using the
standard square adapter, like the crowfoot wrench, it can
be used in conjunction with a torque wrench.

The hook spanner is for a round nut with a series of
notches cut in the outer edge. This wrench has a curved
arm with a hook on the end that fits into one of the
notches on the nut. The hook is placed in one of these
notches with the handle pointing in the direction the
nut is to be turned.

Some hook spanner wrenches are adjustable and will fit
nuts of various diameters. U-shaped hook spanners have
two lugs on the face of the wrench to fit notches cut in
the face of the nut or screw plug. End spanners resemble
a socket wrench, but have a series of lugs that fit into
corresponding notches in a nut or plug. Pin spanners
have a pin in place of a lug, and the pin fits into a round
hole in the edge of a nut. Face pin spanners are similar to
the U-shaped hook spanners except that they have pins
instead of lugs.
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Most headless setscrews are the hex-head Allen type and
must be installed and removed with an Allen wrench.
Allen wrenches are six-sided bars in the shape of an L,
or they can be hex-shaped bars mounted in adapters for
use with hand ratchets. They range in size from %4 to %
inch and fit into a hexagonal recess in the setscrew.

STRAP WRENCHES

'The strap wrench can prove to be an invaluable tool for
the AMT. By their very nature, aircraft components
such as tubing, pipes, small fittings, and round or
irregularly shaped components are built to be as light
as possible, while still retaining enough strength to
function properly. The misuse of pliers or other gripping
tools can quickly damage these parts. If it is necessary to
grip a part to hold it in place, or to rotate it to facilitate
removal, consider using a strap wrench that uses a plastic
covered fabric strap to grip the part. (Figure 3-23)

IMPACT DRIVERS

Although not typically used on aircraft, except with
extreme care on some heavy structures, an impact driver
may be required. Struck with a mallet, the impact driver
uses cam action to impart a high amount of torque in
a sharp impact to break loose a stubborn fastener. The
drive portion of the impact driver can accept a number
of different bits and sockets. The use of special bits and
sockets specifically manufactured for use with an impact
driver is required. (Figure 3-24)

TORQUE WRENCHES

There are times when a specific pressure must be applied
to a nut or bolt as it is installed. In such cases a calibrated
torque wrench must be used. A calibrated torque wrench
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A = Qutside Diameter
C = Center to Center
D = Length
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Allen Wrench

Figure 3-22. Special wrenches.

Figure 3-23. Strap wrench.

Figure 3-24. Impact driver.

Module 07A - Maintenance Practices

is a precision tool consisting of a torque indicating handle
and appropriate adapter or attachments. It measures the
amount of turning or twisting force applied to a nut,
bolt, or screw. Commonly used torque wrenches include
the deflecting beam, dial indicating, micrometer, and
electronic setting types. (Figure 3-25)

When using the deflecting beam and dial indicating
torque wrenches, the torque is read visually on a dial
or scale mounted on the handle of the wrench. The
micrometer setting torque wrench is preset to the
desired value. When this torque is reached, the operator
notices a sharp impulse or breakaway "click”

Under controlled conditions, the amount of force
required to turn a fastener is directly related to the
tensile strength of the fastener. The amount of torque,
measured in inch-pounds or foot-pounds, is the product
of the force required to turn the fastener multiplied by
the distance between the center of the fastener and the
point at which the force is applied. For example, a torque
wrench has a length permanently established between
the center of the drive hub and a pivot in the handle.

>
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Figure 3-25. Torque wrenches.

The force is measured by the amount the beam deflects
or by the tension set by a calibrated spring inside the
wrench handle. Hooke's Law states that the amount
a beam deflects is directly related to the force applied.
Therefore, if the lever is exactly 12 inches long, and a
force of 30 pounds is applied to the handle, a torque of
360 inch-pounds is produced on the fastener.

12 inches x 30 lbs = 360 inch-pounds

For additional information on the installation of
fasteners requiring the use of a torque wrench, refer to
"Installation of Nuts, Washers, and Bolts" located in
Module 06, SubModule 05.

Before each use, the torque wrench should be visually
inspected for damage. If a bent pointer, cracked glass, or
signs of rough handling are found, the wrench must be
tested or recalibrated to ensure accuracy. In addition, all
torque wrenches should be professionally recalibrated by
a metrology lab at least once per year. Figure 3-26 shows
a professional calibration device.

3.16 AIR

Figure 3-26. Torque wrench calibration tool.

When an extension (Figure 3-27) is needed to reach
a particular fastener, the length of the torque wrench
changes and so the indication of torque needs to be
recalculated to find the actual torque being applied.

Figure 3-27. A typical torque wrench extension in the straight position.

For example, if the length from the drive head to the
handle is 20 inches and a 5-inch extension is added, a
reading of 120 inch-pounds results in 150 inch-pounds
of torque actually applied. To find the torque applied to
a fastener when using an extension, use this formula:
(Figure 3-28)

_Tw (L + E)

Ta I

Ty = desired torque

Ty = indicated torque

L =length of torque wrench without extension

E = added or subtracted length of extension from hub
of wrench

By shifting the variables, this similar formula can be
used to determine what a torque wrench will indicate for
a given torque on a fastener.

- TaxL
(L +E)

Using the figures above, we find that in order to apply
150 inch-pounds on a fastener with a straight 5 inch
extension, the torque indicator needs to read 120 inch-
pounds.
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Figure 3-28. Variables for torque formula.

CUTTING TOOLS-HAND AND POWER

Powered and non-powered metal cutting tools available
to the aviation technician include various types of saws,
nibblers, shears, sanders, notchers, and grinders. Both
hand-held power tools and larger shop-based power
tools are used during aviation maintenance. They tend to
accomplish a job faster than non-powered tools and may
even perform tasks not possible with non-powered hand
tools. Extreme caution must be exercised when using
any power tool. An incorrectly used power tool can cause
injury and even death. Always seek instruction on how
to use a tool that is unfamiliar.

In general, power tools are either electrically powered or
pneumatically powered. Large shop tools are typically
electrically powered. The fact that they are stationary
and located a long distance from the aircraft permits
the advantages of electric power without too much
concern of fire danger. Powered hand tools are electric
or pneumatic. Pneumatic tools are preferred in the
hangar and on the ramp since they are spark free and
pose little threat of fire compared to electric tools. A
large, remotely located air compressor with a manifold of
rigid tubing throughout the hangar or shop can usually
supply enough pneumatic power for an entire operation.
The technician simply connects one end of a flexible hose
into the manifold and the other end to the pneumatic
tool for power.

Due to the dominance of aluminum in aircraft
construction, many of the power tools used in aviation
are metal working tools. Of these, cutting tools, drilling
tools and forming tools are common.

Moduie 07A - Maintenance Practices

Also due to size, weight, and/or power source, shop tools
are usually in a fixed location, and the airframe part to
be constructed or repaired is brought to the tool.

SNIPS

HAND SNIPS

There are several kinds of hand snips, each of which
serves a different purpose. Straight, curved, hawksbill,
and aviation snips are in common use. Straight snips are
used for cutting straight lines when the distance is not
great enough to use a squaring shear and for cutting the
outside of a curve. The other types are used for cutting
the inside of curves or radii. Snips should never be used
to cut heavy sheet metal. (Figure 3-29)

Straight Snips

Figure 3-29. Typical snips.
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Aviation snips are designed especially for cutting heat
treated aluminum alloy and stainless steel. They are
also adaptable for enlarging small holes. The blades
have small teeth on the cutting edges and are shaped
for cutting very small circles and irregular outlines.
The handles are the compound leverage type, making it
possible to cut material as thick as 0.051 inch. Aviation
snips are available in two types, those which cut from
right to left and those which cut from left to right.

Unlike the hacksaw, snips do not remove any material
when the cut is made, but minute fractures often occur
along the cut. Therefore, cuts should be made about 2
inch from the layout line and finished by hand filing

down to the line.

STRAIGHT SNIPS

Straight snips, or sheet metal shears, have straight blades
with cutting edges sharpened to an 85° angle. (Figure
3-30) Available in sizes ranging from 6 to 14 inches,
they cut aluminum up to %s of an inch. Straight snips
can be used for straight cutting and large curves, but
aviation snips are better for cutting circles or arcs.

AVIATION SNIPS

Aviation snips are used to cut holes, curved parts, round
patches, and doublers (a piece of metal placed under a
part to make it stiffer) in sheet metal. Aviation snips
have colored handles to identify the direction of the cuts:
yellow aviation snips cut straight, green aviation snips
curve right, and red aviation snips curve left.

(Figure 3-31)

HACKSAWS

The common hacksaw has a blade, a frame, and a
handle. The handle can be obtained in two styles: pistol
grip and straight. (Figure 3-32)

Hacksaw blades have holes in both ends; they are
mounted on pins attached to the frame. When installing

a blade in-a hacksaw frame, mount the blade with the
teeth pointing forward, away from the handle.

0

Figure 3-32. Typical hacksaws.

Figure 3-31. Aviation snips.
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Blades are made of high-grade tool steel or tungsten
steel and are available in sizes from 6 to 16 inches in
length. The 10-inch blade is most commonly used. There
are two types, the all-hard blade and the flexible blade.
In flexible blades, only the teeth are hardened.

Selection of the best blade for the job involves finding the
right type and pitch. An all-hard blade is best for sawing
brass, tool steel, cast iron, and heavy cross-section
materials. A flexible blade is often best for sawing hollow
shapes and metals having a thin cross section.

The pitch of a blade indicates the number of teeth per
inch. Pitches of 14, 18, 24, and 32 teeth per inch are
available. A blade with 14 teeth per inch is preferred
when cutting machine steel, cold rolled steel, or
structural steel. A blade with 18 teeth per inch is
preferred for solid stock aluminum, bearing metal, tool
steel, and cast iron. Use a blade with 24 teeth per inch
when cutting thick-walled tubing, pipe, brass, copper,
channel, and angle iron. Use the 32 teeth per inch blade
for cutting thin-walled tubing and sheet metal.

When using a hacksaw, observe the following procedures:

1. Select an appropriate saw blade for the job.

2. Assemble the blade in the frame so the cutting
edge of the teeth points away from the handle.

3. Adjust tension of the blade in the frame to prevent
the saw from buckling and drifting.

4. Clamp the work in the vise in such a way that will
provide as much bearing surface as possible and
will engage the greatest number of teeth.

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

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

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

CHISELS

A chisel is a hard steel cutting tool that can be used for
cutting and chipping any metal softer than the chisel
itself. It can be used in restricted areas and for such work
as shearing rivets, or splitting seized or damaged nuts
from bolts. (Figure 3-33)

Fiat Cold Chisel

Round Nose

Diamond Point

Figure 3-33. Chisels.
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The size of a flat cold chisel is determined by the width
of the cutting edge. Lengths will vary, but chisels are
seldom under 5 inches or over 8 inches long.

Chisels are usually made of eight-sided tool steel bar
stock, carefully hardened and tempered. Since the
cutting edge is slightly convex, the center portion
receives the greatest shock when cutting, and the weaker
corners are protected. The cutting angle should be 60° to
70° for general use, such as for cutting wire, strap iron,
or small bars and rods.

When using a chisel, hold it firmly in one hand. With
the other hand, strike the chisel head squarely with a
ball peen hammer.

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

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

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

FILES

The file is an important but often overlooked tool used
to shape metal by cutting and abrasion. Files have five
distinct properties: length, contour, the form in cross
section, the kind of teeth, and the fineness of the teeth.
Many different types of files are available and the sizes
range from 3 to 18 inches. (Figure 3-34)

The portion of the file on which the teeth are cut is
called the face. The tapered end that fits into the handle
is called the tang. The part of the file where the tang
begins is the heel. The length of a file is the distance
from the point or tip to the heel and does not include
the tang. The teeth of the file do the cutting. These teeth
are set at an angle across the face of the file. A file with
a single row of parallel teeth is called a single-cut file.
The teeth are cut at an angle of 65°-85° to the centerline,
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Figure 3-34. Files.

depending on the intended use of the file. Files that have
one row of teeth crossing another row in a crisscross
pattern are called double-cut files. The angle of the
first set usually is 40°-50° and that of the crossing teeth
70°-80°. Crisscrossing produces a surface that has a very
large number of little teeth that slant toward the tip of
the file. Each little tooth looks like an end of a diamond
point cold chisel.

Files are graded according to the tooth spacing; a coarse
file has a small number of large teeth, and a smooth file
has a large number of fine teeth. The coarser the teeth,
the more metal is removed on each stroke of the file. The
terms used to indicate the coarseness or fineness of a file
are rough, coarse, bastard, second cut, smooth, and dead
smooth, and the file may be either single cut or double
cut. Files are further classified according to their shape.
Some of the more common types are: flat, triangle,
square, half round, and round. There are several filing
techniques. The most common is to remove rough edges
and slivers from the finished part before it is installed.
Crossfiling is 2 method used for filing the edges of metal
parts that must fit tightly together.

Crossfiling involves clamping the metal between two
strips of wood and filing the edge of the metal down to a
preset line, Draw filing is used when larger surfaces need
to be smoothed and squared. It is done by drawing the
file over the entire surface of the work.

To protect the teeth of a file, files should be stored
separately in a plastic wrap or hung by their handles.
Files kept in a toolbox should be wrapped in waxed
paper to prevent rust from forming on the teeth. File
teeth can be cleaned with a file card.
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Most files are made of high-grade tool steels that are
hardened and tempered. Files are manufactured in a
variety of shapes and sizes. They are known either by the
cross section, the general shape, or by their particular
use. The cuts of files must be considered when selecting
them for various types of work and materials. Files are
used to square ends, file rounded corners, remove burrs
and slivers from metal, straighten uneven edges, file
holes and slots, and smooth rough edges.

Files have three distinguishing features: (1) their length,
measured exclusive of the tang (Figure 3-35); (2)
their kind or name, which has reference to the relative
coarseness of the teeth; and (3) their cut.

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

FILES-TYPES AND USE
Files and rasps are cataloged in three ways:
* Length. Measuring from the tip to the heel of the
file. The tang is never included in the length.
* Shape. Refers to the physical configuration of
the file (circular, rectangular, or triangular or a
variation thereof).
* Cut. Refers to both the character of the teeth or the
coarseness — rough, coarse, and bastard for use on
heavier classes of work and second cut, smooth and

dead smooth for finishing work.

Figure 3-35. Hand file.
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Most Commonly Used Files: (Figure 3-36)

* Hand files—These are parallel in width and tapered

in thickness. They have one safe edge (smooth

edge) which permits filing in corners, and on other
work where a safe edge is required. Hand files are

double cut and used principally for finishing flat
surfaces and similar work.

* Flat files—These files are slightly tapered toward

the point in both width and thickness. They cut

on both edges as well as on the sides. They are the

most common files in use. Flat files are double ¢
on both sides and single cut on both edges.

* Mill files—These are usually tapered slightly in
thickness and in width for about one-third of their
length. The teeth are ordinarily single cut. These

files are used for draw filing and to some extent for

filing soft metals.

Hand—taper width, parallel thickness.

1 f =

Miill—taper width, parallel thickness.

Pillar—taper thickness, paralle! width.

| — S

Warding—much taper width, parallel thickness.

HO A R il

Square, round and three square—taper.

Haif round—taper.

Knife—taper.
Vixen—parallel edges and sides.

Figure 3-36. Types of files.

ut
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* Square files—These files may be tapered or blunt
and are double cut. They are used principally for
filing slots and key seats, and for surface filing.

* Round or rattail files—These are circular in cross
section and may be either tapered or blunt and
single or double cut. They are used principally for
filing circular openings or concave surfaces.

* Triangular and three square files—These files are
triangular in cross section. Triangular files are
single cut and are used for filing the gullet between
saw teeth. Three square files, which are double cut,
may be used for filing internal angles, clearing out
corners, and filing taps and cutters.

* Half-round files—These files cut on both the flat
and round sides. They may be single or double cut.
Their shape permits them to be used where other
files would be unsatisfactory.

* Lead float files—These are especially designed for
use on soft metals. They are single cut and are made
in various lengths.

* Warding file—Rectangular in section and tapers to
narrow point in width. This file is used for narrow
space filing where other files cannot be used.

* Knife file—Knife blade section. This file is used by
tool and die makers on work having acute angles.

* Wood file—Same section as flat and half-round
files. This file has coarser teeth and is especially
adaptable for use on wood.

* Vixen (curved-tooth files)—Curved-tooth files
are especially designed for rapid filing and smooth
finish on soft metals and wood. The regular cut
is adapted to work on cast iron, soft steel, copper,
brass, aluminum, wood, slate, marble, fiber, rubber,
and so forth. The fine cut gives excellent results on
steel, cast iron, phosphor bronze, white brass, and
all hard metals. The smooth cut is used where the
amount of material to be removed is very slight, but
where a superior finish is desired.

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

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

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

4. Removing burred or slivered edges. Practically
every cutting operation on sheet metal produces
burrs or slivers. These must be removed to avoid
personal injury and to prevent scratching and
marring of parts to be assembled. Burrs and slivers
will prevent parts from fitting properly and should
always be removed from the work.

Lathe filing requires that the file be held against the
work revolving in the lathe. 'The file should not be held
rigid or stationary but should be stroked constantly with
a slight gliding or lateral motion along the work. A
standard mill file may be used for this operation, but the
long angle lathe file provides a much cleaner shearing
and self-clearing action. Use a file with "safe" edges to
protect work with shoulders from being marred. There
are several precautions that any good craftsman will take
in caring for files.

CARE OF FILES
1. Choose the right file for the material and work to
be performed.
2. Keep all files racked and separated so they do not,
wear against each other.
3. Keep the files in a dry place—rust will corrode the
teeth points, dulling the file.
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4, Keep files clean. Tap the end of the file against
the bench after every few strokes, to loosen and
clear the filings. Use the file card to keep files
clean; a dirty file is a dull file. A dirty file can also
contaminate different metals when the same file is
used on multiple metal surfaces.

Particles of metal collect between the teeth of a file and
may make deep scratches in the material being filed.
When these particles of metal are lodged too firmly
between the teeth and cannot be removed by tapping
the edge of the file, remove them with a file card or wire
brush. Draw the brush across the file so that the bristles
pass down the gullet between the teeth. (Figure 3-37)

CIRCULAR-CUTTING SAWS

The circular cutting saw cuts with a toothed, steel disk
that rotates at high speed. Handheld or table mounted
and powered by compressed air, this power saw cuts
metal or wood. To prevent the saw from grabbing the
metal, keep a firm grip on the saw handle at all times.
Check the blade carefully for cracks prior to installation
because a cracked blade can fly apart during use, possibly
causing serious injury.

KETT SAW

The Kett saw is an electrically operated, portable circular
cutting saw that uses blades of various diameters.
(Figure 3-38) Since the head of this saw can be turned
to any desired angle, it is useful for removing damaged
sections on a stringer.

The advantages of a Kett saw include:
1. Can cut metal up to e-inch in thickness.
2. No starting hole is required.
3. A cut can be started anywhere on a sheet of metal.
4, Can cut an inside or outside radius.

PNEUMATIC CIRCULAR-CUTTING
SAW

The pneumatic circular cutting saw, useful for cutting
out damage, is similar to the Kett saw. (Figure 3-39)

RECIPROCATING SAW

The versatile reciprocating saw achieves cutting action
through a push and pull (reciprocating) motion of the
blade. This saw can be used right side up or upside
down, a feature that makes it handier than the circular
saw for working in tight or awkward spots. A variety of
blade types are available for reciprocating saws; blades
with finer teeth are used for cutting through metal. The
portable, air-powered reciprocating saw uses a standard
hacksaw blade and can cut a 360° circle or a square or
rectangular hole.

Unsuited for fine precision work, this saw is more
difficult to control than the pneumatic circular cutting
saw. A reciprocating saw should be used in such a way
that at least two teeth of the saw blade are cutting at all
times. Avoid applying too much downward pressure on
the saw handle because the blade may break.

(Figure 3-40)

Figure 3-38. Kett saw.

Figure 3-37. File card.
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Figure 3-39. Pneumatic circular saw.
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Figure 3-40. Reciprocating saw.

DIE GRINDER

A die grinder is a handheld tool that turns a mounted
cutoff wheel, rotary file, or sanding disk at high speed.
(Figure 3-41) Usually powered by compressed air,
electric die grinders are also used. Pneumatic die
grinders run at 12 000 to 20 000 revolutions per minute
(rpm) with the rotational speed controlled by the
operator who uses a hand or foot-operated throttle to
vary the volume of compressed air. Available in straight,
45°, and 90° models, the die grinder is excellent for weld
breaking, smoothing sharp edges, deburring, porting,
and general high-speed polishing, grinding, and cutting.

CUT-OFF WHEEL

A cut-off wheel is a thin abrasive disc driven by a high-
speed pneumatic die-grinder and used to cut out damage
on aircraft skin and stringers. The wheels come in
different thicknesses and sizes. (Figure 3-42)

Figure 3-41. Die grinders.

Figure 3-42. Cut-off wheels.
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BURRING TOOL
'This type of tool is used to remove a burr from an edge
of a sheet or to deburr a hole. (Figure 3-43)

NIBBLERS

Usually powered by compressed air, the nibbler is
another tool for cutting sheet metal. Portable nibblers
utilize a high speed blanking action (the lower die moves
up and down and meets the upper stationary die) to cut
the metal. (Figure 3-44)

'The shape of the lower die cuts out small pieces of metal
approximately %1¢-inch wide. The cutting speed of the
nibbler is controlled by the thickness of the metal being
cut. Nibblers satisfactorily cut through sheets of metal
with a maximum thickness of ¥e-inch. Too much force
applied to the metal during the cutting operation clogs
the dies (shaped metal), causing them to fail or the
motor to overheat. Both electric and hand nibblers are
available.

NOTCHER

The notcher is used to cut out metal parts, with some
machines capable of shearing, squaring, and trimming
metal. The notcher consists of a top and bottom die and
most often cuts at a 90° angle, although some machines
can cut metal into angles up to 180°. Notchers are
available in manual and pneumatic models able to cut
various thicknesses of mild steel and aluminum. This is
an excellent tool for quickly removing corners from sheet
metal parts. (Figure 3-45)

BAND SAW

A band saw consists of a toothed metal band coupled

to, and continuously driven around, the circumferences

of two wheels. It is used to cut aluminum, steel, and
composite parts.(Figure 3-46) The speed of the band
saw and the type and style of the blade depends on the
material to be cut. Band saws are often designated to cut
one type of material, and if a different material is to be
cut, the blade is changed. The speed is controllable and
the cutting platform can be tilted to cut angled pieces.

Figure 3-43. Burring tools.
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THROATLESS SHEAR

Airframe technicians use the throatless shear to cut
aluminum sheets up to 0.063 inches. This shear takes
its name from the fact that metal can be freely moved
around the cutting blade during cutting because the
shear lacks a "throat" down which metal must be fed.
(Figure 3-47) This feature allows great flexibility in
what shapes can be cut because the metal can be turned
Figure 3-44. Nibbler. to any angle for straight, curved, and irregular cuts.
Also, a sheet of any length can be cut.

A hand lever operates the cutting blade which is the
top blade. Throatless shears made by the Beverly Shear

/ Manufacturing Corporation, called Beverly™ shears,
are often used.

SCROLL SHEARS

Scroll shears are used for cutting irregular lines on the
inside of a sheet without cutting through to the edge.
(Figure 3-48) The upper cutting blade is stationary
while the lower blade is movable. A handle connected to
the lower blade operates the machine.

ROTARY PUNCH PRESS

Used in the airframe repair shop to punch holes in metal
parts, the rotary punch can cut radii in corners, make
washers, and perform many other jobs where holes are
required. (Figure 3-49)

'The machine is composed of two cylindrical turrets, one
mounted over the other and supported by the frame,

Figure 3-45. Notcher.
with both turrets synchronized to rotate together. Index

Figure 3-46. Horizontal Band Saw. Figure 3-47. Throatless shears.
. : >
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Figure 3-49. Rotary punch press.

pins, which ensure correct alignment at all times, may be
released from their locking position by rotating a lever
on the right side of the machine. This action withdraws
the index pins from the tapered holes and allows an
operator to turn the turrets to any size punch desired.

FOOT-OPERATED SHEAR

Foot-operated shears have a maximum metal cutting
capacity of 0.063 inch of aluminum alloy. Use powered
squaring shears for cutting thicker metals. (Figure 3-50)

SQUARING SHEAR

The squaring shear provides the airframe technician
with a convenient means of cutting and squaring sheet
metal. Available as a manual, hydraulic, or pneumatic
model, this shear consists of a stationary lower blade
attached to a bed and a movable upper blade attached to
a crosshead. (Figure 3-51)
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Figure 3-51. Power squaring shear.

Two squaring fences, consisting of thick strips of metal
used for squaring metal sheets, are placed on the bed.
One squaring fence is placed on the right side and one
on the left to form a 90° angle with the blades. A scale
graduated in fractions of an inch is scribed on the bed for
ease in placement.

To make a cut with a foot shear, move the upper blade
down by placing the foot on the treadle and pushing
downward. Once the metal is cut and foot pressure
removed, a spring raises the blade and treadle. Hydraulic
or pneumatic models utilize remote foot pedals to ensure
operator safety. The squaring shear performs three
distinctly different operations:

1. Cutting to a line

2. Squaring

3. Multiple cutting to a specific size
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When cutting to a line, place the sheet on the bed of the
shears in front of the cutting blade with the cutting line
even with the cutting edge of the bed. To cut the sheet
with a foot shear, step on the treadle while holding the
sheet securely in place.

Squaring requires several steps. First, one end of the
sheet is squared with an edge (the squaring fence is
usually used on the edge). Then, the 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.

When several pieces must be cut to the same dimensions,
use the backstop, located on the back of the cutting
edge 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 bar 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.

DISK SANDER

Disk sanders have a powered abrasive-covered disk or
belt and are used for smoothing or polishing surfaces.
'The sander unit uses abrasive paper of different grits to
trim metal parts. (Figure 3-52)

It is much quicker to use a disk sander than to file a part
to the correct dimension. The combination disk and belt
sander has a vertical belt sander coupled with a disk
sander and is often used in a metal shop.

BELT SANDER

The belt sander uses an endless abrasive belt driven by
an electric motor to sand down metal parts much like
the disk sander unit. The abrasive paper used on the belt
comes in different degrees of grit or coarseness. The belt
sander is available as a vertical or horizontal unit. The
tension and tracking of the abrasive belt can be adjusted
so the belt remains centered on its rollers. (Figure 3-53)

WET OR DRY GRINDER

Grinding machines come in a variety of types and sizes,
depending upon the class of work for which they are to
be used. Dry and/or wet grinders are found in airframe
repair shops. Grinders can be bench or pedestal mounted.
A dry grinder usually has a grinding wheel on each end
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Figure 3-52. Disk Sander.

Figure 3-53. Belt sander.

of a shaft that runs through an electric motor or a pulley
operated by a belt. The wet grinder has a pump to supply
a flow of water on a single grinding wheel. The water acts
as a lubricant for faster grinding while it continuously
cools the edge of the metal, reducing the heat produced
by material being ground against the wheel.

It also washes away any bits of metal or abrasive removed
during the grinding operation. The water returns to a
tank and can be re-used.

Grinders are used to sharpen knives, tools, and blades as
well as grinding steel, metal objects, drill bits, and tools.
Figure 3-54, illustrates a common type bench grinder
found in most airframe repair shops. It can be used
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Eye Shield

Tool Rest

e

Figure 3-54. Bench Grinder.

to dress mushroomed heads on chisels and points on
chisels, screwdrivers, and drills, as well as for removing
excess metal from work and smoothing metal surfaces.

The bench grinder is generally equipped with one
medium grit and one fine-grit abrasive wheel. The
medium-grit 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-grit wheel is used for sharpening tools and grinding
to close limits. It removes metal more slowly, gives the
work a smooth finish, and does not generate enough
heat to anneal the edges of cutting tools. Before using
any type of grinder, ensure that the abrasive wheels
are firmly held on the spindles by the flange nuts. An
abrasive wheel that comes off or becomes loose could
seriously injure the operator in addition to ruining the
grinder. A loose tool rest could cause the tool or piece

of work to be "grabbed" by the abrasive wheel and cause
the operator's hand to come in contact with the wheel,
possibly resulting in severe wounds.

Always wear goggles when using a grinder, even if eye
shields are attached to the grinder. Goggles should fit
firmly against the face and nose. This is the only way to
protect the eyes from the fine pieces of steel. Goggles
that do not fit properly should be exchanged for ones
that do fit. Be sure to check the abrasive wheel for cracks
before using the grinder. A cracked abrasive wheel is
likely to fly apart when turning at high speeds. Never
use a grinder unless it is equipped with wheel guards
that are firmly in place.

GRINDING WHEELS

A grinding wheel is made of a bonded abrasive and
provides an efficient way to cut, shape, and finish metals.
Available in a wide variety of sizes and numerous shapes,
grinding wheels are also used to sharpen knives, drill
bits, and many other tools, or to clean and prepare
surfaces for painting or plating.

Grinding wheels are removable and a polishing or
buffing wheel can be substituted for the abrasive wheel.
Silicon carbide and aluminum oxide are the kinds of
abrasives used in most grinding wheels. Silicon carbide
is the cutting agent for grinding hard, brittle material,
such as cast iron. It is also used in grinding aluminum,
brass, bronze, and copper. Aluminum oxide is the
cutting agent for grinding steel and other metals of high
tensile strength.

DRILLING

Drilling holes is a common operation in the airframe
repair shop. Once the fundamentals of drills and their
uses are learned, drilling holes for rivets and bolts on
light metal is not difficult. While a small portable power
drill is usually the most practical tool for this common
operation in airframe metalwork, sometimes a drill press
may prove to be the better piece of equipment for the job.

PORTABLE POWER DRILLS

Portable power drills operate by electricity or compressed
air. Pneumatic drill motors are recommended for use on
repairs around flammable materials where potential
sparks from an electric drill motor might become a
fire hazard. Because of this, most power drills used in
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aviation maintenance work are pneumatic.

When using the portable power drill, hold it firmly with
both hands. Before drilling, be sure to place a backup
block of wood under the hole to be drilled to add support
to the metal structure. 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 causes enlarged holes. 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
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withdrawing from the material may cause elongation
(egg shape) of the hole. When drilling through sheet
metal, small burrs are formed around the edge of the
hole. Burrs must be removed to allow rivets or bolts to fit
snugly and to prevent scratching. Burrs may be removed
with a bearing scraper, a countersink, or a drill bit larger
than the hole. If a drill bit or countersink is used, it
should be rotated by hand. Always wear safety goggles
while drilling,

PNEUMATIC DRILL MOTORS

Pneumatic drill motors are the most common type of
drill motor for aircraft repair work. They are light weight
and have sufficient power and good speed control. Drill
motors are available in many different sizes and models.
Most drill motors used for aircraft sheet metal work are
rated at 3 000 rpm, but if drilling deep holes or drilling
in hard materials, such as corrosion resistant steel or
titanium, a drill motor with more torque and lower
rpm should be selected to prevent damage to tools and
materials. (Figure 3-55)

RIGHT ANGLE AND 45° DRILL
MOTORS

Right angle and 45° drill motors are used for positions
that are not accessible with a pistol grip drill motor.
Most right angle drill motors use threaded drill bits that
are available in several lengths. Heavy-duty right angle
drills are equipped with a chuck similar to the pistol grip
drill motor.

TWO-HOLE DRILL MOTORS

Special drill motors that drill two holes at the same time
are used for the installation of nutplates. By drilling two
holes at the same time, the distance between the holes is
fixed and the holes line up perfectly with the holes in the
nutplate. (Figure 3-56)
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Figure 3-55. A 90 degree pneumatic drill motor.
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Figure 3-56. Two hole nutplate drill.

DRILL EXTENSIONS AND ADAPTERS
When access to a place where drilling is difficult or
impossible with a straight drill motor, various types of
drill extensions and adapters are used.

EXTENSION DRILL BITS

Extension drill bits are widely used for drilling holes in
locations that require reaching through small openings
or past projections. These drill bits, which come in 6 to
12-inch lengths, are high speed with spring-tempered
shanks. Extension drill bits are ground to a special
notched point, which reduces end thrust to a minimum.

When using extension drill bits always:

1. Select the shortest drill bit that will do the job. It is
easier to control.

2. Check the drill bit for straightness. A bent drill bit
makes an oversized hole and may whip, making it
difficult to control.

3. Keep the drill bit under control. Extension drills
smaller than %-inch must be supported by a drill
guard made from a piece of tubing or spring to
prevent whipping,

STRAIGHT EXTENSION

A straight extension for a drill can be made from an
ordinary piece of drill rod. The drill bit is attached to the
drill rod by shrink fitting, brazing, or silver soldering.

ANGLE ADAPTERS

Angle adapters can be attached to an electric or pneumatic
drill when the location of the hole is inaccessible to a
straight drill. Angle adapters have an extended shank
fastened to the chuck of the drill. The drill is held in one
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hand and the adapter in the other to prevent the adapter
from spinning around the drill chuck.

SNAKE ATTACHMENT

The snake attachment is a flexible extension used
for drilling in places inaccessible to ordinary drills.
Available for electric and pneumatic drill motors, its
flexibility permits drilling around obstructions with
minimum effort. (Figure 3-57)

DRILL PRESS

The drill press is a precision machine used for drilling
holes that require a high degree of accuracy. It serves
as an accurate means of locating and maintaining the
direction of a hole that is to be drilled and provides
the operator with a feed lever that makes the task of
feeding the drill into the work easier. The upright drill
press is the most common of the variety of drill presses
available. (Figure 3-58)

When using a drill press, the height of the drill press
table is adjusted to accommodate the height of the part
to be drilled. When the height of the part is greater
than the distance between the drill and the table, the
table is lowered. When the height of the part is less
than the distance between the drill and the table, the
table is raised.

After the table is properly adjusted, the part is placed
on the table and the drill is brought down to aid in
positioning the metal so that the hole to be drilled is
directly beneath the point of the drill. The part is then
clamped to the drill press table to prevent it from slipping
during the drilling operation.

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

The degree of accuracy that it is possible to attain when
using the drill press depends 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, and warping.
Always be sure that the sleeve is securely pressed into
the spindle hole. Never insert a broken drill in a sleeve
or spindle hole. Be careful never to use the sleeve-

3.30 AlR
S

Figure 3-58. Drill press.

clamping vise to remove a drill since this may cause the
sleeve to warp.

The drill speed on a drill press is adjustable. Always
select the optimum drill speed for the material to be
drilled. Technically, the speed of a drill bit means its
speed at the circumference, in surface feet per minute
(sfm). The recommended speed for drilling aluminum
alloy is from 200 to 300 sfm, and for mild steel is 30
to 50 sfm. In practice, this must be converted into rpm
for each size drill. Machinist and mechanic handbooks
include drill rpm charts or drill rpm may be computed
by use of the formula:

CSx4
—5 =

Ipm

Where:
CS = The recommended cutting speed in sfm
D ='The diameter of the drill bit in inches

Example: At what rpm should a 1 &-inch drill turn to
drill aluminum at 300 sfm? (Answer 9 600 rpm)

Module 07A - Maintenance Practices



TYPES OF DRILL BITS

A wide variety of drill bits including specialty bits for
specific jobs are available. High Speed Steel (HSS) drill
bits come in short shank or standard length, sometimes
called jobbers length. HSS drill bits can withstand
temperatures nearing the critical range of 1 400 °F (dark
cherry red) without losing their hardness. The industry
standard for drilling metal (aluminum, steel, etc.), these
drill bits stay sharper longer.

STEP DRILL BITS

Typically, the procedure for drilling holes larger than %
inch in sheet metal is to drill a pilot hole with a No. 40
or No. 30 drill bit and then to oversize with a larger drill
bit to the correct size. The step drill combines these two
functions into one step. The step drill bit consists of a
smaller pilot drill point that drills the initial small hole.
When the drill bit is advanced further into the material,
the second step of the drill bit enlarges the hole to the
desired size. Step drill bits are designed to drill round
holes in most metals, plastic, and wood. Commonly
used in general construction and plumbing, they work
best on softer materials, such as plywood, but can be
used on very thin sheet metal. Step drill bits can also be
used to deburr holes left by other bits.

COBALT ALLOY DRILL BITS

Cobalt alloy drill bits are designed for hard, tough
metals like corrosion-resistant steel and titanium. It
is important for the aircraft technician to note the
difference between HSS and cobalt.

HSS drill bits wear out quickly when drilling titanium
or stainless. Cobalt drill bits are excellent for drilling
titanium or stainless steel, but do not produce a quality
hole in aluminum alloys. Cobalt drill bits can be
recognized by thicker webs and a taper at the end of the
drill shank.

TWIST DRILL BITS
Easily the most popular drill bit type, the twist drill bit
has spiral grooves or flutes running along its working

length. (Figure 3-59)

This drill bit comes in a single-fluted, two-fluted,
three-fluted, and four-fluted styles. Single-fluted and
two-fluted drill bits (most commonly available) are used
for originating holes. Three-fluted and four-fluted drill
bits are used interchangeably to enlarge existing holes.
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Figure 3-59. Twist drill bits.

Twist drill bits are available in a wide choice of tooling
materials and lengths with the variations targeting
specific projects.

The standard twist drill bits used for drilling aluminum
are made from HSS and have a 135° split point. Drill
bits for titanium are made from cobalt vanadium for
increased wear resistance.

DRILL BIT SIZES

Drill diameters are grouped by three size standards:
number, letter, and fractional. The decimal equivalents
of standard drill are shown in Figure 3-60.

DRILLS

There are generally three types of portable drills used in
aviation for holding and turning twist drills. Holes %
inch in diameter and under can be drilled using a hand
drill. This drill is sometimes called an "egg beater."

Electric and pneumatic power drills, often called drill
motors, are available in various shapes and sizes to
satisfy almost any requirement. Pneumatic powered
drills are preferred for use around flammable materials
and, therefore, around aircraft. Sparks from an electric
drill are a fire and explosion hazard.

TWIST DRILLS

A twist drill, or drill bit, is a pointed tool that is rotated to
cut holes in material. It is made of a cylindrical hardened
steel bar having spiral flutes (grooves) running the length
of the body, and a conical point with cutting edges
formed by the ends of the flutes. Twist drills are made of
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Drill Decimal Drill Decimal Drill Decimal Drill Decimal Drill Decimal |
Size (Inches) Size (Inches) Size (Inches) Size (Inches) Size {Inches)
80 .0135 50 .0700 22 1570 G .2610 31/64 4844
79 .0145 49 .0730 21 1590 17/64 .2656 1/2 .5000
1/54 .0156 48 .0760 20 1610 H .2660 33/64 5156
78 .0160 5/64 .0781 19 .1660 | 2720 17/32 5312
77 .0180 47 .0785 18 1695 J 2770 35/64 .5469
76 .0200 46 .0810 11/64 1718 K 2810 9/16 5625
75 .0210 45 .0820 17 1730 9/32 2812 37/64 5781
74 .0225 44 .0860 16 1770 L .2900 19/32 5937
73 .0240 43 .0890 15 .1800 M .2950 39/84 .6094
72 .0250 42 .0935 14 1820 19/64 .2968 5/8 .6250
71 .0260 3/32 .0937 13 .1850 N 3020 41/64 .6406
70 .0280 41 .0960 3/16 .1875 5/16 3125 21/32 .6562
69 .0293 40 .0980 12 .1890 0 3160 43/64 6719
68 .0310 39 .0995 11 1910 P 3230 11/16 .6875
1/32 0312 38 1015 10 1935 21/64 3281 45/64 .7031
67 .0320 37 1040 9 .1960 Q .3320 23/32 7187
66 .0330 36 1065 8 1990 R .3390 47/64 7344
65 .0350 7/64 .1093 7 2010 11/32 3437 3/4 .7500
64 .0360 35 1100 13/64 .2031 S .3480 49/64 .7656
63 0370 34 1110 6 .2040 T .3580 25/32 .7812
62 .0380 33 1130 5 .2055 23/64 .3593 51/64 .7969
61 .0390 32 1160 4 .2090 U .3680 13/16 .8125
60 .0400 31 1200 3 .2130 3/8 3750 53/64 .8281
59 .0410 1/8 1250 7/32 .2187 v 3770 27/32 8437
58 .0420 30 1285 2 2210 w .3860 55/64 .8594
57 .0430 29 .1360 1 .2280 25/64 .3906 7/8 .8750
56 .0465 28 1405 A .2340 X 3970 57/64 .8906
3/64 .0468 9/64 1406 15/64 .2343 Y 4040 29/32 .9062
55 .0520 27 1440 B .2380 13/32 .4062 59/64 .9219
54 .0550 26 1470 C 2420 Z 4130 15/16 .9375
53 .0595 25 1495 D .2460 27/64 4219 61/64 .9531
1/16 .0625 24 1520 1/4 .2500 716 .4375 31/32 .9687
52 .0635 23 1540 E .2500 29/64 .4531 63/64 .9844
| 51 .0670 5/32 1562 F .2570 15/32 4687 1 1.0000 |

Figure 3-60. Drill sizes and decimal equivalents.

carbon steel or high-speed alloy steel. Carbon steel twist
drills are satisfactory for general work and are relatively
inexpensive. The more expensive high-speed twist drills
are used for the tough materials such as stainless steels.
Twist drills have from one to four spiral flutes. Drills
with two flutes are used for most drilling; those with
three or four are used principally to follow smaller drills
or to enlarge holes. The principal parts of a twist drill are
the shank, the body, and the heel. (Figure 3-61)

The drill shank is the end that fits into the chuck of
a hand or power drill. The two shank shapes most
commonly used in hand drills are the straight shank

>
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and the square or bit stock shank. The straight shank
generally is used in hand, breast, and portable electric or
pneumatic drills; the square shank is made to fit into a
carpenter's brace. Tapered shanks generally are used in
machine shop drill presses. (Figure 3-62)

The metal column forming the core of the drill is the
body. The body clearance area lies just back of the
margin; it is slightly smaller in diameter than the
margin, to reduce the friction between the drill and
the sides of the hole. The angle at which the drill point
is ground is the lip clearance angle. On standard drills
used to cut steel and cast iron, the angle should be 59°
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Lip or Cutting Edge

Lip Clearance
(125°-135°)

Chisel Edge

Heel Angle
(12°-15°)

Lip Angle (Normally 59°)

Figure 3-61. Twist drill.

Point Margin Flute

1 e

Straight Shank

Size Stamped Here

Taper Shank

CINRTNET = o

Square Shank (used in brace)

Figure 3-62. Drill types.
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from the axis of the drill. For faster drilling of soft
materials, sharper angles are used.

The diameter of a twist drill may be given in one of
three ways: (1) by fractions, (2) letters, or (3) numbers.
Fractionally, they are classified by sixteenths of an inch
(from Y6 to 3% inch), by thirty-seconds (from %2 to 2%
inch), or by sixty-fourths (from %4 to 1% inch). For a
more exact measurement, a letter system is used with
decimal equivalents: A (0.234 inch) to Z (0.413 inch).
The numbering system of classification is the most
accurate: No. 80 (0.0314 inch) to No. 1 (0.228 inch).
Drill sizes and their decimal equivalents are shown in
Figure 3-63.

The twist drill should be sharpened at the first sign of
dullness. For most drilling, a twist drill with a cutting
angle of 118° (59° on either side of center) will be
sufficient; however, when drilling soft metals, a cutting
angle of 90° may be more efficient. Typical procedures
for sharpening drills are as follows: (Figure 3-64)

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

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

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

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

E. Check the results of grinding with a gauge to
determine whether or not the lips are the same

length and at a 59° angle.

Alternatively, there are commercially available twist
drill grinders available, as well as attachments for bench
grinders which will ensure consistent, even sharpening
of twist drills.
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8 _§ E . i ||l | A = & LB B s 5 o5 | E )
s BE & 2 B |t | AN = E 88 & = £ Sahe =
1 0039 — 0410 50 22  .0866 — 1470 26
15  .0059 105 .0413 2.25  .0885 375 .1476
2 .0079 —  .0420 58 —  .0890 43 — 1495 25
25  .0098 — 0430 57 23  .0905 38 1496
3 .0118 11 .0433 235  .0925 — 1520 24
— 0135 80 115 .0452 —  .0935 42 39 1535
35  .0138 —  .0465 56 238 .0937 % — —  .1540 23
— 0145 79 119 0469 Y — 24 0945 397 1562 %4 —
39 0156 Y% — 1.2 0472 —  .0960 M — 1570 22
4 0157 1.25 0492 2.45 0964 40 1575
— 0160 78 13 0512 —  .0980 40 — 1590 21
45 0177 — 0520 55 25  .0984 — 1610 20
—  .0180 77 135 .0531 —  .0995 39 41 1614
5 .0197 — 0550 54 —  .1015 38 42 1654
—  .0200 76 14 0551 26 1024 —  .1660 19
— 0210 75 145 .0570 — 1040 37 425 1673
55 0217 15  .0591 27 1063 43 1693
— 0225 74 — 0595 53 —  .1065 3% — 1695 18
6 0236 155 .0610 275  .1082 437 A719 Mg —
— 0240 73 159 .06% 4 — 278 1094 g — — 730 17
— 0250 72 16 0628 - 1100 3B 44 AT
65  .0256 — 0635 52 28  .1102 — A770 16
— 0260 71 165 .0649 — 1110 3 45 AT
—  .0280 70 17  .0669 — 1130 33 —  .1800 15
7 0276 — 0670 51 29 .14 46  .1811
— 0292 69 175 .0689 —  .1160 32 — 1820 14
75 0295 — 0700 50 30 .1181 47 1850 13
—  .0310 68 18  .0709 — 1200 31 475 .1870
79 0312 Y% — 18 0728 31 1220 476 1875 % —
8  .0315 — 0730 49 318 1250 B — 48 1890 12
— 0320 67 19 0748 32 1260 — 1910 1
—  .0330 66 —  .0760 48 325 1279 49 1929
85  .0335 1.95 .0767 — 1285 30 — 1935 10
—  .0350 65 198 .0781 S — 33  .1299 — 1960 9
9 0354 — 0785 47 34 1338 50  .1968
— 0360 64 20 0787 —  .1360 29 — 1990 8
—  .0370 63 205 0807 35 .1378 51  .2008
95  .0374 — 0810 46 — 1405 28 — 2010 7
—  .0380 62 —  .0820 45 357 1406 % 516 2031 134 —
— 0390 61 21  .0827 36 1417 — 2040 6
1.0 0394 215 0846 — 1440 27 52 2047
—  .0400 60 —  .0860 4 37 1457 — = 2055 5
Figure 3-63. Drill sizes.
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Millimeter

o 8
@

o
~

5.5
5.56
5.6

5.7
5.75

5.8
59

5.95
6.0

6.1

6.2
6.25
6.3
6.35
6.4
6.5

6.6

6.7

6.75

6.75

6.8
6.9

7.0

71

7.14
7.2
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Decimal
Equivalent

N D
o O
Qo o
D~

.2090
2126
2130
2165
2187

2205

2210

2244
2263
.2280
.2283
.2323
.2340
.2344
.2362
2380
.2401
2420
2441

.2460°

2480
.2500
.2520
.2559
.2570
.2598
.2610
.2638
.2657
2657
.2660
2677
2716
2720
.2756
2770
2795
.2811
2812
.2835

Fractional

42

1@64

Ya

1%%4

%2

Number

Millimeter

7.25

7.54
76

7.7
1.75
7.8
79
7.94
8.0

8.1
8.2

8.25
8.3
8.33
8.4

85
8.6

8.7
8.73
8.75

8.8

8.9
9.0

9.1
9.13
9.2
9.25
9.3

9.4

Decimal
Equivalent

.3465
3480
3504

.3543

3580

3583

.3594
3622
3641
.3661
.3680

3701

Fractional

1%4

Y6

2%4

1%2

s

Number
Millimeter

o e
G O

9.6

9.75
— 9.8

9.92
10.0

— 1032
0 10.5

10.72

11.0

P 11N

11.5

11.51

— 119
12.0

Q 1230

125

127

R 13.0

13.10

— 13.49
135

13.89

S 14.0

14.29

14.5

T 1468

15.0

— 15.08
15.48

15.5

15.88

U 16.0

16.27

Decimal
Equivalent

4921
.5000
5118
5156
5312
5315
.5469
5512
.5625
5709
5781
.5906
.5937
.6094
6102
6250
.6299
6406

Figure 3-63. Drill sizes (continued).

Fractional

=

25/ﬁ4

1%2

ZTfea
A6

29/%4
1%2

3 Vea
%

3344
174,

3%4
%s
37/%4

194,
3%2

%

4%4

Number

Millimeter

-
o
(3)]

16.67
17.0
17.06
17.46
17.5
17.86
18.0
18.26
18.5
18.65
19.0
19.05
19.45
19.5
19.84
20.0
20.24
205
20.64
210
21.03
21.43
215
21.83
22,0
22.23
225
22,62
23.0
23.02
23.42
235
23.81
24.0
24.21
245
24.61
25.0
25.03
25.4

Decimal
Equivalent

Fractional

21 y

N
11As

4564
234,
47/64

%
439 64

25/{32
51164
13As

53/64
27/{;2

5%4
%
57/64

2%2
5%4

15ﬁ6
61/64
31/132

6344

Number
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HOLE DRILLING TECHNIQUES
Precise location of drilled holes is sometimes required.
When locating holes to close tolerances, accurately
T located punch marks need to be made. If a punch mark is
;9,, / too small, the chisel edge of the drill bit may bridge it and
X "walk off" the exact location before starting. If the punch
y mark is too heavy, it may deform the metal and/or result
> i in a local strain hardening where the drill bit is to start
/1 cutting. The best size for a punch mark is about the width
/ of the chisel edge of the drill bit to be used. This holds

-

the drill point in place while starting. The procedure that

ensures accurate holes follows: (Figure 3-65)
punch perpendicular to the surface, strike a firm
square blow with a hammer.

& 5. For holes 3/¢-inch and larger, pilot drilling is
/ recommended. Select a drill bit equal to the width

drill bit to be dulled, burned, or chipped. It also
contributes to chattering and drill motor stalling,

- NOTE: The chisel edge is the least efficient operating
B surface element of the twist drill bit because it does not
cut, but actually squeezes or extrudes the work material.
h-:x?' 1. Measure and lay out the drill locations carefully
& and mark with crossed lines.
- 2. Use a sharp prick punch or spring-loaded center
_ ; - punch and magnifying glass to further mark the
R | holes.
o 4, Mark each hole with a small drill bit (*/A6-inch
\} of the chisel edge of the final drill bit size. Avoid
Pilot drill at each mark.

3. Seat a properly ground center punch (120°-135°)

in the prick punch mark and, holding the center
7
¢ guB
recommended) to check and adjust the location
. prior to pilot drilling.

using a pilot drill bit that is too large because it
would cause the corners and cutting lips of the final

12°-15¢

D
. B
J
ey Ry
~"  Bbg", B8 TN

- - b ~.

4! E

AR M et e
Figure 3-64. Drill sharpening procedures. Figure 3-65. Center punch and cutaway.
> . ;
3.36 AIRCRAFT Module 07A - Maintenance Practices
(™



6. Place the drill point at the center of the crossed
lines, perpendicular to the surface, and, with light
pressure, start drilling slowly. Stop drilling after a
few turns and check to see if the drill bit is starting
on the mark. It should be; if not, it is necessary to
walk the hole a little by pointing the drill in the
direction it should go, and rotating it carefully and
intermittently until properly lined up.

7. Enlarge each pilot drilled hole to final size.

DRILL STOPS

A spring drill stop is a wise investment. Properly
adjusted, it can prevent excessive drill penetration that
might damage underlying structure or injure personnel
and prevent the drill chuck from marring the surface.
Drill stops can be made from tubing, fiber rod, or hard
rubber. (Figure 3-66)

DRILL BUSHINGS

There are several types of tools available that aid in
holding the drill perpendicular to the part. They consist of
a hardened bushing anchored in a holder. (Figure 3-67)

Drill bushing types:
1. Tube—hand-held in an existing hole
2. Commercial—twist lock
3. Commercial—threaded

DRILL BUSHING HOLDER TYPES
There are four types of drill bushing holders:

1. Standard—fine for drilling flat stock or tubing/rod;
uses insert-type bushings.

2. Egg cup—improvement on standard tripod base;
allows drilling on both flat and curved material;
interchangeable bushings allows flexibility.

(Figure 3-68)

3. Plate—used primarily for interchangeable
production components; uses commercial bushings
and self-feeding drills.

4. Arm—used when drilling critical structure; can be
locked in position; uses interchangeable commercial
bushings.

DRILLING LARGE HOLES

'The following technique can be used to drill larger holes.
Special tooling has been developed to drill large holes to
precise tolerances. (Figure 3-69)
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Figure 3-66. Drill stop.

Bushing Holder Arm-Type Bushing Holder

Figure 3-67. Drill bushings.

Figure 3-69. Drills for large holes.
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NOTE: Holes can also be enlarged by using a series of
step reamers:

1. Pilot drill using a drill bushing, Bushings are sized
for 1/, 3/6 or /4 drill bits.

2. Step drill bits are used to step the hole to
approximately */4-inch smaller than the final hole
size. The aligning step diameter matches the pilot
drill bit size.

3. Finish ream to size using a step reamer. The
aligning step diameter matches the core drill bit
size. Reamers should be available for both clearance
and interference fit hole sizes.

DRILL LUBRICATION

Normal drilling of sheet material does not require
lubrication, but lubrication should be provided for all
deeper drilling. Lubricants serve to assist in chip removal,
which prolongs drill life and ensures a good finish
and dimensional accuracy of the hole. It also prevents
overheating. The use of a lubricant is always a good
practice when drilling castings, forgings or heavy gauge
stock. A good lubricant should be thin enough to help in
chip removal but thick enough to stick to the drill. For
aluminum, titanium and corrosion-resistant steel, a cetyl
alcohol based lubricant is the most satisfactory. Cetyl
alcohol is a nontoxic fatty alcohol chemical produced in
liquid, paste and solid forms. Solid stick and block forms
quickly liquefy at drilling temperatures.

For steel, sulfurized mineral cutting oil is superior.
Sulfur has an affinity for steel, which aids in holding the
cutting oil in place. In the case of deep drilling, the drill
should be withdrawn at intervals to relieve chip packing
and to ensure the lubricant reaches the point. As a
general rule, if the drill is large or the material hard, use

a lubricant.

REAMERS

Reamers are used to smooth and enlarge holes to exact
size. Hand reamers have square end shanks so that they
can be turned with a tap wrench or similar handle.
‘The various types of reamers are illustrated in Figure
3-70. A hole that is to be reamed to exact size must be
drilled about 0.003 to 0.007 inch under size. A cut that
removes more than 0.007 inch places too much load on
the reamer and should not be attempted.

Reamers are made of either carbon tool steel or high-

speed steel. The cutting blades of a high-speed steel

3.38

9, BOOK CcO

>
AIRCRAFT

TECHNICA
MPANY

D
. 9 I
Straight Reamer 'y i

,7’

{hand) \

4
4 Spiral Taper Reamer
(power)

%7/ Taper Reamer
(hand)

Straight Reamer
{(power)

Adjustable Reamer

Figure 3-70. Reamers.

reamer lose their original keenness sooner than those
of a carbon steel reamer; however, after the first super
keenness is gone, they are still serviceable. The high-
speed reamer usually lasts much longer than the carbon

steel type.

Reamer blades are hardened to the point of being brittle
and must be handled carefully to avoid chipping them.
When reaming a hole, rotate the reamer in the cutting
direction only. Do not back a reamer out of a hole by
rotating it opposite the cutting direction. Turn the
reamer steadily and evenly to prevent chattering, or
marking and scoring of the hole walls.

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

For general use, an expansion reamer is the most
practical. This type is furnished in standard sizes from
% inch to 1 inch, increasing in diameter by %2-inch
increments.

Taper reamers, both hand and machine operated, are
used to smooth and true taper holes and recesses.
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Reamers, used for enlarging holes and finishing them
smooth to a required size, are made in many styles. They
can be straight or tapered, solid or expansive, and come
with straight or helical flutes. Figure 3-71 illustrates
three types of reamers:

1. Three or four fluted production bullet reamers are
customarily used where a finer finish and/or size
is needed than can be achieved with a standard
drill bit.

2. Standard or straight reamer.

3. Piloted reamer, with the end reduced to provide
accurate alignment.

The cylindrical parts of most straight reamers are not
cutting edges, but merely grooves cut for the full length
of the reamer body. These grooves provide a way for
chips to escape and a channel for lubricant to reach the
cutting edge. Actual cutting is done on the end of the
reamer. The cutting edges are normally ground to a bevel

of 45° £ 5"

Reamer flutes are not designed to remove chips like a
drill. Do not attempt to withdraw a reamer by turning it
in the reverse direction because chips can be forced into
the surface, scarring the hole.

TAPS AND DIES

A tap is used to cut threads on the inside of a hole, while
a die is for cutting external threads on round stock.
They are made of hard tempered steel and ground to an
exact size.

There are four types of threads that can be cut with
standard taps and dies. They are: National Coarse,
National Fine, National Extra Fine, and National Pipe.
Hand taps are usually provided in sets of three taps for
each diameter and thread series. Each set contains a
taper tap, a plug tap, and a bottoming tap. The taps in a
set are identical in diameter and cross section; the only
difference is the amount of taper. (Figure 3-72)

The taper tap is used to begin the tapping process,
because it is tapered back for 6 to 7 threads. This tap cuts
a complete thread when it is cutting above the taper. It
is the only tap needed when tapping holes that extend
through thin sections. The plug tap supplements the
taper tap for tapping holes in thick stock. The bottoming
tap is not tapered. It is used to cut full threads to the
bottom of a blind hole.
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Dies may be classified as adjustable round split die and
plain round split die. The adjustable split die has an
adjusting screw that can be tightened so that the die is
spread slightly. By adjusting the die, the diameter and fit
of the thread can be controlled. (Figure 3-73)

s
—
B | —

Figure 3-71. Reamers.

1
1L

Taper

E.X_JET

Plug

Bottoming

Figure 3-72. Hand taps.

Adjusting Screw [
(A) Adjustable Round Split Die

.

(B) Piain Round Split Die

Figure 3-73. Types of dies.
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Solid dies are not adjustable; therefore, a variety of
thread fits cannot be obtained with this type. There
are many types of wrenches for turning taps, as well as
turning dies. The T-handle, the adjustable tap wrench,
and the die stock for round split dies shown in Figure
3-74 are a few of the more common types.

- ._..M__..__.,

e S

Tap Wrenches

Diestock

Figure 3-74. Diestock and tap wrenches.

National Coarse Thread Series
Medium Fit Class 3 (NC)

Size Diameter Tap Drill
ahi of body Body Preferred  Nearest
Threads for Drill diameter  standard
thread of hole drill size
1-64 073 47 0575 #53
2-56 .086 42 .0682 #51
3-48 .099 37 078 %4
4-40 112 3 .0866 #44
5-40 125 29 .0995 #39
6-32 138 27 1063 #36
8-32 164 18 1324 #29
10-24 190 10 1472 #26
12-24 216 2 1732 #17
%4-20 250 ] 11990 #8
%6-18 3125 %6 2559 #F
%-16 375 % 3110 %e"
The-14 4375 Ths 3642 ]
16-13 500 % 4219 gy
%e-12 5625 %s ATT6 1"
5%-11 625 % 5315 Mgy
%-10 750 % 6480 "
4-9 875 4 7307 g
1-8 1.000 1.0 8376 %"

Information on thread sizes, fits, types, and so forth, is
shown in Figures 3-75, 3-76, and 3-77.

The use of suitable lubricant, also know as cutting fluid,
is essential with most tapping and reaming operations.
Recommended lubricants for some common materials
are:
* Carbon steel: petroleum or synthetic cutting fluid.
* Alloy steel: petroleum cutting fluid mixed 10%
with kerosene.
* Cast iron: no lubricant required. Use are blasts to
clear chips.
* Aluminum: kerosene mixed with 20% petroleum
cutting fluid.
* Brass: kerosene or mineral spirits.
* Bronze: kerosene mixed with 15% petroleum
cutting fluid.

National Fine Thread Series
Medium Fit Class 3 (NF)

Size Diameter Tap Drill
and of body Body Preferred  Nearest
Threads for Drill diameter  standard
thread of hole drill size
0-80 .060 52 0472 %4
1-72 073 47 0591 #53
2-64 .086 42 .0700 #50
3-56 .099 37 0810 #46
4-48 112 31 0911 #42
5-44 125 25 1024 #38
6-40 138 27 113 #33
8-36 164 18 136 #29
10-32 190 10 159 #21
12-28 216 2 180 #15
14-28 .250 F 213 #3
%6-24 3125 %e 2703 I
%-24 375 % 332 Q
T46-20 4375 Ths .386
14-20 500 % 449 The"
%6-18 5625 %s 506 %"
%-18 625 % 568 %"
%-16 750 % 6688 4"
%-14 875 % 7822 51"
1-14 1.000 1.0 9072 4%

Figure 3-75. American (National) screw thread sizes.
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Number Pitch Diameter Size and Threads Depth Tap drill for pipe threads

Nog;ir;al of Pipe of - .
(inches) thre_ads i A . B L2 ) L1 1 o.d. .thread Minor dlametgr Size drill
perinch  (inches) (inches) (inches) (inches)  (inches) (inches) small end of pipe
% 27 36351  .37476 2638 .180 405 02963 .33388 R
Y 18 47739 .48989 4018 200 540 04444 43294 s
% 18 61201 62701 4078 240 675 .04444 56757 ka
% 14 75843 77843 5337 320 840 05714 70129 %o
% 14 96768  .98887 5457 339 1.050 5714 91054 %4
1 1% 1.21363  1.23863  .6828 400 1.315 06957 1.14407 1%2
1% 11% 155713  1.58338  .7068 420 1.660 06957 1.48757 1%
1% 1% 179609  1.82234 7235 420 1.900 .06957 1.72652 14744
2 11% 226902 229627  .7565 436 2.375 .06957 2.19946 1742
2% 8 271953 276216  1.1375 682 2.875 .10000 261953 2%
3 8 3.34062  3.8850  1.2000 766 3.500 .10000 3.24063 3%
3% 8 3.83750 3.88881  1.2500 821 4.000 .10000 3.73750 3%
4 8 433438 438712  1.3000 < o 4.500 .10000 4,23438 4%

Figure 3-76. American (National) pipe thread dimensions and tap drill sizes.

Soft Plastic Annealed : Malleable  Hard Cast Tool or Alloy
Diameter of Drill Metals agd Hard Cast Iron b Iron Iron Hard i
300FPM, Fubber - Gorpm. TOOFPM. gorpM.  soFpm [ Steel  CastSted
200 F.P.M, 60FPM.  40FPM,

146 (No. 53-80) 18320 12217 8554 6111 5500 4889 3667 2445
%2 (No. 42-52) 12212 8142 5702 4071 3666 3258 2442 1649
1% (No. 31-41) 9160 6112 4278 3056 2750 2445 1833 1222
%2 (No. 23-30) 7328 4888 3420 2444 2198 1954 1465 977
%6 (No.13-22) 6106 4075 2852 2037 1833 1630 1222 815
2 (No.1-12) 5234 3490 444 1745 1575 1396 1047 698
Y (A-F) 4575 3055 2139 1527 1375 1222 917 611
%2 (6-K) 407 2715 1900 1356 1222 1084 814 542
%s L M,N) 3660 2445 1711 1222 1100 978 7333 489
42 (0 -R) 3330 2220 1554 1110 1000 888 666 444
% (S,T,U) 3050 2037 1426 1018 917 815 611 407
%2 (V-2) 2818 1878 1316 939 846 752 563 376
s 2614 1746 1222 873 786 698 524 349

1% 2442 1628 1140 814 732 652 488 326

% 2287 1528 1070 764 688 611 458 306

%s 2035 1357 950 678 611 543 407 271

% 1830 1222 856 611 550 489 367 244

e 1665 1110 777 555 500 444 333 222

% 1525 1018 713 509 458 407 306 204

Figure 3-77. Drill speeds.
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BENDING AND FORMING TOOLS

Sheet metal forming dates back to the days of the
blacksmith who used a hammer and hot oven to mold
metal into the desired form. Today's aircraft technician
relies on a wide variety of powered and hand-operated
tools to precisely bend and fold sheet metal to achieve
the perfect shape. Forming tools include straight line
machines, such as the bar folder and press brake, as well
as rotary machines, such as the slip roll former. Forming
sheet metal requires a variety of tools and equipment
(both powered and manual), such as the piccolo former,
shrinking and stretching tools, form blocks, and
specialized hammers and mallets. (Figure 3-78)

Tempered sheet stock is used in forming operations
whenever possible in typical repairs. Forming that is
performed in the tempered condition, usually at room
temperature, is known as cold-forming. Cold forming
eliminates heat treatment and the straightening and
checking operations required to remove the warp and
twist caused by the heat treating process. Cold-formed
sheet metal experiences a phenomenon known as spring-
back, which causes the worked piece to spring back
slightly when the deforming force is removed. If the
material shows signs of cracking during cold forming
over small radii, the material should be formed in the
annealed condition.

Annealing, the process of toughening steel by gradually
heating and cooling it, removes the temper from metal,
making it softer and easier to form. Parts containing

Figure 3-78. Basic metal forming tools.
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small radii or compound curvatures must be formed in
the annealed condition. After forming, the part is heat
treated to a tempered condition before use on the aircraft.

Construction of interchangeable structural and
nonstructural parts is achieved by forming flat sheet
stock to make channel, angle, zee, and hat section
members. Before a sheet metal part is formed, a flat
pattern is made to show how much material is required
in the bend areas, at what point the sheet must be
inserted into the forming tool, or where bend lines
are located. Determination of bend lines and bend
allowances is discussed in greater detail in the section on
layout and forming.

BAR FOLDING MACHINE
'The bar folder is designed for use in making bends or
folds along edges of sheets. (Figure 3-79)

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. Before using the bar folder, several
adjustments must be made for thickness of material,
width of fold, sharpness of fold, and angle of fold. The
adjustment for thickness of material is made by adjusting
the screws at each end of the folder. As this adjustment
is made, place a piece of metal of the desired thickness
in the folder and raise the operating handle until the
small roller rests on the cam. Hold the folding blade in
this position and adjust the setscrews until the metal
is clamped securely and evenly the full length of the
folding blade. After adjustment, test each end of the
machine separately with a small piece of metal.

Figure 3-79. Adjustable bar folder.
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There are two positive stops on the folder, one for 45°
folds or bends and the other for 90° folds or bends. A
collar is provided that can be adjusted to any degree of
bend within the capacity of the machine.

For forming angles of 45° or 90°, the appropriate stop is
moved into place. This allows the handle to be moved
forward to the correct angle. For forming other angles,
the adjustable collar is 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. To make the fold, adjust the machine
correctly and then insert the metal. The metal goes
between 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 automatically raises and holds the metal until the
desired fold is made. When the handle is returned to
its original position, the jaw and blade return to their
original positions and release the metal.

CORNICE BRAKE

A brake is similar to a bar folder because it is also used
for turning or bending the edges of sheet metal. The
cornice brake is more useful than the bar folder because
its design allows the sheet metal to be folded or formed
to pass through the jaws from front to rear without
obstruction. (Figure 3-80) In contrast, the bar folder can
form a bend or edge only as wide as the depth of its jaws.
Thus, any bend formed on a bar folder can also be made
on the cornice brake.

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 clamping bar is lifted and
the sheet is moved to the correct position for bending.

The bending capacity of a cornice brake is determined by
the manufacturer. Standard 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.

Module 07A - Maintenance Practices

Figure 3-80. Cornice brake.

Most metals have a tendency to return to their normal
shape—a characteristic known as spring-back. If the
cornice brake is set for a 90° bend, the metal bent
probably forms an angle of about 87° to 88°. Therefore, if
a bend of 90° is desired, set the cornice brake to bend an
angle of about 93° to allow for spring-back.

BOX AND PAN BRAKE (FINGER
BRAKE)

The box and pan brake, often called the finger brake
because it is equipped with a series of steel fingers of
varying widths, lacks the solid upper jaw of the cornice
brake. (Figure 3-81)

The box and pan brake can be used to do everything that
the cornice brake can do, as well as several things the
cornice brake cannot do.

'The box and pan brake is used to form boxes, pans, and
other similar shaped objects. If these shapes were formed
on a cornice brake, part of the bend on one side of the
box would have to be straightened in order to make the
last bend. With a finger brake, simply remove the fingers
that are in the way and use only the fingers required to

Clamping Fingers

Figure 3-81. Box and pan brake.
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make the bend. The fingers are secured to the upper
leaf by thumbscrews. All the fingers not removed for an
operation must be securely seated and firmly tightened
before the brake is used. The radius of the nose on the
clamping fingers is usually rather small and frequently
requires nose radius shims to be custom made for the
total length of the bend.

PRESS BRAKE

Since most cornice brakes and box and pan brakes are
limited to a maximum forming capacity of approximately
0.090 inch annealed aluminum, 0.063-inch 7075T6, or
0.063-inch stainless steel, operations that require the
forming of thicker and more complex parts use a press
brake. (Figure 3-82)

'The press brake is the most common machine tool used
to bend sheet metal and applies force via mechanical
and/or hydraulic components to shape the sheet metal
between the punch and die. Narrow U-channels
(especially with long legs) and hat channel stringers can
be formed on the press brake by using special gooseneck
or offset dies. Special urethane lower dies are useful for
forming channels and stringers. Power press brakes can
be set up with back stops (some are computer controlled)
for high volume production. Press brake operations are
usually done manually and require skill and knowledge
of safe use.

SLIP ROLL FORMER

This machine is used to form sheets into cylinders
or other straight curved surfaces. It consists of right
and left end frames with three solid rolls mounted in
between. Gears, which are operated by either a hand
crank or a power drive, connect the two gripping rolls.
These rolls can be adjusted to the thickness of the
metal by using the two adjusting screws located on the
bottom of each frame. The two most common of these
forming machines are the slip roll former and the rotary
former. Available in various sizes and capabilities, these
machines come in manual or powered versions.

'The slip roll former in Figure 3-83 is manually operated
and consists of three rolls, two housings, a base, and a
handle. The handle turns the two front rolls through a
system of gears enclosed in the housing. The front rolls
serve as feeding, or gripping, rolls. The rear roll gives the
proper curvature to the work. When the metal is started
into the machine, the rolls grip the metal and carry it to

3.44

{

>
AIRCRA T

Figure 3-82. Press brake.

the rear roll, which curves it. The desired radius of a bend
is obtained by the rear roll. The bend radius of the part can
be checked as the forming operation progresses by using
a circle board or radius gauge. The gauge can be made
by cutting a piece of material to the required finished
radius and comparing it to the radius being formed by
the rolling operation. On some material, the forming
operation must be performed by passing the material
through the rolls several times with progressive settings
on the forming roll. On most machines, the top roll can
be released on one end, permitting the formed sheet to be
removed from the machine without distortion.

'The front and rear rolls are grooved to permit forming of
objects that have wired edges. The upper roll is equipped
with a release that permits easy removal of the metal
after it has been formed. When using the slip roll former,
the lower front roll must be raised or lowered before
inserting the sheet of metal. If the object has a folded
edge, there must be enough clearance between the rolls
to prevent flattening the fold. If a metal requiring special
care (such as aluminum) is being formed, the rolls must
be clean and free of imperfections.

The rear roll must be adjusted to give the proper
curvature to the part being formed. There are no guages
that indicate settings for a specific diameter; therefore,
trial and error settings must be used to obtain the
desired curvature. 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. A starting edge is formed by
holding the operating handle firmly with the right hand
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Housing

Upper Front Roll

Lower Front Roll -

Operating Handle

Grooves

Figure 3-83. Slip roll former.

and raising the metal with the left hand. The 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.

Ensure that fingers and loose clothing are clear of the
rolls before the actual forming operation is started.
Rotate the operating handle until the metal is partially
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. If the desired curvature is not obtained,
return the metal to its starting position by rotating the
handle counterclockwise. Raise or lower the rear roll
and roll the metal through the rolls again. Repeat this
procedure until the desired curvature is obtained, then
release the upper roll and remove the metal. If the part

Module 07A - Maintenance Practices

to be formed has a tapered shape, the rear roll should be
set so that the rolls are closer together on one end than
on the opposite end. The amount of adjustment must be
determined by experimentation.

If the job being formed has a wired edge, the distance
between the upper and lower rolls and the distance
between the lower front roll and the rear roll should be
slightly greater at the wired end than at the opposite
end. (Figure 3-84)

ROTARY MACHINE

The rotary machine is used on cylindrical and flat sheet
metal to shape the edge or to form a bead along the edge.
(Figure 3-85) Various shaped rolls can be installed on the
rotary machine to perform these operations. The rotary
machine works best with thinner annealed materials.
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Figure 3-84. Slip roll operation.
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SHRINKING AND STRETCHING TOOLS

SHRINKING TOOLS
Shrinking dies repeatedly clamp down on the metal,

then shift inward. (Figure 3-86)

'This compresses the material between the dies, which
actually slightly increases the thickness of the metal.
Strain hardening takes place during this process, so
it is best to set the working pressure high enough to
complete the shape rather quickly (eight passes could be
considered excessive).

CAUTION: Avoid striking a die on the radius itself
when forming a curved flange. This damages the metal
in the radius and decreases the angle of bend.

STRETCHING TOOLS

Stretching dies repeatedly clamp down on the surface and
then shift outward. This stretches the metal between the
dies, which decreases the thickness in the stretched area.
Striking the same point too many times weakens and
eventually cracks the part. It is advantageous to deburr or
even polish the edges of a flange that must undergo even
moderate stretching to avoid crack formation. Forming
flanges with existing holes causes the holes to distort and
possibly crack or substantially weaken the flange.

STRETCH FORMING

In the process of stretch forming, a sheet of metal is
shaped by stretching it over a formed block to just
beyond the elastic limit where permanent set takes place
with a minimum amount of spring-back. To stretch the
metal, the sheet is rigidly clamped at two opposite edges
in fixed vises. Then, the metal is stretched by moving a
ram that carries the form block against the sheet with
the pressure from the ram causing the material to stretch
and wrap to the contour of the form block. Stretch
forming is normally restricted to relatively large parts

Figure 3-86. Shrinking and stretching dies.
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with large radii of curvature and shallow depth, such as
contoured skin. Uniform contoured parts produced at a
faster speed give stretch forming an advantage over hand
formed parts. Also, the condition of the material is more
uniform than that obtained by hand forming.

DROP HAMMER

'The drop hammer forming process produces shapes by the
progressive deformation of sheet metal in matched dies
under the repetitive blows of a gravity-drop hammer
or a power-drop hammer. The configurations most
commonly formed by the process include shallow,
smoothly contoured double-curvature parts, shallow-
beaded parts, and parts with irregular and comparatively
deep recesses. Small quantities of cup-shaped and box-
shaped parts, curved sections, and contoured flanged
parts are also formed. Drop hammer forming is not a
precision forming method and cannot provide tolerances
as close as 0.03-inch to 0.06-inch. Nevertheless, the
process is often used for sheet metal parts, such as
aircraft components, that undergo frequent design
changes, or for which there is a short run expectancy.

HYDROPRESS FORMING

The rubber pad hydropress can be utilized to form
many varieties of parts from aluminum and its alloys
with relative ease. Phenolic, masonite, kirksite, and
some types of hard-setting moulding plastic have been
used successfully as form blocks to press sheet metal
parts, such as ribs, spars, fans, etc. To perform a press
forming operation:

1. Cut a sheet metal blank to size and deburr edges.

2. Set the form block (normally male) on the lower
press platen.

3. Place the prepared sheet metal blank with locating
pins to prevent shifting of the blank when the
pressure is applied.

4. Lower or close the rubber pad-filled press head
over the form block and the rubber envelope.

5. 'The form block forces the blank to conform to its
contour.

Hydropress forming is usually limited to relatively
flat parts with flanges, beads, and lightening holes.
However, some types of large radii contoured parts
can be formed by a combination of hand forming and

pressing operations.
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SPIN FORMING

In spin forming, a flat circle of metal is rotated at a very
high speed to shape a seamless, hollow part using the
combined forces of rotation and pressure. For example, a
flat circular blank such as an aluminum disk, is mounted
in a lathe in conjunction with a form block (usually
made of hardwood). As the aircraft technician revolves
the disc and form block together at high speeds, the
disk is molded to the form block by applying pressure
with a spinning stick or tool. It provides an economical
alternative to stamping, casting, and many other metal
forming processes. Propeller spinners are sometimes
fabricated with this technique.

Aluminum soap, tallow, or ordinary soap can be used
as a lubricant. The best adapted materials for spinning
are the softer aluminum alloys, but other alloys can be
used if the shape to be spun is not excessively deep or
if the spinning is done in stages utilizing intermediate
annealing to remove the effect of strain hardening that
results from the spinning operation. Hot forming is used
in some instances when spinning thicker and harder

alloys. (Figure 3-87)

FORMING WITH AN ENGLISH
WHEEL

The English wheel, a popular type of metal forming
tool used to create double curves in metal, has two steel
wheels between which metal is formed. (Figure 3-88)

Keep in mind that the English wheel is primarily a
stretching machine, so it stretches and thins the metal
before forming it into the desired shape. Thus, the
operator must be careful not to over-stretch the metal.

Figure 3-87. Spin forming.

To use the English wheel, place a piece of sheet metal
between the wheels (one above and one below the
metal). Then, roll the wheels against one another under
a pre-adjusted pressure setting. Steel or aluminum can
be shaped by pushing the metal back and forth between
the wheels. Very little pressure is needed to shape the
panel, which is stretched or raised to the desired shape.
It is important to work slowly and gradually curve the
metal into the desired shape. Monitor the curvature
with frequent references to the template.

The English wheel is used for shaping low crowns on
large panels and polishing or planishing (to smooth
the surface of a metal by rolling or hammering it)
parts that have been formed with power hammers or
hammer and shot bag.

PICCOLO FORMER

The piccolo former is used for cold forming and rolling
sheet metal and other profile sections (extrusions).
(Figure 3-89) The position of the ram is adjustable in
height by means of either a handwheel or a foot pedal
that permits control of the working pressure. Be sure
to utilize the adjusting ring situated in the machine
head to control the maximum working pressure. The
forming tools are located in the moving ram and
the lower tool holder. Depending on the variety of
forming tools included, the operator can perform such

Figure 3-88. English wheel.

>
3.48 AIRCRAFT Module 07A - Maintenance Practices
TECHNICAL
BOOK COMPANY



Figure 3-89. Piccolo former.

procedures as forming edges, bending profiles, removing
wrinkles, spot shrinking to remove buckles and dents,
or expanding dome sheet metal. Available in either
fiberglass (to prevent marring the surface) or steel (for
working harder materials) faces, the tools are the quick-

change type.

MANUAL FOOT-OPERATED SHEET
METAL SHRINKER

'The manual foot-operated sheet metal shrinker operates
very similarly to the Piccolo former though it only
has two primary functions: shrinking and stretching.
The only dies available are steel faced and therefore
tend to mar the surface of the metal. When used on
aluminum, it is necessary to gently blend out the surface
irregularities (primarily in the cladding), then treat and
paint the part.

Since this is a manual machine, it relies on leg power,
as the operator repeatedly steps on the foot pedal. The
more force is applied, the more stresses are concentrated
at that single point. It yields a better part with a series
of smaller stretches (or shrinks) than with a few intense
ones. Squeezing the dies over the radius damages the
metal and flattens out some of the bend. It may be
useful to tape a thick piece of plastic or micarta to the
opposite leg to shim the radius of the angle away from
the clamping area of the dies.

NOTE: Watch the part change shape while slowly
applying pressure. A number of small stretches works
more effectively than one large one. If applying too
much pressure, the metal has the tendency to buckle.
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HAND-OPERATED SHRINKER AND
STRETCHER

The hand-operated shrinker and structure is similar to
the manual foot-operated unit, except a handle is used
to apply force to shrinking and stretching blocks. The
dies are all metal and leave marks on aluminum that
need to be blended out after the shrinking or stretching
operation. (Figure 3-90)

DOLLIES AND STAKES

Sheet metal is often formed or finished (planished) over
anvils, available in a variety of shapes and sizes, called
dollies and stakes. These are used for forming small,
odd-shaped parts, or for putting on finishing touches
for which a large machine may not be suited. Dollies
are meant to be held in the hand, whereas stakes are
designed to be supported by a flat cast iron bench plate
fastened to the workbench. (Figure 3-91)

Most stakes have machined, polished surfaces that
have been hardened. Use of stakes to back up material
when chiseling, or when using any similar cutting tool,
defaces the surface of the stake and makes it useless for
finish work.

Figure 3-80. Hand operated shrinker and stretcher unit.
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Figure 3-91. Dollies and stakes.

HARDWOOD FORM BLOCKS

Hardwood form blocks can be constructed to duplicate
practically any aircraft structural or nonstructural
part. The wooden block or form is shaped to the exact
dimensions and contour of the part to be formed.

V-BLOCKS

V-blocks made of hardwood are widely used in
airframe metalwork for shrinking and stretching
metal, particularly angles and flanges. The size of the
block depends on the work being done and on personal
preference. Although any type of hardwood is suitable,
maple and ash are recommended for best results when
working with aluminum alloys.

SHRINKING BLOCKS

A shrinking block consists of two metal blocks and
some device for clamping them together. One block
forms the base and the other is cut away to provide space
where the crimped material can be hammered. The legs
of the upper jaw clamp the material to the base block
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on each side of the crimp to prevent the material from
creeping away, but remains stationary while the crimp
is hammered flat (being shrunk). This type of crimping
block is designed to be held in a bench vise. Shrinking
blocks can be made to fit any specific need. The basic
form and principle remain the same, even though the
blocks may vary considerably in size and shape.

SANDBAGS

A sandbag is generally used as a support during the
bumping process. A serviceable bag can be made by
sewing heavy canvas or soft leather to form a bag of the
desired size, and filling it with sand which has been
sifted through a fine mesh screen. Before filling canvas
bags with sand, use a brush to coat the inside of the bag
with softened paraffin or beeswax, which forms a sealing
layer and prevents the sand from working through the
pores of the canvas. Bags can also be filled with shot as
an alternative to sand.

SHEET METAL HAMMERS AND
MALLETS

The sheet metal hammer and the mallet are metal
fabrication hand tools used for bending and forming
sheet metal without marring or indenting the metal.
The hammer head is usually made of high carbon,
heat-treated steel, while the head of the mallet, which
is usually larger than that of the hammer, is made
of rubber, plastic, wood, or leather. In combination
with a sandbag, V-blocks, and dies, sheet metal body
hammers and mallets are used to form annealed metal.
(Figure 3-92)

Figure 3-92. Sheet metal mallet and hammers.
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LUBRICATION EQUIPMENT

There are tools for lubricating various aircraft parts.
Some oil-lubricated parts are lubricated via a dispensing
spout on an oil storage container. These are often long,
sometimes flexible delivery spouts designed for placing
drops of oil exactly where required. (Figure 3-93) If the
oil is in an aerosol type can under pressure, it may be
dispensed simply by pressing the spray nozzle. Often
a straw is inserted in the nozzle for pinpointing the
direction of the spray. Occasionally, application of oil to
an aircraft part is with a brush.

Grease is the required lubricant for many aircraft parts.
From hinges to bearings to jackscrews, tracks, and
doors, there are numerous locations on the aircraft that
must receive regular servicing with grease. Most of the
locations are fitted with Zerk fittings. These fittings
are mounted in the structure surrounding a particular
bearing surface that needs grease. A tiny spring-loaded
ball check valve inside the fitting allows easy servicing
with a grease gun.

By seating the grease gun tip onto the head of the Zerk
fitting, the ball is pushed back as grease is pumped past
it onto the bearing surface. When the tip is removed the
spring seats the ball protecting the bearing surfaces from
contamination. (Figure 3-94)

There are many variations of the Zerk grease fitting
which include both protruding and flush fittings. The
type used in a particular location is chosen by the
manufacturer based on clearances and accessibility. Note
that it takes a different grease gun tip to grease through
a flush mounted fitting than a regular protruding fitting.
(Figure 3-95)

Most shops have numerous grease guns set up with
particular greases and both types of tips. It is critical
that only the manufacturer specified grease be used in
any lubrication operation.

Hand powered and pneumatic powered grease guns are
used. The powered guns simply attach to shop air. When
the trigger is pulled, air pressure pushed the grease out
of the gun and into the fitting and bearing. Most shops
that maintain transport category aircraft use pneumatic
grease guns. (Figure 3-96)
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Figure 3-93. An oil can for [ubricating.

Figure 3-94. A typical zerk fitting and the
grease gun adapter that fits on it.

Figure 3-95. Flush mount grease fitting for a
rod end bearing and grease gun tip.

Figure 3-96. Hand powered and pneumatic powered
grease guns are common in aviation.
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ELECTRICAL GENERAL TEST EQUIPMENT OPERATION,

FUNCTION AND USE

DC MEASURING EQUIPMENT
Understanding the functional design and operation
of electrical measuring instruments is very important,
since they are used in repairing, maintaining, and
troubleshooting electrical circuits. The best and most
expensive measuring instrument is of no use unless
the technician knows what is being measured and
what each reading indicates. The purpose of the meter
is to measure quantities existing in a circuit. For this
reason, when a meter is connected to a circuit, it must
not change the characteristics of that circuit. Meters
are either self-excited or externally excited. Those that
are self-excited operate from a power source within the
meter. Externally excited meters get their power source
from the circuit that they are connected to. The most
common analog meters in use today are the voltmeter,
ammeter, and ohmmeter. All of which operate on the
principles of electromagnetism.

'The fundamental principle behind the operation of the
meter is the interaction between magnetic fields created
by a current gathered from the circuit in some manner.
This interaction is between the magnetic fields of a
permanent magnet and the coils of a rotating magnet.
'The greater the current through the coils of the rotating
magnet, the stronger the magnetic field produced. A
stronger field produces greater rotation of the coil.

While some meters can be used for both DC and AC
circuit measurement, only those used as DC instruments
are discussed in this section. The meters used for AC, or
for both AC and DC, are discussed in the study of AC
theory and circuitry.

D'ARSONVAL METER MOVEMENT

This basic DC type of meter movement, first employed
by the French scientist, d'Arsonval, in making electrical
measurement, is a current measuring device, which is
used in the ammeter, voltmeter, and ohmmeter. The
pointer is deflected in proportion to the amount of
current through the coil. Basically, both the ammeter
and the voltmeter are current measuring instruments,
the principal difference being the method in which
they are connected in a circuit. While an ohmmeter is
also basically a current measuring instrument, it differs
from the ammeter and voltmeter in that it provides its
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own source (self-excited) of power and contains other
auxiliary circuits.

CURRENT SENSITIVITY AND RESISTANCE
The current sensitivity of a meter movement is the
amount of current required to drive the meter movement
to a full-scale deflection. A simple example would be a
meter movement that has 1mA sensitivity. What this
indicates is that meter movement will require ImA of
current to move the needle to a full-scale indication.
Likewise a half scale deflection will require only 0.5mA
of current. Additionally, what is called movement
resistance is the actual DC resistance of the wire used to
construct the meter coil.

A standard d'Arsonval meter movement may have a
current sensitivity of ImA and a resistance of 50€). If the
meter is going to be used to measure more than 1mA then
additional circuitry will be required to accomplish the
task. This additional circuitry is a simple shunt resistor.
'The purpose of the shunt resistor is to bypass current that
exceeds the 1mA limitation of the meter movement. To
illustrate this, assume that the ImA meter in question is
needed to measure 10mA. The shunt resistor used should
carry 9mA while the remaining 1mA is allowed to pass
through the meter. (Figure 3-97)

Meter Movement
ISH
D —— I
[+] AN (-]
RsH
Meter Movement
1mA
9mA
1oma | !
[+] AN [-]
RsH
Basic Ammeter

Figure 3-97. Basic meter drawing.
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To determine the proper shunt resistance for this
situation:

RSH = Shunt resistance

RM = Meter resistance = 500

Because the shunt resistance and the 50Q meter
resistance are in parallel, the voltage drop across both of
them is the same.

Esy =Em

Using Ohm's law, this relationship can be rewritten as:

Esy =Isu x Rsy
EM =i IM x RM

Isu x Rsu =Im x R

Simply solve for Rgy:
Iy xR
Rsy _MTX_NL
SH
Substituting the values:
1mA x 50Q
Rsy = By a—— 5.56Q)
DAMPING

To make meter readings quickly and accurately, it is
desirable that the moving pointer overshoot its proper
position only a small amount and come to rest after
not more than one or two small oscillations. The
term "damping” is applied to methods used to bring
the pointer of an electrical meter to rest after it has
been set in motion. Damping may be accomplished
by electrical means, by mechanical means, or by a
combination of both.

Electrical Damping

A common method of damping by electrical means is
to wind the moving coil on an aluminum frame. As the
coil moves in the field of the permanent magnet, eddy
currents are set up in the aluminum frame. The magnetic
field produced by the eddy currents opposes the motion
of the coil. The pointer will therefore swing more slowly
to its proper position and come to rest quickly with very
little oscillation.
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Mechanical Damping

Air damping is a common method of damping by
mechanical means. As shown in Figure 3-98, a vane is
attached to the shaft of the moving element and enclosed
in an air chamber. The movement of the shaft is retarded
because of the resistance that the air offers to the vane.
Effective damping is achieved if the vane nearly touches

the walls of the chamber.

A BASIC MULTIRANGE AMMETER
Building upon the basic meter previously discussed is
the more complex and useful multirange meter, which is
more practical. The basic idea of a multirange ammeter
is to make the meter usable over a wide range of voltages.
In order to accomplish this, each range must utilize a
different shunt resistance. The example given in this text
is that of a two-range meter. However, once the basics
of a two range multirange ammeter are understood, the
concepts can easily be transferred to the design of meters
with many selectable ranges.

Figure 3-99 shows the schematic of an ammeter with
two selectable ranges. This example builds upon the
previous 10mA range meter by adding a 100mA range.

With the switch selected to the 10mA range, the meter
will indicate 10mA when the needle is deflected to full
scale and will likewise indicate 100mA at full scale
when selected to 100mA.

'The value of the 100mA shunt resistor is determined
the same way the 10mA shunt resistor was determined.
Recall that the meter movement can only carry ImA.

Light vane swinging
in chamber with
small clearance.

Figure 3-98. Air damping.
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This means that in a 100mA range the remaining
current of 99mA must pass through the shunt resistor.

Iy xR
Ron g

Substituting the values:

ImA x 50Q

OmA - 0.51Q

Rsu =
PRECAUTIONS
'The precautions to observe when using an ammeter are
summarized as follows:

1. Always connect an ammeter in series with the
element through which the current flow is to be
measured.

2. Never connect an ammeter across a source of
voltage, such as a battery or generator. Remember
that the resistance of an ammeter, particularly on the
higher ranges, is extremely low and that any voltage,
even a volt or so, can cause very high current to flow
through the meter, causing damage to it.

3. Use a range large enough to keep the deflection
less than full scale. Before measuring a current,
form some idea of its magnitude. Then switch
to a large enough scale or start with the highest
range and work down until the appropriate scale is
reached. The most accurate readings are obtained
at approximately half-scale deflection. Many

1 mA, 50 OHM Movement

—_—

10mA 5560
A NN———— []
[+ ——r 5510
At

100 mA

Figure 3-99. Ammeter with two ranges.

milliammeters have been ruined by attempts
to measure amperes. Therefore, be sure to read
the lettering either on the dial or on the switch
positions and choose proper scale before connecting
the meter in the circuit.

4. Observe proper polarity in connecting the meter
in the circuit. Current must flow through the
coil in a definite direction in order to move the
indicator needle up scale. Current reversal because
of incorrect connection in the circuit results in a
reversed meter deflection and frequently causes
bending of the meter needle. Avoid improper meter
connections by observing the polarity markings on
the meter.

THE VOLTMETER

'The voltmeter uses the same type of meter movement as
the ammeter but employs a different circuit external to
the meter movement.

As shown before, the voltage drop across the meter
coil is a function of current and the coil resistance. In
another example, 50uA x 100002 = 50mV. In order for
the meter to be used to measure voltages greater than
50mV, there must be added a series resistance to drop
any excess voltage greater than that which the meter
movement requires for a full scale deflection. In the
case of the voltmeter, this resistance is called multiplier
resistance and will be designated as RM.

Figure 3-100 illustrates a basic voltmeter. This voltmeter

only has one multiplier resistor for use in one range. In
this example, the full scale reading will be 1 volt.
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RM is determined in the following way:
'The meter movement drops 50mV at a full scale
deflection of 50pA. The multiplying resistor RM
must drop the remaining voltage of 1V - 50mV =
950 mV. Since RM is in series with the movement,
it also carries 50pA at full scale.

950 mV
50pA

RM = =19k Q

Therefore, for 1 volt full scale deflection, the total
resistance of the voltmeter is 20 k Q. That is, the
multiplier resistance and the coil resistance.
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VOLTMETER SENSITIVITY

Voltmeter sensitivity is defined in terms of resistance per
volt (Q/V). The meter used in the previous example has
a sensitivity of 20k Q and a full scale deflection of 1 volt.

MULTIPLE RANGE VOLTMETERS

The simplified voltmeter has only one range (1 volt),
which means that it can measure voltages from 0 volts
to 1 volt. In order for the meter to be more useful,
additional multiplier resistors must be used. One resistor
must be used for each desired range.

For a 50pA movement, the total resistance required is
20 k Q for each volt of full scale reading. In other words,
the sensitivity for a 50pA movement is always 20 k Q
regardless of the selected range. The full-scale meter
current is 50pA at any range selection. To find the total
meter resistance, multiply the sensitivity by the full scale
voltage for that particular range. For example for a 10
volt range, RT = (20k Q/V)/(10 V) = 200k Q. The total
resistance for the 1 volt range is 20k Q, so RM fora 10 V
range will be 200k Q - 20k Q = 180k Q. This two-range
voltmeter is illustrated in Figure 3-101.

VOLTMETER CIRCUIT
CONNECTIONS

When voltmeters are used, they are connected in
parallel with a circuit. If unsure about the voltage to be
measured, take the first reading at the high value on
the meter and then progressively move down through
the range until a suitable reading is obtained. Observe
that the polarity is correct before connecting the meter
to the circuit or damage will occur by driving the
movement backwards.

50 A, 1k OHM Movement

Rm
M [-]

[+]e

Figure 3-100. Basic voltmeter.

1k OHM Movement
Ruz R w1
180K Q 19KQ H
Basic Voltmeter
oV J v

[+]

Figure 3-101. Two range voltmeter.

INFLUENCE OF THE VOLTMETER IN
THE CIRCUIT

When a voltmeter is connected across two points in a
circuit, current will be shunted. If the voltmeter has
low resistance, it will draw off a significant amount of
current. This will lower the effective resistance of the
circuit and change the voltage readings. When taking a
voltage measurement, use a high resistance voltmeter to
prevent shunting of the circuit.

THE OHMMETER

The meter movement used for the ammeter and the
voltmeter can also be used for the ohmmeter. The
function of the ohmmeter is to measure resistance.

A simplified one-stage ohmmeter is illustrated in Figure
3-102, which shows that the basic ohmmeter contains
a battery and a variable resistor in series with the meter
movement. To measure resistance, the leads of the meter
are connected across an external resistance, which is
to be measured. By doing this the ohmmeter circuit is
completed. This connection allows the internal battery
to produce a current through the movement coil, causing
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a deflection of the pointer proportional to the value of
the external resistance being measured.

ZERO ADJUSTMENT

When the ohmmeter leads are open as shown in Figure
3-103, the meter is at a full scale deflection, indicating
an infinite (o) resistance or an open circuit. When the
leads are shorted as shown in figure "zero adjustment,"
the pointer will be at the full right hand position,
indicating a short circuit or zero resistance. "The purpose
of the variable resistor in this figure is to adjust the
current so that the pointer is at exactly zero when the
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Meter Movement

Basic Voltmeter
+
Internal
Battery _—
[+] o Test Probes [-]
Meter Movement
s -
Basic Voltmeter
+
Internal
Battery _—
Current B
[+] M o [-]

External Resistor
Figure 3-102. Basic ohmmeter.

leads are shorted. This is used to compensate for changes
in the internal battery voltage due to aging.

OHMMETER SCALE

Figure 3-104 shows a typical analog ohmmeter scale.
Between zero and infinity (eo), the scale is marked
to indicate various resistor values. Because the values
decrease from left to right, this scale is often called a
back-off scale. In the case of the example given, assume
that a certain ohmmeter uses a 50pA, 1 000Q2 meter
movement and has an internal 1.5 volt battery. A current
of 50pA produces a full-scale deflection when the test
leads are shorted.

To have 50pA, the total ohmmeter resistance is 1.5
V/50pA = 30kQ. Therefore, since the coil resistance is
1k, the variable zero adjustment resistor must be set to
30kQ - 1kQ = 29kQ.

>
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Meter Movement
Adjuster

Vs o0 0

[+] Jr Open

Meter Movement
Adjuster

i

Internal
Battery —

[+] ¢ [-]

Shorted

Figure 3-103. Zero adjustment.

Now consider that a 120k} resistor is connected to the
ohmmeter leads. Combined with the 30k} internal
resistance, the total R is 150kQ). The current is 1.5
V/150kQ) = 10pA, which is 20% of the full scale current
and which appears on the scale as shown in Figure 3-104.

Now consider further that a 120kQ resistor is connected
to the ohmmeter leads. This will result in a current
of 1.5V/75kQ = 10pA, which is 40% of the full scale
current and which is marked on the scale as shown.
Additional calculations of this type show that the scale
is nonlinear. It is more compressed toward the left side
than the right side. The center scale point corresponds to
the internal meter resistance of 30k(Q).
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40%
Full
Scale 50% Full Scale

20% Full Scale 45k 2 30k

120k Q

Full Scale
Simplified Ohmmeter Scale

Figure 3-104. Ghm scale.

The reason is as follows:
With 30k connected to the leads, the current is
1.5V/60kQ2 = 25pA, which is half of the full scale

current of 50pA.

THE MULTIRANGE OHMMETER

A practical ohmmeter usually has several operational
ranges. These typically are indicated by R x 1, R x 10,
R x 100, R x 1k, R x 100k and R x 1M. These range
selections are interpreted in a different manner than that
of an ammeter or voltmeter.

The reading on the ohmmeter scale is multiplied by the
factor indicated by the range setting. For example, if the
pointer is set on the scale and the range switch is set at
R x 100, the actual resistance measurement is 20 x 100
or 2kQ.

To measure small resistance values, the technician
must use a higher ohmmeter current than is needed for
measuring large resistance values. Shunt resistors are
needed to provide multiple ranges on the ohmmeter
to measure a range of resistance values from the very
small to very large. For each range, a different value
of shunt resistance is switched in. The shunt resistance
increases for higher ohm ranges and is always equal to
the center scale reading on any selected range. In some
meters, a higher battery voltage is used for the highest
ohm range. A common circuit arrangement is shown in
Figure 3-105.

MEGGER (MEGOHMMETER)

The megger, or megohmmeter, is a high range ohmmeter
containing a hand-operated generator. It is used to
measure insulation resistance and other high resistance
values. It is also used for ground, continuity, and
short circuit testing of electrical power systems. The
chief advantage of the megger over an ohmmeter is its
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capacity to measure resistance with a high potential, or
"breakdown" voltage. This type of testing ensures that
insulation or a dielectric material will not short or leak
under potential electrical stress.

[ 4

Figure 3-105. Multirange chmmeter.

The megger consists of two primary elements, both
of which are provided with individual magnetic fields
from a common permanent magnet: (1) a hand-driven
DC generator, G, which supplies the necessary current
for making the measurement, and (2) the instrument
portion, which indicates the value of the resistance being
measured. The instrument portion is of the opposed
coil type. Coils A and B are mounted on the movable
member with a fixed angular relationship to each other
and are free to turn as a unit in a magnetic field. Coil B
tends to move the pointer counterclockwise and coil A,
clockwise. The coils are mounted on a light, movable
frame that is pivoted in jewel bearings and free to move
about axis 0. (Figure 3-106)

Hand
Generator

Ohm Meter

Figure 3-106. Simplified megger circuit.
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Coil A is connected in series with R3 and the unknown
resistance, Rx, to be measured. The series combination
of coil A, R3, and Rx is connected between the + and
- brushes of the DC generator. Coil B is connected in
series with R2 and this combination is also connected
across the generator. There are no restraining springs
on the movable member of the instrument portion of
the megger. When the generator is not in operation, the
pointer floats freely and may come to rest at any position
on the scale.

If the terminals are open circuited, no current flows
in coil A, and the current in coil B alone controls the
movement of the moving element. Coil B takes a position
opposite the gap in the core (since the core cannot move
and coil B can), and the pointer indicates infinity on
the scale. When a resistance is connected between the
terminals, current flows in coil A, tending to move the
pointer clockwise. At the same time, coil B tends to move
the pointer counterclockwise. Therefore, the moving
element, composed of both coils and the pointer, comes
to rest at a position at which the two forces are balanced.
This position depends upon the value of the external
resistance, which controls the relative magnitude of
current of coil A. Because changes in voltage affect
both coils A and B in the same proportion, the position
of the moving element is independent of the voltage.
If the terminals are short circuited, the pointer rests
at zero because the current in A is relatively large. The
instrument is not damaged under these circumstances
because the current is limited by R3.

There are two types of hand-driven meggers: the
variable type and the constant pressure type. The speed
of the variable pressure megger is dependent on how
fast the hand crank is turned. The constant pressure
megger uses a centrifugal governor, or slip clutch. The
governor becomes effective only when the megger is
operated at a speed above its slip speed, at which speed
its voltage remains constant.

AC MEASURING INSTRUMENTS

A DC meter, such as an ammeter, connected in an AC
circuit will indicate zero, because the meter movements
used in a d'Arsonval type movement is restricted to direct
current. Since the field of a permanent magnet in the
d'Arsonval type meter remains constant and in the same
direction at all times, the moving coil follows the polarity
of the current. The coil attempts to move in one direction
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during half of the AC cycle and in the reverse direction
during the other half when the current reverses.

The current reverses direction too rapidly for the coil to
follow, causing the coil to assume an average position.
Since the current is equal and opposite during each
half of the AC cycle, the direct current meter indicates
zero, which is the average value. Thus, a meter with
a permanent magnet cannot be used to measure
alternating voltage and current. For AC measurements
of current and voltage, additional circuitry is required.
The additional circuitry has a rectifier, which converts
AC to DC. There are two basic types of rectifiers: One
is the half-wave rectifier and the other is the full-wave
rectifier. Both of these are depicted in block diagram
form in Figure 3-107.

Figure 3-107 also shows a simplified block diagram of
an AC meter. In this depiction, the full-wave rectifier
precedes the meter movement. The movement responds
to the average value of the pulsating DC. The scale can
then be calibrated to show anything the designer wants.
In most cases, it will be root mean square (RMS) or
peak value.

ELECTRODYNAMOMETER METER
MOVEMENT

The electrodynamometer can be used to measure
alternating or direct voltage and current. It operates
on the same principles as the permanent magnet
moving coil meter, except that the permanent magnet
is replaced by an air core electromagnet. The field of the
electrodynamometer is developed by the same current
that flows through the moving coil. (Figure 3-108)

Because this movement contains no iron, the
electrodynamometer can be used as a movement for
both AC and DC instruments. Alternating current can
be measured by connecting the stationary and moving
coils in series. Whenever the current in the moving coil
reverses, the magnetic field produced by the stationary
coil reverses. Regardless of the direction of the current,
the needle will move in a clockwise direction.

However, for either voltmeter or ammeter applications,

the electrodynamometer is too expensive to economically
compete with the d'Arsonval type movement.
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AC converted to pulsing DC
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0 U ACIn — | Half-wave Rectifier | PulsihgDC —» ]
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—————o on both positive &
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negative half-cycle.
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Full-wave
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/\ m Simple AC Voltmeter
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Figure 3-107. Simplified block diagram of AC meter.

Movable Coils

~«—— Shunt

(e,

Figure 3-108. Simplified diagram of an electrodynamometer movement.
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MOVING IRON VANE METER

The moving iron vane meter is another basic type of
meter. It can be used to measure either AC or DC.
Unlike the d'Arsonval meter, which employs permanent
magnets, it depends on induced magnetism for its
operation. It utilizes the principle of repulsion between
two concentric iron vanes, one fixed and one movable,
placed inside a solenoid. A pointer is attached to the
movable vane. (Figure 3-109)

When current flows through the coil, the two iron vanes
become magnetized with north poles at their upper ends
and south poles at their lower ends for one direction of
current through the coil.

.“ﬂ
Pointer “
@ Control Spring

Cylindrical Coil

/:I 3

; 2
Mg: ":3;;?" Stationary Iron
. Segment

Figure 3-109. Moving iron vane meter.
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Because like poles repel, the unbalanced component of
force, tangent to the movable element, causes it to turn
against the force exerted by the springs. The movable
vane is rectangular in shape and the fixed vane is tapered.
'This design permits the use of a relatively uniform scale.

When no current flows through the coil, the movable
vane is positioned so that it is opposite the larger portion
of the tapered fixed vane, and the scale reading is zero.
'The amount of magnetization of the vanes depends on
the strength of the field, which, in turn, depends on the
amount of current flowing through the coil.

The force of repulsion is greater opposite the larger
end of the fixed vane than it is nearer the smaller
end. Therefore, the movable vane moves toward the
smaller end through an angle that is proportional to
the magnitude of the coil current. The movement
ceases when the force of repulsion is balanced by the
restraining force of the spring.

Because the repulsion is always in the same direction
(toward the smaller end of the fixed vane), regardless
of the direction of current flow through the coil, the
moving iron vane instrument operates on either DC or
AC circuits.

Mechanical damping in this type of instrument can be
obtained by the use of an aluminum vane attached to
the shaft so that, as the shaft moves, the vane moves in
a restricted air space.

When the moving iron vane meter is used as an
ammeter, the coil is wound with relatively few turns of
large wire in order to carry the rated current.

When the moving iron vane meter is used as a voltmeter,
the solenoid is wound with many turns of small wire.
Portable voltmeters are made with self-contained series
resistance for ranges up to 750 volts. Higher ranges are
obtained by the use of additional external multipliers.

'The moving iron vane instrument may be used to measure
direct current but has an error due to residual magnetism
in the vanes. Reversing the meter connections and
averaging the readings may minimize the error. When
used on AC circuits, the instrument has an accuracy of
0.5 percent. Because of its simplicity, relatively low cost,
and the fact that no current is conducted to the moving
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element, this type of movement is used extensively
to measure current and voltage in AC power circuits.
However, because the reluctance of the magnetic circuit
is high, the moving iron vane meter requires much more
power to produce full-scale deflection than is required
by a d'Arsonval meter of the same range. Therefore, the
moving iron vane meter is seldom used in high resistance
low power circuits.

INCLINED COIL IRON VANE METER
The principle of the moving iron vane mechanism is
applied to the inclined coil type of meter, which can be
used to measure both AC and DC. The inclined coil,
iron vane meter has a coil mounted at an angle to the
shaft. Attached obliquely to the shaft, and located inside
the coil, are two soft iron vanes. When no current flows
through the coil, a control spring holds the pointer at
zero, and the iron vanes lie in planes parallel to the
plane of the coil. When current flows through the coil,
the vanes tend to line up with magnetic lines passing
through the center of the coil at right angles to the plane
of the coil. Thus, the vanes rotate against the spring
action to move the pointer over the scale.

'The iron vanes tend to line up with the magnetic lines
regardless of the direction of current flow through the
coil. Therefore, the inclined coil, iron vane meter can
be used to measure either alternating current or direct
current. The aluminum disk and the drag magnets
provide electromagnetic damping.

Like the moving iron vane meter, the inclined coil type
requires a relatively large amount of current for full-scale
deflection and is seldom used in high resistance low
power circuits. As in the moving iron vane instruments,
the inclined coil instrument is wound with few turns of
relatively large wire when used as an ammeter and with
many turns of small wire when used as a voltmeter.
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VARMETERS

Multiplying the volts by the amperes in an AC circuit
gives the apparent power: the combination of the
true power (which does the work) and the reactive
power (which does no work and is returned to the
line). Reactive power is measured in units of vars
(volt-amperes reactive) or kilovars (kilovolt-amperes
reactive, abbreviated kVAR). When properly connected,
wattmeters measure the reactive power. As such, they
are called varmeters. Figure 3-110 shows a varmeter
connected in an AC circuit.

Varmeter

T T ot e

Load

Current
Coil

Voltage
Coil

Reaction

Figure 3-110. A varmeter connected in an AC circuit.

WATTMETER

Electric power is measured by means of a wattmeter.
Because electric power is the product of current and
voltage, a wattmeter must have two elements, one
for current and the other for voltage. For this reason,
wattmeters are usually of the electrodynamometer type.
(Figure 3-111)

The movable coil with a series resistance forms the
voltage element, and the stationary coils constitute
the current element. The strength of the field around
the potential coil depends on the amount of current
that flows through it. The current, in turn, depends
on the load voltage applied across the coil and the
high resistance in series with it. The strength of the
field around the current coils depends on the amount
of current flowing through the load. Thus, the meter
deflection is proportional to the product of the voltage
across the potential coil and the current through the
current coils.

The effect is almost the same (if the scale is properly
calibrated) as if the voltage applied across the load and
the current through the load were multiplied together.

Potential
Coil

Current Coil

Vv

load =

AAA
YVV
=]

Figure 3-111. Simplified electrodynamometer wattmeter circuit.

If the current in the line is reversed, the direction of
current in both coils and the potential coil is reversed,
the net result is that the pointer continues to read up
scale. Therefore, this type of wattmeter can be used to
measure either AC or DC power.

FREQUENCY MEASUREMENT/OSCILLOSCOPE

The oscilloscope is by far one of the more useful electronic
measurements available. The viewing capabilities of the
oscilloscope make it possible to see and quantify various
waveform characteristics such as phase relationships,
amplitudes, and durations. While oscilloscopes come in
a variety of configurations and presentations, the basic
operation is typically the same. Most oscilloscopes in
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general bench or shop applications use a cathode-ray
tube (CRT), which is the device or screen that displays
the waveforms.

The CRT is a vacuum instrument that contains an

electron gun, which emits a very narrow and focused
beam of electrons. A phosphorescent coat applied to
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the back of the screen forms the screen. The beam is
electronically aimed and accelerated so that the electron
beam strikes the screen. When the electron beam strikes
the screen, light is emitted at the point of impact.

Figure 3-112 shows the basic components of the
CRT with a block diagram. The heated cathode emits
electrons. The magnitude of voltage on the control grid
determines the actual flow of electrons and thus controls
the intensity of the electron beam. The acceleration
anodes increase the speed of the electrons, and the
focusing anode narrows the beam down to a fine point.

‘The surface of the screen is also an anode and will assist
in the acceleration of the electron beam.

'The purpose of the vertical and horizontal deflection
plates is to bend the electron beam and position it to a
specific point of the screen.

Figure 3-113 illustrates how the deflection plates are
used to position the beam on the screen. By providing a
neutral or zero voltage to a deflection plate, the electron
beam will be unaffected. By applying a negative voltage
to a plate, the electron beam with be repelled and driven

II Electron Gun

Vertical
Control Grid Deflection Plates (V)
[ e
. Screen
C('Jvrm;'c]:?or gg;:] eeeceeeceeceleeceeeeeeee
] F '
Cathode (K) ocus
& Heater Anode (A2)
Preaccelerating Accelerating Horizontal
Anode (A1) Anode (A3) Deflection Plates (H)
Figure 3-112. Basic components of the CRT with a block diagram.
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Figure 3-113. Possible plate voltage combinations and the resultant beam position.
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away from the plate. Finally, by applying a positive
voltage, the electron beam will be drawing to the plate.
Figure 3-113 provides a few possible plate voltage
combinations and the resultant beam position.

HORIZONTAL DEFLECTION

To get a visual representation of the input signal, an
internally generated saw-tooth voltage is generated
and then applied to the horizontal deflection plates.
Figure 3-114 illustrates that the saw-tooth is a pattern
of voltage applied, which begins at a negative voltage
and increases at a constant rate to a positive voltage. This
applied varying voltage will draw or trace the electron
beam from the far left of the screen to the far right side
of the screen.

'The resulting display is a straight line, if the sweep rate is
fast enough. This saw-tooth applied voltage is a repetitive
signal so that the beam is repeatedly swept across the
tube. The rate at which the saw-tooth voltage goes from
negative to positive is determined by the frequency. This
rate then establishes the sweep rate of the beam.

When the saw-tooth reaches the end of its sweep from
left to right, the beam then rapidly returns to the left
side and is ready to make another sweep. During this
time, the electron beam is stopped or blanked out and
does not produce any kind of a trace. This period of time
is called flyback.

VERTICAL DEFLECTION

If this same signal were applied to the vertical plates, it
would also produce a vertical line by causing the beam to
trace from the down position to the up position.

TRACING A SINE WAVE

Reproducing the sine wave on the oscilloscope combines
both the vertical and horizontal deflection patterns.
(Figure 3-115) If the sine wave voltage signal is applied
across the vertical deflection plates, the result will be the
vertical beam oscillation up and down on the screen.
'The amount that the beam moves above the centerline
will depend on the peak value of the voltage. While the
beam is being swept from the left to the right by the
horizontal plates, the sine wave voltage is being applied
to the vertical plates, causing the form of the input signal
to be traced out on the screen.
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beam from the left to the right.

Figure 3-114. Saw-tooth applied voltage.

CONTROL FEATURES ON AN
OSCILLOSCOPE

While there are many different styles of oscilloscopes,
which range from the simple to the complex, they all
have some controls in common. Apart from the screen
and the ON/OFF switch, some of these controls are
listed below.

* Horizontal Position: allows for the adjustment of
the neutral horizontal position of the beam. Use
this control to reposition the waveform display in
order to have a better view of the wave or to take
measurements.

* Vertical Position: moves the traced image up
or down allowing better observations and
measurements.

* Focus: controls the electron beam as it is aimed
and converges on the screen. When the beam is
in sharp focus, it is narrowed down to a very fine
point and does not have a fuzzy appearance.

* Intensity: essentially the brightness of the trace.
Controlling the flow of electrons onto the screen
varies the intensity. Do not keep the intensity too
high for extended testing or when the beam is
motionless and forms a dot on the screen. This can
damage the screen.
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Figure 3-115. Sine wave voltage signal.

* Seconds/Division: a time-based control, which sets
the horizontal sweep rate. Basically, the switch is
used to select the time interval that each division
on the horizontal scale will represent. These
divisions can be seconds, milliseconds or even
microseconds. A simple example would be if the
technician had the seconds/division control set to
10 pS. If this technician is viewing a waveform
that has a period of 4 divisions on the screen, then
the period would be 40 pS. The frequency of this
waveform can then be determined by taking the
inverse of the period. In this case, 1/40 pS will
equal a frequency of 25 kHz.

Volts/Division: used to select the voltage interval
that each division on the vertical scale will
represent. For example, suppose each vertical
division was set to equal 10 mV.

If a waveform was measured and had a peak value
of 4 divisions, then the peak value in voltage would
be 40 mV.

Trigger: The trigger control provides
synchronization between the saw-tooth horizontal
sweep and the applied signal on the vertical plates.

'The benefit is that the waveform on the screen
appears to be stationary and fixed and not drifting
across the screen. A triggering circuit is used to
initiate the start of a sweep rather than the fixed
saw-tooth sweep rate. In a typical oscilloscope,
this triggering signal comes from the input signal
itself at a selected point during the signal's cycle.
The horizontal signal goes through one sweep,
retraces back to the left side and waits there until
it is triggered again by the input signal to start
another sweep.

FLAT PANEL COLOR DISPLAYS FOR
OSCILLOSCOPES

While the standard CRT design of oscilloscopes is still
in service, the technology of display and control has
evolved into use of the flat panel monitors. Furthermore,
the newer oscilloscopes can even be integrated with
the common personal computer (PC). This level of
integration offers many diagnostic options unheard
of only a few years ago. Some of the features of this
technology include easy data capture, data transfer,
documentation, and data analysis.
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DIGITAL MULTIMETER

Traditionally, the meters that technicians have used
have been the analog voltmeter, ammeter, and the
ohmmeter. These have usually been combined into the
same instrument and called a multimeter or a VOM
(volt-ohm-milliammeter). This approach has been both
convenient and economical.

Digital multimeters (DMM) and digital voltmeters
(DVM) have now become more common due to their
ease of use. These meters are easier to read and provide
greater accuracy when compared to the older analog
units with needle movement. The multimeter's single-
coil movement requires a number of scales, which are not
always easy to read accurately. In addition, the loading
characteristics due to the internal resistance sometimes
affect the circuit and the measurements. Not only does
the DVM offer greater accuracy and less ambiguity, but
also higher input resistance, which has less of a loading
effect and influence on a circuit.

BASIC CIRCUIT ANALYSIS AND
TROUBLESHOOTING

Troubleshooting is the systematic process of recognizing
the symptoms of a problem, identifying the possible
cause, and locating the failed component or conductor
in the circuit. To be proficient at troubleshooting, the
technician must understand how the circuit operates and
know how to properly use the test equipment.

'There are many ways in which a system can fail and to
cover all of the possibilities is beyond the scope of this
text. However, there are some basic concepts that will
enable the technician to handle many of the common
faults encountered in the aircraft.

Before starting a discussion on basic circuits and
troubleshooting, the following definitions are given.

* Short circuit—an unintentional low resistance path
between two components in a circuit or between a
component/conductor and ground. It usually creates
high current flow, which will burn out or cause
damage to the circuit conductor or components.

* Open circuit—a circuit that is not a complete or
continuous path. An open circuit represents an
infinitely large resistance. Switches are common
devices used to open and close a circuit. Sometimes
a circuit will open due to a component failure, such
as a light bulb or a burned out resistor.
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¢ Continuity—the state of being continuous,
uninterrupted or connected together; the opposite of
a circuit that is not broken or does not have an open.
* Discontinuity—the opposite of continuity,
indicating that a circuit is broken or not
continuous.

VOLTAGE MEASUREMENT

Voltage is measured across a component with a voltmeter
or the voltmeter position on a multimeter. Usually,
there is a DC and an AC selection on the meter. Before
the meter is used for measurements, make sure that
the meter is selected for the correct type of voltage.
When placing the probes across a component to take
a measurement, take care to ensure that the polarity
is correct. (Figure 3-120) Standard practice is for the
red meter lead to be installed in the positive (+) jack
and the black meter lead to be installed in the negative
meter jack (). Then when placing the probes across or
in parallel with a component to measure the voltage, the
leads should match the polarity of the component. The
red lead shall be on the positive side of the component
and the black on the negative side, which will prevent
damage to the meter or incorrect readings.

All meters have some resistance and will shunt some
of the current. This has the effect of changing the
characteristic of the circuit because of this change in
current. This is typically more of a concern with older
analog type meters. If there are any questions about the
magnitude of the voltage across a component, then the
meter should be set to measure on the highest voltage
range. This will prevent the meter from "pegging" and
possible damage. The range should then be selected to
low values until the measured voltage is read at the mid-
scale deflection. Readings taken at mid-scale are the
most accurate.

CURRENT MEASUREMENT

Current is measured with the ammeter connected in
the current path by opening or breaking the circuit and
inserting the meter in series as shown in Figure 3-116.
Standard practice is for the red meter lead to be installed
in the positive (+) jack and the black meter lead to be
installed in the negative meter jack (-). The positive
side of the meter is connected towards the positive
voltage source. Ideally, the meter should not alter the
current nor influence the circuit and the measurements.
However, the meter does have some effect because of its
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Ammeter Symbol Voltmeter Symbol Ohmmeter Symbol
Meter Symbols
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+ —[_ Open the circuit R |

= and insert ammeter in ka3
- ‘l’ series with the load.
N |

= Voltage is measured R = +
_ T across a component. 3ka T

1 —
+ . .

— Resistance is R, 2 +

— measured across a k1 ﬁ
- T component. 3kQ -

Simplified Use of Meters.

Figure 3-116. Current measurement.

internal resistance that is connected with the rest of the
circuit in series. The resistance is rather small and for
most practical purposes, this can be neglected.

CHECKING RESISTANCE IN A
CIRCUIT

The ohmmeter is used to measure the resistance in a
circuit. In its more basic form, the ohmmeter consists of
a variable resistor in series with a meter movement and
a voltage source. The meter must first be adjusted before
use. Refer to Figure 3-117 for meter configurations
during adjustments.

When the meter leads are not connected (open),
the needle will point to the full left-hand position,
indicating infinite resistance or and open circuit. With
the lead placed together, the circuit is shorted as shown
with the meter needle to the full right-hand position.

When a connection is made, the internal battery is
allowed to produce a current through the movement
coil, causing a deflection of the needle in proportion
to the value of the external resistance. In this case, the
resistance is zero because the leads are shorted.
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Simplified Ohm Meter

i
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Open Gircuit
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Black Lead
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Shorted Gircuit

Figure 3-117. Meter configurations during adjustments.

The purpose of the variable resistor in the meter is to
adjust the current so that the pointer will read exactly
zero when the leads are shorted. This is needed because
as the battery continues to be used, the voltage will
change, thus requiring an adjustment. The meter should
be "zeroed" before each use. To check the value of a
resistor, the resistor must be disconnected from the
circuit. This will prevent any possible damage to the
ohmmeter, and it will prevent the possibility of any
inaccurate readings due to the circuit being in parallel
with the resistor in question. (Figure 3-118)
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Figure 3-118. Meter adjustment.

CONTINUITY CHECKS

In many cases, the ohmmeter is not used for measuring
the resistance of a component but to simply check the
integrity of a connection from one portion of a circuit
to another.

If there is a good connection, then the ohmmeter will
read a near zero resistance or a short. If the circuit is
open or has a very poor connection at some point like
an over-crimped pin in a connector, then the ohmmeter
will read infinity or some very high resistance. Keep
in mind that while any measurement is being taken,
contact with the circuit or probes should be avoided.
Contact can introduce another parallel path and provide
misleading indications.

CAPACITANCE MEASUREMENT

Figure 3-119 illustrates a basic test of a capacitor with an
ohmmeter. There are usually two common modes of fail
for a capacitor. One is a complete failure characterized
by short circuit through the capacitor due to the
dielectric breaking down or an open circuit. The more
insidious failure occurs due to degradation, which is a
gradual deterioration of the capacitor's characteristics.
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Figure 3-119. Meter adjustment.

If a problem is suspected, remove the capacitor from
the circuit and check with an ohmmeter. The first step
is to short the two leads of the capacitor to ensure that
it is entirely discharged. Next, connect the two leads as
shown in Figure 3-120 across the capacitor and observe
the needle movement. At first, the needle should
indicate a short circuit. Then as the capacitor begins to
charge, the needle should move to the left or infinity and
eventually indicate an open circuit. The capacitor takes
its charge from the internal battery of the ohmmeter. The
greater the capacitance, the longer it will take to charge.
If the capacitor is shorted, then the needle will remain at
a very low or shorted resistance. If there is some internal
deterioration of the dielectric, then the needle will never
reach a high resistance but some intermediate value,
indicating a current.
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Figure 3-120. An open circuit.

INDUCTANCE MEASUREMENT

The common mode of failure in an inductor is an open.
To check the integrity of an inductor, it must be removed
from the circuit and tested as an isolated component just
like the capacitor. If there is an open in the inductor, a
simple check with an ohmmeter will show it as an open
circuit with infinite resistance. If in fact the inductor is
in good condition, then the chmmeter will indicate the
resistance of the coil.

On occasions, the inductor will fail due to overheating,
When the inductor is overheated, it is possible for the
insulation covering the wire in the coil to melt, causing
a short. The effects of a shorted coil are that of reducing
the number of turns. At this point, further testing of the
inductor must be done with test equipment not covered
in this text.

TROUBLESHOOTING THE OPEN
FAULTS IN SERIES CIRCUITS

One of the most common modes of failure is the "open”
circuit. A component, such as a resistor, can overheat
due to the power rating being exceeded. Other more
frustrating problems can happen when a "cold" solder
joint cracks leaving a wire disconnected from a relay or
connector. This type of damage can occur during routine
maintenance after a technician has accessed an area for
inspections. In many cases, there is no visual indication
that a failure has occurred, and the soon-to-be-frustrated
technician is unaware that there is a problem until power
is reapplied to the aircraft in the final days leading up to
aircraft delivery and scheduled operations.

The first example is a simplified diagram shown in
Figures 3-121 through 3-123.

The circuit depicted in Figure 3-121 is designed to cause
current to flow through a lamp, but because of the open
resistor, the lamp will not light. To locate this open, a
voltmeter or an ohmmeter should be used.
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Figure 3-121. Voltmeter across a [amp in an open circuit.
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Figure 3-122. Voltmeter across a resistor in an open circuit.
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Figure 3-123. Using an ohmmeter to check a circuit component.

TRACING OPENS WITH THE
VOLTMETER

A general procedure to follow in this case is to measure
the voltage drop across each component in the circuit,
keeping in mind the following points. If there is an open
in a series circuit, then the voltage drops on sides of the
component. In this case, the total voltage must appear
across the open resistor as per Kirchhoff's voltage law.

If a voltmeter is connected across the lamp, as shown
in Figure 3-124, the voltmeter will read zero. Since
no current can flow in the circuit because of the open
resistor, there is no voltage drop across the lamp
indicating that the lamp is good.
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Figure 3-124. Locating an open in a circuit component.

Next, the voltmeter is connected across the open resistor,
as shown in Figure 3-125. The voltmeter has closed the
circuit by shunting (paralleling) the burned out resistor,
allowing current to flow. Current will flow from the
negative terminal of the battery, through the switch,
through the voltmeter and the lamp, back to the positive
terminal of the battery. However, the resistance of the
voltmeter is so high that only a very small current flows
in the circuit. The current is too small to light the lamp,
but the voltmeter will read the battery voltage.

TRACING OPENS WITH THE
OHMMETER

When an ohmmeter is used, the circuit component to be
tested must be isolated and the power source removed
from the circuit. In this case, as shown in Figure 3-126,
these requirements can be met by opening the circuit
switch. The ohmmeter is zeroed and across all good
components will be zero. The voltage drop across the
open component will equal the total voltage across the
series combination.

A simplified circuit as shown in Figures 3-127 and 3-128
illustrates how to locate an open in a series circuit using
the ohmmeter. A general rule when troubleshooting
with an ohmmeter is: when an ohmmeter is properly
connected across a circuit component and a resistance
reading is obtained, the component has continuity and
is not open. This condition happens because the open
component will prevent current to pass through the
series circuit. With there being no current, there can be
no voltage drop across any of the good components.

Because the current is zero, it can be determined by
Ohm's law that E = IR = 0 volts across a component.
The voltage is the same on both places across (in parallel
with) the lamp. In this testing configuration, some value
of resistance is read indicating that the lamp is in good
condition and is not the source of the open in the circuit.
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Figure 3-125. A shorted resistor.
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Figure 3-126. A short that does not open the circuit.

Now the technician should move to the resistor and
place the ohmmeter probe across it as shown in Figure
3-127. When the ohnmmeter is connected across the open
resistor, it indicates infinite resistance, or a discontinuity.
'Thus, the circuit open has now been located.

TROUBLESHOOTING THE SHORTING
FAULTS IN SERIES CIRCUITS

An open fault can cause a component or system not to
work, which can be critical and hazardous. A shorting
fault can potentially be more of a severe nature than
the open type of fault. A short circuit, or "short," will
cause the opposite effect. A short across a series circuit
produces a greater than normal current flow. Faults of
this type can develop slowly when a wire bundle is not
properly secured and is allowed to chafe against the

/o) 400
O/
AVAVAV
| g
— 100V
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) \l <&
//\\
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AVAVAV AVAVAV
(o) (a)
/100 500

Figure 3-127. Using an chmmeter to [ocate a shorted resistor.
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airframe structure or other systems such as hydraulic
lines. Shorts can also occur due to a careless technician
using incorrect hardware when installing an interior.
If screws that are too long are used to install trim, it is
possible to penetrate a wire bundle immediately causing
numerous shorts. Worse yet, are the shorts that are not
immediately seen but "latent” and do not show symptoms
until the aircraft is in service. Another point to keep in
mind is when closing panels. Wires can become pinched
between the panel and the airframe causing either a
short or a latent, intermittent short.

'The simplified circuit, shown in Figures 3-128 through
3-130, and Figure 3-131 will be used to illustrate
troubleshooting a short in a series circuit.

In Figure 3-128, a circuit is designed to light a lamp. A
resistor is connected in the circuit to limit current flow.
If the resistor is shorted, as shown in the illustration,
the current flow will increase and the lamp will become
brighter. If the applied voltage were high enough, the
lamp would burn out, but in this case the fuse would
protect the lamp by opening first.

Usually a short circuit will produce an open circuit by
either blowing (opening) the fuse or burning out a circuit
component. But in some circuits, such as that illustrated
in Figure 3-130, there may be additional resistors that
will not allow one shorted resistor to increase the current
flow enough to blow the fuse or burn out a component.
‘Thus, with one resistor shorted out, the circuit will still
function since the power dissipated by the other resistors
does not exceed the rating of the fuse.

TRACING SHORTS WITH THE
OHMMETER

The shorted resistor shown in Figure 3-130 can be
located with an ohmmeter. First the switch is opened
to isolate the circuit components. In Figure 3-130, this
circuit is shown with an ohmmeter connected across
each of the resistors. Only the ohmmeter connected
across the shorted resistor shows a zero reading,
indicating that this resistor is shorted.

TRACING SHORTS WITH THE
VOLTMETER

To locate the shorted resistor while the circuit is
functioning, a voltmeter can be used. Figure 3-131
illustrates that when a voltmeter is connected across any
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Figure 3-129. Finding an open branch in a parallel circuit.
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Figure 3-130. A misleading ohm meter indication.

of the resistors, which are not shorted, a portion of the
applied voltage will be indicated on the voltmeter scale.
When it is connected across the shorted resistor, the
voltmeter will read zero.

TROUBLESHOOTING THE OPEN
FAULTS IN PARALLEL CIRCUITS

'The procedures used in troubleshooting a parallel circuit
are sometimes different from those used in a series
circuit. Unlike a series circuit, a parallel circuit has more
than one path in which current flows.

A voltmeter cannot be used, since, when it is placed
across an open resistor, it will read the voltage drop in a
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parallel branch. But an ammeter or the modified use of
an ohmmeter can be employed to detect an open branch
in a parallel circuit.

If the open resistor shown in Figure 3-132 was not
visually apparent, the circuit might appear to be
functioning properly, because current would continue
to flow in the other two branches of the circuit. To
determine that the circuit is not operating properly,
a determination must be made as to how the circuit
should behave when working properly. First, the total
resistance, total current, and the branch currents of the
circuit should be calculated as if there were no open in
the circuit. In this case, the total resistance can be simply
determined by:

R
Re=

Where Ry is the total circuit resistance
N is the number of resistors
R is the resistor value

RT=§%Q11OQ

The total current of the circuit can now be determined
by using Ohm's law:

Where It is the total current
ES is the source voltage across the
parallel branch
RT is the total resistance of the
parallel branch

= 3 amperes (total current)

Each branch current should be determined in a similar
manner. For the first branch, the current is:

Eq

Il:i
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Figure 3-131. Opening a branch circuit to obtain
an accurate chmmeter reading.

I, is the current in the first branch

Ej is the source voltage across the
parallel branch

R; is the resistance of the first branch

Where

30v

=200

= 1 amperes

Because the other two branches are of the same resistive
value, then the current in each of those branches will be
1 ampere also. Adding up the amperes in each branch

confirms the initial calculation of total current being 3
amperes.

TRACING AN OPEN WITH AN
AMMETER

If the technician now places an ammeter in the circuit,
the total current would be indicated as 2 amperes as
shown in Figure 3-132 instead of the calculated 3
amperes. Since 1 ampere of current should be flowing
through each branch, it is obvious that one branch
is open. If the ammeter is then connected into the
branches, one after another, the open branch will
eventually be located by a zero ammeter reading.
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Figure 3-132. Shorted component causes the fuse to open.
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TRACING AN OPEN WITH AN
OHMMETER

A modified use of the ohmmeter can also locate this
type of open. If the ohmmeter is connected across the
open resistor, as shown in Figure 3-133, an erroneous
reading of continuity would be obtained. Even though
the circuit switch is open, the open resistor is still in
parallel with R; and Rj, and the ohmmeter would
indicate the open resistor had a resistance of 15 ohms,
the equivalent resistance of the parallel combination of

R; and R,.

Therefore, it is necessary to open the circuit as shown in
Figure 3-134 in order to check the resistance of Rs. In
this way, the resistor is not shunted (paralleled) by Ry
and R,. The reading on the ohmmeter will now indicate
infinite resistance, which means the open component
has been isolated.

TROUBLESHOOTING THE
SHORTING FAULTS IN PARALLEL
CIRCUITS

As in a series circuit, a short in a parallel circuit will
usually cause an open circuit by blowing the fuse. But,
unlike a series circuit, one shorted component in a
parallel circuit will stop current flow by causing the fuse
to open. Refer to the circuit in Figure 3-135. If resistor
R3 is shorted, a path of almost zero resistance will be
offered the current, and all the circuit current will flow
through the branch containing the shorted resistor.
Since this is practically the same as connecting a wire
between the terminals of the battery, the current will
rise to an excessive value, and the fuse will open. Since
the fuse opens almost as soon as a resistor shorts out,
there is no time to perform a current or voltage check.
'Thus, troubleshooting a parallel DC circuit for a shorted
component should be accomplished with an ohmmeter.
But, as in the case of checking for an open resistor in a
parallel circuit, a shorted resistor can be detected with
an ohmmeter only if one end of the shorted resistor is
disconnected and isolated from the rest of the circuit.
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TROUBLESHOOTING THE
SHORTING FAULTS IN
SERIES-PARALLEL CIRCUITS

LOGIC IN TRACING AN OPEN CIRCUIT
Troubleshooting a series-parallel resistive circuit
involves locating malfunctions similar to those found in
a series or a parallel circuit.

Figures 3-136 illustrate three points of failure in a series-
parallel circuit and their generalized effects.

1. In the circuit shown in Figure 3-136, an open has
occurred in the series portion of the circuit. When
the open occurs anywhere in the series portion of
a series-parallel circuit, current flow in the entire
circuit will stop. In this case, the circuit will not
function, and the lamp, L1, will not be lit.

2. If the open occurs in the parallel portion of a
series-parallel circuit, part of the circuit will
continue to function. In this case, the lamp will
continue to burn, but its brightness will diminish,
since the total resistance of the circuit has increased
and the total current has decreased.

3. If the open occurs in the branch containing the
lamp, the circuit will continue to function with
increased resistance and decreased current, but the
lamp will not light.

AAA

TRACING OPENS WITH THE
VOLTMETER

To explain how the voltmeter and ohmmeter can be
used to troubleshoot series-parallel circuits, the circuit
shown in Figure 3-136 has been labeled at various
points. A point-to-point description is listed below with
expected results:

1. By connecting a voltmeter between points A and
D, the battery and switch can be checked for opens.

2. By connecting the voltmeter between points A and
B, the voltage drop across R1 can be checked. This
voltage drop is a portion of the applied voltage.

3. IfR1 is open, the reading between B and D will be
Zero.

4. By connecting a voltmeter between A and E, the
continuity of the conductor between the positive
terminal of the battery and point E, as well as the
fuse, can be checked. If the conductor or fuse is
open, the voltmeter will read zero.

5. If the lamp is burning, it is obvious that no open
exists in the branch containing the lamp, and the
voltmeter could be used to detect an open in the
branch containing R2 by removing lamp, L1, from
the circuit.

Troubleshooting the series portion of a series-parallel
circuit presents no difficulties, but in the parallel portion
of the circuit, misleading readings can be obtained.
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Figure 3-136. Using the voltmeter to troubleshoot a series-parallel circuit.
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Question: 3-1

Metal head hammers are usually sized according to the

of the head without the handle.

Question: 3-2
Solid punches are classified according to the
of their points.

Ql{estion.‘ 3-3
A is used when a specific force

must be applied to a nut or bolt as it is installed.

Question: 3-4
Name three distinguishing features of files.

Module 07A - Maintenance Practices

QUESTIONS

Question: 3-5
Which type of drill is preferred around flammable

material?

Question: 3-6
A differs from the trisquare in
that the head slides along the blade and can be clamped

at any desired place.

Question: 3-7
are used for measuring diameters

and distances or for comparing distances and sizes.

Question: 3-8
Some micrometers are equipped with a
scale.

>
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ANSWERS

Answer: 3-1
weight.

Answer: 3-2
shape.

Answer: 3-3

calibrated torque wrench.

Answer: 3-4
cut, length, and shape.

3.76

Answer: 3-5
Pneumatic.

Answer: 3-6

combination set.

Answer: 3-7
Calipers.

Answer: 3-8
vernier.
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Question: 3-9
'The saw is an electrically

operated, portable circular cutting saw that uses blades

of various diameters.

Question: 3-10
The of the band saw and the type

and style of the blade depends on the material to be cut.

Question: 3-11
acts as a lubricant fer faster

grinding while it continuously cools the edge of the

metal.

Question: 3-12
drill bits can withstand
temperatures nearing the critical range of 1 400 AsF

(dark cherry red) without losing their hardness.

QUESTIONS

Question: 3-13
A wide variety of powered and hand operated tools are
used to precisely bend and fold sheet metal to achieve

the perfect

Question: 3-14
The brake is the most common

machine tool used to bend sheet metal and applies force
via mechanical and/or hydraulic components to shape
sheet metal between the punch and die.

Question: 3-15
In forming, a flat circle of metal is

rotated at a very high speed to shape a seamless, hollow
part using the combined forces of rotation and pressure.

Question: 3-16
The vise consists of two fixed or adjustable
that are opened or closed by a

screw or a lever.

>
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ANSWERS

Answer: 3-9

Kett.

Answer: 3-10
speed.

Answer: 3-11
Woater.

Answer: 3-12

HSS (high speed steel).

3.78

Answer: 3-13
shape.

Answer: 3-14
press.

Answer: 3-15
spin.

Answer: 3-16

jaws.

iNICAL
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Question: 3-17

An ohmmeter is basically a
measuring instrument; it differs from the ammeter and

voltmeter in that it is self-excited and contains other

auxiliary circuits.

Question: 3-18
Voltmeter
resistance per volt (O/V).

is defined in terms of

Question: 3-19
A is used to measure insulation

resistance and other high resistance values.

Question: 3-20
The inclined coil iron vane meter has a coil mounted at
to the shaft.
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QUESTIONS

Question: 3-21
Reproducing the sine wave on the oscilloscope

combines both the and
deflection patterns.

Qucsl ion: 3-22
Current is measured with the ammeter connected in

Question: 3-23
The common mode of failure in an inductor is

>
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ANSWERS

Answer: 3-17
current.

Answer: 3-18
sensitivity.

Answer: 3-19

Megger or Megohmmeter.

Answer: 3-20
an angle.

3.80

Answer: 3-21
vertical.
horizontal.

Answer: 3-22

series.

Answer: 3-23
an open.
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MAINTENANCE PRACTICES

AVIONIC GENERAL TEST EQUIPMENT

SUB-MODULE 04

PART-66 SYLLABUS LEVELS

CERTIFICATION cATEGORY »  B1 B2
Sub-Module 04
AVIONIC GENERAL TEXT EQUIPMENT
Knowledge Requirements
7.4 - Avionic General Text Equipment
2 3

Operation, function and use of avionic general test equipment.

Level 2

A general knowledge of the theoretical and practical aspects of the subject

and an ability to apply that knowledge.

Objectives:
(a) The applicant should be able to understand the theoretical
fundamentals of the subject.

(b) The applicant should be able to give a general description of the

subject using, as appropriate, typical examples.
(¢) 'The applicant should be able to use mathematical formula in
conjunction with physical laws describing the subject.

(d) The applicant should be able to read and understand sketches,

drawings and schematics describing the subject.

(¢) 'The applicant should be able to apply his knowledge in a practical

manner using detailed procedures.

Module 07A - Maintenance Practices

Objectives:

(@) The applicant should know the theory of the subject and
interrelationships with other subjects.

(b) The applicant should be able to give a detailed description of the
subject using theoretical fundamentals and specific examples.

(© The applicant should understand and be able to use mathematical
formula related to the subject.

(d) The applicant should be able to read, understand and prepare
sketches, simple drawings and schematics describing the subject.

(6) The applicant should be able to apply his knowledge in a practical
manner using manufacturer's instructions.

(f) The applicant should be able to interpret results from various sources
and measurements and apply corrective action where appropriate.

>
AIRCRAFT 4.1
ECHNICAL

Level3

A detailed knowledge of the theoretical and practical aspects of the
subject and a capacity to combine and apply the separate elements of
knowledge in a logical and comprehensive manner.
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OPERATION, FUNCTION AND USE OF AVIONIC GENERAL TEST

EQUIPMENT

BUILT-IN TEST EQUIPMENT

In most aviation maintenance operations, electronic
troubleshooting and repair of avionics Line Replacement
Units (LRU's) and avionics systems are performed by
the B-2 technician specially trained in such matters.
Use of Built In Test Equipment (BITE) may be the only
exposure to avionics testing a B-1 engineer experiences.
Built in test equipment is a common feature on all
modern aircraft.

BITE can be built in to an individual LRU or it can
be part of a computerized central maintenance system.
If part of a system, the system likely contains several
individual BITE electronic units used to handle the
testing of the numerous LRU's onboard the aircraft.
Signals are sent and received by the BITE to determine
if there are any faults, to isolate the faults, and to verify
correct operating parameters, especially after repair or
replacement of an LRU.

Fault detection of electronic circuits is a continuous
function. Once a fault is detected, an isolation sequence
is initiated to pinpoint the problem and display it to
the technician. BITE displays are selected on the
central maintenance computer Control Display Units
(CDU's). These are typically located on the flight deck
and in the avionics compartment. On the flight decks
of many aircraft, a Flight Management System (FMS)
incorporates the central maintenance computer system
interface on the same CDU panel(s) used by the flight
crew. (Figure 4-1) The on-screen display of faults
and corrective actions, can be printed or electronic
downloaded to capture the BITE produced data.

An automatic Aircraft Communications Addressing and
Reporting System (ACARS) sends BITE maintenance
data to the ground maintenance station while the
aircraft is en-route.

Replacement parts can be readied for installation so
that, when the plane arrives, maintenance personnel
can begin the repair immediately. A quick turn-around
keeps the aircraft flying as scheduled to produce
anticipated revenue.

4.2

Figure 4-1. The control display unit (CDU) of an FMS.

Latest generation maintenance diagnostic systems allow
for wireless communication for troubleshooting. Wiki,
cellular and satellite technologies are used.

Many systems and components have their own BITE
dedicated to servicing just that particular system or unit.
Some of those are listed below:

* Air Data Computer

* Antiskid - Autobrake

* Arinc

* ATC Transponder

* Automatic Direction Finder

* Distance Measuring Equipment

* Electronic Flight Instruments

* Engine Indicating and Crew Alerting System

* Fire and Overheat

* Flight Management Computer

* Fuel Quantity

* HF Communications Radios

* Hydraulic Management

* Inertial Reference System

* Instrument Landing System

* Lighting

* Passenger Address System

* Selective Calling

» VHF Communication Radios

* Weather Radar

* Window Heat
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Follow the manufacturer's instructions on how to operate
the BITE system interface to obtain maintenance data.

While in flight, a fault initiates a BITE recording of
parameters that is later displayed to the technician when
accessing the BITE on the ground. The maintenance
function of BITE is accessible only when the aircraft
is on the ground. The technician can select options
for display on a Computer Display Unit (CDU). For
example, display of recorded flight information can be
chosen or a new BITE test of the system.

To interrogate the Central Maintenance Computer
(CMC) or conduct a BITE check of a system, the
technician selects from the menu in the CDU. There
are large buttons next to the CDU display screen, each
button is known as a Line Select Key (LSK).

(Figure 4-2)

As the technician enters the option by pressing the LSK
adjacent to the listing, a new menu appears and provides
additional options from which to choose. It is important
for the technician to check if there are more page options
available which can be determined by looking in the
corner of the screen. A page 1 of 1 means the displayed

Figure 4-2. Line select keys (LSK) used for selecting options while
interrogating the central maintenance computer on the CDU.
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page is as far as the options extend for that particular
system. Page 1 of 2 means the technician is viewing page
1 of 2 and page 2 contains additional options to select
from. When a new test is selected, a complete check of
circuitry and software occurs that yields output data that
is both recorded and displayed.

CLASSIFICATION OF AVIONICS TEST
EQUIPMENT

All troubleshooting and testing of aircraft electronic
equipment is not preformed by built in test equipment.
Trained technicians use a wide variety of avionics testing
equipment to investigate, test and repair the aircraft's
electronic units and systems.

Avionics test equipment can be classified into two
categories: shop test equipment and portable test
equipment. Extensive testing on a piece of equipment
while installed may be inconvenient or expensive if the
aircraft is held from service because of it. Replacement of
the unit suspected of malfunction can be accomplished
quickly and the unit can be sent to the avionics shop for
extensive testing using shop test equipment. However, a
quick check of a unit with a portable test unit can answer
critical questions concerning the serviceability of a unit.

A modulized, remove and replace approach to avionics
maintenance allows quick and easy resolution of many
avionics malfunctions. But replacing a piece of avionic
equipment may not solve a reported malfunction. Today,
aircraft electronics are part of an integrated system
connected via a data bus. The problem with a certain
avionics unit may be present only when installed and
integrated with the aircraft's other avionics. Portable
avionic test equipment allows the technician to test the
suspected unit while it is installed.

Another way to classify avionics testing equipment is
by function. Two basic categories exist - generators
and analyzers. A generator provides a known signal or
stimulus which is then processed by the tested unit.
The second type of test equipment, an analyzer, is used
to determine whether the output of the unit is within
design tolerances. Generators often have interaction
with the unit being tested and release the test signal
after conditions are met. These more sophisticated signal
generators are known as test sets.

4.3
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Analyzers can be shop-based or portable units. The
common multimeter is one type of analyzer. The ability
to measure voltage current and resistance is very useful.
Many modern digital multimeters include expanded
capabilities to measure frequency, capacitance and
temperature. Oscilloscopes are another commonly used
analyzer. Frequency domain analyzers are also common.
Examples include spectrum analyzers, modulation
meters and distortion meters. Many modern aircraft
make use of computer-based analyzing. A connection is
made to a portable laptop computer for processing and
display of information. In some cases, an adapter unit
allows access directly into the digital data bus.

AVIONICS TEST EQUIPMENT

Every piece of avionics test equipment must be operated
according the manufacturer's instructions. The technician
should be aware of the dangers of high voltage and
electrocution when utilizing test equipment on both
energized and de-energized avionics.

OSCILLOSCOPE

An oscilloscope measures variations of a parameter as
a function of time and displays them graphically on
a screen. Typically, they measure voltage and other
parameters obtained by processing the voltage signal.
Since oscilloscopes include the time domain, they
are useful in indicating rapid variations such as AC
voltages, pulses, spikes and complex waveforms. They
are primarily used in bench testing of equipment and
rarely used on the actual aircraft. (Figure 4-3) See more
on oscilloscopes on page 3.68.

4.4

TIME DOMAIN REFLECTOMETER (TDR)

A TDR is often used to check for standing waves in
transmission lines. The unit is similar in appearance
to an oscilloscope. The indication provided by the
trace signal displays an open or short and provides the
distance along the transmission line where the open or
short occurs as read from the graticule. (Figure 4-4)

A TDR can also indicate if a cable is pinched or frayed.
A pinch condition will appear on the graticule as a dip
due to added impedance. A fray will cause the trace
to drift up. These two conditions are often found as
a partial open or partial short and will appear on the
graticule as minor dips or rises in the trace signal.

SPREAD SPECTRUM TIME DOMAIN
REFECTOMETER (SSTDR)

The SSTDR performs the same function and provides
the same information as the TDR. The advantage of
SSTDR technology for the technician is ease of use,
greater precision and portability. SSTDR's do not
interfere with digital circuits and the aircraft circuits do
not affect the diagnostic equipment readings.

SSTDR's are found as small as a digital multimeter
and directly state whether the circuit is in an open or
shorted state. The unit also indicates how far down
a transmission line is in feet or meters. Knowing a
discrepancy is located where the problem is in the
transmission line allows the technician to go directly to
that location to repair or replace the line. (Figure 4-5)
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Figure 4-5. An SSTDR showing an open at 0 feet.

PITOT-STATIC TEST EQUIPMENT

The pitot-static system must be tested periodically
to ensure instrumentation that uses pitot and static
pressures as inputs provide accurate indications to the
flight crew. Typical instrumentation on pitot-static test
equipment includes an altimeter, vertical speed indicator,
and airspeed indicators.

Optional features of many testers includes a chronograph
and pressure indicators for the test unit pitot and static

pressures, (Figure 4-6)
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TIME DOMAIN REFLECTOMETER

Figure 4-6. A pitot static test unit with calibration certification.

‘There are two types of diagnostic equipment used for
testing the pitot-static system based on their mode of
operation. One type operates by the technician manually
pumping a small hand pump to change the system
pressure. The second type operates on electrical power
to change the system pressure.

'The aircraft maintenance manual describes how to safely
connect and conduct testing on the aircraft. The test
equipment manufacturer includes instructions with the
equipment on how the equipment is connected to the
aircraft and its safe and proper operation. The technician
must ensure that equipment and aircraft limitations
are not exceeded when using this equipment as serious
damage to the avionics systems can result from improper
testing procedures.

4.5
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Pitot-static test equipment is calibrated and should
be checked for compliance prior to starting testing
procedures. The equipment generally consists of a test
kit or box that contains the various valves and indicators
needed for testing.

Connect the kit to the aircraft with the hoses and
fittings that come with the kit. To prepare the aircraft
for testing of the pitot-static system the technician
must block off the appropriate static ports using tape or
approved covers. In some transport category aircraft, the
aircraft must be " foo/ed" into a configuration that makes
the on board computer think that the aircraft is in a
flying configuration.

Be sure to check your aircraft manual for the proper
configuration for the test being conducted.

Connect the test equipment hoses to their respective
locations. Ensure that hoses are placed about the aircraft
in a manner that reduces the odds of being stepped on
or interfered with by other ground support equipment.
Perform the functional test paying particular attention
to airspeed, and vertical ascent/descent rates, keeping
within aircraft and equipment limitations.

Electronic versions of the pitot-static tester are
available and provide digital display of information and
programmable limits for operational rates to avoid system
and equipment damage.

If the system fails during testing, double check that all
ports are properly sealed and the aircraft is correctly
configured. If the system fails the check again, review
the entries in the aircraft logbook for the last time an
avionics component was maintained or replaced. A loose
fittings around that component is likely. Should the
system still not pass the test, another test unit can be
used to ensure that there is not a problem with the tester.
If the system continues to fail, the technician must
either replace a defective aircraft indicator or check all
fittings in the pitot-static system until the malfunction is
corrected. As always, record results with a logbook entry
or work card sign off.

Upon completion of the test procedures, ensure the

removal of blocking covers and tape used. Carefully store
all equipment ensuring no hoses are pinched or damaged.

4.6 AIR
(]

SPECIALIZED TEST EQUIPMENT

Each unit of communication and navigation electronic
equipment may be tested with an electronic testing
device designed specifically to test that particular type
of equipment.

This is common even for other types of electronic
equipment and systems. Having a specifically designed
testing device makes testing and troubleshooting easier.
Follow the manufacturer's instructions when using
such a testing device. An example of specialized test
equipment is the IFR 4000 shown in Figure 4-7 which
tests VHF NAV/COM radio bands.

AUTOMATIC TEST EQUIPMENT

Computer based Automatic Test Equipment (ATE) is
built to interface with and test the enormous variety of
avionics found on a modern aircraft. The sophisticated
test circuitry can provide stimuli and analysis of any
specific device for which software has been incorporated.
A test unit adapter connects the LRU to the ATE.
While a computer controls the test sequence through
its software, there are usually prompts for an operator
to select various settings on the device under test to
complete a full diagnosis.

VME/VXI
Versa Model Eurocard (VME) is a connector system for
avionics that uses European plug-in card architecture.

Figure 4-7. An example of specialized avionics test equipment.
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VXI stands for VME bus expansion for instrumentation.

VXI instruments have a main frame chassis that
contains the power supply for a variety of electronics
as well as the computer that controls the functions
and testing of any number of instruments that may be
plugged into the chassis via a circuit card. VXIis a
standardized system shared by any manufacturers that
wish to produce components for the architecture. It is a
fast system that can test components that are plugged in
automatically through the computer's software or with a
human interface.

VXTI packages are usually smaller than standard
instrument packages and are interconnected with a
high-speed bus. VXI units cannot operate unless they
are plugged into the system and the control computer is
plugged in as well.

DATA BUS ANALYZERS

Avionics on aircraft are interconnected and function
through the use of standardized data buses. The
standard used is chosen by the aircraft designers. Data
bus analyzers are carry-on portable type test equipment.
They are used to trouble shoot digital systems. The
analyzer must be compatible with the type of data bus
standard being used by the aircraft components.

The data bus analyzer typically plugs into where an
LRU is removed so that incoming signals to the LRU
can be evaluated. Signals may also be dispatched by
the analyzer to determine effective interface between
various components. A data bus analyzer may also access
the bus through a made-for-testing plug-in location.
Most analyzers will have a record mode of operation to
capture data and display it numerically or graphically.
Follow the manufacturer's instruction when using a data
bus analyzer.

SS TEST EQUIPMENT CALIBRATION
STANDARDS

There would be no purpose in checking the function
of avionics equipment with test equipment that is not
calibrated. First, the test equipment must be suitable
for testing the intended unit. The manufacturer of the
equipment under test or the aircraft manufacturer are the

Test equipment calibration standards must be derived
from and traceable to one of the following:
1. The National Institute of Standards and
Technology.
2. Standards established by the test equipment
manufacturer.
3. If foreign-manufactured test equipment,
the standards of the country where it was
manufactured.

It is the technician's responsibility to make sure that
the test equipment used is the equipment called for by
the manufacturer or equivalent. Before acceptance, a
comparison should be made between the specifications
of the test equipment recommended by the manufacturer
and those proposed for use by a repair facility. The test
equipment must be capable of performing all normal
tests and checking all parameters of the equipment
under test. The level of accuracy should be equal to or
better than that recommended by the manufacturer.
For a description of avionics test equipment used for
troubleshooting, refer to the equipment or aircraft
manufacturer's instruction manual.

The calibration intervals for test equipment varies with
the type of equipment, environment, and use. The
accepted industry practice for calibration intervals is
usually one year. Considerations for acceptance of the
intervals include the manufacturer's recommendation
for the type of equipment and the repair facility's past
calibration history if applicable.

NOTE: If a manufacturer's manual does not describe
a particular test procedure, the repair facility must
coordinate with the manufacturer to develop an
acceptable procedure prior to the use of the equipment.

FUNCTIONAL CHECKS

While it is the responsibility of the pilot in command
to ensure the equipment on the aircraft to be flown
is functioning properly, it is also the engineer's job to
do so as well. This is particularly true after a repair or
replacement of a particular avionics unit has been made.
Familiarization of the intended use of the equipment
and performance of a thorough operational check
in accordance with the manufacturer's instruction is

best authorities of what testing equipment can be used. required.
. . >
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Question: 4-1

QUESTIONS

Question: 4-3

BITE can be built in to an individual LRU or it can be is a connector system for avionics

partofa

Question: 4-2

Avionics test equipment can be classified
into two categories: shop test equipment and
test equipment.

Module 07A - Maintenance Practices

that use European plug-in card architecture.

Question: 4-4
'The accepted industry practice for avionics
test equipment calibration intervals is usually
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ANSWERS

Answer: 4-1

centralized maintenance system.

Answer: 4-2
portable.

410

Answer: 4-3

Versa Model Eurocard (VME).

Answer: 4-4
one year.
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MAINTENANCE PRACTICES

ENGINEERING DRAWINGS, DIAGRAMS
AND STANDARDS

SUB- MODULE OS5
PART-66 SYLLABUS LEVELS

CERTIFICATION CATEGORY » B1 B2

Sub-Module 05
ENGINEERING DRAWINGS, DIAGRAMS AND STANDARDS
Knowledge Requirements

7.5 - Engineering Drawings, Diagrams and Standards
Drawing types and diagrams, their symbols, dimensions, tolerances and projections; 2 2
Identifying title block information;
Microfilm, microfiche and computerized presentations;
Specification 100 of the Air Transport Association (ATA) of America;
Aeronautical and other applicable standards including ISO, AN, MS, NAS and MIL;
Wiring diagrams and schematic diagrams.

Level 2
A general knowledge of the theoretical and practical aspects of the subject
and an ability to apply that knowledge.

Objectives:

(@) The applicant should be able to understand the theoretical
fundamentals of the subject.

(b) 'The applicant should be able to give a general description of the
subject using, as appropriate, typical examples.

(& The applicant should be able to use mathematical formula in
conjunction with physical laws describing the subject.

(d) The applicant should be able to read and understand sketches,
drawings and schematics describing the subject.

(e) The applicant should be able to apply his knowledge in a practical
manner using detailed procedures.
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ENGINEERING DRAWINGS, DIAGRAMS, AND STANDARDS

'The exchange of ideas is essential to everyone, regardless
of his or her vocation or position. Usually, this exchange
is carried on by the oral or written word; but under
some conditions, the use of these alone is impractical.
Industry discovered that it could not depend entirely
upon written or spoken words for the exchange of ideas
because misunderstandings and misinterpretations arose
frequently. A written description of an object can be
changed in meaning just by misplacing a comma; the
meaning of an oral description can be completely changed
by the use of a wrong word. To avoid these possible
errors, industry uses drawings to describe objects. For
this reason, drawing is the draftsman's language.

Drawing as used here is a method of conveying ideas
concerning the construction or assembly of objects. This
is done with the help of lines, notes, abbreviations, and
symbols. It is very important that the aviation mechanic
who is to make or assemble the object understands the
meaning of the different lines, notes, abbreviations, and
symbols that are used in a drawing. (See especially the
"Lines and Their Meanings" section of this Sub-Module.)

COMPUTER GRAPHICS

From the early days of aviation, development of aircraft
engines, and other components relied heavily on aircraft
drawings. For most of the 20th century, drawings were
created on a drawing "board" with pen or pencil and
paper. However, with the introduction and advancement
of computers in the later decades of the 20th century,
the way drawings are created changed dramatically.

5.2

Computers were used not only to create drawings, but
they were being used to show items in "virtual reality,"
from any possible viewing angle. Further development
saw computer software programs with the capability of
assembling separately created parts to check for proper
fit and possible interferences. Additionally, with nearly
instantaneous information sharing capability through
computer networking and the Internet, it became
much easier for designers to share their work with
other designers and manufacturers virtually anytime,
anywhere in the world. Using new computer controlled
manufacturing techniques, it literally became possible to
design a part and have it precisely manufactured without
ever having it shown on paper. New terms and acronyms
became commonplace.

'The more common of these terms are:

* Computer Graphics
Drawing with the use of a computer,

+ Computer Aided Design Drafting (CADD)
Where a computer is used in the design and
drafting process,

* Computer Aided Design (CAD)

Where a computer is used in the design of a
product,

* Computer Aided Manufacturing (CAM)

Where a computer is used in the manufacturing of
a product, and

* Computer Aided Engineering (CAE)

Where a computer is used in the engineering of a
product.
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As computer hardware and software continue to evolve,
there continues to be a greater amount of CAE done in
less time at lower cost. In addition to product design, some

of the other uses of CAE are product analysis, assembly,
simulations and maintenance information. (Figure 5-1)

PURPOSE AND FUNCTION OF AIRCRAFT DRAWINGS

Drawings and prints are the link between the engineers
who design an aircraft and the workers who build,
maintain, and repair it. A print may be a copy of a
working drawing for an aircraft part or group of parts,
or for a design of a system or group of systems. They are
made by placing a tracing of the drawing over a sheet
of chemically treated paper and exposing it to a strong
light for a short period of time. When the exposed
paper is developed, it turns blue where the light has
penetrated the transparent tracing. The inked lines of
the tracing, having blocked out the light, show as white
lines on a blue background. Other types of sensitized
paper have been developed; prints may have a white
background with colored lines or a colored background
with white lines.

Drawings created using computers may be viewed as
they appear on the computer monitor, or they may be
printed out in "hard copy" by use of an ink jet or laser
printer, Larger drawings may be printed by use of a

plotter or large format printer. Large printers can print
drawings up to 42 inches high with widths up to 600
inches by use of continuous roll paper. (Figure 5-2)

Figure 5-2. Large format printer.

CARE AND USE OF DRAWINGS

Drawings are both expensive and valuable; consequently,
they should be handled carefully. Open drawings slowly
and carefully to prevent tearing the paper. When the
drawing is open, smooth out the fold lines instead of
bending them backward.

To protect drawings from damage, never spread them on
the floor or lay them on a surface covered with tools or
other objects that may make holes in the paper. Hands
should be free of oil, grease, or other unclean matter that
can soil or smudge the print.

Never make notes or marks on a print as they may
confuse other persons and lead to incorrect work.
Only authorized persons are permitted to make notes
or changes on prints, and they must sign and date any
changes they make.

When finished with a drawing, fold and return it to its
proper place. Prints are folded originally in a proper size
for filing, and care should be taken so that the original
folds are always used.

TYPES OF DRAWINGS

Drawings must give such information as size and
shape of the object and all of its parts, specifications for
material to be used, how the material is to be finished,
how the parts are to be assembled, and any other
information essential to making and assembling the
particular object.
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Drawings may be divided into three classes:
(1) detail, (2) assembly, and (3) installation. (Figure 5-3)

DETAIL DRAWING
A detail drawing is a description of a single part,
describing by lines, notes, and symbols the specifications
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for size, shape, material, and methods of manufacture to
be used in making the part. Detail drawings are usually
rather simple; and, when single parts are small, several
detail drawings may be shown on the same sheet or
print. (See detail drawing at the top of Figure 5-3.)

ASSEMBLY DRAWING

An assembly drawing is a description of an object made
up of two or more parts. Examine the assembly drawing
in the center of Figure 5-3. It describes the object by
stating, in a general way, size and shape. Its primary
purpose is to show the relationship of the various parts.
An assembly drawing is usually more complex than
a detail drawing, and is often accompanied by detail
drawings of various parts.

INSTALLATION DRAWING

An installation drawing is one which includes all
necessary information for a part or an assembly in
the final installed position in the aircraft. It shows
the dimensions necessary for the location of specific
parts with relation to the other parts and reference
dimensions that are helpful in later work in the shop.
(See installation drawing at the bottom of Figure 5-3.)

SECTIONAL VIEW DRAWINGS

A section or sectional view is obtained by cutting away
part of an object to show the shape and construction at
the cutting plane. The part or parts cut away are shown
by the use of section (crosshatching) lines. Types of
sections are described in the following paragraphs.

FULL SECTION

A full section view is used when the interior construction
or hidden features of an object cannot be shown clearly
by exterior views. For example, Figure 5-4, a sectional
view of a coaxial cable connector, shows the internal
construction of the connector.

HALF SECTION
In a half section, the cutting plane extends only halfway
across the object, leaving the other half of the object as

an exterior view.

Half sections are used to advantage with symmetrical
objects to show both the interior and exterior. Figure
5-5is a half sectional view of a quick disconnect used in
aircraft fluid systems.

54

REVOLVED SECTION

A revolved section drawn directly on the exterior view
shows the shape of the cross section of a part, such as
the spoke of a wheel. An example of a revolved section is
shown in Figure 5-6.
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Figure 5-3. Types of drawings.

Module 07A - Maintenance Practices



'§ ————
3 = /Afﬂmnmzpn
1= ™ B
< -l e
\ 2 GIITIIITITIS I TIIIIIELS 304.‘
77 B
- I 302
7
16
42 18 307 14 300
12

Figure 5-4. Sectional view of a cable connector.

Figure 5-5. Half section.

REMOVED SECTION

A removed section illustrates particular parts of an
object. It is drawn like revolved sections, except it is
placed at one side and, to bring out pertinent details,
often drawn to a larger scale than the view on which it
is indicated.

Figure 5-7 is an illustration of removed sections. Section
A-A shows the cross-sectional shape of the object at
cutting plane line A-A. Section B-B shows the cross-
sectional shape at cutting plane line B-B.

These sectional views are drawn to the same scale as the

principal view. Note that they are often drawn to a larger
scale to bring out pertinent details.
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Figure 5-7. Removed sections.

TITLE BLOCKS

Every print must have some means of identification.
'This is provided by a title block. (Figure 5-8) The title
block consists of a drawing number and certain other
data concerning the drawing and the object it represents.
'This information is grouped in a prominent place on the
print, usually in the lower right-hand corner. Sometimes
the title block is in the form of a strip extending almost
the entire distance across the bottom of the sheet.

Although title blocks do not follow a standard form

insofar as layout is concerned, all of them present

essentially the following information:
1. A drawing number to identify the print for filing
purposes and to prevent confusing it with any
other print.

. 'The name of the part or assembly.

'The scale to which it is drawn.

The date.

'The name of the firm.

. 'The name of the draftsmen, the checker, and the
person approving the drawing.

G AN

DRAWING OR PRINT NUMBERS

All prints are identified by a number, which appears in
a number block in the lower right-hand corner of the
title block. It may also be shown in other places such as
near the top border line, in the upper right-hand corner,
or on the reverse side of the print at both ends so that

>
5.6 AIRCRAFT

the number will show when the print is folded or rolled.
'The purpose of the number is quick identification of a
print. If a print has more than one sheet and each sheet
has the same number, this information is included in
the number block, indicating the sheet number and the
number of sheets in the series.

REFERENCE AND DASH NUMBERS
Reference numbers that appear in the title block refer
you to the numbers of other prints. When more than one
detail is shown on a drawing, dash numbers are used.
Both parts would have the same drawing number plus
an individual number, such as 40267-1 and 40267-2. In
addition to appearing in the title block, dash numbers
may appear on the face of the drawing near the parts
they identify. Dash numbers are also used to identify
right-hand and left-hand parts.

In aircraft, many parts on the left side are like the
corresponding parts on the right side but in reverse.
The left-hand part is always shown in the drawing. The
right-hand part is called for in the title block. Above
the title block a notation is found, such as: 470204-1LH
shown; 470204-2RH opposite. Both parts carry the
same number, but the part called for is distinguished by
a dash number. Some prints have odd numbers for left-
hand parts and even numbers for right-hand parts.
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Figure 5-8. Title block.

UNIVERSAL NUMIBERING SYSTEM

The universal numbering system provides a means of
identifying standard drawing sizes. In the universal
numbering system, each drawing number consists of
six or seven digits. The first digit is always 1, 2, 4, or 5,
and indicates the size of the drawing. The remaining
digits identify the drawing. Many firms have modified
this basic system to conform to their particular needs.
Letters may be used instead of numbers. The letter or

number depicting the standard drawing size may be
prefixed to the number, separated from it by a dash.
Other numbering systems provide a separate box
preceding the drawing number for the drawing size
identifier. In another modification of this system, the
part number of the depicted assembly is assigned as the
drawing number.

BILL OF MATERIAL

A list of the materials and parts necessary for the
fabrication or assembly of a component or system is
often included on the drawing. The list is usually in
ruled columns in which are listed the part number,
name of the part, material from which the part is to be
constructed, the quantity required, and the source of the
part or material.

A typical bill of material is shown in Figure 5-9. On
drawings that do not have a bill of material, the data
may be indicated directly on the drawing. On assembly
drawings, each item is identified by a number in a circle
or square. An arrow connecting the number with the
item assists in locating it in the bill of material.
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ITEM PART NO. REQUIRED SOURCE
CONNECTOR uo-21 D/U 2 STOCK

Figure 5-9. A bill of material.
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OTHER DRAWING DATA

REVISION BLOCK

Revisions to a drawing are necessitated by changes in
dimensions, design, or materials. The changes are usually
listed in ruled columns either adjacent to the title block
or at one corner of the drawing. All changes to approved
drawings must be carefully noted on all existing prints of
the drawing. When drawings contain such corrections,
attention is directed to the changes by lettering or
numbering them and listing those changes against the
symbol in a revision block. (Figure 5-10) 'The revision
block contains the identification symbol, the date, the
nature of the revision, the authority for the change, and
the name of the draftsman who made the change.

To distinguish the corrected drawing from its previous
version, many firms are including, as part of the title
block, a space for entering the appropriate symbol to
designate that the drawing has been changed or revised.

NOTES

Notes are added to drawings for various reasons.
Some of these notes refer to methods of attachment
or construction. Others give alternatives, so that the
drawing can be used for different styles of the same
object. Still others list modifications that are available.
Notes may be found alongside the item to which they
refer. If the notes are lengthy, they may be placed
elsewhere on the drawing and identified by letters or
numbers. Notes are used only when the information
cannot be conveyed in the conventional manner or when
it is desirable to avoid crowding the drawing. Figure 5-3
illustrates one method of depicting notes.

When the note refers to a specific part, a light line with
an arrowhead leads from the note to the part. Ifit applies
to more than one part, the note is so worded to eliminate
ambiguity as to the parts to which it pertains. If there
are several notes, they are generally grouped together
and numbered consecutively.

ZONE NUMBERS

Zone numbers on drawings are similar to the numbers
and letters printed on the borders of a map. They help
locate a particular point. To find a point, mentally
draw horizontal and vertical lines from the letters and
numerals specified; the point where these lines intersect
is the area sought.

Use the same method to locate parts, sections, and views
on large drawings, particularly assembly drawings.
Parts numbered in the title block can be located on the
drawing by finding the numbers in squares along the
lower border. Zone numbers read from right to left.

STATION NUMBERS AND LOCATION
IDENTIFICATION ON AIRCRAFT

A numbering system is used on large assemblies for
aircraft to locate stations such as fuselage stations.
Fuselage station 185 indicates a location that is 185
inches from the datum of the aircraft. The measurement
is usually taken from the nose or zero station, but in
some instances it may be taken from the firewall or some
other point chosen by the manufacturer. Just as forward
and aft locations on aircraft are made by reference to
the datum, locations left and right of the aircraft's
longitudinal axis are made by reference to the buttock
line and are called butt stations. Vertical locations on an
airplane are made in reference to the waterline.

The same station numbering system is used for wing
and stabilizer frames. The measurement is taken from
the centerline or zero station of the aircraft. Figure
5-11 shows use of the fuselage stations (F'S), waterline
locations (WL), and left and right buttock line locations
(RBL and LBL).

( REV Z0NE REVISION DESCRIPTION DATE APPR
ALL

A SHTS INITIAL RELEASE 12/05/05 | RL

B | "2 | ADDED ADDITIONAL MOUNTING POINTS 12005005 | AL

C |7 | AbDEDAC 01/02/06 | AL

Figure 5-10. Revision block.
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Figure 5-11. Station numbers and location identification on aircraft.
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ALLOWANCES AND TOLERANCES

When a given dimension on a print shows an allowable
variation, the plus (+) figure indicates the maximum, and
the minus (-) figure the minimum allowable variation.
The sum of the plus and minus allowance figures is
called tolerance. For example, using 0.225 + 0.002 5 -
0.000 5, the plus and minus figures indicate the part
will be acceptable if it is not more than 0.0025 larger
than the 0.225 given dimension, or not more than 0.000
5 smaller than the 0.225 dimension. Tolerance in this
example is 0.003 0 (0.002 5 max plus 0.000 5 min).

If the plus and minus allowances are the same, you will
find them presented as 0.224 + 0.002 5. The tolerance
would then be 0.005 0. Allowance can be indicated in
either fractional or decimal form. When very accurate
dimensions are necessary, decimal allowances are
used. Fractional allowances are sufficient when precise
tolerances are not required. Standard tolerances of
-0.010 or -%2 may be given in the title block of many
drawings, to apply throughout the drawing.

FINISH MARKS

Finish marks are used to indicate the surface that must
be machine finished. Such finished surfaces have a better
appearance and allow a closer fit with adjoining parts.
During the finishing process, the required limits and
tolerances must be observed. Do not confuse machined
finishes with those of paint, enamel, chromium plating,
and similar coating.

SCALE

Some drawings are made exactly the same size as the
drawn part; they have a scale of 1:1. Other scales may be
used. However, when drawings are made on a computer,
drawing sizes may be easily increased (zoom in) or
decreased (zoom out). Some electronic printers have
the same capability. Furthermore, when a 1:1 copy of a
print is made, the copy size may differ slightly from that
of the original. For accurate information, refer to the
dimensions shown on the drawing.

APPLICATION

When shown near the title block, application may
refer to the aircraft, assembly, sub-assembly or next
installation on which the part would be used.

METHODS OF ILLUSTRATION

APPLIED GEOMETRY

Geometry is the branch of mathematics that deals with
lines, angles, figures and certain assumed properties in
space. Applied geometry, as used in drawing, makes use
of these properties to accurately and correctly represent
objects graphically. In the past, draftsmen utilized
a variety of instruments with various scales, shapes
and curves to make their drawings. Today, computer
software graphics programs showing drawings provide
nearly any scale, shape and curve imaginable, outdating
the need for additional instruments. A number of
methods are used to illustrate objects graphically. The
most common are orthographic projections, pictorial
drawings, diagrams, and flowcharts.

ORTHOGRAPHIC PROJECTION
DRAWINGS

In order to show the exact size and shape of all the parts
of complex objects, a number of views are necessary.
This is the system used in orthographic projection. In
orthographic projection, there are six possible views of
an object, because all objects have six sides—front, top,

5.10 AlR
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bottom, rear, right side, and left side. Figure 5-12(4)
shows an object placed in a transparent box, hinged at
the edges. The projections on the sides of the box are
the views as seen looking straight at the object through
each side. If the outlines of the object are drawn on each
surface and the box opened as shown in Figure 5-12(B)
, then laid flat as shown in Figure 5-12(C) , the result is
a six-view orthographic projection.

It is seldom necessary to show all six views to portray
an object clearly; therefore, only those views necessary
to illustrate the required characteristics of the object are
drawn. One-, two-, and three-view drawings are the
most common. Regardless of the number of views used,
the arrangement is generally as shown in Figure 5-12,
with the front view as principal view. If the right side
view is shown, it will be to the right of the front view.
If the left side view is shown, it will be to the left of the
front view. The top and bottom views, if included, will
be shown in their respective positions relative to the
front view.
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Figure 5-12. Orthographic projection.

One-view drawings are commonly used for objects of
uniform thickness such as gaskets, shims, and plates. A
dimensional note gives the thickness as shown in Figure
5-13. One-view drawings are also commonly used for
cylindrical, spherical, or square parts if all the necessary
dimensions can be properly shown in one view.

When space is limited and two views must be shown,
symmetrical objects are often represented by half views,
as illustrated in Figure 5-14.

.032
Thick _

Figure 5-13. One view drawing.
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Aircraft drawings seldom show more than two principal
or complete views of an object. Instead, there will be
usually one complete view and one or more detail views
or sectional views.

DETAIL VIEW

A detail view shows only a part of the object but in
greater detail and to a larger scale than the principal
view. The part that is shown in detail elsewhere on
the drawing is usually encircled by a heavy line on the
principal view. Figure 5-15 is an example of the use of
detail views.

Figure 5-14. Symmetrical object with exterior half view.
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Detail B

Figure 5-15. Detail view.

The principal view shows the complete control wheel,
while the detail view is an enlarged drawing of a portion
of the control wheel.

PICTORIAL DRAWINGS

A pictorial drawing is similar to a photograph. It shows
an object as it appears to the eye, but it is not satisfactory
for showing complex forms and shapes. Pictorial

drawings are useful in showing the general appearance
of an object and are used extensively with orthographic
projection drawings. Pictorial drawings are used in
maintenance, overhaul, and part numbers. Three types
of pictorial drawings are used frequently by aircraft
engineers and technicians: (1) perspective, (2) isometric,
and (3) oblique. (Figure 5-16)

Figure 5-16. Pictorial drawing.

5.12

>

~AIRCRAFT

Module 07A - Maintenance Practices

._/( TECHNICAL



PERSPECTIVE DRAWINGS

A perspective view shows an object as it appears to an
observer. It most closely resembles the way an object
would look in a photograph. Because of perspective,
some of the lines of an object are not parallel and
therefore the actual angles and dimensions are not
accurate. (Figure 5-17(4))

ISOMETRIC DRAWINGS

An isometric view uses a combination of views of an
orthographic projection and tilts the object forward so
that portions of all three views can be seen in one view.
This provides the observer with a three-dimensional
view of the object. Unlike a perspective drawing where
lines converge and dimensions are not true, lines in an
isometric drawing are parallel and dimensioned as they
are in an orthographic projection. (Figure 5-17(B))

OBLIQUE DRAWINGS

An oblique view is similar to an isometric view except
for one distinct difference. In an oblique drawing, two of
the three drawing axes are always at right angles to each
other. (Figure 5-17(C))

EXPLODED VIEW DRAWINGS

An exploded view drawing is a pictorial drawing of two
or more parts that fit together as an assembly. The view
shows the individual parts and their relative position to
the other parts before they are assembled.

DIAGRAMS

A diagram may be defined as a graphic representation of
an assembly or system, indicating the various parts and
expressing the methods or principles of operation. There
are many types of diagrams; however, those with which
the aviation mechanic will be concerned during the
performance of his or her job may be grouped into four

classes or types: (1) installation, (2) schematic, (3) block,
and (4) wiring diagrams.

INSTALLATION DIAGRAMS

Figure 5-18 is an example of an installation diagram.
This is a diagram of the installation of the flight
guidance control components of an aircraft. It identifies
each of the components in the systems and shows their
location in the aircraft. Each number (1, 2, 3, and 4)
on the detail shows the location of the individual flight
guidance system components within the cockpit of
the aircraft. Installation diagrams are used extensively
in aircraft maintenance and repair manuals, and are
invaluable in identifying and locating components and
understanding the operation of various systems.

SCHEMATIC DIAGRAMS

Schematic diagrams do not indicate the location
of individual components in the aircraft, but locate
components with respect to each other within the
system. Figure 5-19 illustrates a schematic diagram of
an aircraft hydraulic system. The hydraulic pressure
gauge is not necessarily located above the landing gear
selector valve in the aircraft. It is, however, connected
to the pressure line that leads to the selector valve.
Schematic diagrams of this type are used mainly in
troubleshooting. Note that each line is coded for ease
of reading and tracing the flow. Each component is
identified by name, and its location within the system
can be ascertained by noting the lines that lead into and
out of the unit.

Schematic diagrams and installation diagrams are used
extensively in aircraft manuals.

©

Figure 5-17. (A) Perspective, (B) isometric, and (C) oblique drawings.
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BLOCK DIAGRAMS WIRING DIAGRAMS (SCHEMATICS)

Block diagrams are used to show a simplified relationship ~ Wiring diagrams show the electrical wiring and circuitry,
of a more complex system of components. Individual  coded for identification, of all the electrical appliances
components are drawn as a rectangle (block) with  and devices used on aircraft. These diagrams, even for
lines connecting it to other components (blocks) that it relatively simple circuits, can be quite complicated.

interfaces with during operation. (Figure 5-20) For technicians involved with electrical repairs and
installations, a thorough knowledge of wiring diagrams

and electrical schematics is essential. (Figure 5-21)

>

Serials 1005 thru 1336
and 1337 and subs
w/o PFD.

ALTITUDE
TRANSDUCER
(REF)

LEGEND
1. Screw
2. Cable Connector
3. Altitude/Vertical Speed Selector
4. Flight Guidance Program/Computer

Figure 5-18. Example of installation diagram (flight guidance components).
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Figure 5-20. Block diagram.
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Figure 5-21. Block diagram.

FLOWCHARTS

Flowcharts are used to illustrate a particular sequence,
or flow of events.

TROUBLESHOOTING FLOWCHART
Troubleshooting flowcharts are frequently used for
the detection of faulty components. They often consist
of a series of yes or no questions. If the answer to a
question is yes, one course of action is followed. If the
answer is no, a different course of action is followed.
In this simple manner, a logical solution to a particular
problem may be achieved. Another type of flowchart,
developed specifically for analysis of digitally controlled
components and systems, is the logic flowchart.
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LOGIC FLOWCHART

A logic flowchart uses standardized symbols to indicate
specific types of logic gates and their relationship to
other digital devices in a system. Since digital systems
make use of binary mathematics consisting of 1s and
0s, voltage or no voltage, a light pulse or no light pulse,
and so forth, logic flowcharts consist of individual
components that take an input and provide an output
which is either the same as the input or opposite. By
analyzing the input or multiple inputs, it is possible to
determine the digital output or outputs. (Figure 5-22)
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Figure 5-22. Logic flowchart.
Every drawing is composed of lines. Lines mark the Center Line - - — Thin
. . . . Dimension ¢ » Thin
boundaries, edges, and intersection of surfaces. Lines menst )
. . . Extension Line ¢ »  Thin
are used to show dimensions and hidden surfaces and y y )
L. . . . . R Break (Long) % Y Thin
to indicate centers. Obviously, if the same kind of line is Break (Long) Thick
used to show all of these variations, a drawing becomes Phantom —— - - —— — - —— —— — Thin
a meaningless collection of lines. For this reason, Sectioning L 3 Thin
various kinds of standardized lines are used on aircraft Hidden ———————————— Medium
drawings StitchLine ----~---------------- Medium
Visible Line Thick
. . . . Datum Ling == =« ~—— =« s o e ——  Thick
'These are illustrated in Figure 5-23, and their correct Cutting Plane ¢ L Extra Thick
uses are shown in Figure 5-24.
3 Cutting Plane __+¥ L Extra Thick
Complex Cutting Plane oo e =3 Extra Thick

Most drawings use three widths, or intensities, of lines:
thin, medium, or thick. These lines may vary somewhat
on different drawings, but there will always be a
noticeable difference between a thin and a thick line,
with the width of the medium line somewhere between
the two.
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Figure 5-23. The meaning of lines.

CENTERLINES

Centerlines are made up of alternate long and short
dashes. They indicate the center of an object or part
of an object. Where centerlines cross, the short dashes
intersect symmetrically. In the case of very small circles,
the centerlines may be shown unbroken.
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A Section AA

Cutting Plane Line

Figure 5-24. Correct use of lines.

DIMENSION LINES

A dimension line is a light solid line, broken at the
midpoint for insertion of measurement indications, and
having opposite pointing arrowheads at each end to
show origin and termination of a measurement. They are
generally parallel to the line for which the dimension is
given, and are usually placed outside the outline of the
object and between views if more than one view is shown.

All dimensions and lettering are placed so that they
will read from left to right. The dimension of an angle
is indicated by placing the degree of the angle in its
arc. The dimensions of circular parts are always given
in terms of the diameter of the circle and are usually
marked with the letter D or the abbreviation DIA
following the dimension. The dimension of an arc is
given in terms of its radius and is marked with the letter
R following the dimension. Parallel dimensions are
placed so that the longest dimension is farthest from
the outline and the shortest dimension is closest to the
outline of the object. On a drawing showing several
views, the dimensions will be placed upon each view to
show its details to the best advantage.

In dimensioning distances between holes in an object,
dimensions are usually given from center to center
rather than from outside to outside of the holes. When a
number of holes of various sizes are shown, the desired
diameters are given on a leader followed by notes
indicating the machining operations for each hole. If a
part is to have three holes of equal size, equally spaced,
this information is explicitly stated. For precision work,
sizes are given in decimals. Diameters and depths are
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given for counterbored holes. For countersunk holes,
the angle of countersinking and the diameters are given.
Study the examples shown in Figure 5-25.

'The dimensions given for tolerances signifies the amount
of clearance allowable between moving parts. A positive
allowance is indicated for a part that is to slide or revolve

upon another part. A negative allowance is one given for
a force fit.

|
3/16 Drill
3 Holes
Equally
Spaced
1/4 Drill
7/16 C'Bore
1/8 Deep
2 Holes
o

-
. //// / ,,//4/ //"

L 4

+

——p
.3125 Drill ﬁ
.3217 Ream
3/16 Drill
80° C'SK
to 5/16 DIA
7*’9

2 7 o

TN
1/4 Drill 3/8 C'Bore
1/8 Deep, 3 Holes

7
/"//
7,

7

N

W

l .2560 Drill |

Figure 5-25. Dimensioning holes.
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Whenever possible, the tolerance and allowances for
desired fits conform to those set up in the American
Standard for Tolerances, Allowances, and Gauges for
Metal Fits. The classes of fits specified in the standard
may be indicated on assembly drawings.

EXTENSION LINES

Extensions are used to extend the line showing the
side or edge of a figure for the purpose of placing a
dimension to that side or edge. They are very narrow
and have a short break where they extend from the
object and extend a short distance past the arrow of the
dimensioning line.

SECTIONING LINES

Sectioning lines indicate the exposed surfaces of an
object in sectional view. They are generally thin full lines
but may vary with the kind of material shown in section.
The example Figure 5-23 indicates cast iron. Other
examples are shown in Figure 5-26.

PHANTOM LINES

Phantom lines, composed of one long and two short
evenly spaced dashes, indicate the alternate position of
parts of the object or the relative position of a missing
part.

BREAK LINES

Break lines indicate that a portion of the object is not
shown on the drawing. Short breaks are made by solid,
freehand lines. For long breaks, solid ruled lines with
zigzags are used. Shafts, rods, tubes, and other such parts
which have a portion of their length broken out have the
ends of the break drawn as indicated in Figure 5-24.

LEADER LINES
Leader lines are solid lines with one arrowhead and
indicate a part or portion to which a note, number, or
other reference applies.

HIDDEN LINES

Hidden lines indicate invisible edges or contours.
Hidden lines consist of short dashes evenly spaced and
are frequently referred to as dash lines.
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CASTIRON MAGNESIUM,
ALUMINUM, AND
ALUMINUM ALLOYS
STEEL RUBBER, PLASTIC
ELECTRICAL
INSULATION

T >
/,' 2/, ,’ /)
V2 7/, 7/
2/ 7 7 7’
/s /s 7/ 7
v/ / ,/ e S JSr
’ V4 I/
t el e L s X

BRASS, BRONZE, BABBITT, LEAD,

AND COPPER ZINC, AND ALLOYS
R e—A
T ==
N %( N
WOOD—ACROSS WOOD—WITH
GRAIN GRAIN

A T
e

CORK, FELT, FABRIC,
ASBESTOS, LEATHER,
AND FIBRE

Figure 5-26. Standard material symbols.

OUTLINE OR VISIBLE LINES
The outline or visible line is used for all lines on the
drawing representing visible lines on the object.

STITCH LINES
Stitch lines indicate stitching or sewing lines and consist
of a series of evenly spaced dashes.

CUTTING PLANE AND VIEWING
PLANE LINES

Cutting plane lines indicate the plane in which a
sectional view of the object is taken. In Figure 5-24,
plane line A-A indicates the plane in which section A-A
is taken. Viewing plane lines indicate the plane from
which a surface is viewed.
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DRAWING SYMBOLS

The drawings for a component are composed largely
of symbols and conventions representing its shape and
material. Symbols are the shorthand of drawing. They
graphically portray the characteristics of a component
with a minimal amount of drawing.

MATERIAL SYMBOLS

Section line symbols show the kind of material from
which the part is to be constructed. The material may
not be indicated symbolically if its exact specification is
shown elsewhere on the drawing.

In this case, the more easily drawn symbol for cast iron
is used for the sectioning, and the material specification
is listed in the bill of materials or indicated in a note.
Figure 5-26 illustrates a few standard material symbols.

R

SQUARE SECTION
(METAL)

0 ¢

ROUND SECTION
(SOLID)

MR

Midls

ANGLE SECTION

(METAL)
3
P L

I-BEAM
(METAL)

SHAPE SYMBOLS

Symbols can be used to excellent advantage when
needed to show the shape of an object. Typical shape
symbols used on aircraft drawings are shown in Figure
5-27. Shape symbols are usually shown on a drawing as
a revolved or removed section.

ELECTRICAL SYMBOLS

Electrical symbols represent various electrical devices
rather than an actual drawing of the units. Having
learned what the various symbols indicate, it becomes
relatively simple to look at an electrical diagram and
determine what each unit is, what function it serves, and
how it is connected in the system. (Figure 5-28)

SQUARE SECTION
(WOOD)

0%

ROUND SECTION
(TUBULAR)

rrss. |

A oY

CHANNEL SECTION
(METAL)

DA

SQUARE SECTION
(TABULAR)

Figure 5-27. Shape symbals.

READING AND INTERPRETING DRAWINGS

Aircraft technicians do not necessarily need to be
accomplished in making drawings. However, they
must have a working knowledge of the information
that is to be conveyed to them. They most frequently
encounter drawings for construction and assembly of
new aircraft and components, during modifications,
and for making repairs.
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A drawing cannot be read all at once any more than a
whole page of print can be read at a glance. Both must be
read a line at a time. To read a drawing effectively, follow
a systematic procedure.

Upon opening a drawing, read the drawing number and

the description of the article. Next, check the model
affected, the latest change letter, and the next assembly
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Figure 5-28. Electrical symbols.
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listed. Having determined that the drawing is the
correct one, proceed to read the illustration(s).

In reading a multi-view drawing, first get a general idea
of the shape of the object by scanning all the views; then
select one view for a more careful study. By referring
back and forth to the adjacent view, it will be possible to
determine what each line represents.

Each line on a view represents a change in the direction
of a surface but another view must be consulted to
determine what the change is. For example, a circle on
one view may mean either a hole or a protruding boss,
as in the top view of the object in Figure 5-29. Looking
at the top view, we see two circles; however, the other
view must be consulted to determine what each circle
represents.

A glance at the other view tells us that the smaller
circle represents a hole, and the larger circle represents
a protruding boss. In the same way, the top view must
be consulted to determine the shape of the hole and the
protruding boss.

It can be seen from this example that one cannot read
a print by looking at a single view when more than one
view is given. Two views will not always describe an
object and when three views are given, all three must be
consulted to be sure the shape has been read correctly.

After determining the shape of an object, determine
its size. Information on dimensions and tolerances is
given so that certain design requirements may be met.
Dimensions are indicated by figures either with or
without the inch mark. If no inch mark is used, the
dimension is in inches. It is customary to give part
dimensions and an overall dimension that gives the
greatest length of the part. If the overall dimension is
missing, it can be determined by adding the separate
part dimensions.

Drawings may be dimensioned in decimals or fractions.
'This is especially true in reference to tolerances. Instead
of using plus and minus signs for tolerances, many
figures give the complete dimension for both tolerances.

>
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Figure 5-29. Reading views.

For example, if a dimension is 2 inches with a plus or
minus tolerance of 0.01, the drawing would show the
total dimensions as:

2.01

1.99

A print tolerance (usually found in the title block) is a
general tolerance that can be applied to parts where the
dimensions are noncritical. Where a tolerance is not
shown on a dimension line, the print tolerance applies.
To complete the reading of a drawing, read the general
notes and the contents of the material block, check and
find the various changes incorporated, and read the
special information given in or near views and sections.
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DRAWING SKETCHES

A sketch is a simple rough drawing that is made rapidly
and without much detail. Sketches may take many
forms—ifrom a simple pictorial presentation to a multi-
view orthographic projection. Just as aircraft technicians
need not be highly skilled in making drawings, they
need not be accomplished artists. However, in many
situations, they will need to prepare a drawing to
present an idea for a new design, a modification, or a
repair method. The medium of sketching is an excellent
way of accomplishing this. The rules and conventional
practices for making mechanical drawings are followed
to the extent that all views needed to portray an object
accurately are shown in their proper relationship. It is
also necessary to observe the rules for correct line use
(Figures 2-23 and 2-24) and dimensioning.

SKETCHING TECHNIQUES

To make a sketch, first determine what views are
necessary to portray the object; then block in the views,
using light construction lines. Next, complete the
details, darken the object outline, and sketch extension
and dimension lines. Complete the drawing by adding
notes, dimensions, title, date, and when necessary, the
sketcher's name. The steps in making a sketch of an
object are illustrated in Figure 5-30.

BASIC SHAPES

Depending on the complexity of the sketch, basic shapes
such as circles and rectangles may be drawn in freehand
or by use of templates. If the sketch is quite complicated
or the technician is required to make frequent sketches,

Block In Add Detail
T 1
| |
1
\
Dark Views Add Dimensions
U R |

n
4

RSl g

S— L —

1-27-06 Wedge RJA

Figure 5-30. Steps in sketching.

use of a variety of templates and other drafting tools is
highly recommended.

REPAIR SKETCHES

A sketch is frequently drawn for repairs or for use in
manufacturing a replacement part. Such a sketch must
provide all necessary information to those persons who
must make the repair or manufacture the part. The
degree to which a sketch is complete will depend on its
intended use. Obviously, a sketch used only to represent
an object pictorially need not be dimensioned. If a part
is to be manufactured from the sketch, it should show all
the necessary construction details.

CARE OF DRAFTING INSTRUMENTS

Good drawing instruments are expensive precision
tools. Reasonable care given to them during their use
and storage will prolong their service life.

T-squares, triangles, and scales should not be used or
placed where their surfaces or edges may be damaged.
Use a drawing board only for its intended purpose and
not in a manner that will mar the working surface.
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Compasses, dividers, and pens will provide better results
with less annoyance, if they are correctly shaped and
sharpened and are not damaged by careless handling.

Store drawing instruments in a place where they are
not likely to be damaged by contact with other tools
or equipment. Protect compass and divider points by
inserting them into a piece of soft rubber or similar
material. Never store ink pens without first cleaning and

drying them thoroughly.
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GRAPHS AND CHARTS

Graphs and charts are frequently used to convey
information graphically or information given certain
conditions. They often utilize values shown on the x
and y axes that can be projected up and across to arrive
at a specific result. Also, when data is entered into a
computer database, software programs can create a
variety of different bar graphs, pie charts, and so forth,
to graphically represent that data. '

READING AND INTERPRETING
GRAPHS AND CHARTS

When interpreting information shown on graphs and
charts, it's extremely important that all the notes and
legend information be carefully understood in order to
eliminate any misinterpretation of the information.

NOMOGRAMS

A nomogram is a graph that usually consists of three sets
of data. Knowledge of any two sets of data enables the
interpreter to obtain the value for the third unknown
corresponding value. One type of nomogram consists of
three parallel scales graduated for different variables so
that when a straight edge connects any two values, the
third can be read directly. Other types may use values on
the x and y axes of a graph with the third corresponding
value determined by the intersection of the x and y
values with one of a series of curved lines.

Figure 5-31 is an example of a nomogram that shows
the relationship between aviation fuels, specific weight,
and temperature.

Density Variation of Aviation Fuel
Based on Average Specific Gravity

Fuel

Aviation Kerosene
Jet A and Jet A1
Jet B (JP-4)

AV Gas Grade 100/130

Average Specific

Gravity ar 15 °C (59 °F)

812

785
703

Note: The fuel quantity indicator is calibrated for correct indication when using Aviation Kerosene Jet A and Jet A1. When using other fuels, multiply the indicated
fuel quantity in pounds by .99 for Jet B (JP-4) or by .98 for Aviation Gasoline (100/130) to obtain actual fuel quantity in pounds.

7.5 o \ Lk et

L "
i

=
o

1 St 1

Specific Weight (Lb/US Gal)

)
o

5.5

-40 -30 -20 -10

Aviation
Gasolina
! Grade 14
0/130

JetB (JP-4)

Temperature (°C)

Figure 5-31. Nomogram.
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MICROFILM AND MICROFICHE

The practice of recording drawings, parts catalogs, and
maintenance and overhaul manuals on microfilms was
utilized extensively in the past. Microfilm is available
as regular 16 mm or 35 mm film. Since 35 mm film
is larger, it provides a better reproduction of drawings.
Microfiche is a card with pages laid out in a grid format.
Microfilm and microfiche require use of special devices
for both reading and printing the information.

Most modern aircraft manufacturers have replaced
microfilm and microfiche with digital storage methods
utilizing CDs, DVDs and other data storage devices.
A great deal of service and repair information for older
aircraft has been transferred to digital storage devices.
However, there may still be a need to access information
using the old methods. A well-equipped shop should
have available, both the old microfilm and microfiche
equipment, as well as new computer equipment.

DIGITAL IMAGES

Though not a drawing, a digital image created by a
digital camera can be extremely helpful to aviation
maintenance technicians in evaluating and sharing
information concerning the airworthiness or other
information about aircraft. Digital images can be rapidly
transmitted over the World Wide Web as attachments
to e-mail messages. Images of structural fatigue cracks,
failed parts, or other flaws, as well as desired design and
paint schemes, are just a few examples of the types of
digital images that might be shared by any number of
users over the Internet.

Figure 5-32 is a digital image of impact damage to a
composite structure taken with a simple digital camera.
To provide information about the extent of the damage,
a measurement scale, or other object, such as a coin, can
be placed near the area of concern before the picture is

taken. Also, within the text of the e-mail, the technician
should state the exact location of the damage, referenced
to fuselage station, wing station, and so forth.
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Figure 5-32. Digital image of impact damage.

ATA 100 AND iSPEC 2200

In an effort to standardize the format for the way in
which maintenance information is presented in aircraft
maintenance manuals, the Air Transport Association of
America (ATA) issued specifications for Manufacturers
Technical Data. The original specification was called
ATA Spec 100. It prescribes classification of maintenance
data subjects by standardized numbered chapters. Within
each chapter, a standardized sub-system numbering
system is used to organize the details of the major topic
covered by a particular chapter. Manufacturers arrange
their maintenance manuals to fall under this numbering
system. Technicians, therefore, need not learn a new
system of organizing data for each manufacturer.

Module 07A - Maintenance Practices ’ AR
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'The following illustrates the organization of an ATA 100
chapter. In thiscase, the chapter subjectis air conditioning.
Air conditioning is always presented in Chapter 21
under the ATA 100 spec. It doesn't matter whether it's
in a Boeing manual, or Airbus manual, Bombardier or
Gulfstream, Chapter 21 in the maintenance manuals
will always deal with air conditioning. Additionally,
standardized subtopic categories are numbered as shown
and are always organized as such. (Figure 5-33)

Further division of the subtopic subject matter occurs by
changing the right-most digit of the subtopic number
pair. Then, after the subtopic category, another dash
number occurs. This is the page number. Page blocks
are reserved for subject matter as shown in Figure 5-34.
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21-00 General

21-10 Compression

21-20 Distribution

21-30 Pressurization Control

21-40 Heating

21-50 Cooling

21-60 Temperature Control

21-70 Moisture/Air Contaminate Control

Figure 5-33. Standard ATA Spec 100 sub-topic numbering.

'Thus, 21-30-06 represents Page 06 of Description and
Operation information on Pressurization Control of air
conditioning systems.

Over the years, Spec 100 has been continuously revised
and updated. Eventually, ATA Spec 2100 was developed
for electronic documentation. These two specifications
evolved into one document called ATA iSpec 2200.
This is the latest organization standard. As a result
of this standardization, maintenance technicians can
- always find information regarding a particular system
in the same section of an aircraft maintenance manual,

Description and Operation 1-100

Troubleshooting 101 - 200
Maintenance Practices 201 - 300
Servicing 301 - 400
Removal and Installation 401 - 500
Adjustment/Test 501 - 600
Inspection Test 601 - 700
Cleaning/Painting 701 - 800
Approved Repairs 801 - 900

Figure 5-34. ATA Spec page blocks.

regardless of manufacturer. Figure 5-35, shows the
system titles of ATA Spec 100/i2200 with subsystems
deleted in the interest of brevity. Consult any aircraft
maintenance manuals for a complete description of the
subsystems used in them. Note that the first 4 chapters
are reserved for airline use.

Keep in mind that not all aircraft will have all these
systems installed. Small and simple aircraft have far
fewer systems than larger more complex aircraft.

AERONAUTICAL AND OTHER STANDARDS

Numerous standards are used in the aerospace industry.
The ATA spec above is an example of a standard
for organization of data. Standards for hardware
manufacturing are common. They ensure that aircraft
will perform as designed when hardware is replaced.
Standards of all kinds are designed to provide the
framework for compatible technology and procedures
worldwide.

Most countries have government or quasi-government
institutions that develop standards in various industries.
These organizations play a vital role in facilitating
business as well as technology. International standards
are now in great development due to transportation and
communication having made the world a “smaller place”.
Economies are intermingled and countries with formerly
independent standards are under pressure to adapt to
universal world-wide standards for doing things. EASA
itself is an example of a movement towards the benefits
of standardization in certification and workmanship.
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ISO

The International Organization for Standardization
(ISO) is one of the world's largest developers of global
standards. It is an institution comprised of the national
standards organizations from 156 member countries
around the world. Most countries are ISO members.
ISO works through technical committees made up of
expert representatives from business, trade associations,
government, academia, consumer and other groups.

Consensus is gathered from all committee members to
adopt a set of standards. Public review before adoption is
part of a protocol that tries to ensure all interested parties
can contribute. ISO published standards are voluntary
however, members comply because they recognize the
benefits to industry and trade from established standards.

ISO standards contribute to making the development,
manufacturing and supply of products and services more
efficient, safer and cleaner. They make trade between
countries easier and fairer. They provide governments
with a technical base for health, safety and environmental
legislation. They aid in transferring technology to

*

Module 07A - Maintenance Practices



e

05 TIME LIMITS/MAINTENANCE CHECKS
06 DIMENSIONS & AREAS

07 LIFTING & SHORING

08 LEVELING & WEIGHING

09 TOWING & TAXING

10  PARKING, MOORING, STORAGE & RETURN TO SERVICE
11 PLACARDS AND MARKINGS

12 SERVICING

18  VIBRATION AND NOISE ANALYSIS (HELICOPTER ONLY)
22 AUTO FLIGHT

23  COMMUNICATIONS

24  ELECTRICAL POWER

25 EQUIPMENT/FURNISHINGS

26  FIRE PROTECTION

27 FLIGHT CONTROLS

28 FUEL

29 HYDRAULIC POWER

30 ICE AND RAIN PROTECTION

31 INDICATING/RECORDING SYSTEMS
32 LANDING GEAR

33 LIGHTS

34 NAVIGATION

35 OXYGEN

36 PNEUMATIC

37 VACUUM/PRESSURE

38 WATER/WASTE

39 ELECTRICAL/ELECTRONIC PANELS
40 MULTIPURPOSE COMPONENTS

49  AIRBORNE AUXILIARY POWER
51 STRUCTURES

52 DOORS

53 FUSELAGE

54 NACELLES/PYLONS

55 STABILIZERS

56 WINDOWS

57 WINGS

61 PROPELLERS

65 ROTORS

71 POWER PLANT

72 (T) TURBINE/TURBOPROP

72 (R) ENGINE RECIPROCATING
73 ENGINE FUEL AND CONTROL
74 IGNITION

75 BLEED AR

76 ENGINE CONTROLS

77  ENGINE INDICATING

78  ENGINE EXHAUST

79 ENGINE OIL

80 STARTING

81  TURBINES (RECIPROCATING ENGINE)
82 WATER INJECTION

83 REMOTE GEAR BOXES

84 PROPULSION AUGMENTATION
85 FUEL CELL SYSTEMS

91 CHARTS

Figure 5-35. ATA maintenance manual chapter subject numbering system.

developing countries. ISO standards also serve to
safeguard consumers, and users in general, of products
and services, as well as to make their lives simpler.

The EASA aviation maintenance professional is exposed
to a great deal of the standardization work of the ISO.
Other standards are also of day to day concern for EASA
technicians. Many hardware standards in aviation are
rooted in widespread usage by the United States military
and their adoption by US aircraft manufacturers. AN,
MS, NAS and MIL specifications hardware were all
developed this way:

Module 07A - Maintenance Practices
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AN (Army/Navy)

The AN system is one of the most widely used standards
in aircraft hardware. It was developed, together with
the MS system, by the US military to ensure quality and
uniformity. Items manufactured to this standard are not
limited to the military and are found in all classifications
of aircraft.

MS (Military Standard)

This standard was developed by the military and
found its way into all aspects of aviation. The MS and
MIL (military) standard incorporate most of the same
hardware as the AN system. Cross referencing may
allow the substitution of MS hardware for AN hardware
(and visa versa). Caution must be exercised to ensure
any hardware substituted is indeed a proper replacement
with all important characteristics of the original
hardware intact.
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NAS (National Aerospace Standard)
This standard is based on approval of military hardware
for the civilian aerospace industry.

BS (British Standards)

These are controlled by the British Standards Institution
(BSI). The BSI represents the United Kingdom on
matters pertaining to ISO. It is a national standards
institute that has standards for hardware, codes of
practice, and much more. The wide proliferation of
British influence in aviation makes this a common
standard.

>
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Question: 5-1

List the 4 basic types of drawings.

H L=

Question: 5-2
A

appears to an observer.

Question: 5-3

troubleshooting.

Question: 5-4

List 8 pieces of information always contained in the

title block of a drawing.

L=
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drawing shows an object as it

diagrams are used mainly in

0 NS

QUESTIONS

Question: 5-5
A line indicates that a portion of the object is not
shown on the drawing.

Question: 5-6
A line is composed of one long
and two short evenly spaced dashes.

Question: 5-7

An view uses a combination of
views of an orthographic projection and tilts the object
forward so that portions of all three views can be seen
in one view.

Question: 5-8
The process in which a computer is used in the design
and drafting process is known as

>
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ANSWERS

Answer: 5-1 Answer: 5-5

detailed break line.
assembly
installation
sectional view.
Answer: 5-2 Answer: 5-6
pictorial. phantom.

Answer: 5-3 Answer: 5-7
schematic. isometric.

Answer: 5-4 Answer: 5-8

drawing number name of draftsman CAD; Computer Aided Drafting.
name of part name of checker
scale name of person approving
date drawing
firm name
5.30 -
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MAINTENANCE PRACTICES

FITS AND CLEARANCES

SUB-MODULE O6
PART-66 SYLLABUS LEVELS

CERTIFICATION cATEGORY -~ B1 B2

Sub-Module 06
FITS AND CLEARANCES
Knowledge Requirements

7.6 — Fits and Clearances
Drill sizes for bolt holes, classes of fits;
Common system of fits and clearances;

Schedule of fits and clearances for aircraft and engines;

Limits for bow, twist and wear;

Standard methods for checking shafts, bearings and other parts.

Level1
A familiarization with the principal elements of the subject.

Objectives:
(@) The applicant should be familiar with the basic elements of the
subject.
(b) 'The applicant should be able to give a simple description of the
whole subject, using common words and examples.
() The applicant should be able to use typical terms.

Module 07A - Maintenance Practices

Level2
A general knowledge of the theoretical and practical aspects of the subject
and an ability to apply that knowledge.

Objectives:

(a) 'The applicant should be able to understand the theoretical
fundamentals of the subject.

(b) The applicant should be able to give a general description of the
subject using, as appropriate, typical examples.

(¢) ‘The applicant should be able to use mathematical formula in
conjunction with physical laws describing the subject.

(d) ‘The applicant should be able to read and understand sketches,
drawings and schematics describing the subject.

(e) ‘The applicant should be able to apply his knowledge in a practical
manner using detailed procedures.
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FITS AND CLEARANCES

DRILL SIZES FOR HOLES

'The size of hole to be drilled depends upon the purpose
of that hole. A hole drilled for a rivet with a specific
diameter would differ from those drilled to take a screw
thread, or the plain shank of a bolt, of the same diameter.
Similarly, the size of a hole which is to accommodate a
shaft will depend on the size of the shaft and on the
manner in which the hole/shaft combination is to be
used. Additionally, if the hole is to be reamed, then it

must be drilled slightly smaller than its nominal size, to
allow for the metal removed by the reamer.

Drill sizes (as discussed in the Tools topic) are fixed
and can be found on charts that list each standard drill
size, together with other columns such as clearance and
tapping sizes. These charts may also include equivalent
sizes displayed in metric, fractional, letter and in the
number/letter system.

CLASSES AND STANDARDS OF FITS AND CLEARANCES

CLASSES OF FIT

The relationship between the bolt hole and the bolt, for
example, determines the classification of fit. Three basic
classes of fit are:

* Clearance Fit - A clearance fit is one having limits
of size defined such that a clearance always results
when mating parts are assembled.

* Interference Fit - An interference fit is one having
limits of size so prescribed that an interference
always results when mating parts are assembled.
Transition Fit - A transition fit is one having limits
of size so prescribed that either a clearance or an
interference may result when mating parts are
assembled. (Figure 6-1)

STANDARDS OF FITS AND
CLEARANCES

To ensure consistent specifications, various standard
fits have been devised around the world. The British
Standards System (BS 1916-1 & 2:1953 and 3:1963)
devised by the British Standards Institute (BSI) has a
comprehensive system designed to cater for all classes

The system provides for 21 types of holes designated
by capital letters A,B,C,D, etc., and 21 types of shaft
designated by small letters:- a,b,c,d, etc., from nominal
diameters of 0.04 inch up to 19.69 inches. Each type
of hole or shaft is provided with 16 grades of accuracy
designated by numbers 1-16.

The ISO 286 standard established by the International
Organization for Standardization

(ISO) is very similar to that of the BS, except that the
system provides for 28 types for holes and shafts with 20
grades of accuracy.

In the United States, The American National Standards
Institute (ANSI) has also developed standards. The
ANSI standards for metric fits and clearances follows
the ISO standard. For Imperial based units (inches), it
uses symbols such as RCx for running and sliding fits
and FNx for force and shrink fits.

1.2506 1.2509
242500 2 12503

i

_Bj Transition Fit

Figure 6-1. Interference and transition fit examples.

of work.
1.2506 1.2519
o 1.21500 2 12513
ﬁ Interference Fit
6.2 Al
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NEWALL SYSTEM

In the early Newall hole-based system of limits, the
holes are classified as Class A and Class B fits. Class
A holes are manufactured to a closer tolerance than
are Class B holes. Figure 6-2 shows how the shafts are
classified, using the letters F, P, D, X, Y, and Z.

BRITISH STANDARDS BS 4500 SYSTEM

The British Institute has now produce a British Standard
Specification 4500. This is a system of limits based on
standard sized holes and the various fits are obtained
by using shafts of varying sizes. This permits the use of
standard hole manufacturing tools i.e. drills, reamers,
etc. The varying shaft sizes are easily obtained by normal
manufacturing processes.

It can be seen that in an Interference Fit, the upper
and lower limits of the shaft are greater than the
corresponding limits of the hole and, thus, force is
necessary to achieve the fit.

In the Transition Fit, the differences in the upper and
lower limits of both items are negligible so that only
light effort is required to insert the shaft into the hole.
'The upper and lower limits of the shaft, in a Clearance
Fit, are always less than those of the hole, so that the
shaft moves easily within the hole.

Fundamental Deviation

Nty
N

Class of Fit Remarks

Interference F

Type of Fit

Force Mechanical pressure is

required for assembly
and, once assembled, no
dismantling is likely to be
required.

These are a little less
tight than Force Fit and
one part can be driven
into the other.

D Driving

Slight manual effort is
required to assemble the
parts. Suitable for
detachable or locating
parts but not for moving
parts.

Transition P Push

Suitable for various types
of moving parts. Class Z
provides the finest fit.

Clearance X, Y, Z Running

Figure 6-2. Newall system of fits.

'The following BS 4500 definitions are used to interpret
Figure 6-3 which illustrates the difference between a
clearance, transition and interference fit.

Figure 6-4 illustrates BS4500 fits in table format.

BS 4500 Definitions:
* 'The 'upper limit' is the largest size allowed.
* The 'lower limit' is the smallest size allowed.
* The 'tolerance' is the difference between the upper
and lower limit.

moximum interference

I

e \mlmum tlearance ‘xxx ‘x;x;:é x;
N Y T
\ x‘:x:x:x:): :x:x;x:x KoK
N x X FEREEEEA

N

2x xxxxxx:::) = " .l.l.lll. -
tad DAL 0 IS A A LR T R '
2 \\\\\ minimum ool eaf = , t J T
S maximum -
g wt dearance maximom minimom
X XXX dearance - |gioance) interference interference
2 %% XK KN s 2T
(ollowance)
T —al oversize hole
Basic Size T |i{fli'S'0f
size for
undersize hole limits of hole
size for
shufr

EHEa|g AR NR N

Figure 6-3. Disposition of limits and tolerances (Basic hole).
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BRITISH STANDARD

SELECTED ISO FITS—HOLE BASIS

Aircraft Tachnical Book Company
© . CicaanceFit Transition Fit interfersnce Fit
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Diagram not to scale. .
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