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INTRODUCTION

1. PURPOSE.

Nondestructive Inspection (NDI) is the inspection of a structure or component in any manner that will not impair its future
usefulness. The purpose of the inspection may be to detect flaws, measure geometric characteristics, determine material
structure or composition, or it may characterize physical, electrical, or thermal properties without causing any changes in the
part. The five standard NDI disciplines include:

Liquid Penetrant
Magnetic Particle
Eddy Current
Ultrasonic
Radiography

NOTE

T.O. 33B-1-1 SHALL NOT be used as a stand alone inspection manual. Any reference to perform an inspection
“In Accordance With T.O. 33B-1-1"" or any ASTM standard without sufficient supplemental information, which
comprises a complete inspection procedure (paragraph 2) SHALL be challenged by submitting an AFTO Form
22 to the responsible System Program Office to be placed in the proper technical manual. New T.O. 33B-1-2
““‘General NDI Procedures and Process Controls’’ can be used as a stand alone inspection document when T.O.
33B-1-1 or an ASTM standard is referenced as the inspection document or no other inspection guidance exist. It
remains a priority to develop and publish specific inspection procedures for test parts that require routine or
recurring inspections. All AFTO Form 22 submissions for NDI techniques should include an AFTO Form 242
demonstrating the suggested technique procedure.

2. SCOPE.

This publication contains the concepts, process controls, and theory of NDI methods and SHALL be used as a guide in
development of NDI procedures and manuals. Guidance for development of NDI procedures is contained in MIL-DTL-
87929C, Appendix F. NDI procedures SHALL be detailed step-by-step instructions with illustrations so a qualified NDI
technician can perform the required inspection. In addition this manual provides guidance in safety guidelines of these NDI
methods.

3. FORMAT OF PROCEDURES.

Though MIL-DTL-87929C is a directive for NDI Work Packages, it provides the proper format for detailed/repetitive NDI
procedures. To ensure continuity of inspections, all on and off equipment maintenance NDI manuals (e.g. -9, -36, etc.)
SHALL be written to adopt the special requirements of MIL-DTL-87929C into MIL-PRF-83495 when writing NDI
procedures for these maintenance manuals. An individual qualified and certified to Level 3 in accordance with NAS 410 in
the inspection method being used, SHALL approve all written procedures. References to ASTM standards alone SHALL
NOT be used since they do not provide any inspection/part/material details. MIL-DTL-87929C also directs that procedures
for commodity items and support equipment contained in or on the weapon system SHALL be included in the system
peculiar manual. To clarify this, if the part is an aircraft commodity it will be contained in the aircraft T.O., if the part is a
ground support commodity it will be in the ground support T.O., etc. For specific information on the operation, maintenance,
or inspection of a particular piece of NDI equipment or a weapons system, consult the appropriate technical manual.

4. KNOWLEDGE OF NDI.

NDI methods in the hands of a trained and experienced technician are capable of detecting flaws or defects with a high
degree of accuracy and reliability. It is important maintenance-engineering personnel are fully knowledgeable of the
capabilities of each method but it is equally important they recognize the limitations of the methods. Rarely should an NDI
method ever be considered conclusive. Often but not always, a defect indication detected by one method must be confirmed
by another method to be considered reliable. The equipment is highly sensitive so the limits for acceptance and rejection are
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as much a part of an inspection as the method itself. As an example, ultrasonic inspection criteria must be designed to
overlook these ‘‘normal’’ indications and to discriminate in favor of the discontinuities that will affect the service of the
component.

5. TRI-SERVICE MANUAL.

The 33B-1-1 is a Tri-service manual and some information may be directed at one branch of service and not the others. You
will see references to Technical Order (T.O.), Technical Manual (TM), and Naval Air Regulation (NAVAIR) throughout this
publication. All references have the same meaning. All inquires regarding the technical content should be addressed to the
Air Force NDI Office which is the Office of Primary Responsibility (OPR) for this publication at AFRL/MLS-OL, 4750 Staff
Dr., Tinker AFB, OK 73145-3317; DSN 339-4931. To suggest changes to this publication, AF users SHALL use an AFTO
Form 22 and send suggestion to the previous address; Army users SHALL send comments and suggested improvements on
DA Form 2028 (Recommended Changes to Publications and Blank Forms) directly to: PEO Aviation, SFAE-AV-AS-AG,
Bldg 5308, Redstone Arsenal, AL 35898-5000, Phone: commercial (256) 313-0199 or DSN 897-0199; and Navy and Marine
Corps Personnel SHALL submit changes/corrections at http://www.natec.navy.mil the Technical Publication Discrepancy
Reporting (TPDR) process on-line. Instructions for submission of TPDRs are in COMNAVAIRFORINST 4790.2 (NAMP),
Volume V, Chapter 10.
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SAFETY SUMMARY

1. GENERAL SAFETY INSTRUCTIONS.

The following are general safety precautions and instructions individuals must understand and apply during many phases of
operation and maintenance to ensure personal safety, health, and the protection of Air Force property. Portions of this may be
repeated elsewhere in this publication for emphasis. Additional safety precautions are contained in AFOSH STD 91-110, 91-
501, and, Army: AR 385-10 paragraph 1.

2. SHALL, SHOULD, MAY, AND WILL.

Use the word ‘“SHALL’’ whenever a manual expresses a provision that is binding. Use ‘‘SHOULD’’ and ‘‘MAY’’ whenever
it is necessary to express non-mandatory provisions. ‘“WILL’’ may be used to express a declaration purpose. It may be
necessary to use ‘“WILL’’ in cases where simple futurity is required (e.g. ‘‘Power for the meter WILL be supplied by the
ship™’).

3. WARNINGS, CAUTIONS, AND NOTES.

WARNING

This highlights an essential operating or maintenances procedure, practice, condition statement, etc., which if not
strictly observed, could result in injury to, or death of, personnel or long term heath hazards.

CAUTION

This highlights an essential operating or maintenance procedure, practice, condition, statement, etc., which if not
strictly observed, could result in damage to, or destruction of, equipment or loss of mission effectiveness.

. WARNINGS and CAUTIONS are used in this manual to highlight operating or maintenance procedures, practices,
conditions, or statements considered essential to protection of personnel (WARNING) or equipment (CAUTION).
WARNINGS and CAUTIONS immediately precede the step or procedure to which they apply. WARNINGS and
CAUTIONS consist of four parts: a heading (WARNING, CAUTION, or Icon); a statement of the hazard, minimum
precautions, and possible result if disregarded. NOTEs may precede or follow the step or procedure, depending upon the
information to be highlighted. The heading used and the definitions are as follows.

NOTE

This highlights an essential operating or maintenance procedure, condition, or statement.

4. HAZARDOUS MATERIALS WARNINGS.

Consult the Material Safety Data Sheets (MSDS) (Occupational Safety and Health Administration (OSHA) Form 20 or
equivalent) for specific information on hazards, effects, and protective equipment requirements. If you do not have a MSDS
for the material involved, contact your supervisor, or the base Safety or Bioenvironmental Engineering Offices.

5. SAFETY PRECAUTIONS.

The following safety precautions SHALL be observed while performing procedures in this manual.

. CAUTION AROUND LIVE CIRCUITS. Operating personnel must observe safety regulations at all times. Do not
replace components or make adjustments inside equipment with the electrical supply turned on. Under certain conditions,
such as residual charges on capacitors, danger may exist even when the power control is in the off position. To avoid injuries,
always disconnect power, discharge and ground circuit before touching it. Adhere to all lockout/tag-out requirements.
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. DO NOT SERVICE ALONE. Under no circumstances should any persons perform maintenance on the equipment
except in the presence of someone who is capable of rendering aid.

. RESUSCITATION. Personnel working with or near high voltage SHALL be familiar with modern methods of
resuscitation. Such information may be obtained from the Director of Base Medical Services.

. FINGER RINGS AND OTHER JEWELRY. Remove rings, watches, and other metallic objects during all maintenance
activity that may cause shock, burn, or other hazards. Snagged finger rings have caused many serious injuries.

° PERSONAL PROTECTIVE EQUIPMENT (PPE). The work center supervisor SHALL contact the Base Bioenviron-
mental Office and/or the Base Safety Office for a list of approved protective clothing/equipment (gloves, apron, eye
protection, etc.) for the chemicals, materials, and tools being used. Use nitrile, neoprene, or other protective gloves, aprons,
and goggles. The Base Bioenvironmental Office SHALL approve these items in writing. PPE SHALL be worn when and
where directed to do so by the Base Bioenvironmental Office.

. COMPRESSED AIR. Use of compressed air can create an environment of propelled foreign particles. Excessive air
pressures MAY cause injury. NDI Labs typically use compressed air reduced to less than 30-psig and used with effective
chip guarding and personal protective equipment (PPE). Lab supervisors SHALL contact the local Wing Safety Office for
guidance.

. PRECAUTIONS WITH EYEWARE. Personnel who wear contact lens shall identify this to their supervisor and refer
to the appropriate material safety data sheets (MSDS) for possible hazards involved in wearing contact lens around chemicals
and abide by the guidance for that chemical. Photochromatic lenses (lenses that darken when exposed to sunlight or
ultraviolet light), sunglasses, and colored contacts reduce the visibility of fluorescent indications. This leads to the possibility
of faint indications not being seen by the inspector. Therefore, glasses with photochromatic lenses, sunglasses or colored
contact lenses SHALL NOT be worn when performing fluorescent penetrant or fluorescent magnetic particle inspections.

. SAFETY WITH BLACK LIGHTS. Black light bulbs SHALL NOT be operated without proper filters. Cracked,
chipped, or ill-fitting filters SHALL be replaced before using the lamp. Unfiltered ultraviolet radiation can be harmful to the
eyes and skin. Prolonged direct exposure of hands to the filtered black light main beam may be harmful. Suitable gloves
SHALL be worn when exposing hands to the main beam; UV-A filtering safety glasses, goggles, or face shields SHALL also
be worn. A black light bulb heats the external surfaces of the lamp housing. The temperature of some operating black light
bulbs reaches 750°F (399°C) or more during operation. The temperature is not high enough to be visually apparent, but it is
high enough to cause severe burns with even momentary contact of exposed body surfaces. Extreme care SHALL be
exercised to prevent contacting the housing with any part of the body. These temperatures are also above the ignition or flash
point of fuel vapors. These vapors WILL burst into flames if they contact the bulb. These black lights SHALL NOT be
operated when flammable vapors are present.

° SOLVENTS, CHEMICALS, AND OTHER TOXIC MATERIALS. Solvents used may contain aromatic, aliphatic, or
halogenated compounds. Many are high flammable while others may decompose at elevated temperatures. Solvents SHALL
be kept away from heat and open flames. Vapors also may be harmful to personnel, thus adequate ventilation SHALL be
used. Contact with skin and eyes SHALL be avoided. Solvents SHALL NOT be ingested. Waste material disposal SHALL
be according to applicable directives or as specified by the local Bioenvironmental Engineer/Environmental Management
Offices. Keep cleaners/chemicals in approved safety containers and maintain minimum quantities. Some cleaners/chemicals
may have an adverse effect on skin, eyes, and respiratory tract. Observe manufacturer’s WARNING labels; Material Safety
Data Sheet (MSDS) instructions for proper handling, storage, and disposal; and current safety directives. Use clean-
ers/chemicals only in authorized areas. Discard soiled cloths into approved safety cans. Consult the local Bioenvironmental
Engineer for specific protective equipment and ventilation requirements.

. USE OF RESPIRATORS. Dry developer particles are not toxic materials. However, like any solid foreign matter, they
SHALL NOT be inhaled. Air cleaners, facemasks, or respirators may be required. The Base Bioenvironmental Engineer
SHALL be consulted if the process generates airborne particles.

. EXPOSURE TO SFg GAS. Exposure to excessive amounts of Sulphur Hexafluoride (SFg) gas can cause asphyxiation
by displacing oxygen in the air. Care SHALL be taken not to release large quantities of SFg gas into unvented work areas.
The amount leaked into the air while performing normal X-ray tube repair does not create an asphyxiation hazard. When SF g
is heated, it liberates hazardous fluorine gas into the air. This possibility of producing fluorine gas exists in most X-ray tube
heads. Precautions SHALL be taken to guard against the inhalation of the gas released from X-ray tubes that have been
energized.
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. IMPROPER CLEANING PROCEDURES. Improper cleaning procedures/materials can cause severe damage to the
material under inspection. Preparation of parts to include but not limited to paint removal and chemical etching SHALL be
accomplished by maintenance personnel who are properly trained, highly skilled, and experienced in those particular
specialties and are aware of the effects on the part/material due to the use of these chemicals and methods. T.O. 1-1-691
applies to the Air Force, T.M. 1-1500-344-23 applies for the Army; and N.A. 01-1A-509 applies for the Navy and Marine
Corps.

. PRECAUTIONS DURING RADIOGRAPHIC INSPECTIONS. Exposure to excessive X or gamma radiation is
harmful to personnel and especially an unborn fetus. All applicable safety precautions SHALL be complied with. While most
X-ray equipment is designed to minimize the danger of exposure to direct or stray radiation, certain precautions SHALL be
observed. Failure to comply with safety procedures may result in serious injury to personnel in the area. Coordinate all
operatlonal changes with the Base Radiation Safety Officer. Radiation protection requirements are discussed further in
) of this manual for additional safety information. (NAVY ONLY: Radiation safety guidance is provided by
NAVSEA S040-AA-RAD- 010.)

. PRECAUTIONS DURING PENETRANT INSPECTIONS. Penetrant inspection includes the use of black light and
exposure to flammable chemicals that may affect skin, eyes, and respiratory tract. Care SHALL be exercised when using hot
black lights so as not to burn hands, arms, face, or other exposed body areas. Wear nitrile, neoprene, or other approved gloves
and keep the insides of gloves clean when handling penetrate materials. When processing parts through chemicals in the
stationary lines, appropriate eyewear, rubber apron, and protective gloves SHALL be worn. During times of portable
inspection, a minimum of protective gloves and eye protection SHALL be worn. Consult your local Bioenvironmental and
Safety offices for further guidance. Ensure the Base Bioenvironmental Office performs an adequate surface area exhaust
ventilation evaluation annually. When recommended by the Base Bioenvironmental Engineer, an approved respirator
SHALL be worn when working in areas where adequate ventilation cannot be practically provided. The use of visible dye
penetrant is PROHIBITED on engine, aircraft, and missile parts except for those with specific engineering approval for each
inspection.

. PRECAUTIONS DURING MAGNETIC PARTICLE INSPECTIONS. Magnetic particle inspection includes exposure
to chemicals, ultraviolet light, and electrical current. Rubber insulating floor matting, rated for the voltage of the equipment
being worked on, SHALL be used in front of magnetic particle units. Care SHALL be exercised when using hot black lights
so as not to burn hands, arms, face, or other exposed body areas. Wear nitrile, neoprene, or other approved gloves and keep
the insides of gloves clean when handling penetrate materials. When processing parts through chemicals in the stationary
lines, appropriate eyewear, rubber apron, and protective gloves SHALL be worn. During times of portable inspection, a
minimum of protective gloves and eye protection SHALL be worn. Consult your local Bioenvironmental and Safety offices
for further guidance. Ensure the Base Bioenvironmental Office performs an adequate surface area exhaust ventilation
evaluation annually.

6. ACCESS TO SURFACES AND PART PREPARATION.

Access to aircraft surfaces (e.g. panel removal) requiring Nondestructive Inspection, SHALL be accomplished by
maintenance personnel who have properly documented training and are highly experienced in those particular specialties.
Improper cleaning procedures/materials can cause severe damage to the material under inspection. Preparation of parts to
include, but not limited to, paint removal and chemical etching SHALL be accomplished by maintenance personnel who are
properly trained, highly skilled, and experienced in those particular specialties and are aware of the effects on the
part/material due to the use of these chemicals and methods. T.O. 1-1-691 applies for the Air Force, T.M. 1-1500-344-23
applies for the Army, and N.A. 01-1A-509 applies for the Navy and Marine Corps.
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CHAPTER 1
NONDESTRUCTIVE INSPECTION METHODS, GENERAL INFORMATION

SECTION | NONDESTRUCTIVE INSPECTION (NDI) METHODS

1.1 WHY WE DO NONDESTRUCTIVE INSPECTION (NDI).

NOTE

(NAVY Only) Policy guidance in OPNAYV Instruction 4790.2 SHALL take precedence over the policy contained
within this manual.

1.1.1 Nondestructive Inspection Data. Nondestructive Inspection (NDI) data for aircraft, missiles, engines, and

accessory items provides material condition information to the engineers and managers in the System Program Offices
(SPO). The SPO uses this data to manage assets.

1.1.2 Structural Management Programs. Several major programs use NDI data. The Aging Aircraft Program (AAP)
looks at maintaining our aircraft fleet from ‘‘cradle to grave,”” and applies technology to maintain aircraft and/or extend
their useful life. Two specific programs using the AAP are the Aircraft Structural Integrity Program (ASIP) and the Engine
Structural Integrity Program (ENSIP).

LX)

1.1.2.1 Aircraft Structural Integrity Program (ASIP). ASIP is a program that determines the structural life of specific

aircraft. MIL-HDBK-1530 addresses the requirements of the ASIP program. An aircraft manufacturer (Boeing Military
Aerospace Company, Lockheed-Martin Aerospace Company, Northrop-Grumman, etc.) develops an aircraft specific ASIP
master plan in accordance with MIL-HDBK-1530. This plan desc