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INTRODUCTION

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 characterize physical,
electrical or thermal properties, without causing any change in the part. The NDI methods include
the following:

Liquid Penetrant
Magnetic Particle
Electromagnetic
Ultrasonic
Penetrating Radiation

This publication covers the theory and general applications of the various NDI methods. For specific
information on the operation or maintenance of a particular item of NDI equipment, consult the
appropriate Technical Manual.

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 that maintenance engineering
personnel are fully knowledgeable of the capabilities of each method but it is equally important that
they recognize the limitations of the methods. No NDI method should ever be considered conclusive.
Often a defect indication developed by one method must be confirmed by another method to be
considered reliable. Furthermore, the equipment is highly sensitive and is capable of detecting
discontinuities and anomalies that may be of no consequence in the service for which a component is
used. Limits for acceptance and rejection are thus as much a part of an inspection as the method
itself. As an example, ultrasonic inspection equipment is fully capable of detecting normal grain
boundaries in some cast alloys. The 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.

The Office of Primary Responsibility (OPR) for this publication is the Air Force NDI Office, AFRL/
MLS-OL, 4750 Staff Dr., Tinker AFB, OK 73145-3317; DSN 339-4931. All inquiries regarding either
the technical content or AFTO Form 22 in accordance with T.O. 00-5-1 should be addressed to this
office. Army users are invited to send comments and suggested improvements on DA Form 2028
(Recommended Changes to Publications and Blank Forms) directly to Commander, US Army Aviation
Systems Command, ATTN: AMSAV-MC, 4300 Goodfellow Blvd., St. Louis, MO 63120-1798. Navy
and Marine personnel shall submit changes/corrections to Commanding Officer Naval Aviation
Maintenance Office (NAVAVNMAINOFF) (ATTN NDI PM) NAS Patuxent River, MD submit changes/
corrections to Commanding Officer Naval Aviation Maintenance Office (NAVAVNMAINOFF) (ATTN
NDI PM) NAS Patuxent River, MD 20670-5446; DSN 326-7934.

* This publication supersedes TM 55-1500-335-23, dated 1 March 1990, includinhg all changes.
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SAFETY SUMMARY
INTRODUCTION

The following are general safety precautions and instructions that people must understand and apply during
many phases of operation and maintenance to ensure personal safety and 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 and, for the Army, AR 85-10.

GENERAL CONSIDERATIONS
WARNING AND CAUTION STATEMENTS

Warning and caution statements have been strategically placed throughout this publication prior to
operating or maintenance procedures, practices and conditions considered essential to the protection of
personnel (WARNING) or equipment and property (CAUTION). A WARNING or CAUTION will apply each
time the related procedure, practice or condition is repeated. Prior to starting any task, the WARNINGS and
CAUTIONS included in the text for that task shall be reviewed and understood. The following warnings and
cautions appear in the text and are repeated here for emphasis.

WARNING

Exposure to excessive X or gamma radiation is harmful to human beings.
While most X-ray equipment is designed to minimize the danger of exposure
to direct or stray radiation, certain precautions must be observed. Radiation
protection requirements are discussed in Chapter 5, Section 9.

Prolonged direct exposure of hands to the filtered blacklight main beam may
be harmful. White cotton glove liners or other suitable gloves shall be worn
when exposing hands to the main beam. The temperature of some operating
blacklight bulbs reaches 750°F (399°C) or more during operation. This is
above the ignition or flash point of fuel vapors. These vapors will burst into
flames if they contact the bulb. These blacklights SHALL NOT be operated
when flammable vapors are present.

A blacklight bulb also heats the external surfaces of the lamp housing. 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 must be exercised to prevent contacting the housing with any
part of the body.

Solvents used may contain aromatic, aliphatic or halogenated compounds.
Many are highly flammable while others may decompose at elevated tempera-
tures. Keep all solvents away from heat and open flames. Vapors also may be
harmful to personnel. Use adequate ventilation. Avoid contact with skin and
eyes. Do not take solvents internally.

Exposure to excessive amounts of SF6 gas can cause asphyxiation by displac-
ing oxygen in the air. Care must be taken not to release large quantities of
the gas in unvented work areas. The amount leaked into the air while
performing normal X-ray tube repair does not create an asphyxiation hazard.
Sulphur hexafluoride, when heated, liberates hazardous fluorine gas. This
possibility of producing fluorine gas exists in most X-ray tubeheads and
precautions must be taken to guard against inhalation of sulfur hexafluoride
released from X-ray tubes that have been energized.
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CAUTION

Photochromatic lenses (lenses that darken when exposed to sunlight or
ultraviolet light), and sunglasses reduce the visibility of fluorescent indica-
tions, possibility causing faint indications not to be seen. Therefore, sun-
glasses or glasses with photochromatic lenses SHALL NOT be worn when
performing fluorescent penetrant or fluorescent magnetic particle inspec-
tions. Personnel who wear contact lens SHALL refer to the appropriate
material safety data sheets (MSDS). Colored contact lenses SHALL NOT be
worn when performing fluorescent penetrant or fluorescent magnetic particle
inspections.

The use of visible dye penetrant is prohibited on aircraft parts (including
engine) and missile parts except for those with specific engineering approval
for each inspection.

Unfiltered ultraviolet radiation can be harmful to the eyes and skin. Black-
light bulbs SHALL NOT be operated without proper filters. Cracked, chipped
or ill-fitting filters SHALL be replaced before using the lamp.

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

Improper cleaning procedures/materials can cause severe damage. Cleaning
should be accomplished by trained and qualified personnel. For the Air Force
T.0O. 1-1-691 applies; for the Army, T.M. 1-1500-344-23; and for the Navy,
N.A. 01-1A-5009.

Waste material disposal SHALL be according to applicable directives or as

specified by the local Bioenvironmental Engineer/Environmental Manage-

ment Offices.
KEEP AWAY FROM LIVE CIRCUITS
Operating personnel must think safety 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
remove power from, discharge and ground circuit before touching it. Adhere to all lock-out/tag-out
requirements.
DO NOT WEAR JEWELRY
Remove rings, watches and other metallic objects that may cause shock or burn hazards.
FINGER RINGS

Snagged finger rings have caused many serious injuries. Unless specifically allowed by shop safety
procedures, remove finger rings during all maintenance activity.
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GIVE CLEANERS/CHEMICALS SPECIAL CARE

Keep cleaners/chemicals in approved safety containers and in 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 cleaners/chemicals only in authorized areas. Discard soiled cloths into safety cans.
Unless otherwise indicated in the text, usage as described in this T.O. should not result in any immediate
health concern. Consult the local Bioenvironmental Engineer for specific protective equipment and
ventilation requirements.

COMPRESSED AIR

Use of compressed air can create an environment of propelled foreign particles. Air pressures shall be
reduced to less than 30 psig and used with effective chip guarding and personal protective equipment.

PERSONAL PROTECTIVE EQUIPMENT (PPE)

Wear protective clothing/equipment (gloves, apron, eye protection, etc.) approved for the materials and tools
being used. Contact supervisor for guidance. If necessary, the Bioenvironmental Engineer or the Base Safety
Office should be contacted for guidance.

MAGNETIC PARTICLE INSPECTION

Magnetic particle inspection includes exposure to oils, pastes, and electrical current. Rubber insulating floor
matting, rated for the voltage of the equipment being worked on, will be used in front of magnetic particle
units. Use neoprene gloves during inspection process with adequate surface area exhaust ventilation as
determined by the Base Bioenvironmental Engineer.

PENETRANT INSPECTION

Penetrant inspection includes the use of black light and exposure to flammable chemicals that may affect
skin, eyes, and respiratory tract. Wear neoprene gloves and keep insides of gloves clean when handling
penetrate materials. Chemical goggles, rubber apron, and gloves shall be worn when spraying penetrate or
when processing parts. Care will be exercised when using hot black lights so as not to burn hands, arms, face,
or other exposed body areas. When recommended by the Base Bioenvironmental Engineer, an approved
respirator shall be worn when working in areas where adequate ventilation cannot be practically provided.

RADIOGRAPHIC INSPECTION
Nondestructive inspection radiation can be harmful to personnel. Comply with all applicable safety

precautions in Chapter 6. Failure to comply may result in injury. Coordinate all operational changes with
the Base Radiation Safety Officer.

Change 2  xxiii/(xxiv blank) Wl
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CHAPTER 1
SECTION I
GENERAL INFORMATION

1 GENERAL INFORMATION

1.1 INSPECTION FACILITY

1.1.1  Introduction

This section describes a typical Nondestructive Inspection (NDI) facility [_Figure 141 is atypical floor plan showing the
minimum requirements for such afacility. A larger or modified facility may be warranted depending on the particular
weapon system(s) serviced. Use of the floor plan and the associated notes should be used in conjunction with both the

applicable manufacturer’ s installation instructions for the equipment required and the information provided in the
radiation protection section of Chapter 8 of this technical order.
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Notes For Floor Plan

Generadl.

a. A ceiling height of 10 feet is required throughout the facility with the exception of rooms 1, 7, 8 and 12.

b.

C.

d.

e

Clear ceiling height in the X-ray exposure room (1) should be 12 feet where practical, to avoid
difference in roof level. The height may be 14 feet where the using command can justify it on the basis
of sizes of components to be inspected in the foreseeable future. Door and monorail between rooms 1
and 8 are optional. Where a monorail is provided, adjust the ceiling heights in both rooms to suit the
monorail operation.

Sizes of lead-faced doors into the exposure room depend on the size of items to be inspected. They
should be as small as practical for efficient operation. The door between rooms 1 and 8 can be above
the floor, at any height to suit operations.

Materids, construction, etc. are to be in accordance with AFM 88-15.

Building isto be Type “N” unprotected noncombustible construction.

X-Ray and Environmental Protection.

NOTE

NAVY REQUIREMENT: Navy and Marine Corps radiographic facilities SHALL
comply with NAVSEA S0420-AA-RAD-010

a. Radiation shielding, barricades and warning devices are dependent on each specific siting and

b.

C.

d.

operation.

X-ray exposure room 1 will conform to the requirements specified in the National Institute of Standards
Technology (formerly National Bureau of Standards) Handbook 93, Safety Standards for Non-Medical
X-ray and Sealed Gamma-ray Sources. (Bioenvironmental Engineers or health physicists should be
consulted for help in interpreting Handbook 93 and performing shielding calculations.)

(1)  Shielding will be used on the ceiling only when required by shielding calculations. When ceiling
shielding is not provided, a barrier limiting access to the roof of the NDI facility will be used,
with awarning light at each point of access.

(2) Thedesign and specifications for the NDI facility will be reviewed by a Bioenvironmental
Engineer or health physicist and approved by the Director of Base Medical Service prior to
contract solicitation.

(3) Beforeanew installation is placed in routine operation, the medical service will be notified and a
request submitted for aradiation protection survey by a qualified Bioenvironmental Engineer or
health physicist.

(4) If use of radio-isotopes is anticipated, this should receive consideration when calculating
shielding requirements.

Design shall show the cable passage between the exposure room and the controls outside this room.
Cable passage should be “ S-shaped” and provide the same level of shielding as the X-ray barrier.

In room 8 provide appropriate ventilation for penetrant and magnetic particle inspection processes.
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1123

1124

14

e. Do not tie heating/ventilation/air conditioning return air ducts in with building system. All supply air
to be exhausted to exterior (explosion proof exhaust fan).

Electrical and Mechanical.

a. Recessed lighting fixtures may be used where operationally required. Use surface mounted fixture, for
economy, wherever practical. Fixturesin room 1 should be surface mounted if shielding is applied on
ceiling.

b. In room 10, provide two-hour fire-rated walls and doors. All electrical wiring will meet Class I,
Division Il requirements.

c. Environmental control required for the entire facility with maximum relative humidity and temperature
of 50 % and 75 °respectively.

d. Include necessary provisions for handling waste materials containing pollutants in drainage system.

Room Identification.

a. Thefollowingisalist of the typical roomsin the NDI facility:

. X-ray vault

. X-ray film processing room

. X-ray control room

. X-ray film process room entrance
. Film viewing room

. Consolidated equipment room
Office

. Main inspection bay

. Training room

9a. Shop stock and storage

10. Oil analysislab

11. Corridor

12. Latrine

13. Mechanical equipment room

©CoOoO~NOOUA~WNPRE
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SECTION I
PERSONNEL TRAINING / QUALIFICATION / CERTIFICATION

1.2 PERSONNEL TRAINING / QUALIFICATION / CERTIFICATION.
1.2.1 Guidelines.

Only highly trained and experienced personnel can attain effective utilization of NDI. In order to qualify for
the table of allowances, TA 455; commanders will insure that properly trained and qualified personnel will be
available. Army commanders will insure that authorized positions are filled with qualified personnel in
accordance with AR 750-1. Navy personnel must be trained according to OPNAVINST 4790.2. The formal
training requirements are waived for the black lights, ultrasonic leak detector and optical equipment,
provided the personnel using the equipment are properly trained in its use and the equipment is not being
used to perform nondestructive inspections, such as fluorescent penetrant and magnetic particle inspections.

1.2.2 Requirements.

Formal training requirements may be met through the nondestructive inspection basic technician course
conducted by Air Education and Training Command (AETC) at NAS Pensacola or through equivalent
training obtained in courses conducted by industry or civilian service. For this training to be considered
equivalent to that provided by the AETC NDI course, approval is required by the Air Force NDI Office,
AFRL/MLS-OL, 4750 Staff Dr., Tinker AFB, OK 73145-3317; DSN 339-4931. Army personnel shall be
gualified in accordance with AR 611-201. Job qualification/proficiency shall be documented per Command
policy and filed in the individual’'s AF Form 623 On-The-Job Training folder. For all civilian Department-of-
Defense personnel and non-Department of Defense personnel performing inspections in accordance with the
Technical Order: they SHALL be qualified and certified to the current National Aerospace Standard (NAS)
410, NAS Certification and Qualification of Nondestructive Test Personnel. This Requirement has been
temporarily waived until 1 June 2000 for active duty, Air National Guard and AF Reserve Center civilian
personnel. This requirement is still mandatory for Air Logistics Center (ALC) (DEPOT) personnel perform-
ing NDI. At a minimum, the local organization shall document its procedure on training and certifying their
inspectors per MIL-STD-410. In lieu of each local unit developing a written procedure, where enough
similarity exist from unit to unit, a command may develop a written procedure to be used by all units within
the command.

1.2.3 Physical Requirements.

A physical examination shall assure that the applicants near vision and color perception meet the following
requirements. Near vision test and color perception tests shall be administered annually.

NEAR VISION - Jaeger #1 test chart at not less than 12 inches, or equivalent as determined by medical
personnel, with one eye, either natural or corrected.

COLOR PERCEPTION - Distinguish and differentiate between the colors used in the method for which
certification is sought.

1.2.4 Special Task Certification and Recurring Training.

Lab supervisors SHALL identify and document critical nondestructive inspections on an AF Form 1098 (see

IMJ%I). This form should be completed to track critical inspection certification and recurring training.
Identifying a critical task, which requires certification, should be done with direction from the appropriate
ALC NDI Manager. Most boxes on the form are self-explanatory. The lab supervisor is the certifying official.
In the columns for evaluation of training you may or may not have a score. You should have at least Pass (P)
or Fail (F). Any failure of the inspector to accomplish the inspection SHALL require training before the
inspector is allowed to accomplish this tasking. Block f. should be filled in by inspection method, for example
ET, UT, RT. The timeline for re-occurring certification of these critical inspections SHALL be determined by
the lab supervisor, inspection procedure or engineering authority. Any critical inspection task should be
evaluated at least annually (A).

Change 3 15
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SECTION I
REPORTING NEW OR IMPROVED NDI TECHNIQUES.
13 REPORTING NEW / IMPROVED NONDESTRUCTIVE INSPECTION TECHNIQUES.
1.3.1 Summary.
a. Developing new NDI techniques is expensive and time consuming. In addition, techniques and

procedures can be applied to al aircraft where similar problems exist. Interchanging information on
newly developed NDI techniques between operating commands will reduce maintenance costs and
enhance safety.

b. This section prescribes the procedures for reporting the development of new or improved nondestructive
inspection techniques. It also provides for the reporting of a NDI method application to a part or item
not previously inspected by NDI methods.

c. Nondestructive Inspection Data, AFTO Form 242, permits detailed feedback and interchange of new or
improved NDI techniques, procedures and applications from base level NDI laboratories to other NDI
operational facilities, system/item managers and NDI program managers.

d. The Army equivalent of AFTO Form 242 is DA Form 2028 (sed paragraph 1.3.4.5).

e. Navy / Marine Corps personnel use AFTO Form 242 and forward via Aircraft Controlling
Custodian/Type Commander (ACC/TY COM) to the Cognizant Field Activity (CFA).

132 Authority.

The authority for reporting new or improved NDI techniques or new applications of NDI methods is contained in AFI
21-105, Air Force Fabrication Programs.

133 Scope.

a

b.

C.

The procedures prescribed herein apply to all major air commands, Air National Guard and Air Force
Reserve units operating NDI shops per AFI 21-105.

An AFTO Form 242 SHALL be submitted whenever an NDI technique is developed improved or is
considered desirable and is not sufficiently described or contained in existing manuals.

An AFTO Form 242 SHALL NOT be used in the following cases:

(1) Reporting minor technical inaccuraciesin NDI involving the use of the same technique.

(2)  Techniques requiring the use of nonstandard equipment not listed in TA 455. However, this
does not include locally manufactured shoes, holders, or wedges for use with TA 455 equipment.
Reporting requirements for equipment evaluation will be provided by the AF NDI Program
Manager and directed by the command NDI Program Manager.

(3) Reporting changes or deficiencies in inspection requirements, such as contained in Dash 6
Technical Orders.
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1.34 Responsibilities.

1.34.1 Initiator.

a. Any NDI technician who (a) develops an NDI technique or procedure not presently contained in the
existing NDI applications manuals or other applicable T.O. manuals, (b) improves an existing NDI
procedure, or (c) determines an area or condition where an NDI procedure would be advantageous will
initiate an AFTO Form 242 in accordance with the instructions prescribed in subsequent paragraphs.

b. The initiator will aso prepare an AFTO Form 22 in accordance with T.O. 00-5-1 to serve as a
processing document for the AFTO Form 242. The AFTO Form 22 should cite the NDI applications
manual (Dash 36) for the applicable weapons system or other manual in which the proposed procedure
should be incorporated. On commodity items, that do not have an NDI applications manual, the
applicable technical order manual containing service, operating and maintenance instructions should be
cited. One copy of the applicable AFTO Form 242 will be attached to each copy of AFTO Form 22.

c. Theinitiator shall complete the applicable sections of AFTO Form 242 as described i paragraph 1.3.5

1.3.4.2 Initiators Supervisor.

NOTE

The AFTO Form 22 and 242 shall be submitted to the ALC NDI Manager when the
inspection technique directly involves parts that are on or associated with the
weapon system. Support equipment items require only the approval of the local lab
supervisor.

a. The supervisor of the person initiating the AFTO Form 242 shall review the completed form to insure
that all information is included. He shall also witness a demonstration of the technique following the
instructions on the AFTO Form 242 to verify the capability of performing the inspection as it is
described. In addition, the supervisors will initial/date the AFTO Form 242 confirming that he/she has
witnessed the inspection.

b. After approving the technique, the supervisor will submit the Forms 22 and 242 to the responsible ALC
NDI Manager.

1.3.4.3 Air Force ALC NDI Program Manager.

a. Theresponsible ALC NDI Program Manager is responsible for ensuring the technical accuracy of the
technique. He will add, revise or supplement the submitted technique as required to produce a workable
procedure. He will validate the final technique and take action to include it in the appropriate technical
order.

b. The manager will provide a copy of the Forms 22 and 242 to the AF NDI Program Manager.
1344 Air Force NDI Program Manager.

The AF NDI Program Manager will distribute information copies of the approved technique to all Command NDI
Program Managers as applicable.

1345 Army Personnel.
The Army uses DA Form 2028 when developing a NDI technique or procedure not presently contained in existing

manuals. AFTO Forms may be reproduced and used to supplement DA Form 2028. Send to Commander, US Army
Aviation Systems Command, ATTN: AMSAV-MC, 4300 Goodfellow Blvd., St. Louis, MO 63120-1798.
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1.35 Entries on AFTO Form 242.

NOTE

If it is not possible to provide adequate space on a single sheet for a complete
detailed description of a NDI technique, the AFTO Form 242 should be
supplemented with additional sheets of plain bond paper.

Examples of AFTO Form 242 for radiographic inspection techniques and ultrasonic inspection techniques are provided
for illustrative purposes (Eigures 1-3). Entries for other inspection methods are similar and are described in the
appropriate paragraphs. The first twelve blocks on AFTO Form 242 are used to identify the submitting command,
organization and initiator, also the system, subsystem, next higher assembly, the actual part or component to be
inspected and a description of the defect/condition or reason for the inspection. The instructions for completing these
twelve blocks are provided in the following paragraphs:

1.35.1 Genera Information.

1.35.1.1 Block 1 Control Number.
A standardized number that reflects the command and organization developing the technique and method used. The
control number SHALL be made up of three series of numbers and letters as follows:

a. Two digits of the calendar year with an alphabetic character designating the applicable NDI method
code[(Table 1-1). If more than one inspection method is used to determine the integrity of a part, and
both techniques are listed on the same AFTO Form 242, use a letter for each inspection method, (i.e.,
86CA) with the letter for the primary inspection method being listed first.

b. The code for the mgjor command_(Table 1}2) and the organization or unit number of the technique
originator.

c. A sequential number assigned by the originating organization without regard for method of inspection
or calendar year.

d. Example: Report/Control No. 97A-Q62-12
Where: 97 stands for calendar year 1997
A isthe method designator for penetrant inspection
Q isMajor Command Code for AMC
62 is the Unit Number, i.e., 62nd Maintenance Squadron
12 stands for the twelfth technique submitted by the 62nd MXS

Table 1-1. NDI Method Codes.

NDI Method Method Code
Penetrant A
Magnetic Particle B
Electromagnetic C
Ultrasonic D
Radiographic E

1-9
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Table 1-2. Major Command Codes.

Major Command Command Code
US Air Forces Europe (USAFE)
Air Force Materiel Command (AFMC)
Air Force Education and Training Command (AETC)
Air Force Reserve (AFRES)
Air Combat Command (ACC)
Air Mobility Command (AMC)
Air Force Space Operations Command (AFSOC)
US Air Force Pacific (PACAF)
Air National Guard (ANG)

N|T|ln|[O|-H|Z|w|m|O

1.35.1.2 Block 2 Organization and Base.
Example: 62 MXS, McChord AFB, WA.

1.35.1.2 Block 3 End Item (M/D/S).
Enter the major end item on which the part/area to be inspected is installed. Include the Mission/Designator/Series
(M/D/S) or Federal Stock Class (FSC) number, as applicable.

1.35.1.4 Block 4 Nomenclature.
Specify the name of item/component or assembly to be inspected.

1.35.15 Block 5 Part/Assembly Number.
1.35.1.6 Enter part or assembly number of the item to be inspected.

1.35.1.7 Block 6 T.O. Number.
Enter technical order number of illustrated parts manual or service and maintenance manual that shows item/assembly
to be inspected. Enter page, figure, index number and date of issue of the manual where applicable.

1.35.1.8 Block 7 Next Higher Assembly.
Enter name and part number of next higher assembly. If there is insufficient space, complete the entry on a
continuation sheet of plain bond paper.

1.35.1.9 Block 8 Manufacture/Serial Number.
Enter manufacturer's name and serial number (if applicable).

1.3.5.1.10 Block 9 Initiator and Phone Number.
Enter name, rank and phone number of initiator or person who developed the technique.

1.3.5.1.11 Block 10 Description of Defect/Condition or Reason for Inspection.
Provide a narrative description of defect/condition or reason for inspection. Narration should include location and
orientation of the discrepancy.

1.35.1.12 Block 11

Place a check mark or an "X" in appropriate block indicating whether inspection is performed with part installed or
removed.
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1.3.5.1.13 Block 12 Part Preparation.

Describe any disassembly or system preparation necessary. Examples: “Remove retaining bolt P/N 1, lower inboard
flaps;,” or “Remove access cover number ---” Also describe any depainting, carbon removal or other cleaning
reguirements.
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SECTION 1V
PROCESS CONTROL OF ALL NDI METHODS
14 PROCESS CONTROL.
14.1 Reason For Process Control.

Process control is an essentia ingredient in achieving irrefutable results in NDI inspections, regardless of method. A
well-regimented NDI process control program will not allow conditions to develop that render inspection methods a
source of misinformation. This misinformation may take two forms. The first arises when NDI has determined that a
part is defective when indeed it is not (false call). Thisis awaste of resources and an unnecessary reduction in mission
capability. The second form is the most dangerous, that is, determining a part is serviceable when in fact it is defective
(amiss). Both forms of misinformation can be minimized through the implementation of effective process control.

14.2 Scope Of Process Control.

All aspects of these categories are interrelated. They have to be tuned to each other to achieve valid inspection results.
If any one of these requirementsis atered, the final outcome of the inspection will change, regardiess of the inspector's
proficiency.

a. Process control is a general term used to encompass the actions and documentation, required by
established directives and logic, that are necessary for a nondestructive inspection (NDI) method to be
effective in detecting conditions of interest (e.g., cracks, foreign objects, corrosion, aignment of parts
and thickness of parts).

b. The genera areas that fall within the scope of process control are as follows:

(1) Inspector training and the demonstrated practical skills of inspectors.

(2)  Inspection environment; for example, temperature, specific type and levels of light, safety and
human engineering.

(3) Materia control; for examples, the serviceability of ultrasonic transducers, eddy current probes,
penetrant materials, X-ray film and chemicals, and magnetic particle suspensions.

(4)  Equipment control; for example its operational and performance capability and PMEL /user
calibration.

(5) Adequate, specific inspection instructions; for example, -36, -26, and -9 technical orders.

(6) Adherence to the inspection requirements dictated by specific NDI procedures and commonly
accepted basic NDI practices.

1.4.3 Scope Of Documentation Reguirements.

a. The documentation requirements and process control are completed to verify conformance to
established requisites in the areas described in[paragraph 1.4.2.] The requirements prescribed within
thistechnical order apply to all Major Air Force Commands, Air National Guard and Air Force Reserve
that use Nondestructive Inspection Laboratories per AFl 21-105. These requirements also apply to
Army, Army National Guard (ARNG), and Army Reserve (USAR) units.

b. Separate documentation SHALL be maintained for each NDI method, equipment and material with
established process control requirements. Process control requirements SHALL NOT be documented on
the same form used for equipment maintenance. This documentation SHALL reflect, as a minimum,
each element of process control with respect to required time intervals between checks, date of
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accomplishment for each check, condition of element checked, corrective action taken (if
required), initials of person performing test, serial number or identification number of the
element tested, manufacturer, lot or number if applicable, and date put into service. Unless
otherwise directed, only the most recent required documentation concerning equipment/
materials needs to be maintained.

1.4.4 Responsibilities.

Each organization listed in[paragraph 1.4.3a SHALL determine the method which their assigned NDI
laboratories will utilize to document process control verification. Army units will maintain records of process
control requirements at the unit level.

1.45 Suggested Documentation Method.

and 1-5 are examples of how process control may be documented utilizing an Air Force general-

purpose form. For this example AF Form 3130 was used. The use of a general-purpose form would be
relatively inexpensive and could be easily formatted to fit specific NDI method and equipment process control
requirements. An alternative to the general-purpose form would be to interface process control with a
computer, utilizing the PCAMS system. The Air Force NDI Program Office has authorized and highly
recommends the use of this program.
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Table 1-3. Frequency for Process Control

LIQUID PENETRANT INTERVAL PG PARA
Crack Chrome Panels/Material Determined By Workload 1-32 1.5.4.2
Performance
Developer Specific Gravity/Water 7 Days 1-41 1.55.6.1
Soluble
Remover Contamination Check 30 Days 1-37 155411
Remover Performance Check 30 Days 1-37 1.554.1.2
Spray Remover Concentration Check 30 Days 1-38 155421
Wash Nozzle Check/Spray Angle 30 Days 2-51 25.45.2.4
Penetrant Brightness/Depot; Optional 30 Days 1-34 1.5.5.2.2b
Field
Penetrant Wetability/Surface Wetting 90 Days 1-34 1.5.5.2.2a
Water Content Test/Hydrophilic 90 Days 1-36 1554
Remover
Dryer Temperature 180 Days 1-25 1.5.2.10
Quality Conformance Test (New Solution) 1-30 1534
MAGNETIC PARTICLE TESTING INTERVAL PG PARA
Concentration/Suspension Settling Test | Determined by Workload 1-44, 1.6.4,
3-69 3.5.6.8
Determination of Vehicle Fluorescence In Conjunction with Suspension 3-74 3.5.752
Settling Test
System Effectiveness Test Minimum of Once Every 7 Days 1-48 1.6.10
Ambient Light Check PT & MT 60 Days 1-27 1.5.2.12¢
Black Light Intensity PT & MT Daily or Prior to Use 2-79 2.7.4.15
Amperage Indicator Check 6 Months 1-49 1.6.11
Quick Break 60 Days 1-50 1.6.12
WATER MPI BATH ONLY INTERVAL PG PARA
Water Break Test Daily 3-26 3.3.6.1
MAGNETIC PARTICLE PORTABLE INTERVAL PG PARA
Dead Weight 30 Days 1-46 1.6.7.2c
EDDY CURRENT INTERVAL PG PARA
Probe Sensitivity/Signal To Noise Ratio | Per Inspection Check 4-51 45.2.8
ULTRASONIC INSPECTION INTERVAL PG PARA
Vertical Linearity Determined By Lab Supervisor 1-57 1.8.2.1
Horizontal Linearity Determined By Lab Supervisor 1-58 1.8.2.2
Sensitivity Check Determined By Lab Supervisor 1-59 1.8.2.3
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Table 1-3. Frequency for Process Control - Continued

ULTRASONIC INSPECTION (Cont.) INTERVAL (Cont.) PG PARA
Resolution Check Determined By Lab Supervisor 1-60 1.8.24
Dead Zone Check Determined By Lab Supervisor 1-61 1.8.2.4.2.2
Angle Beam Point Of Incident Determined By Lab Supervisor 1-65 1.8.2.6.2
Angle Beam Angle Determination Determined By Lab Supervisor 1-66 1.8.2.6.3
Angle Beam Skew Angle Determined By Lab Supervisor 1-69 1.8.2.6.7

RADIOGRAPHY INSPECTION INTERVAL PG PARA
Safelight Fog Evaluation Determined By Lab Supervisor 1-73 1.9.2.7
Interlock Prior to Shift Use 6-121 | 6.9.7.2.7
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SECTION V
PT PROCESS CONTROL

15 PENETRANT PROCESS CONTROL.

This section provides basic, operating and advanced level information on the procedures necessary to assure a high
quality performance from the penetrant inspection system. The first part of the section discusses the reasons for process
and materials control. The second part describes procedures to verify materials quality. The third part outlines review
functions of the process.

151 Need For Process Quality.

NOTE

Materials and process deficiencies are not always obvious. It is not easly
determined that a penetrant has lost its ability to penetrate into a given flaw. Thus,
it is necessary to periodically test the materials and to inspect the equipment and
process to be sure they are functioning.

Penetrant inspection, as well as all other nondestructive inspection processes, is not a perfect process. The presence of
indications confirms the existence of discontinuities in the part. However, the absence of indications does not
guarantee the absence of discontinuities. Flaws can be present and not be indicated for a number of reasons. The two
main reasons for discrepancies in inspection results are:

a. Substandard inspection materials due to either receipt of bad materia from the manufacturer or
degradation in storage or service.

b. Process deviations either in equipment, procedures, or conditions.

1511 New Materials.

Penetrant materials are subjected to extensive testing during their formulation to assure their proper composition.
However, materials that do not perform satisfactorily can still be received. Many times, the discrepancies in
performance have not been detected until a number of parts have been processed. Considerable effort must then be
expended to locate and reinspect the suspect parts. Unsatisfactory materials can result from a number of causes. The
penetrant supplier may inadvertently omit an ingredient or aprocess. An ingredient with similar characteristics may be
subgtituted if the original material is unavailable. The substitution of ingredients may occur at the penetrant
formulator’s supplier. Experience has shown that all newly received penetrant materials must be tested to verify
performance characteristics.

1512 In-Use Materials.

Some inspection processes use the penetrant materials one time with no attempt to recover the excess. The materials
are usually applied by spraying, and only enough material is applied to perform the test. The materials are stored in
closed containers until they are used. These processes minimize the possibility of material contamination or
degradation during use. More often, however, the materials are used in open tanks or open containers. When the
immersion method is used, the surplus materials are allowed to drain from the part back into the tank. When the
materials are applied by brushing, the brush is alternately stroking the part surface and being immersed in the
container. Both methods provide numerous opportunities for contamination and deterioration. Materials handled in
this manner must be checked periodically to be sure they are functioning acceptably.
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1.5.1.3 Causes of Materials Degradation.

1.5.1.3.1 Materials Contamination.

Materials contamination is a primary source of degrading the performance of a penetrant system. There is a
number of contaminating materials and their effect on performance depends upon the type of material. Some
of the common contaminants frequently encountered are:

a. Water is probably the most common type of contaminant. It can occur by careless or improper rinsing
or carry over from other parts.

b. Organic materials such as paint, lubricants, oils, greases, and sealants are another source of
contamination. These materials, if not removed from parts during precleaning, can dissolve in the
penetrant and react with or dilute it, so that it loses some or all of its ability to function.

¢. Organic solvents such as degreaser fluid; cleaning solvent, gasoline, and antifreeze solution are
common types of contaminants. These materials dissolve in the penetrant and reduce its effective-
ness in proportion to the amount present. A small change in performance is usually not noticeable
(5% or less of the total volume). The method of entry into penetrant is usually carry-over on the inside
interior cavities of the part.

d. Dirt, soil and other insoluble solids are carried into the penetrant, emulsifier, and developer as a
result of improper precleaning and carry-over from other parts. Another common source of soil
contamination occurs when the dwell stations are used to store parts. Most dwell stations have drain
pans, which return the effluent back to the immersion tanks. Any soil falling from unclean parts into
the drain pan will be washed into the tank with the drain eff luent.

e. Acid and alkaline materials are serious contaminants of penetrant solutions. They react with the
penetrant to destroy fluorescence brightness even when present in fairly small quantities. They are
usually residues from etching; plating or the cleaning processes.

f. Penetrant is a normal contaminant of emulsifier in the postemulsifiable process. It can be carried in
on penetrant covered parts during the penetrant dwell step. As the penetrant builds up in volume, it
will gradually slow the emulsifying action, and if the level becomes high enough, the emulsification
process will stop.

1.5.1.3.2 Evaporation Losses.

Penetrant materials used in open tanks are continuously undergoing evaporation. The rate of evaporation is
increased with warmer temperatures and large tank surfaces. Evaporation losses of penetrant result in an
increase in viscosity, thus slowing penetration and emulsification. Evaporation of water washable penetrant
may slow or speed washability, depending on the penetrant formula. Evaporation losses in developer
solutions increase the concentration, which produces a heavier coating that may mask smaller indications.
Since evaporation losses take place very gradually, performance change may become significant before it is
noticed.

1.5.1.3.3 Heat Degradation.

Penetrants, especially fluorescent penetrants, are sensitive to elevated temperatures. Temperatures over
140°F (60°C) can reduce the fluorescence; and temperatures over 250°F (121°C) may destroy it completely.
High temperatures also speed evaporation of the volatile components of penetrants, causing undesired
performance changes. High temperatures in penetrants can occur from the following:

a. Immersion of heated or hot parts.

b. Inspection of surfaces exposed to the sun, such as flight line aircraft.

c. Improper storage before being placed in use, such as storage in direct sunlight.
1.5.1.4 Process Degradation.

Not only do materials degrade, but equipment and procedures (other elements of the process) can deteriorate
also. Black light bulbs age and become dirty, reducing their output. Drying oven thermostats can be
improperly set or may malfunction, resulting in excessive temperatures which may cause critical procedures
to be performed incorrectly. Materials, equipment and procedures SHALL be periodically audited during
their service life to assure satisfactory process performance.
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1.5.1.5 Frequency of Process Control Checks.
1.5.1.5.1 Guidelines.

NOTE

[Table 1-3 establishes MAXIMUM process control intervals allowed. Laborato-
ries shall use the guidelines listed below to establish their process control
requirements and intervals.

One of the factors influencing the degradation of a penetrant process (materials, equipment and procedures)
is the volume of parts being processed. The opportunities for materials contamination, drag-out, equipment
malfunction, and procedure deviation are directly proportional to the number of parts being inspected. Since
there is no uniformity in workload between activities, a single calendar schedule cannot be established. Each
activity SHALL set inspection intervals based on their workloads. The inspection intervals SHALL be

documented as shown in[Chapter 1|[page 1-15] paragraph 1.4.5] Guidance on inspection intervals is provided

in the following paragraphs.

a. A high volume workload is considered to be a penetrant system that is in continuous use or is utilized
for more than 4 hours every workday. A suggested inspection interval for materials verification of
high volume penetrant systems is a daily check.

b. A medium volume workload is considered to be a penetrant system that is used daily for less than 4
hours. A weekly inspection interval is suggested for materials verification of penetrant systems
processing a medium volume workload.

c. Alow volume workload is considered to be a penetrant system that is used to process parts less than 3
days a week. An inspection interval of once every two weeks is suggested for materials verification of
low volume workload penetrant systems.

d. In a penetrant system used occasionally with a one-week interval between uses, the minimum
monthly verification requirement must apply.

1.5.1.5.2 Specific Requirements.

Equipment and process control inspection intervals vary depending upon the specific item to be checked.
Many items will degrade on a time rather than a use basis. Equipment and process SHALL be inspected at
weekly, monthly, quarterly or semiannual intervals as specified in ASTM 1417 or other applicable process
specification.

1.5.2 Process Control Requirements.
15.2.1 General.

The capability and reliability of penetrant inspections depend upon the materials, equipment, and proce-
dures. Degradation in any of the three areas will reduce the effectiveness of the process. The following
paragraphs highlight some process steps requiring audit. At minimum these steps should be audited, and
additional applicable steps should be added to cover specific equipment or processes as necessary.
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15211
Many of the listed steps are fundamental to the respective inspection processes. Therefore, an inspector can perform a
self-audit by referencing the appropriate steps each time the respective processes are performed.

1522 Cleaning / Precleaning.
Prior to application of penetrant, examine the precleaned parts using either visual or locally developed technique for the
following:

a. Complete removal of coatings, soil, and contaminants, with special attention to recess and entrapment
areas.

b. Verify that all cleaning process residues have been removed.
c. Verify that the parts are adequately dried, especially in recessed areas and faying surfaces.
1523 Materials Control.

15231 New Materials.
Verify that tests on new materials are being properly performed and documented (paragraph 1.5.3).

15232 InUseMaterials.
Verify that tests on in-use materials are being properly performed and documented [paragraph 1.5.5).

1524 Penetrant.
Observe the application of penetrant paying attention to the following:

a. The part temperatures are not excessive prior to penetrant application.
b. The penetrant application is properly accomplished for the method being used.
c. Theentire part surface or area to be inspected is completely and evenly covered.

d. When using the immersion method parts with concave or complex surfaces are rotated in the penetrant
to assure no air pockets remain.

e. Drain-dwell isaccomplished in a satisfactory manner including the removal of any pooled penetrant.
f.  Penetrant dwell time complies with the procedure requirements.

1525 Lipophilic Emulsifier.
The lipophilic emulsifier process SHALL be observed and checked periodically to verify the following:

a. Method B removability tests, in-process, are being properly performed and documented (see paragraph
155.3.2).

b. The part israpidly and completely covered with emulsifier with minimum mechanical action and no air
pockets or uncoated surfaces.

c. Drain-dwell is accomplished in a satisfactory manner, including rotation of parts to avoid pooling when
required.

d. Emulsifier dwell isclosely timed and complies with procedure requirements.

e. Nodelay in moving part from emulsifier dwell station into the rinse station.
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1.5.2.6 Hydrophilic Remover (Pre-RINSE).

When the hydrophilic remover method is used, the pre-rinse operation SHALL be checked or observed to verify the

following:

a

The proper water pressure, waters temperature, droplet size, and spray pattern and time are employed.

b. All surfaces are adequately rinsed.

1.5.2.7 Hydrophilic Remover - (Immersion).

The following areas in the hydrophilic remover, immersion process SHALL be observed or verified:

a

b.

f.

In-use performance tests are properly accomplished and documented (se€ paragraph 1.5.5.4).

There is little or no floating penetrant Examine the surface of the remover with a black light for any
signs of fluorescence.

Agitation is not excessive.
Parts are completely immersed and when necessary rotated to eliminate air pockets.
Complex shaped parts are rotated after removal to reduce pooling of remover.

Drain time after removal from bath is less than 30 seconds until rinsing is started.

1.5.2.8 Hydrophilic Remover - (Spray).

The hydrophilic spray remover process SHALL be observed and checked periodically to verify the following:

a

b.

€.

Spray remover concentration tests are being properly performed and documented.
Spraying is done under black light and in a shaded area.

The water pressure, temperature, droplet size, and spray pattern are satisfactory.

All surfaces of the part are sprayed to remove the surface penetrant without over-removal.

Part is rinsed with fresh water following the spray removal.

1529 Rinsing.
The water rinsing process SHALL be observed and checked periodicaly to verify the following:

a. Rinse station is shaded from bright lights or windows.

b.
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Rinsing is accomplished under black light.
The proper water pressure, temperature, droplet size, and spray pattern are used.

On parts processed with lipophilic emulsifier, the entire surface shal be rapidly wetted to stop the
emulsification process before attempting removal.

On parts processed with hydrophilic remover, the entire part is rinsed to remove all traces of remover.

After rinsing, the part is free of pockets or splashes of penetrant.
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Parts not free of residua penetrant (lipophilic process) are completely cleaned and reprocessed through
penetrant and emulsifier.

15210 Drying.

NOTE

Depots with automated and semi-automated penetrant inspection systems may
exceed the 140°F (60°C) drying oven temperature while performing inspections
with these systems. The temperature of the parts SHALL NOT exceed 140°F
(60°C). All parts remaining at 140°F (60°C) for longer than ten minutes or
exceeding 140°F (60°C) SHALL be reprocessed (cleaned and re-inspected).

The drying process SHALL be observed and checked periodically to verify the following:

a

Oven thermostat must be calibrated for accuracy and documented by the user at intervals not to exceed
180 calendar days. Calibration SHALL be accomplished per manufacturer’s instructions.

The oven area SHALL be inspected with a black light to ensure it is clean and without fluorescent
penetrant contamination.

Fans are working properly and airflow is not restricted.
All pooled rinse water removed.
Temperature setting at 140°F or less.

Parts remain in oven only until dry.

1.5.2.11 Developers.

152111 General.
The developer process SHALL be observed and checked periodically to verify the following:

a

C.

Area SHALL be inspected with a black light to ensure it is clean and without fluorescent penetrant
contamination. It SHALL also be free of any other contaminant which may adversely affect penetrant
inspection results (i.e., liquids, grease, excess developer, overspray, and extraneous parts and materials).
Expose to black light and visually examines for any signs of fluorescence.

Parts are in suitable condition (e.g., dry or wet) for the developer involved.

Parts receive a minimum of the required dwell time after dry (water or solvent devel opers).

15.2.11.2 Dry Powder.

1.5.2.11.2.1 General.
When dry developer is used, the process SHALL be observed and checked periodically (paragraph 1.5.5.7) to verify the

following:

a

b.

Developer is dry with no clumping or fluorescent contamination.

Developer isloosg, fluffy and pours easily.
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1.5.2.11.2.2 Dip and Pour.
When dry powder developer is applied by the dip and pour method, the process SHALL be observed and checked
periodically to verify the following:

a. Developer dwell areais clean and has adequate room for the parts being processed.

b. Entire part surface is covered.

c. [Excessdeveloper powder is removed without brushing or rubbing.
1.5.2.11.2.3 Fog Chamber.
When dry powder developer is applied by a fog chamber, the process SHALL be observed and checked periodically to
verify the following:

a. Work and dwell areas are adequate with controls accessible for adjustment.

b. The system has an adequate reservoir with positive feed and there is no caking or uncovered pressure
tubes.

c. A good fog cloud is produced with controlled air pressure.
d. Chamber or tank does not create excessive air pollution.
15.2.11.3 Water Suspended Developer.

When water suspended developer is applied, the process SHALL be observed and checked (paragraph 1.5.5.%) to verify
the following:

a. Performance comparison tests are performed on schedule and documented (seg paragraph 1.5.5.5]

b. Concentration checks are correctly performed on schedule and documented.

c. Solution is clean with no penetrant on the surface (sed paragraph 1.5.5.5.7).

d. Agitation produces a uniform suspension with no caking on the bottom or in the corners of the tank (see

paragraph 1.5.5.5).

e. Entire part is covered, with no water breaks or air pockets.
f. Partisdrained over the tank or recovery tray to reduce drag-out losses.
g. Complex parts are rotated during drain to reduce pooling.

h. After drying, the developer coating is light and even, with no retracted areas of beading or non-wetting
[paragraph 1.5.5.5.7).

i. Developer dwell time starts when the part is free of moisture.

15.2.11.4 Water Soluble Developer
When water soluble developer is applied, the process SHALL be observed and checked (see paragraph 1.5.5.6) to verify
the following:

a. Performance comparison tests are performed on schedule and recorded (se¢ paragraph 1.5.5.6).

b. Concentration checks should be properly performed on schedule and recorded (se¢ paragraph 1.5.5.6.7).
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c. Surface should be free of floating penetrant (se¢ paragraph 1.5.5.6.7).

d. Solution should be clean and translucent.

e. There should be no odor and no evidence of algae, fungi, or other growth.

f. The developer should wet the part surface, with no water break areas after spray or immersion.

g. Part should be drained over the tank or recovery tray to reduce drag-out |osses.

h. Complex shaped parts should be turned over or rotated during draining to remove any pools.

i. The correct developer dwell time must be used with the dwell time starting after the coating is dry.

j- After drying, the coating should be transparent and nearly invisible. In examining the part in reflected
light, there should be no distinct change in sheen indicating a break in the coating.

15212  Inspection Booth.
The inspection booth and process SHALL be observed and checked to verify the following:

a. Area SHALL be clean and of adequate size for the size and number of parts to be inspected. Booth
SHALL NOT be used to store parts since non-relevant indications may be formed when parts contact
extraneous penetrants.

b. AreaSHALL befree of spilled penetrant and SHALL NOT fluoresce when exposed to black light.

c. AreaSHALL be darkened to 2 lumens per square foot or less and SHALL be periodically checked with
an accurate visible light meter for ambient light and documented at least every 60 calendar days or
when a black light bulb is changed.

d. Black light bulb and filter SHALL be kept clean.

e. Intensity of the black light SHALL be checked and documented at least once each day prior to use.

f. Filters SHALL be inspected for fit and be free of cracks.

g. Black lights SHALL be positioned so they do not shine into the technician’s eyes.

h. Technicians must observe the dark adaptation eye adjustment period.

1.5.2.13 Portable Inspection Process.

NOTE

Shelf life dates on aerosol containers of penetrant inspection materials is the final
date that the manufacturer will warranty its product. These products may be used
after this date provided there is sufficient propellant remaining in the container and
they conform to the provisions of process control. Only containers being used to
perform inspections require testing.

The portable inspection process SHALL be periodically observed and checked to verify the following requirements.
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1.5.2.13.1 Cleaning Precleaning.
a. Verify that coatings have been chemically removed from the surface of the area to be inspected.
b. Verify that the surface has not been sanded, blasted, scrapped, or otherwise mechanically disturbed.
c. Verify that paint stripping residues or other inorganic contaminants have been removed.
d. Verify that aerosol spray cleaner-remover is suitable for precleaning.
e. Verify that time has been alowed for the precleaning solvent to evaporate.
1.5.2.13.2 Penetrant.
a. Verify that spray nozzles are clean and free of dried or tacky penetrant.
b. Verify that the aerosol can is shaken to distribute solvents prior to spraying.

c. Verify that good spray technique is used, with the can moving smoothly at the proper distance from the
part.

d. Verify that brushes, swabs, and small containers used to apply penetrant are clean and free of
contaminates.

e. Verify that penetrant is applied in an even layer, not excessively thick, and free of runs.
1.5.2.13.3 Penetrant Removal.

a. Verify that initial penetrant removal is done with clean cloth, folded between wipes to provide a fresh
surface during each wipe.

b. Verify that solvent is not sprayed or poured directly on the inspection area.

c. Veify that final removal is accomplished with a clean cloth, moistened (not saturated) with solvent.
The cloth must be folded over with each wipe.

d. Verify that ablack light is used to check for traces of residual penetrant during penetrant removal.
15.2.13.4 Developer.

a. Verify that can nozzles are clean and free of caked developer.

b. Verify that the can is agitated until all developer isin suspension.

c. Veify that the developer coating is not excessively thick and is applied as severa thin layer passes,
rather than asingle layer.

d. Verify that the required dwell timeis allowed after the solvent has evaporated.
e. Verify that the developer spray pattern is uniform.
1.5.2.13.5 Inspection.

a. Verify that the inspection areais shaded or shielded to reduce ambient light to acceptable levels.
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b. Verify that black light intensities are within acceptable limits.

1.5.2.13.6 Postcleaning.
a. Verify that removal of developer residues is accomplished in a satisfactory manner.
b. Verify that removal of penetrant residues is accomplished in a satisfactory manner.

1.5.3 Control Of New Materials.

1531 Newly Received Materials.

Penetrant system materials (penetrants, emulsifiers and removers, and wet and dry developers) are compounded or
formulated in batches or lots. It is possible for one batch or ot among severa to have characteristics that do not meet
the specification requirements. Therefore, each batch or lot of penetrant, emulsifier and remover, and wet and dry
developers SHALL be tested on receipt, prior to in-service use. Quality conformance tests for newly received materials
are described in[paragraph 1.5.3.4] The batch or lot of material can be identified by batch or lot number on each
container.

1532 Procurement provisions.
Penetrant system material procurement SHALL meet the following requirements:

a. Materias SHALL comply with the current version of ASM 2644.

b. Except for solvent removers, bidders SHALL have material listed (or approved for listing) on the most
current revision of QPL-25135.

c. Contract and specia purchase orders for procurement of materials SHALL require a certified test report
and a quality conformance sample submitted in accordance with the latest revision of ASM 2644.

d. Materials listed on QPL-25135 and those centrally procured using generic national stock numbers
(NSNs) need not comply witH paragraph 1.5.3.4¢.

1.5.3.3 Sampling Of Newly Received Materids.

15331 General.

Two samples are required from each batch or lot of penetrant, emulsifier or remover, and/or wet and dry developer
when received. If the supplier has submitted a quality conformance sample, (se¢ paragraph 1.5.3.3.2.7), only one
additional sample will be required. Either one or two samples SHALL be taken from each batch or lot of penetrant,
emulsifier and remover, and wet and dry developer, when received and prior to use. One sample, either from the
supplier or locally taken, will be used to verify the Quality Conformance as described in paragraph 1.5.3.4.] The second
sample, which may be larger than the first, will be retained by the using activities as a reference standard for periodic
process performance tests.

15332 Sample Sizes.

15.3.3.2.1 Quality Conformance Samples.

For all items except developer solids, a sample of not less than 1 quart or more than 1 gallon SHALL be taken from
each batch or lot of each material. For each batch or ot of wet developers in the dry condition, a 2-pound sample
SHALL be selected, and from each batch or lot of dry developer solids a 1 pound sample SHALL be selected.

1.5.3.3.2.2 Process Control Reference Sample.

These samples will be used as reference or master standards in comparing the performance of the in-use material. The
sample size will depend upon the workload which determines the frequency of process control testing. A suggested
sample size for high volume workload systemsis 1 to 2 gallons (for al items except developer solids) from each batch
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or lot of materials. The suggested quantity of wet developersin the dry condition is 2 pounds with a 2 pound sample of
dry developer solid. A minimum sample size for penetrant systems that have an occasional workload (see paragraph
1.5.1.5) requiring fewer process control checks, SHALL be as stated in[paragraph 1.5.3.3:2.2.] Each depot and base
SHALL be responsible for determining the sample size required for its workload. The reference sample SHALL be
large enough to permit the required process control checks during the life of the material and still have a quantity of
reference sample to run a comparison check against the new materials when the old solution is finally discarded.

15.3.3.3 Sample Handling and Storage.

Care must be exercised in obtaining, handling, and storage of the reference samples to prevent contamination or
degradation. The containers SHALL be metal or glass since many plastics are attacked by the penetrant oils and
solvents. The same restriction applies to the seals or washers in the container lids. The sample containers SHALL be
clean, dry, and have tight fitting lids or covers. The devices used for obtaining the sample must not contain traces of
other batch or lot materials. The samples SHALL be stored in a cool area and not exposed to sunlight, black lights or
high intensity white lights.

1534 Quality Conformance Testing.
The following procedures SHALL be used to verify the quality conformance of newly received materials:

a. For materials that are not centrally procured using a generic stock number, the NDI laboratory
supervisor SHALL review the test report and SHALL accomplish a system performance test comparing
the newly received material against the process control reference sample[{paragraph 1.5.3.3.2.7) that
was used to check the in-use material (paragraph 1.5.5). Compare old penetrant to replacement.

b. The newly received material may be accepted when both the system performance test and the test report
are positive. (Test reports and quality conformance tests are not required for materials centrally
procured using generic national stock numbers).

c. |If atest report is required but not received with the material, the NDI supervisor SHALL check with
base procurement to see if atest report was received. If atest report is not available, a test sample may

be sent per[paragraph 1.5.3.4d or tested per[paragraph 1.5.3.48. Test reports are not required for
generic National Stock Numbers (NSNs).

d. If the system performance test results are not conclusive or the test report (if required) is not available, a
sample selected in accordance with[paragraph 1.5.3.3.2.T BHALL be submitted to: AFRL/MLSA Bldg
652, 2179 Twelfth Street Ste. 1, Wright-Patterson Air Force Base OH 45433-7718. AFRL/MLSA will
provide the submitting field laboratory atest report with the results of the quality conformance tests and
recommend acceptance or rejection of the batch or lot of materials.

e. Depots Only: Depots with appropriate analytical equipment and competent technicians to perform the
required tests may test the following properties for compliance with ASM 2644 in accordance with
applicable procedures referenced in the specification: flash point of penetrants and lipophilic
emulsifiers, viscosity of penetrants and emulsifiers, fluorescent brightness of penetrants, thermal
stability of penetrants, water tolerance of water washable penetrants and lipophilic emulsifiers,
redispersibility of nonagueous wet and aqueous suspended devel opers, developer fluorescence, penetrant
removability, and water content of hydrophilic remover concentrate.
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1.5.3.5 Unsatisfactory Materials.

NOTE

Knowledge of problems, even relatively minor items, is essential for improve-
ment in the NDI program, the materials specification, and qualification
testing. Information copies of written correspondence concerning unsatisfac-
tory penetrant materials SHALL be furnished to AFRL/MLSA, 2179 Twelfth
Street, Ste. 1, Wright-Patterson Air Force Base, OH 45433-7718.

Unsatisfactory materials SHALL be reported in accordance with T.O. 00-35D-54 (Air Force) or AR 735-11-2
(Army). A copy of the quality conformance test report SHALL be included as substantiating data. Air Force
NDI Program Office, AFRL/MLS-OL, 4750 Staff Dr., Tinker AFB, OK 73145-3317; DSN 339-4931 is the item
manager for penetrant materials. They may be contacted for assistance when preparing a material
deficiency report. (For Navy: Commanding Officer Naval Aviation Maintenance Office, Attn.: NDI PM,
Patuxent River, MD 20670; for Army: Commander, AVSCOM, Attn.. AMSAV-MC, 4300 Goodfellow Blvd., St.
Louis, MO 63120-1798).

1.5.4 Monitoring Process Performance (Stationary Inspection Units).

1.5.4.1 Description of Process Monitoring Device.

An example of a process monitoring device is the Penetrant System Monitor (PSM), also known as the “star
burst” panel. The PSM is alternatively specified as Pratt and Whitney TAM Panel 146040, Sherwin
Company P/N PSM-5 and Magnaflux Company P/N 198055. The panel is especially suitable for high volume,
semi-automated, and fully automated depot systems. It is intended to be used as a daily or weekly monitor of
the entire penetrant process. When properly used, the PSM will signal changes that would affect the
integrity of a penetrant inspection process, changes that may have occurred in the materials, equipment or
procedures. It is not a substitute for the cracked chrome plate panels that are used to compare the
performance of the materials in terms of sensitivity.

15411

The PSM is a stainless steel panel measuring 4 inches wide by 6 inches long. A chrome-plated strip runs the
length while the other side is a medium roughness, grit blasted surface. The chrome-plated strip contains
five, evenly spaced, crack centers. The crack centers are in circular patterns varying in size from about 1/4-
inch diameter down to about 1/32-inch diameter, and are arranged in order of magnitude. The cracks radiate
from the center in a star or sunburst pattern. No two panels are completely identical. Crack patterns and
sizes vary from panel to panel. The panels are supplied in sets of two, with the supplier matching the panels
as closely as possible. One panel is reserved for use as a “reference” or “transfer” standard while the other is
the “working” panel.

15412

The PSM can monitor the entire process because it can be processed directly in the working tanks along with
production parts. In addition, the grit blasted strip will separately indicate the effectiveness of just the
removal process steps. One disadvantage is that small or gradual changes are not readily noticed.
Furthermore, as with cracked chrome plate panels, the PSM indications deteriorate with handling and
repeated use. Also, the PSM panel can retain large amounts of residual penetrant, so careful and thorough
cleaning is mandatory.

15413

The 50u and 30u panels are usually used with low and medium sensitivity penetrants. The 20y and 10u
panels are usually used with high and ultra-high sensitivity penetrants. The standard panel is the 20u
panel. After the 2.80 inch wide plate is plated and cracked, it is cut in half, lengthwise. This produces two
panels containing symmetrical crack patterns in each panel. Since the cracks extend across the original
panel, the two panels are provided as a set with each panel measuring 3.94 inches (100 mm) long and 1.38
inches (35 mm) wide.
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Figure 1-6. Illustration of Crack Depth in Chrome-Plated Panel

1.5.4.2 Procedure for Testing Material Performance.

NOTE

Panels are cracked on one face only. When the penetrant materials are
applied to the cracked face, surplus penetrant materials often get on the back
of the panel. Penetrant materials on the back must be removed to keep from
contaminating the cracked panel face.

a. Observe the following precautions when processing the cracked chrome plate panels:

1)
(2)

3)

(4)

Do not expose the test panels to temperatures above 212°F (100°C).

Use extreme care in handling and storing the panels. Do not drop, hit, or place undue mechanical
stress on the test panels. Do not attempt to bend or straighten the test panels.

Prior to and after each use, clean the test panels by immersion and agitation in a solvent.
Cleaning with an ultrasonic solvent cleaning system can also be used. Some handling or touching
of the plated surfaces is necessary, but should be kept to a minimum to reduce fingerprint
contamination. After cleaning, examine the plated surfaces under a black light for evidence of
entrapped residues from previous inspections. Time must be allowed after cleaning to ensure all
of the solvent has evaporated from the panels before using them.

The mirror surface finish and flaw shape on the test panels are not representative of normal
aircraft parts. This requires special procedures when using the test panels. The main difference
is the extreme care that must be taken during the surface penetrant removal step. It is very easy
to remove entrapped penetrant from the test panel cracks.

b. Place a small quantity of in-process or working bath materials and reference materials in separate
containers for each material. DO NOT apply the reference materials from their storage containers to
avoid contaminating the entire reference sample. DO NOT apply the working bath and reference
material with the same brush or swab. Any mixing of the two materials will invalidate the test
results.
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Prepare the reference devel oper sample by mixing a small batch of previously reserved developer solids
in the same ratio as the solution in your tank. For example, if the solution in your tank was prepared at
1/2 Ib. per gallon of water then mix the reference sample at 1/2 Ib. per gallon of water. This one gallon
reference sample can be used until depleted, but must be discarded when the solution in the tanks is
changed, along with the remainder of your dry reference solids. The test panels should be processed
side by side, and with one end dlightly raised, rather than flat, on the worktable. Use the working
materials on one panel and the reference materials on the other. Apply penetrant by brushing,
swabbing, or flowing. Brushing or swabbing is preferred since it permits better control over the
quantity of penetrant applied.

Penetrant dwell time of 2 or 3 minutes is usually adequate since the shallow cracks are rapidly
penetrated. Apply lipophilic emulsifier by carefully flowing or pouring each material in turn on its
respective panel. Hydrophilic materials are applied by immersing the panels. Emulsification or
removal time is also very short, typically around 10 to 20 seconds. This will vary with different
penetrant emulsifier or remover combinations. Initially, several trials should be made to determine the
proper emulsification or removal time. The shortest possible time to remove the surface penetrant with
the reference materials shall be used. Water washable penetrants should be washed as gently as
possible under a black light. Wash time should be limited to remova of surface penetrant only.
Solvent remova should be done by hand wiping with a separate dry cloth or towel on each panel.
Removal of any residual penetrant should be done with the cloth or towel just lightly moistened with
solvent. DO NOT saturate the cloth or towel. Care must be exercised to prevent mixing of test and
reference materials during removal. DO NOT use the same cloth or towel on both panels.

Developer may be applied by immersion, flowing, or spraying. Ensure developers have been mixed
properly (see[paragraph 1.5.4.21). Water suspended developers must be thoroughly agitated just before
applying them to the panels. If water soluble developers are used, agitation is not required. Because of
the shallow crack depths on the panels, volatile components of the penetrants will quickly evaporate and
care must be taken when drying the panels. Minimum drying time SHALL be used to ensure the panels
do not become too hot to handle with bare hands. Developer dwell time is 2 to 3 minutes after the
panels are completely free of moisture.

Examine the panels side by side, under a black light, first noting the overall brightness and color of the
indications. Then examine in detail by following individual indications across both panels. Note the
presence, absence or diminishing of crack indications on the working solution panels and observe the
continuity, size and color.

(1) Anydistinct differenceis cause for additional testing to determine if the penetrant,
emulsifier/remover, or the developer caused the difference in the indications. Perform additional
tests as described in[paragraph 1.5.5]

(2) When no distinct difference is noted, system performance testing is complete.

The panel SHALL be cleaned as soon as possible after completing the process check. The cleaning
procedures SHALL be used.

Storage of Panels.
The panels must be stored in a clean environment to retard degradation. The panels can be stored in a dry air

environment or placed in mineral spirits or alcohol. If the panels are stored in mineral spirits, degreasing will be
required prior to use. The panels do not have an indefinite life as penetrant and devel oper residues plus oxides retained
in the cracks, will gradually clog or fill the cracks, thus reducing the apparent size of the indication.
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155 Testing Of Material in Use.

1551 Control Of In Use Materials.

In-use materials SHALL be periodically tested to assure they are capable of acceptable performance. Frequency of in-
process testing SHALL be as determined in[paragraph 1.5.1.5] Some of the in-process checks can be performed in the
process tanks while others are more conveniently performed on small samples taken from the tanks.

1.55.2 Testing Penetrant.

1.55.21 Test the performance of the penetrant material.

a. If the penetrant performance test indicates a loss of sensitivity or brightness, use a set of clean, dry
cracked chrome panels to repeat the material test procedure [(paragraph 1.5.4.72) with the following
changes: use reference samples of emulsifier (or remover) and devel oper.

b. If crack indications on the two panels show clearly visible differences in sensitivity, brightness or color,
the penetrant SHALL be discarded as oil waste. If there is little or no difference in the crack
indications, clean the panels and repeat the performance test procedure to test the emulsifier (or
remover) or if necessary, developer. Use reference materials on both panels except for the respective
working material on one panel at the appropriate point in the process.

1.5.5.2.2 Additional tests to determine the total working condition of the penetrant include.

a. Surface Wetting: Apply a small amount of penetrant to the clean, shiny surface of commercially
available aluminum foil with a cotton swab. After 10 minutes observe to ensure the penetrant readily
wets the surface and the penetrant film does not retract or form beads.

b. Penetrant Brightness (Depot; optional for Field):

)

2
3

(4)

©)

(6)

(")
(8)
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Pour 10 milliliters (ml) of Type | (fluorescent) Method A (water washable), Method B
(postemulsifiable, lipophilic) or Method D (postemulsifiable, hydrophilic) in-use production line
penetrant into a graduated cylinder. Allow penetrant to drain down the inside cylinder walls.
Pour out excess penetrant and clean off the outside of the cylinder.

Fill the graduated cylinder to the 100-ml level with an approved solvent.

Stopper the graduated cylinder and invert several timesto mix the contents. Do not shake or
agitate vigorously.

Cut filter paper into quarters and using tweezers, insert a quartered piece of filter paper into the
cylinder mixture, withdraw the paper and set it aside to air dry.

Discard the contents of the graduated cylinder and clean and dry the cylinder with an approved
solvent (Specification O-C-265 or equal). Dry with clean filtered compressed air.

Pour 10 ml of Type I (fluorescent) Method A (water washable), Method B (postemulsifiable
lipophilic) or Method D (postemulsifiable hydrophilic) new (reference) penetrant into the
graduated cylinder. Allow penetrant to drain down the cylinder walls. Pour out excess penetrant
and clean off the outside of the cylinder.

Fill the graduated cylinder to the 100-ml level with an approved solvent.

Stopper the graduated cylinder and invert several times to mix contents. Do not shake or agitate
vigorously.
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(90 Using tweezers, insert a quartered piece of filter paper into the cylinder mixture, withdraw the
paper and set it aside to air dry.

(10) When both filter papers (reference and in-use) are dry, compare the fluorescent brightness of the
filter papersto each other under ablacklight. If asignificant difference of fluorescent brightness
is noted, the fluorescent properties of the in-use production line penetrant have deteriorated, and
the fluorescent sensitivity will probably not be acceptable. Follow accepted activity standards to
process and perform additional testing or to discard the contaminated/degraded material.

(11) At the conclusion of the fluorescent brightness testing, clean the cylinder with acetone
(Specification 0-A-51F), rinse with water, and again clean with acetone. Dry with clean filtered
compressed air.

c. Rapid Brightness Test (Field). A rough check of penetrant baths can be accomplished by comparing
their appearance on an absorbent material, preferably the filter paper used in[paragraph 1.5.5.2.7b
above. Place a drop of the working bath penetrant on a paper towel. Place a second drop of penetrant
from the reference standard near the drop from the working bath. When the two drops merge, examine
under a black light for difference in color and brightness.

1553 Testing Lipophilic Emulsifier.

Penetrant is an unavoidable contaminant of lipophilic emulsifier. It is carried into the emulsifier on the surface of parts
where it dissolves and is washed off during immersion and drain. Since emulsifier and penetrant are miscible in all
concentrations, even small quantities of fluorescent dye will cause the emulsifier to fluoresce. The fluorescent
brightness increases with increasing dye content, but it is impossible to visualy estimate penetrant contamination by
observation of the tank surface.

15531

Emulsifier will continue to function when contaminated with penetrant; however, when the penetrant concentration
reaches a certain level, the emulsification action slows and eventually stops. The military procurement specification
requires a 4 to 1 mixture of emulsifier to penetrant to leave no more residual background than the uncontaminated
emulsifier.

15532 Removability Test.

NOTE

Grit blasting using 100 mesh aluminum oxide grit is required only on locally
manufactured panels to roughen the surface and is only required one time.
Normally ultrasonic cleaning or solvent cleaning is performed after grit blasting.

a. In-uselipophilic emulsifiers SHALL be periodically tested for contamination. A two-inch by four inch,
16 gauge (0.060") annealed type 301 or 302 stainless steel panel is required. The panel SHALL be
ultrasonically cleaned or vapor degreased and grit blasted on both sides using 100 mesh, aluminum
oxide grit (not beads), using 60 psig air pressure, with the gun held normal to and approximately 18
inches from the panel surface. After blasting, the panel surface should be handled by the edges only
and protected from contamination by wrapping in tissue paper.

b. Immerse the panel in the working penetrant bath and allow it to drain for 10 minutes at approximately
a 60° (£15°) angle. At the end of the drain period apply working bath emulsifier to one half of the
panel and reference standard emulsifier to the other half. Application may be either by pouring or
immersion. If pouring is used, place a small quantity of both working bath emulsifier and reference
standard emulsifier into separate containers that are suitable for pouring. Apply the emulsifier to the
upper edge of the pandl so it flows down across half of the panel face. This shall be done with the panel
in an upright position. It is desirable to have the two emulsifier strips close together at the center of the
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panel without allowing them to contact each other. However, thisis not always possible so care should
be taken to keep the area of mixing to a minimum. An overlapping of the two emulsifiers of less than
1/4 inch is acceptable; however, any overlap greater then 1/4 inch will reduce the accuracy of the test,
requiring the panels to be reprocessed.

c. Allow an emulsifier dwell time of 2 minutes and a wash time of 60 seconds. The water spray should be
applied equally to both panel halves with the nozzle at a constant distance from the surface. The bare
metal should be examined for signs of fluorescent background after the process has been applied.
Developer must be applied before evaluation.

d. A digtinct difference in residual background indicates excess penetrant contamination of the working
bath lipophilic emulsifier. It is acceptable to extract a quantity of used emulsifier, for example 55
gallons, and replace it with fresh unused emulsifier. At least 25 to 50% of the tank volume should be
extracted and replaced. This procedure SHALL be done only once before changing the entire tank.
Following this procedure the emulsifier mixture shall be retested as described irf_paragraphs 1.5.5.3 to
ensure proper functioning of the emulsifier bath.

1554 Testing Hydrophilic Remover.

1.55.4.1 Immersion Baths.

NOTE
Thistest isvalid only on new hydrophilic remover baths.

Freshly mixed (new) hydrophilic remover is characterized by a pinkish-red color that varies in intensity with the water
content. There are three methods to verify initial remover concentration. The first method utilizes an instrument
known as a refractometer. The refractometer measures the refraction or refractive index (Snell’s Law) of the material
utilizing the refractive index scale which ranges from 0 to 320, with water having refractive index of 0. The second
method that may be used is known as colorimetry. It is a procedure of chemical analysis that deals with the
measurement of the light absorption by colored solutions. The fundamental principles of colorimetry state that the
amount of light absorbed by a given substance in a solution is proportional to the intensity of incident light and to the
concentration of absorbing material. Visual colorimetry is a simple method and is fairly precise. It matches the color
of a standard solution with an unknown; when they become identical they must contain the same amount of colored
substance. An instrument used to perform this task is known as a colorimeter. The fina method involves the use of a
hydrometer to determine the concentration by specific gravity. This method is very similar to the method used to check
developer. Procedures for the refractometer and hydrometer are detailed below.

a. A refractometer is supplied in the penetrant process control kit and is the recommended method to use
in determining the initial water content concentration. The refractive index and light transmission
properties of removers vary from batch to batch, even with the same type and manufacturer. This
makes it necessary for each NDI lab to develop a graph of concentration versus refractive index number
or colorimeter reading for each batch or lot of remover.

b. When using arefractometer perform a water content test in accordance with the following procedure:
(1) Dipthe plastic rod supplied with the refractometer in the solution of new hydrophilic remover
and water being tested. Do not use a metal or glassrod asit may scratch the refractometer prism
face. Thetest solution should be well mixed for accurate results.
(2) Raisethe cover plate on the refractometer and place two or three drops of the test solution on the

prism face. Close the cover plate, making certain the test solution film completely covers the
prism face.
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(3) Hold the refractometer close to alight source so that the light illuminates and enters the prism.
A bright light is necessary. Overhead fluorescent lamps may not furnish sufficient illumination.

(4)  With the cover plate contacting the prism, look through the eyepiece. Read the Brix value
(refractive index units) where the bright and dark areas meet. A clearer meeting line may be
created by adjusting the angle between the light source and the prism face or holding the prism
face closer to the light source. Record the refractive index units. Using the manufacturer’s
literature, determine the concentration of the test sample from the refractive index value.

(5) When the test has been completed, clean the refractometer cover plate and prism face with a soft
lint-free cloth. Place the refractometer in its own protective pouch, and return it to the penetrant
test kit carrying case.

c. When using the hydrometer, perform a water content test in accordance with the following procedure:

(1) Mix atest sample of the new hydrophilic remover as recommended by the manufacturer in a
500-ml graduated cylinder or similar container.

(2)  Using the hydrometer, check the concentration of the test sample by noting its specific gravity
and recording this reading.

(3) Mix the working bath to the same concentration as the test sample within 5%.

155411

A quick test to determine if penetrant is present in the remover in a large enough quantity to become a possible
contaminant can be accomplished by passing a blacklight over the surface of the remover in the tank and visually
examining it for signs of fluorescence.

1554.1.2

NOTE

The immersion removal time cited is typical. Actual time will depend upon type of
penetrant, type of remover, agitation and remover concentration. Actual time must
be determined at each depot or base for each system involved. Trials must be
accomplished using fresh or uncontaminated remover. The objective is to use the
minimum time necessary to produce a background-free surface on the immersion
panel when the remover is uncontaminated.

Penetrant materials used in open tanks are continuously undergoing evaporation
that may increase the viscosity and also affect removability. Therefore, before
changing the remover bath, perform the procedures in[paragraph 1.5.5.4.7¢.

A performance check to verify the concentration of used immersion hydrophilic remover baths is required. The
penetrant from parts disperses in the remover, causing turbidity and a change in the refractive index. The turbidity
makes a color comparison invalid and the change in refractive index is no longer atrue indicator of concentration. The
shift in refractive index requires developing a compensation curve for variation with penetrant concentration.
Performance testing is the easiest and most practical way of determining the adequacy of a remover bath. The test
involves processing two roughened panels with different removal contact times and comparing the results using the
following procedure:

a. Performance Check. Use two oxide blasted, stainless steel panels as described i
typical processing procedureis as follows:
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(1) Immerse both panels n the working bath penetrant and allow them to drain for 10 minutes
supported at an angle from the horizontal of approximately a 60° (+15°).

(2)  Processthefirst panel through a 10-second pre-rinse, 10-second drain, 20-second immersion in
remover, 5-second drain, and 10-second rinse.

(3) Process the second panel through the same cycle except double the immersion time in the
remover.

(4) Examinethe panels under black light.
(5) Clean the panels.

b. When the remover is fresh and uncontaminated, neither panel should exhibit any background
fluorescence. As the penetrant level in the remover starts to build up, the short immersion time panel
will begin to show some residual fluorescence while the longer immersion panel remains free of
background. As the amount of penetrant in the remover continues to increase, the level of fluorescence
on the short immersion panel stabilizes and the longer immersion panel begins to show some residual
background. When the remover reaches its penetrant tolerance limit, there will be negligible difference
in fluorescence background on the two panels. The remover SHALL be changed at this point.
Rejuvenation by partial extraction and addition of fresh solution, as with lipophilic emulsifiers, SHALL
NOT be permitted due to the inability to control concentration.

c. If the performance check i paragraph 1.5.5.4.1.2a does not indicate remover degradation, determine if
penetrant is causing the background fluorescence by proceeding as follows using the same panels.

(1) Immerse both panelsin the working bath penetrant and allow them to drain for 10-minutes at a
60° (x1°) angle.

(2)  Processthefirst panel using a 10-second pre-rinse, 10-second drain, 30-second immersion in the
working bath remover, 5-second drain, and a 10-second rinse.

(3)  Processthe second panel using the same procedures above, except using the reference remover.
(4) Examinethe panels under a black light.

(5)  If background fluorescence is present on both panels, the working bath penetrant is contaminated
and must be replaced. If the panel processed with the reference remover is free of background
fluorescence, and the other panel exhibits any background fluorescence, then the determination
can be made that the working bath remover has reached its penetrant tolerance limit and SHALL
be changed.

(6) Cleaning the panels is mandatory.

1554.2 Spray Solution.

155421

Spray remover solutions are normally only used once with the effluent being disposed of after contact with the part.
Contamination of the working solution is not a problem. However, the aspirator injection system, while simple and
inexpensive, requires frequent checks to assure that the proper concentration is produced. Concentration of remover in
the spray SHALL be measured whenever the aspirator or water pressure valve is adjusted and at the intervals prescribed
inLparagraph 1.5.1.5] Measurement SHALL also be made whenever there is an unexplained change in background
fluorescence.
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a. Performing a check of the touch-up, spray hydrophilic remover concentration SHALL be accomplished
by one of the methods explained in[paragraph 1.5.5.4.1.] The concentration of the spray remover is
much lower than immersion baths, and the results of the check must reflect this change. Important
items to remember are:

(1) If thetouch-up, spray hydrophilic remover is not of the same batch as the remover in the
immersion tank, a new graph SHALL be plotted for the touch-up material.

(2) Make sure that the temperature of the touch-up remover is within the parameters of the
instrument/graph being used or compensated for.

b. The penetrant-material system concept SHALL apply to the hydrophilic remover use in the touch-up
step of the penetrant inspection. The material being used in the immersion remover tank and as touch-
up spray SHALL be of the same manufacturer.

1555 Testing Water Suspended Devel oper.

NOTE

When taking a specific gravity reading to determine the concentration of in-use
suspendible or soluble developer, the following SHALL apply: suspendible
developers SHALL be thoroughly agitated immediately prior to taking the specific
gravity reading; whereas, soluble developer SHALL NOT be stirred or agitated after
itsinitial mixing.

There are a number of service factors that affect the performance of water suspended developer. Most significant are
concentration changes, closely followed by contamination problems. Concentration may vary for a number of reasons.
Evaporation of the water will increase the concentration, causing excessive coating thickness. Prior to using a new
solution, aworking level should be established by measuring the distance from the top of the tank to the solution. This
working level should be maintained by the addition of water to replace evaporation losses. As parts are processed,
developer is removed due to the film adhering to the surface, plus some developer is entrapped in recesses. This loss of
developer is termed drag-out and, unless concentrate is added, will reduce the concentration of the developer. Reduced
concentration results in thin coatings that decrease the sensitivity of the system. Inadequate agitation will allow some
of the developer particles to settle out which also reduces concentration. It is also possible for the developer particles to
cake on the bottom or in the corners of the tank preventing them from being suspended. The wetting agents in the
developer can remove some of the entrapped penetrant causing fluorescent dye contamination. Developer solutions
SHALL be periodically tested to assure acceptable performance (see[paragraph 1.5.1.5 Ifor frequency). Suspended
developer baths SHALL be tested for concentration using a hydrometer. The hydrometer indicates specific gravity that
is proportional to the amount of developer particles in suspension. Prior to obtaining the hydrometer reading, the
working solution SHALL be filled to the proper working level, thoroughly agitated, and the tank checked for caked
particles on the bottom or in the corners. Newly prepared solutions SHALL NOT be used or checked for concentration
until 4 hours after mixing. This aging period is to allow the developer particles to become wetted or saturated. The
solution must be stirred after the aging period. The hydrometer may be placed directly in the tank, and when floating
free and not touching the tank sides, the specific gravity can be read from the scale. 1t may be more convenient to take
a sample from the tank using along, narrow glass container such as a graduated cylinder, which is deep enough to float
the hydrometer. [Figure I-7 is a graph of specific gravity versus concentration for two water suspended developers
illustrating the variation that can occur in the specific gravity’s of different water suspended developers, even from the
same manufacturer. The supplier can provide an accurate conversion chart for the specific developer, which SHALL be
used when checking the developer concentration.
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Figure 1-7. Specific Gravity Hydrometer Readings for Two Water Suspended Developers.
15551

Water suspended developers do not perform properly unless they wet the part surface and form a smooth, even coating
when dry. Lumpy or thick areas will hide small indications while uncoated areas will not provide developer action.
Poor wetting is usually due to the addition of too much makeup water to replace drag-out losses or by contamination
with oily materials which destroy wetting agents. It can also be due to developer age, since most of the newer wetting
agents are biodegradable for pollution control purposes. To perform the coating test, use cracked chrome panels;
ensure the panels are clean. Pour or otherwise apply some of the working bath developer and some of the reference
standard developer to the cracked chrome panels and inspect for signs of not wetting, such as pulling apart or forming
beads. The panel should then be dried and examined for even and complete devel oper coverage.

15552

The developer may also become contaminated with penetrant. Fluorescent penetrant dye contamination can be checked
by visual examination of the bath surface with a black light. Uncontaminated developer appears dull white while
fluorescent dye contamination will show up as specks of yellow-green, floating on the top of the bath.

1556 Testing Water Soluble Developer.

Water soluble developers reduce the number of in-service problems encountered with suspended developers since
agitation is not required and the particles do not settle out. However, there are till concentration and contamination
problems. Evaporation and drag-out will change concentrations during use, and the wetting agents can remove
entrapped penetrant resulting in contamination. Water soluble developer SHALL be periodically tested to assure
acceptable performance.
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1556.1

The concentration of water soluble developers SHALL be measured by taking specific gravity hydrometer readings.
Note that the water soluble developer solution does not require agitation. There are a wide variety of materials
available to formulate water soluble developers; therefore, the specific gravity hydrometer readings versus concentration
will vary more than they will for the wet suspended devel opers.[Figure 1-8 shows the concentration range (between the
lines) for several water soluble developers of one manufacturer; others may even be above or below the lines. The
supplier can provide an accurate conversion chart for its particular developer, which SHALL be used when checking
the developer concentration.
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Figure 1-8. Specific Gravity Hydrometer Readings versus Concentration for One Manufacturer’s Water Soluble
Developers.

155.6.2
Fluorescent penetrant dye contamination can be checked by visual examination of the bath surface with a black light.

1557 Testing Dry Developer.

Dry developers, unlike water based developers, do not have a problem with concentration changes. However, dry
developers do become contaminated. Water or moisture from inadequately dried parts splashed into tanks by careless
rinsing or condensation are potential sources of contamination. Dry developers can also become contaminated with
penetrant when lumps of penetrant-soaked developer from heavy indications or improperly rinsed parts fall off during
developer application.

15571

Dry developers SHALL be periodicaly checked for evidence of contamination. Visually examine while stirring or
mixing the dry powder. Check for evidence of clumps. It may be possible to dry the powder if the water content is low.
The lumps of developer must be removed or crushed into loose flakes. If it is not possible to restore the original
consistency, the developer SHALL be discarded. The test for penetrant is an examination under black light while
stirring or mixing the dry powder. Penetrant contaminated dry developer SHALL be discarded.
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SECTION VI
MT PROCESS CONTROL

1.6 MAGNETIC PARTICLE INSPECTION PROCESS CONTROL.

1.6.1 Purpose and Scope.

This section provides information on the procedures necessary to assure a high quality performance for the
magnetic particle inspection system. This section discusses the reasons for process control, control
requirements, the use of the Quantitative Quality Indicators and the system effectiveness check.

1.6.2 General.
1.6.2.1 Need For Process Control.

The presence of magnetic particle indications confirms the existence of discontinuities in the part. However,
the absence of indications does not guarantee the absence of discontinuities. Flaws can be present and not be
indicated for a number of reasons. The reasons for incorrect inspection results are deficiencies in either the
materials used or application of the process. Of the two, the latter is far more common. These deficiencies
are insidious since they may not be readily evident during the inspection of a part. It is necessary to
periodically examine the materials, equipment and process parameters to be sure they are as required for
adequate inspection results.

1.6.2.2 New Materials.

Magnetic particle materials are subjected to testing during their formulation to assure their proper
composition. However, materials that do not perform satisfactorily can be received. If unsatisfactory
material performance is not discovered until some number of parts have been processed, then extra time and
expense is required to reinspect the suspect parts. Unsatisfactory materials can result from a number of
causes. The cost of verifying adequate material performance is extremely low and the required tests can be
performed at any field laboratory.

1.6.2.3 In-Use Materials.

Some inspection processes use the magnetic particle materials only once. In these processes the materials are
usually applied by spraying or dusting and only the amount of material required for the inspection is applied.
The materials are stored in closed containers until they are used. These processes minimize the possibility of
material contamination or degradation during use. More often, however, the materials are used in open
tanks where the excess materials are allowed to drain from the part back into the tank. This method
provides numerous opportunities for contamination, deterioration and changes in concentration and such
materials must be checked periodically to be sure they are functioning satisfactorily.

1.6.3 Causes of Materials Degradation.

1.6.3.1 Contamination.

Contamination is a primary source of magnetic particle bath performance degradation. There are a number
of contaminants and their effect on performance can vary. Some of the common contaminants frequently
encountered are:

a. Water is a common contaminant in petroleum based baths. It can occur because of condensation,
leaks or moisture carryover on parts.

b. Organics such as paint, lubricants, oils, greases and sealants, are another source of contamination.
These materials are usually introduced into the magnetic particle bath by parts to be inspected and
can react with or dilute a bath so that it loses some or all of its ability to function.

c. Organic solvents such as degreaser fluid, cleaning solvent, gasoline and antifreeze solution, are also
potential contaminants. These materials can mix with the inspection bath or float on top of it
reducing the bath’s effectiveness.
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d. Dirt, soil and other insoluble solids can be carried into the magnetic particle bath as a result of
inadequate pre-cleaning.

e. Acidic and alkaline solutions can be a contaminant of magnetic particle baths. Acidic and alkaline
solutions can be residues of previous plating, paint stripping and cleaning processes.

1.6.3.2 Evaporation Losses.

Magnetic particle bath vehicle materials used in open tanks are continuously undergoing evaporation,
resulting in an increase in particle concentration. The rate of evaporation increases with warmer tempera-
tures and larger tank surfaces. Evaporation losses take place very gradually so performance change may
become significant before it is noticed.

1.6.3.3 Drag-Out.

Particle concentration is reduced when particles that adhere to parts being inspected are not returned to the
suspension. Like evaporation, the resultant change occurs slowly and would probably go unnoticed until
significant performance loss is experienced.

1.6.3.4 Heat Degradation.

Fluorescent dye stuffs are sensitive to elevated temperatures. Temperatures of over 140°F (60°C), can reduce
the fluorescence and temperatures over 250°F (117°C), may destroy it completely. High temperatures in
magnetic particle inspection materials usually occur when materials are improperly stored. A dark colored
container stored in direct sunlight can reach temperatures above 140°F.

1.6.3.5 Process Degradation.

In addition to materials degradation during use, the equipment and process can deteriorate. The magne-
tizing equipment can loose power, black light bulbs age and become dirty and critical procedural steps may be
performed incorrectly or omitted. Periodic checks SHALL be accomplished to assure satisfactory
performance.

1.6.4 Frequency of Process Control.

One of the factors influencing the degradation of a magnetic particle system (materials, equipment and
procedures) is the volume of parts being processed. Bath and equipment deficiencies can be expected to occur
more often with increased workload volume. Since there is no uniformity in workload between activities, a
single calendar schedule cannot be established. Each inspection activity SHALL set inspection intervals
based on their workloads. The inspection intervals SHALL be documented as shown in

[paragraph 1.4.5 (For Navy: use local form.) Guidance on inspection intervals is provided in the foIIowmg
paragraphs.

a. If your workload requires operation for eight or more hours each day, perform the concentration test
every eight hours or each shift.

b. If your workload requires occasional or less than eight hours of operation, perform the concentration
test prior to processing parts on that shift.

1.6.5 Material Requirements.

1.6.5.1 Applicability.

NOTE

Prior to bath replacement in a magnetic particle inspection unit, the equip-
ment must be cleaned thoroughly according to the equipment maintenance
manual. This does not apply to the addition of materials (either vehicle or
particles) to maintain concentration.
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Material tests apply to both newly received and in use materials. They are designed to assure that
unsatisfactory materials do not enter the magnetic particle inspection system and that in use materials
continue to perform satisfactorily.

1.6.5.2 Tests For New Materials.

New materials SHALL be subjected to the following tests, as appropriate, prior to being put into use:
a. Perform contamination/background fluorescence check on petroleum based bulk vehicle.

b. Check the concentration, background fluorescence and contamination of the bath using the settling
test.

c. Perform system effectiveness test. This applies to magnetic rubber inspection materials as well as
conventional magnetic particle inspection materials.

1.6.5.3 Tests For In Use Materials.

In-use materials SHALL be checked. The frequency of checking SHALL be as established per[Table 1-3|

1.6.5.4 Disposition for Nonconformance.

NOTE

Knowledge of problems, even relatively minor ones, is essential for improve-
ment in the NDI program. Information copies of written correspondence
concerning unsatisfactory magnetic particle inspection materials SHALL be
furnished to Air Force NDI Program Office, AFRL/MLS-OL, 4750 Staff Dr.,
Tinker AFB, OK 73145-3317; DSN 339-4931 and AFRL/MLSA, 2179 Twelfth
Street, Ste. 1, Wright-Patterson Air Force Base, OH 45433-7718. (For Army:
Commander, AVSCOM, Attn.: AMSAV-MC, 4300 Goodfellow Blvd., St. Louis,
MO 63120-1798).

Reject all materials not meeting minimum requirements. Rejected materials SHALL be reforted according to
T.0. 00-35D-54. (For Navy: Refer to OPNAV 4790.2 Quality Deficiency Reporting [QDRI requirements.)

16541

Open tank baths SHALL be changed (replaced or replenished, as appropriate) when they do not meet
minimum inspection requirements.

1.6.6 Safety Requirements.

Safety requirements SHALL be reviewed by the laboratory supervisor on a continuing basis to insure
compliance with provisions contained in AFOSH Standard 91-110, section 3.2, as well as provisions of this
technical order and applicable weapons systems technical orders.

1.6.7 Magnetic Particle Equipment / System Requirements.

1.6.7.1 General.

Magnetic particle equipment SHALL be maintained according to applicable technical orders, Navy Mainte-
nance Requirements Cards (MRCs) or commercial manuals.

1.6.7.2 Equipment / System Tests.

The following minimum equipment/system tests, as appropriate, SHALL be accomplished to insure magnetic
particle inspection equipment/systems meet acceptable operating standards.

a. System effectiveness check.

b. Amperage indicator check for stationary units. Perform when the system effectiveness check is failed

and as established peil Table 1-3 on[page 1-16]
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d.

e.

Dead weight check for portable induced field equipment. AC electromagnet yokes shall have a lifting
power of at least 10 pounds, with a spacing of three to six inches between the legs. DC electromag-
netic or permanent magnet yokes shall have a lifting power of at least 30 pounds with a two to four
inch spread or 40 pounds with a four to six inch spread of the legs. Test weights should be locally
manufactured from 4 inches x 1-1/4 inches SAE 4130 or SAE 4340 bar stock. A 7-inch long piece of
this material will weigh approximately 10 pounds. Testing frequency shall be established as per

Field indicator check. Perform check on in-use indicator daily or before use if used less frequently.
Lighting requirements.
(1) Blacklights.
(@) Check the intensity prior to use.
(b) Check new black light bulb intensity prior to its being placed into service.

(¢) Check black light and filter’s physical condition. Black light and filters SHALL be kept clean,
free of cracks or chips, and SHALL fit properly.

(2) Check the ambient white light background in the fluorescent magnetic particle inspection booth.
It shall not exceed 2 foot candles at the inspection surface.

1.6.8 Process Requirements.

1.6.8.1 Pre Cleaning.

Prior to magnetic particle inspection examine the parts for the following:

a.

i

C.
d.
1.6.8.2

Removal of oils, grease, moisture, dirt, rust, scale and loose paint.
Verify cleaning residues have been removed.

Insure parts are adequately dried, especially in recessed areas.
Verify all areas requiring masking and/or plugs have been covered.

Inspection Operations.

Observe the magnetic particle inspection operations being applied to assure:

a.
b.

C.

1-46

The applicable technical data is available.

The appropriate magnetizing current is used (AC, DC, rectified AC).

The appropriate magnetic particles are used (wet, dry, visible, fluorescent).
The proper application of inspection media (continuous, residual).

The required field directions are induced.

The sequence of induced fields (circular versus longitudinal). Whenever practical the circular field
should be induced first. This is to facilitate the demagnetization process.

The required magnetizing amperage is used and the part is checked for proper magnetization.

The black light is allowed to warm up for a minimum of ten minutes, or until the required intensity
(1000 pwatts/cm?2) is achieved.

The required demagnetization procedure is used (30 point stepdown, AC coil).

The adequacy of the field indicating device to determine adequacy of demagnetization.
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k. The effectiveness of the demagnetization process.
1.6.8.3 Post Cleaning.
Visually inspect parts for the following:
a. Assure all inspection materials are removed.
b. Assure all masking and plugging materials are removed.

1.6.9 Quantitative Quality Indicators.

The QQIs, introduced in[(chapter 3), are potentially very useful as both a process control tool and a technique
development tool.

1.6.9.1 Introduction.

Quantitative Quality Indicators (QQIs) used in magnetic particle and magnetic rubber inspections are also
called shims. They are used to evaluate the effectiveness of the applied magnetic fields for the two inspection
methods.

1.6.9.1.1

In the absence of a cracked-part reference standard, QQIs offer a valid method of assessing the adequacy of
an inspection procedure. QQIs indicate the direction and strength of the applied magnetic fields. As such
they are also useful in assessing the performance of equipment and materials associated with either magnetic
particle or magnetic rubber methods General Information.

1.6.9.1.2

CAUTION

Exercise care when using QQIs on curved surfaces. Excessive bending will
damage a QQI beyond use.

Usually the thinner QQI will be used on curved surfaces; however they are fragile. The thicker QQI is less
fragile but can still be damaged by excessive bending.

1.6.9.2 Instructions for Use.

WARNING

Cleaning solvent, MIL-C-38736, is flammable and moderately damaging to
the skin, eyes and respiratory tract. To prevent injury, rubber gloves and
goggles are required. Good, general ventilation is normally adequate.

NOTE

Use of a QQI will require a second magnetic particle or magnetic rubber
inspection (without the QQI) if the QQI is placed in an area where an actual
crack could be present.

1.6.9.21

The area where the QQI is to be placed shall be thoroughly cleaned and dried. Use cleaning solvent, MIL-C-
38736. Place the appropriate QQI in place with the slot side against the surface of the part. In general, the
30% deep slot is adequate for most defects. For very critical inspections, the 15% deep slot may be required
and for rough castings or weldments the 60% slot may be more appropriate.
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1.6.9.2.2

Use a clear adhesive tape (for example, Scotch brand 191, 471 or 600 series) to hold the QQI in place. Tape
should be applied to all four edges to insure good contact (no air gap) and prevent the particles from getting
under the QQI. Make sure the tape does not cover the area of the QQI where the indications will form.
“Super glue can provide a fixed bond, although it may be later removed by soaking in acetone.”

1.6.9.2.3

Conduct the inspection and observe the results under the appropriate lighting. Note that the QQI was
designed for the continuous method and the indications may disappear when the applied field is removed.
Also note that the QQI will not indicate background. The actual part must be examined to determine the
amount of background present.

1.6.10 System Effectiveness Check.

The importance of this process control step is second only to having an adequate inspection procedure. The
intent is to use a test specimen or set of specimens to assure that the system, i.e. equipment and materials,
are capable of producing an adequate magnetic particle inspection. There is no Department of Defense
standard specimen for this requirement; consequently there are a variety of ways to fulfill the requirement,
each with its own applicability. It is the responsibility of each laboratory NCOIC to establish the
effectiveness check that best suits the requirements for their laboratory. The following information is
presented to assist these individuals in this task.

1.6.10.1 Ketos Ring.

To use the Ketos ring see[Eigure 1-9, for the system effectiveness check, first check the ring for residual
magnetism. Apply the magnetic particle bath, wait at least 60 seconds for any indications to form, then
examine the ring. If any indications are present on the outer edge, the ring must be demagnetized and the
check repeated until no indications are formed. Next, inspect the ring using the wet continuous method with
circular magnetization applied using the current listed in[Table 1-4 through a one-inch diameter central
conductor. Inspect the ring to insure the minimum number of holes listed for a given amperage is visible.
Lack of this visibility may indicate a malfunctioning magnetic particle unit, a low particle concentration, or a
ring that is not in the annealed condition. The cause of the malfunction SHALL be determined and corrected
prior to performing additional magnetic particle inspections with the deficient system.
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Figure 1-9. Ketos Ring

Table 1-4. Ring Specimen Indications

Type of D.C. Minimum No. of
Suspension Amperage Holes Indicated
1400 3
Non-fluorescent 2500 5
3400 6
1400 4
Dry Powder 2500 6
3400 7
1400 3
Fluorescent 2500 5
3400 6
A.C. Amperage
Non-f luorescent 1000 1
Dry Powder 1000 1
Fluorescent 1000 1

1.6.10.2 QQlIs.

Test specimen(s) used with QQIls offer a more versatile means of checking system performance than afforded
by the Ketos ring. The specimens can be real parts or designed to be representative of the most challenging
inspection to be currently performed. This combination is capable of providing an adequate check on any
magnetic particle inspection system. Even though QQIs respond to the applied, not residual, field,
demagnetization is necessary of the specimen(s) in order to remove the previously applied inspection media.

1.6.10.3 Cracked Parts.

The ultimate specimens for the performance tests are cracked parts. If available, they require careful
handling to remain corrosion-free and retain their flaw sizes.

1.6.11 Ammeter Check.

Amperage indicator accuracy check SHALL be performed using the calibrated ammeter/shunt authorized in
TA-455. Operation of the ammeter/shunt SHALL be according to the commercial manufacturer’s operating
instruction. DC amperage variations exceeding +10% at reading or +60 amperes, whichever is greater, and
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AC amperage variations exceeding +10% at maximum rated unit output SHALL necessitate location the
source of the difficulty and corrective action taken. The ammeter/shunt SHALL be calibrated as prescribed
in T.O. 33K-1-100-1.

1.6.12 Quick Break Tester.

Check SHALL be accomplished to insure the presence of accurate decay rate sufficient for quick break
magnetization. The quick break tester is authorized in TA-455. Operation fo the quick break tester SHALL
be accomplished according to the commercial manufacturer's operating instructions. Test failure SHALL
necessitate locating the source of the difficulty and corrective action taken. The quick break check SHALL be
performed at least once each 60 calendar days.

1.6.13 Establishing a Field Indicator Reference Standard. (Sed Figure 1-9h.)

a. Place a small bar magnet (approximately 1 by 1/2 inch) vertically near the bottom of an 8 1/2- by 11-
inch sheet of paper and trace around the magnet with a marker. (It does not matter which pole of the
magnet is up.)

b. Place a new field indicator at the top of the paper with the bottom of the indicator above and in line
with one pole of the magnet.

c. Slowly move the new field indicator toward the magnet until a half-scale meter reading is obtained.
(If the south pole of the magnet is up, the meter needle will deflect to the right.)

d. Mark the location of this field indicator by tracing along the bottom of the indicator with a marker.
Label the line with a unique letter.

e. Repeat steps b, ¢ and d with all remaining new indicators in the NDI shop inventory. Use the same
magnet at the same orientation.

f.  From among the group of new field indicators tested, select the one that gave a half-scale reading at
the most common position marked on the sheet of paper.

g. Label the selected field indicator as the reference standard.
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[Eigure 1-94. Establishing a Field Indicator Reference Standard

1.6.14 Checking the In Use Field Indicators. (See[Figure 1-9b.)

a. Place a small bar magnet (approximately 1 by 1/2 inch) vertically near the bottom of an 8 1/2- by 11-
inch sheet of paper and trace around the magnet with a marker. (It does not matter which pole of the
magnet is up.)

b. Place the field indicator reference standard on a sheet of paper with the bottom of the indicator above
and in line with one pole of the magnet.

Change 3 1-50.1/(1-50.2 Blank)






T.0. 33B-1-1

Move the reference standard toward the magnet until a half-scale meter reading is obtained. (If the
south pole of the magnet is up, the meter needle will deflect to the right.)

Mark this position on the sheet of paper by tracing along the bottom with a marker.

Place an in-use field indicator in the exact position traced for the reference standard and note the
reading.

Reject an in-use indicator if the meter reading obtained differs from that of the reference standard by
more than two units in either direction.

(2
(2
(&

N N N
S S S
Magnet

H0000242

[Eigure 1-9B. Checking In-Use Field Indicators

SECTION VII - Deleted
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SECTION Vil
UT PROCESS CONTROL

1.8 ULTRASONIC PROCESS CONTROL REQUIREMENTS.
1.8.1 The Ultrasonic Process Control Requirements.

In the ultrasonic inspection process like the eddy current process you must know your equipment and probe
or transducer or search unit is functioning properly. The following information on process control in
ultrasonic testing is designed to help ensure repeatability and accuracy. All new transducers should be
checked against a reference transducer of the same dimension and frequency. Only transducers in use
require documentation on serviceability. For example, you may have 5 of the same transducers in stock but
only be using one. The one in use should be labeled to show the required gain to achieve a 100% amplitude on
a specific size flaw. If a transducer requires more gain than the reference transducer, you know it is then a
suspect. This transducer can be used, providing you can still find the required defect called by the procedure.
You should never have only one transducer for a specific application. A transducer element can separate
from the damping material. This will cause the initial pulse to become a long ringing signal. Such a situation
will cause the transducer to fail the dead zone test. The transducer must be replaced. This type of process
control will help ensure quality inspections without assuming everything is working properly. Frequency of
process control checks on equipment should come from the operations manual on the equipment. Frequency
of transducer checks should be determined by the amount of use, which will be determined by the lab
supervisor. The operator is the critical link in this process. Even if all the equipment is working properly, the
inspector must follow the written procedure and use the correct standard. No deviations SHALL be made
without proper engineering authority. In this chapter, the terms “reference standard,” “reference block,”
“test block,” and “calibration standard” all have the same meaning as defined in the glossary. Reference
standards are used by the instrument operator. Calibration of reference standards by laboratories is not
required. However, to insure uniform inspection sensitivity, reference standards shall be traceable to a
“master standard” in terms of discontinuity response.

1.8.1.1 Required Use.

All inspections shall include the use of one or more reference standards for setting up the inspection. In
addition, all discontinuity indications shall be compared to a reference standard by comparing the signal
amplitude of the discontinuity with the signal amplitude of the reference standard. This is done either in
percent signal amplitude or by noting the difference in amplitude in decibels (dB) when the instrument is
equipped with dB attenuation controls.

1.8.1.2 Configuration.

The reference standard may be a block containing a known size flat-bottom or side-drilled hole, machined slot
or notch, or a real discontinuity of known size in the test part or a piece similar to the test part. Inspection
procedures must be carefully reviewed for the following specific requirements:

a. Flat surface reference standards used for test set-up and for evaluation of discontinuity size and metal
travel shall be fabricated and checked in accordance with ASTM standard practices. For more
information see ASTM E127, E128, and E1158, 2nd para. 4.2.4.5.

b. Curved surface reference standards may be required when performing straight beam inspection of
curved entry surfaces on cylindrical or irregularly shaped products. Special ultrasonic test blocks
containing specified radii of curvature and flat-bottom holes of standard diameter shall be used. For
parts with convex radii over 4 inches, use standard flat face blocks. Flat blocks may be used to
inspect other curved surfaces when supported by test data showing correction factors, and must be
acceptable to the responsible engineering activity.
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c. Hollow cylindrical standards for inspection of hollow cylindrical parts or sections shall be fabricated in
accordance with a particular specification.

d. Internationa Ingtitute of Welding (11W) blocks shall be used as specified for determining certain
characteristics of angle beam and straight beam search unit and may be used for distance calibrations.

e. Holes, notches, and other reflectors shall be protected against corrosion and mechanical defacing that
would alter the ultrasonic echo signal. For example, it is recommended that all holes be sealed to
prevent corrosion of the hole face.

f.  For most inspections performed to locate cracks, an effective reference standard can be made by electric
discharge machining (EDM) notches. Notches must be replicated for verification. The notch of
appropriate size should be placed in the expected location of cracks (or per drawing) with the plane of
the notch in the expected plane of cracks. Information on the expected location and orientation of
cracks shall be obtained from the depot-level engineering activity. Other reflecting surfaces meeting the
requirements of MIL-STD-2154 are permitted. All standards should be clearly identified so that the
material, hole or notch size, angles and dimensions are clear.

1.8.1.3 Metal Travel Distance.

The metal travel distance (distance from sound-entry surface to a discontinuity) for the test part and the reference
standard must be the same within the tolerances shown in or else, as an option, distance amplitude
correction could be used.

Table 1-5. Reference Standard Metal Travel Tolerances.

Tolerances on Metal Travel Distance
Metal Travel Distance to Discontinuity to Discontinuity in
in Test Part Reference Standard
(inches) (inches)
Upto¥a + 1/16
1/4to1 +1/8
1to3 +1/4
3to6 +1/2
Over 6 + 10% of metd travel

1814 ASTM Blocks.

The ASTM test block configuration is shown in[Eigure I-10] Two sets of ASTM test blocks, one for aluminum and one
for steel, are included in TA 455. Two ASTM specifications cover manufacturing and verification of these reference
standards. They are ASTM E 127 (aluminum test blocks) and ASTM E 428 (stedl test blocks). ASTM E 428 also
allows the use of reference standards of other materials such as titanium. For more information see ASTM E1158,
“Standard Guide for Material Selection and Fabrication of Reference Blocks for the Pulsed Longitudina Wave
Ultrasonic Examination of Metal and Metal Alloy Production Material.
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Figure 1-10. ASTM Reference Blocks.

a. When applicablle_Table 1-6 may be used as an aid if the required flat-bottom hole, (FBH), reference
standard is not available. The second column lists relative amplitudes of echoes from successive sizes
of FBHs. For example the signal from a#5 FBH is 4 dB larger than the signa from a#4 FBH, so the
instrument gain would have to be decreased by 4 dB if a#4 FBH were available but a #5 FBH was the
required standard. If a#5 FBH were available but a #2 FBH were required, the instrument gain would
have to be increased 16 dB (7+5+4) for the inspection.

Table 1-6. Relative Signal Response from FBHs in ASTM Blocks.

FBH Number Difference (dBs)
(size in 64ths of an inch) From previous FBH size
2

O~NOO Ol bW
N WWwWhrOo

b. Hole bottoms are checked for flatness and hole orientation is checked for perpendicularity to the block
surface.

c. When FBH size is plotted versus respective ultrasonic echo amplitude for a given equipment set-up, a
straight line + 2 dB should pass through the plotted points.
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18.15 Angle Beam Blocks.

There are two types of angle beam calibration blocks included in TA 455: the miniature block and the International
Institute of Welding (I1W) block Type 2 (see[Eigure I-1T). Either of these blocks may be used to perform the following
for angle beam transducers: check the refracted angle of the sound beam, check the point-of-incidence of the refracted
sound beam and calibrate the sweep of the ultrasonic instrument. Note also within these paragraphs are procedures for
characterizing and calibrating straight beam transducers. Angle beam blocks made of aluminum and steel are
standard. Other materials may be specifically ordered. Shear wave velocities for titanium and aluminum are close so

aluminum blocks may be used for shear wave inspection of titanium. However, adjustments in distance calibration may
have to be made.
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Figure 1-11. Angle Beam Block.
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18.1.6 Surface Wave Reference Standard.

A variety of reflectors can be used for set up of surface wave inspections. Electrical discharge machined notches, saw
cuts, chiseled notches, and drilled holes can be used. Suggested surface wave standards are the side-drilled holes or the
notch in the I1W block when the search unit is placed on the large front or back surface of the block. The reflected
signal from one of the holes or the notch can be compared with the reflected signals from discontinuities in test parts.
Signals should be compared at equivalent travel distances (distance from search unit to reference standard reflector
equal to distance from search unit to test part discontinuity).

18.2 Calibration of Equipment.

The most important calibration is the verification of each inspection setup through use of the applicable reference
standard. It is essentia that this verification be accomplished for each and every inspection. However, there are
general calibration procedures that can be used to ensure that the equipment and its supporting components are within
the parameters required to perform ultrasonic inspections. These procedures, which follow in the remaining
paragraphs of this section, should be performed and documented at the time intervals prescribed in applicable
specifications or procedures, at any time an operator suspects that there is a problem with the equipment, or at least
annually.

1.8.21 Vertical Linearity of Instrument.

a. Upper Linearity Limit isthe level of vertical deflection defining the upper limit of an observed constant
relationship between the amplitude of the indications on an A-scan screen and the corresponding
magnitude of the reflected ultrasonic wave from reflectors of known size. The minimum acceptable
limit of full screen height is 95 percent.

b. Lower Linearity Limit isthe level of vertical deflection defining the lower limit of an observed constant
relationship between the amplitude of the indications on an A-scan screen and the corresponding
magnitude of the reflected ultrasonic wave from reflectors of known size. The maximum acceptable
limit of full screen height is 10 percent.

1.8.2.1.2 Procedure for Determining Vertical Limits.

a.  Usethree ASTM blocks, all with 3-inch metal travel distances and one each with a 3/64, 5/64, and 8/64
inch diameter flat-bottom hole (FBH).

b. Move the search unit over the surface of the block with the 5/64 inch FBH until maximum response is
obtained from the FBH. Make sure that the rgject control and filters are in the "off" or minimum
positions. Adjust the instrument gain control until the FBH signal is 35% of saturation on the CRT.

c. Leave the gain fixed as adjusted above in d. Maximize the FBH signa on the 3/64 and 8/64 FBH
blocks. Record the FBH signal amplitudes.

d. If theinstrument islinear, the signals from the 3/64 and 8/64 FBHs will be 13% + 3% and 90% * 5% of
saturation respectively. Thus, a 3/64 FBH signal between 10% and 16% of saturation is considered
linear; an 8/64 FBH signal between 85% and 95% of saturation is considered linear.

e. Instruments not linear within the above limits SHALL be repaired or replaced.
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1.8.2.2 Horizontal Linearity of Instrument.

1.8.2.2.1 Definitions.

a. Horizontal Limit is the maximum readable length of horizontal deflection that is determined either by
an electrical or a physical limit in the A-scan presentation of an ultrasonic testing instrument.
Horizontal limit is expressed as the maximum observed deflection in inches from the left side, or the
start, of the horizontal line representing the time base. The horizontal limit isfull scale.

b. Horizontal Linearity Range is the range of horizontal deflection in which a constant relationship exists
between the incremental horizontal displacement of vertical indications on the A-scan presentation and
the incremental time required for reflected waves to pass through a known length in a uniform
transmission medium. The acceptable horizontal linearity range is 85 percent of the Horizontal
Linearity Range.

1.8.2.2.2  Procedure for Determining Horizontal Linearity.
In lieu of any specific linearity requirement, the horizontal linearity may be checked as follows:

a. Usethe lIW block and a straight beam search unit (see[Eigure 1-19).

)

I_r—

]
]

ACCEPTABLE HORIZONTAL LINEARITY
INDICATED BY X} =Xg =Xg =X, = X5
WITHIN +3% of X

Figure 1-12. Use of I1W Block Horizontal Linearity.

b. Place the search unit on the IIW block and adjust the gain, sweep, and sweep delay to obtain six back
reflections on the CRT. The first back reflection should be located at the left side of the base line (the
initial pulse will be off screen), and the 6th back reflection should be located at the right side of the base
line.
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c. Measure the distance between the leading edge of adjacent back reflections. Ideal horizontal linearity
will be indicated by an equal distance between the leading edges of adjacent back reflections. If al the
values are equal within £ 3% of the full scale width, the instrument is considered linear in the
horizontal direction.

d. Instruments not linear within the above limits shall be repaired or replaced.

1.8.2.3 Sensitivity of Inspection System.

1.8.2.3.1 Definition.

Sensitivity is a measure of the ability of an inspection system (instrument and search unit) to detect discontinuities
producing relatively low-amplitude signals because of the size, geometry or location of the discontinuities. Noise can
limit detectability of discontinuities by masking their indications. Generally, sensitivity, resolution and signal-to-noise
ratio are interdependent and should be evaluated under similar test conditions.

1.8.2.3.2 Procedure for Determining General Sensitivity.

NOTE

The 1 MHz and 15 MHz requirements are applicable only when these frequencies
are to be used; they are not specific requirements for all instruments.

Unless otherwise specified in a detailed procedure, use ASTM reference blocks with flat-bottom holes (FBHs). Table 1-
7 shows the FBH that should be detectable with the respective frequencies.

a. Select the ASTM block with the appropriate FBH at a depth of three inches.

b. Obtain apeak signa from the appropriate FBH.

Table 1-7. Minimum Sensitivity Requirements.

Frequency (MHz) 1 2.25 5 10 15
FBH Size (inch/64) 8 4 2 1 1

c. Adjust the Gain control of the instrument until the discontinuity indication is 60 percent of full screen
height.

d. Note the baseline noise in the test region (adjacent to the FBH indication). The noise should be no
higher than 20 percent of full screen height.

e. When areference standard specified by a detailed inspection procedure is used, the minimum signal-to-
noiseratio isalso 3 to 1.

f. If the inspection system does not meet these sensitivity requirements, the search unit and/or cable

SHALL be replaced and the sensitivity checked again. If the inspection system still does not meet the
above requirements, the instrument SHALL be repaired or replaced.
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1.8.2.4 Resolution of Inspection System.

1.8.2.4.1 Definition.

Resolution is the minimum spacing between discontinuities for which separate and distinct ultrasonic echo signals can
be obtained. Spatial resolution refers to the lateral separation of discontinuities. Depth resolution, as the name implies,
refers to depth separation between internal discontinuities or a discontinuity and a boundary surface. The following
procedures are concerned only with entry and back surface resolutions, which are defined as the inspectable distances
nearest to the respective surfaces of the test material. Resolution shall be checked when specified and shall meet the

minimum requirements as given in This evaluation requires a reference standard with reference

NOTE

discontinuities at the respective distances from the appropriate surfaces of the standard.

NOTE

Before evaluating entry surface resolution, perform the distance calibration to avoid
misinterpreting an indication of a multiple echo from a discontinuity as the
indication of the first echo.

The 1 MHz and 15 MHz requirements are applicable only when these frequencies
are used; they are not general requirements for all instruments.
Table 1-8. Limits of Boundary Surface Resolution.

Frequency (MHz) 1 2.25 5 10 15
Entry Surface Resolution in Aluminum (inch) 0.5 0.375 0.25 0.125 0.125
Back Surface Resolution in Aluminum (inch) 0.5 0.3 0.2 0.1 0.1

1.8.2.4.2 Checking Resolution with an [1W Block.

When no resolution is specified, the following procedures may be used to check resolution with the 11W block (see

Figure 1-13. Use of an 1IW Block to Check Back Surface Resolution.
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1.8.2.4.2.1 Back Surface Resolution.

Position the search unit on an 11W block, and peak the signal from reflector A.
Maximize the separation of the signals from the reflectors A, B and C.

Evaluate the resolution by matching the signal patterns. Good resolution is indicated by the
respective signals returning to the baseline.

If a test system with a 2.25 MHz search unit does not meet these resolution requirements, the search
unit and/or cable SHALL be replaced and the resolution checked again. If the inspection system still
does not meet the above requirements, the instrument SHALL be repaired or replaced.

1.8.2.4.2.2 Entry Surface Resolution (Dead Zone).

a.

Position the search unit on an IIW block at P-1 or P-2 as shown in[Eigure 1-14] P-1 gives 0.2 inch
metal travel distance to the edge of the large hole. P-2 gives 0.4 inch metal travel distance.

Maximize the separation between the initial pulse and the hole signal. Evaluate the signal pattern
according to the criteria given in

Check that the hole signal is actually the indication of the first echo from the hole by noting the
position of the hole signal on the calibrated distance scale of the waveform display. The distance
should be the actual depth of the hole.

The first echo from the edge of the hole shall be completely separate from the initial pulse. The initial
pulse shall return to the baseline, as shown in the “good” example of [Eigure 1-14, for the following
conditions:
(1) 10 MHz: Good at P-1 and P-2
(2) 5 MHz: Good at P-2
(3) 2.25 MHz: Good at P-2

If the first echo from the edge of the hole is not completely separate from the initial pulse as required
above, the search unit and/or cable SHALL be replaced and the dead zone checked again. If the

inspection system still does not meet the above requirements, the instrument SHALL be repaired or
replaced.
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Figure 1-14. Use of 11W Block to Check Entry Surface Resolution

1.8.2.4.3 Checking Entry Surface Resolution with ASTM Blocks.

a. Use an ASTM block with a #5 FBH, or other size if specified. Choose a block with a metal travel
distance according to the frequency being used (see.

b. Maximize the separation between the initial pulse and the hole signal.

c. Check that the hole signal is actually the indication of the first echo from the hole by noting the
position of the hole signal on the calibrated distance scale of the waveform display. The distance
should be the actual depth of the hole.

d. Evaluate the waveform patterns.

1.8.2.5 Distance Calibration of A Scan.

1.8.2.5.1 Straight Beam Distance Calibration for Weld Inspection (I11W Block).

a. Position the search unit on an I1W block at P-1, P-2 or P-3 as shown in [Eigure 1-15.] This distance
between multiple back reflections is as follows:

(1) 1.00 inch at P-1
(2) 4.00 inch at P-2

(3) 8.00 inch at P-3
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Set the time base for the applicable distance calibration. [Figure 1-I5]shows example CRT

displays for various distance calibrations.
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Figure 1-15. Straight Beam Distance Calibration with W Block.
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1.8.2.5.2 Straight Beam Distance Calibration (Miniature Angle Beam Block).

a.  Position the search unit on the miniature block at P-1 or P-2 as shown in. The distance between
multiple back reflections is as follows: (seelFigure 1-16)

b. Set the time base for the applicable distance calibration.
(1) 0250inch aP-1

(2) 1.000inch  aP-2

1.000 1.
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Figure 1-16. Straight Beam Distance with Miniature Angle Beam Block.

1.8.25.3 Straight Beam Distance Calibration (ASTM Blocks).
Distance calibration may be performed using multiple reflections from the FBHSs or the back surfaces of ASTM blocks.
The procedures are identical to the procedures outlined above using the W block and the miniature angle beam block.

1.8.2.6 Cdlibration of Angle Beam Transducers.

NOTE

Do to a problem with the IIW Type 1 and Type 2 auminum reference blocks, they
SHALL NOT be used for determining the point-of-incidence on shear wave search
unit having a refracted angle greater than 45° (i.e., 60°, 70°, etc.) Use a steel 11W
block instead.

1.8.2.6.1 Angle Beam Point Of Incidence (11W Block).

The point-of-incidence is defined as the center point of the sound beam exiting the search unit wedge. It is usually
indicated by a mark on the side of the wedge at the point where an imaginary line through the exit point of the beam
intersects the side of the wedge.

a.  Move the search unit back and forth from the curved surface at R-4 (sed Figure 1-17) until the peak
signal from R-4 is obtained.

b. The search unit point-of-incidence now coincides with the line marked "0" on the block. Mark the
point-of-incidence on the side of the search unit.
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Figure 1-17. Point of Incidence Determination with 11W Block

1.8.2.6.2 Angle Beam Point of Incidence (Miniature Angle Beam Block).

NOTE

The point-of-incidence as determined in accordance with these procedures
may not correspond with the point-of-incidence placed on the search unit by
the search unit manufacturer.

a. Move the search unit back and forth from the curved surface at R-2 (see[Figure 1-18) the peak signal
from R-2 is obtained.

b. The search unit point-of-incidence now coincides with the line marked “0” on the block. Mark the
point-of-incidence on the side of the search unit.

R-1 (] R-2

LII | |

30° 45° _  60°

H0000235

Figure 1-18. Determination of Point of Incidence with Miniature Angle Beam Block
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1.8.2.6.3 Angle Beam Angle Determination (11W Block).

a. Position the search unit on scale “A” or “B” as shown in Figure 1-19. IMove the search unit back and
forth until the peak signal from the hole is obtained.

b. Read the refracted angle from the position on scale “A” or “B” coinciding with the point-of-incidence.
In[Eigure 1-19, P-1 shows 60° and P-2 shows 45°.

P-1

K quz /—l SCALE A

1 ] '
% 60° 70°

o
(=]
e O,

H0000245

Figure 1-19. Angle Determination with 1IW Block

1.8.2.6.4 Angle Beam Angle Determination (Miniature Angle Beam Block).

B a2 Position the search unit on scale “A” or “B” as shown in Figure 1-22. IMove the search unit back and
forth until the peak signal from the hole is obtained.

b. Read the refracted angle from the position on scale “A” or “B” coinciding with the point-of-incidence.
I In[Eigure 1-22| P-1 shows 45° and P-2 shows 70°.
c

Angle beam determination can also be done with the miniature angle beam block Eigure 1-22
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Figure 1-20. Angle Beam Distance Calibration with 11W Block

1.8.2.6.5 Angle Beam Distance Calibration (I11W Block).
The following procedure works only for a 45° angle beam.

a. Position the, search unit at P-1 as shown if_Eigure 1-20 and adjust the position laterally to obtain ll
equal amplitude signals from R-2 and R-4.

b. The distance between the R-2 and R-4 signals is 2 inches. Set the time base range for the applicable
distance calibration.

c. Another method is to position the search unit along scale “C” and obtain a peak signal from the hole
as shown inm Distance is read directly off the scale. P-2 shows 2.5 inches; P-3 shows 5
inches.
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Figure 1-21. Angle Beam Distance Calibration with Miniature Angle Beam Block

1.8.2.6.6 Angle Beam Distance Calibration (Miniature Angle Beam Block).

The following procedure works only for a 45° angle beam.

B o Position the search unit at P-1 and then P-2 as shown in Obtain peak signals from R-1
and then from R-2.

b. The angle beam metal travel at P-1 is 1.00 inch; at P-2, it is 2.00 inches. Use multiple back reflections
to calibrate longer distances.

CAUTION

Ensure you are using the proper transducer and standard matched for the
material you wish to inspect.

EX: A = aluminum transducer
S = steel transducer
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Figure 1-22. Angle Determination with Miniature Angle Beam Block

1.8.2.6.7 Determining Skew Angle.

Skew angle is a measure of the misalignment angle between the ultrasonic beam and the Search units’ axis of
symmetry (see Eigure 1-23).

a. Place the IIW block flat on the side and adjust the Search units to maximize the echo from the other
corner of the block (see[Eigure 1-24). The corner of the block where there are no scale engravings
SHALL be used.

b. Place a protractor on the block as shown in[Eigure 1-24land measure the skew angle. |

c. Alternatively, any reference block having right angled edges and a constant thickness can be used for
the skew angle measurement.

1.8.2.6.8 Angle Beam Transducer Parameters.

The angle of incidence and skew angle of NEW and USED ultrasonic transducers SHALL be maintained
within two (2) degrees of what is required to perform an ultrasonic inspection. Transducers that do not fall
within this parameter SHALL NOT be used to perform ultrasonic inspections. Transducers out of tolerance
SHALL be reworked, if possible, to within parameters to extend their usefulness. The rework procedure
consists of wet sanding the wear plate/wedge very slowly using 600 grit of finer sandpaper or equivalent
emery cloth. Extreme care must be taken, during sanding, not to raise the temperature of the wear plate/
wedge. Temperature increases will affect the acoustic impedance of the wear plate/wedge and therefore, the
overall transducer sensitivity.
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Figure 1-23. Beam Misalignment (Skew Angle)
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Figure 1-24. Skew Angle Measurement
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SECTION IX
RT PROCESS CONTROL

1.9 PROCESS CONTROL FOR RADIOGRAPHY.
1.9.1 Scope and Purpose.

Process control for radiography or other methods of inspection means that all the variables involving,
materials, equipment, personnel, and documentation are well-defined and that the features that are
significant in terms of process reliability be identified so that controls can be put in place.

19.11

For radiographic inspection, control features include variations in the radiation source, voltage, current, heat
removal, and geometry factors such as focal spot size, shape and location, beam collimation and direction, and
source-to-object and source-to-detector distances. Variations can also occur in the object and detector area in
terms of the placement of the object (and penetrameters or image quality indicators) and the detector. In the
case of film radiography, the storage and handling of the film, screens, and cassettes are an important
variables to be brought under control. For the most part control of these variables is dependent on the
radiographic inspector and the care the inspector uses in setting up all these features. Good record keeping is
important in maintaining reliability.

19.1.2

A major variable in the radiographic process is the processing of the film. Concentration of processing
chemicals, contaminants, and temperature are important variables. A method of monitoring changes in film
processing involves the processing of many control-exposed films periodically to detect changes in film
density and/or contrast. This can be implemented by radiographing a step wedge at time zero; this SHALL be
at the beginning of each month. The film exposed to all the various gray levels from the step wedge can be
cut into strips, each strip to be processed at various times after the identical exposures. For example, strip
No. 1 would be processed immediately, as the control film. Densities and contrast between selected steps can
be measured with a densitometer. Periodically, once a week, another film strip shall be processed and the
densities and contrasts compared to those of the control film. Major variations in the densities of the films
should lead to further examination of the film processing procedure. Variations in excess of 0.3 density units
from anticipated film density values would be considered a major variation (a factor of 2 in transmitted
brightness). Small variations may be tolerated. The experience of several months should provide scatter
data that the radiographer will recognize as acceptable. The last strip in the control exposure should be
processed with the control film of the new batch to maintain continued control from month to month. In
cases where films from one manufacturer are processed in another film manufacturer's recommended
solutions, the period between control tests should be shortened.

1.9.1.3

The radiographic inspector should implement the control strip to detect changes in the radiographic process.
If the inspector sees to it that the equipment is properly maintained, takes care to use the equipment in a
repeatable manner, maintains good records, and maintains the repeatability of film processing, then the
radiographic inspection process will remain in good control.

1.9.2 Radiographic Process Control Requirements.

This requirement centers around film processing however the whole x-ray process must be closely controlled
to produce the expected results. X-ray is a cure all to the novice, but to the informed it is a very costly and
sometime inaccurate NDI method. Every aspect of the x-ray process must be right for the quality and
probability of detection to be what we want. X-ray procedures SHALL be followed precisely. Proper beam
alignment, the correct film, source focal spot size, and correct exposure parameters are critical. This
radiographic process has many factors that effect the quality of the final product. One you must continuously
check is the manner in which the film is handled.

1.9.2.1 Process Control in the Darkroom.

For efficiency and reducing the possibility of damaging radiographic film, two distinct areas should be
established within the darkroom. One area being designated the “dry area” and the other the “wet area.”
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The dry area is where film is unloaded and placed on hangers, prepared to be loaded in the automatic film
processor, loaded in cassettes or cut to support special inspections. No liquids or materials that could damage
unprotected film should be allowed in this area. The wet area is where development chemicals are mixed,
hand development is accomplished and other operations of this nature are performed. Wet hangers and other
wet equipment should not be permitted out of this area of the darkroom. These two areas should be
physically separated to prevent the wet chemicals, which can cause spots or other artifacts, from being
accidentally transferred to the film loading areas. Most dark room equipment such as the processing tanks,
dryers, and hangers are manufactured of stainless steel. The fixer solution is particularly corrosive, and
most other metals are readily attacked.

1.9.2.2

If possible, the dark room should adjoin the X-ray room or radiographic work area. A film-transfer cabinet
should be installed in the separating wall, particularly if a large volume of work is done. Film can be handled
efficiently without interfering with darkroom processing. The film-transfer cabinet must be lead lined if it
adjoins the X-ray room.

1.9.23

Proper ventilation SHALL be provided for the darkroom. The circulation of clean fresh air will reduce fatigue
and provide a healthier atmosphere. Light-tight ventilators SHALL be installed, the number depending on
the size of the darkroom.

19.2.4

Assuming a developing time of 5 minutes, one 5-gallon tank will develop 30 films an hour. The stop bath
tank should have a capacity equal to that of the developing tank. The capacity of the fixing bath tank should
be double that of the developing tank. The wash tank should hold from 20 to 25 gallons. Install the wash
tank so that films are placed in the tank at the outlet end. If dark room volume requirements must be
greater, use the above relationships to plan the additional facilities. The finish of the benches, walls and
floor adjacent to the tanks must be adequate to protect against the action of chemical solutions and water
that may be spilled on them.

1.9.25

Film bins are desirable since they are light-tight and close automatically. The boxes of film can be stored
here in perfect safety and are readily available. For the mixing of chemicals enamel pails, several funnels
and stirring rods must be provided. Where films must be dried rapidly, film drying cabinets are necessary.
These dryers should have a filtered air intake, film racks, exhaust fan and heating element. It is best to wire
the fan and heating elements on the same circuit so the heating element cannot be turned on without the fan.

1.9.2.6

To minimize the fogging of undeveloped radiographic film by the safelights in the darkroom the following
provisions apply:

a. General illumination should be indirect.

b. Safelights should be suspended from be ceiling and SHALL be at least four feet from undeveloped/
exposed film.

c. The ceiling should be white with the walls a light color.
d. Only the minimum level of safelight needed to perform darkroom operations SHALL be allowed.

e. Only safelight filters (6B or equivalent) designated for use with industrial radiographic film SHALL
be allowed.

f. The manufacturer’'s recommended bulb wattage SHALL not be exceeded.
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1927

NOTE

It is extremely important that the film used for these tests never be exposed to
safelight prior to the test. Therefore, if afilm cassette is used, it SHALL be loaded
in total darkness.

Safelights for darkroom operation, contrary to their name, contribute to unwanted densities (fog) on radiographic film.
To overcome this problem, the length of time that undeveloped industrial radiographic film can safely be exposed to the
level of safelight within a specific darkroom SHALL be determined. This time period is much shorter for exposed film
than for unexposed. The reason for this time difference is that exposed film is approximately five times more
susceptible to fog caused by safelight than film that is unexposed. The safelight fog evaluation procedure consists of
two tests, the individual safelight test and the collective safelight test. These tests have a requirement to be performed
separately or jointly depending upon the circumstances. The circumstances when both tests SHALL be performed are:
1) initial safelight evaluation for in-use or new darkroom facility and 2) when the periodic collective safelight tests
results are unacceptable. The circumstances when the individual safelight test SHALL be performed on a single o, if
the requirement dictates, all safelights are: 1) initial test, which includes all safelights; 2) a newly installed fight; 3) if
any changes are made to existing lights such as bulbs, filters, position, and reflecting versus direct light function; 4)
whenever filters are suspect of fading and to determine the adverse effects of crazing, scratches, and cracks; or 5)
whenever alight is suspect of producing excessive safelight fog. The circumstances when the collective safelight test
SHALL be performed are: 1) during the periodic requirement (safelights filters deteriorate with use. The rate of
deterioration is dependent on their age, amount of use and amount of heat generated by its bulb. Therefore, a periodic
test schedule SHALL be established to collectively test safelights for film fog, dependent upon their use. Thistest cycle
SHALL not exceed one year); 2) repositioning of safelights; 3) reestablishing undeveloped film handling area; and 4)
installing additional safelights. The materials and procedure that SHALL be used to establish the maximum safelight
exposure period is as follows:

a. For theinitial safelight evaluation radiographically expose an individual sheet of Class 4 radiographic
film for each safelight that is in the dark room plus an additional sheet to approximately a 1.5 (x 0.2)
HD units overall constant density. For example, if there are three safelights in the darkroom expose
four separate sheets of film individually. In the case where only the individual safelight test is being
performed, only radiographically expose the number of films that correspond to the number of safelights
that are to be tested. If only the collective test is to be performed only radiographically expose one film.
Each film that is radiographically exposed, to perform the individual or collective safelight tests,
SHALL be identified so as to identify the specific safelight it was used to test or if it was used to
perform the collective safelight test.

b. To perform the individual safelight test, turn off, or remove, the bulbs from all the safelights with the
exception of the safelight to be tested. During the initial safelight evaluation each safelight SHALL be
tested individually and collectively.

c. Turn off the safelight to be tested and ensure the darkroom is void of all ambient light.

d. While al safelights are off, and in total darkness, remove the radiographically exposed film from its
envelope/cassette.  Position the exposed film in direct line and perpendicular with the safelight's filter,
at a maximum distance of four feet unless the distance between the normal working level and safelight
is greater than four feet, in which case the test film should be placed at this measurement.

e. Cover the entire test film with an opaque Material, such as cardboard.

f.  Turn-on the safelight to be tested.
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a.

m.

Expose equa sections of the radiographically exposed test film to the safelight by diding the opague
material the length of the film in 6 minute, 3 minute, 1 minute, 30 seconds, 15 seconds, O second time
intervals, (leaving the last section unexposed to the safelight). This will result in six test film sections,
each with a different safelight exposure consisting of the following: 10 minutes and 45 seconds, 4
minutes and 45 seconds, 1 minute and 45 seconds, 45 seconds, 15 seconds and 0 seconds.

Cover the entire test film with the opaque material, taking care not to lift the mask off of the test film,
as this would result in the 0 second section being exposed to the safelight.

Turn off the safelight being tested.
Develop the film as you would normally, with the exception of it being performed in total darkness.

Repeat the individual safelight test procedure for each safelight, if required. Great care must be taken
not to unintentionally expose test film to safelight. Undeveloped test film SHALL be maintained in a
light tight container prior to it being developed and not being used to perform a safelight test.

Upon completing the initial individual safelight test for each safelight, perform the collective safelight
test. The initial and periodic collective safelight test is similar to the individual safelight test with the
exception of the following:

(1) All safelights SHALL be turned-on during the safelight time interval exposures.

2 The radiographically exposed test film SHALL, be positioned in the usual area where normal
undeveloped radiographically exposed film is handled. Thisarea SHALL NOT be less than four
feet from any safelight source.

After all test films have been developed in total darkness, read the densities of the five safelight exposed
sections comparing them to the sixth section on their respective test film. The section with the least
amount of safelight exposure that has a measurable density increase is the maximum time that an
undevel oped radiographic film SHALL be allowed to be exposed to safelight in the darkroom.

If this time restriction is 4 minutes and 45 seconds or less, or not suitable for operational needs, one or
more of the following actions SHALL be taken:

(1) Replace safelight filters that are faded, cracked, are not designated for industrial radiographic
film, crazed, do not fit properly, or scratched.

(2) Replace safelight bulbs that exceed the wattage recommended by the manufacturer.
(3) Replace safelights that are unserviceable, such as emitting ambient light.

(4) Eliminate or reconfigure uncontrollable ambient light sources such as doorways, ventilating and
heating ducts/vents, faulty film pass through box, building structural cracks, and holes around
pipes and electrical wiring.

(5) Intheevent that the individual safelight tests are all within an acceptable tolerance, but the
collective safelight test is unacceptable, investigate, the validity of the individual safelight test and
when, in fact, the results of these tests are correct, reduce the number of safelights in the darkroom.
The level of safelight that SHALL be present is the minimum required to perform undevel oped film
preparation/ development operations.
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19.28
During the development and preparing of uncovered, undeveloped radiographic film, ambient light SHALL NOT exist
in the darkroom.

1-75/(1-76 Blank)
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CHAPTER 2
SECTION |
INTRODUCTION TO LIQUID PENETRANT INSPECTION
2 LIQUID PENETRANT INSPECTION.
2.1 INTRODUCTION.

Penetrant is used to detect discontinuities, i.e., cracks, pits, etc., open to the surface on parts made of nonporous
materials. This method depends on the ability of the penetrant to enter into a surface discontinuity in the material to
which it is applied.

211 GENERAL.

a. Dueto its ahility to inspect ferrous and nonferrous parts of all sizes and shapes, and its portability, the
liquid penetrant NDI method can be used at both depot and at field repair stations. For a specific
aircraft type, a technical manual on nondestructive inspection is used to define the method, technique,
equipment preparation, and precautions required to perform NDI on each component of the aircraft. A
separate manual is used for engines.

b. With wider use of the eddy current NDI method, liquid penetrant, long a primary NDI method, is now
becoming the secondary method for many applications. This is a result of the improved sensitivity of
new eddy current inspection techniques and the fact that eddy current does not require use and disposal
of potentially hazardous chemicals. For batch inspection of large areas, the penetrant method is still
preferred due to the shorter total process time when compared to eddy current.

212 Summary.
This section contains introductory information for management, supervisors, and non-NDI personnel. The information

can also be used in the indoctrination training of beginning NDI personnel. The section provides background
information and outlines the basic penetrant process. It describes the purpose and some reasons for selecting the
penetrant inspection methods. Personnel qualification requirements for performing penetrant inspections are aso
discussed. Penetrant test equipment is briefly discussed in general terms. The capabilities/advantages and
limitations/disadvantages of the process are also discussed.

2.1.3 Background.

a. Liquid penetrant inspection is one of the oldest of modern nondestructive inspection methods. It began
in the railroad maintenance shops in the late 1800s. Parts to be inspected were immersed in used
machine oil. After a suitable immersion time, the parts were withdrawn from the oil and the excess
surface oil wiped off with rags or wadding. The part surfaces would then be coated with powdered
chalk or a mixture of chalk suspended in alcohol (whiting). Oil trapped in cracks or flaws would bleed-
out causing a noticeable stain in the white chalk coating. This became known as the oil-and-whiting
method.

b. The oil-and-whiting method was replaced by magnetic particle inspection on steel and ferrous parts in
1930. However, industries using non-ferromagnetic metals, especialy aircraft manufacturers, needed a
more reliable and sophisticated tool than discolored machine oil and chalk. In 1941, fluorescent dye
materials were added to highly penetrating oil to make a penetrant material. Colored dyes, primarily
red, were produced a little later. Since then, a large number of penetrant systems or families have
evolved. These include developments in the following: various types and concentrations of dye
materials;, types of penetrating oils and additives; materials and methods for removing the excess
surface penetrant; and various materials and forms of developing agents.

2-1



T.0.33B-1-1

214 Capabilities of Penetrant Inspection.

Penetrant inspection is an inexpensive and reliable nondestructive inspection method for detecting discontinuities that
are open to the surface of the item to be inspected. It can be used on metals and other nonporous materials that are not
attacked by penetrant materials. With the proper technique, it will detect a wide variety of discontinuities ranging in
size from readily visible flaws down to the microscopic level, as long as the discontinuities are open to the surface and
are sufficiently free of foreign material.

215 Basic Penetrant Process.

The basic fundamentals of the penetrant process have not changed from the oil-and-whiting days. The following
provides a simplified description of the fundamentals. More explicit process details are discussed in subsequent
sections Figure 2-1 illustrates the basic principles of the penetrant inspection process.

PENETRANT

STEP 1. APPLY PENETRANT

STEP 2. REMOVE EXCESS

INDICATION DEVELOPER

Wﬂ}}fﬁ*

STEP 3. APPLY DEVELOPER

Figure 2-1. Basic Penetrant Inspection Process.
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a. InStep 1, Cleaning is a critical part of the penetrant process and is emphasized because of its effect on
the inspection results. Contaminants, soils or moisture, either inside the flaw or on the part surface at
the flaw opening, can reduce the effectiveness of the inspection.

b. In Step 2, a penetrating liquid containing dye is applied to the surface of a clean part to be inspected.
The penetrant is alowed to remain on the part surface for a period of time to alow it to enter and fill
any openings or discontinuities open to the surface.

c. After asuitable dwell period, the penetrant is removed from the part surface, in Step 3. Care must be
exercised to prevent removal of penetrant contained in discontinuities.

d. A materia caled a developer is then applied (Step 4). The developer aids in drawing any trapped
penetrant from discontinuities and improves the visibility of indications.

e. The fina process step (Step 5) is a visual inspection under appropriate lighting conditions to identify
relevant indications.

216 Leak Detection.

Penetrant is also used to detect leaks in containers. The same basic fundamentals apply but the penetrant removal step
may be omitted. The container is either filled with penetrant or the penetrant is applied to one side of the container
wall. The developer is applied to the opposite side, which is visually inspected after allowing time for the penetrant to
seep through any leak points. This method may be used on thin parts where there is access to both surfaces and the
discontinuity is expected to extend through the material.

217 Personnel Requirements.

The apparent simplicity of the penetrant inspection is deceptive. Very slight variations in performing the inspection
process can invalidate the inspection by failing to indicate serious flaws. It is essential that personnel performing
penetrant inspection be trained and experienced in the penetrant process. All individuals who apply penetrant
materials or examine components for penetrant indications shall be qualified as specified in[Chapter 1] Section 1.2.

218 Equipment Requirements.
The equipment used in the penetrant inspection process varies from aerosol spray cans to complex automated systems.
Some of the more generally used types of equipment are briefly described in the following paragraphs.

2181 Portable Equipment.

Penetrant inspection can be performed on installed parts (e.g., on aircraft) or on parts too large to be brought to the
inspection area. Penetrant materials are available in aerosol spray cans and in small containers for brush or wipe
applications. Generally, portable penetrant applications are limited to localized area or spot inspections rather than
entire part surfaces.

2182 Stationary Inspection Equipment.

The type of equipment most frequently used in fixed installations consists of a series of modular workstations. At each
station an inspector performs a specific task. The number of stations in a processing line varies with the type of
penetrant method used. Typical stations are: dip tanks for penetrant, remover or emulsifier, and developer; drain or
dwell areas; a spray wash area with a black light; a drying oven; and an inspection booth. The drain or dwell stations
are roller top benches to hold the parts during the processing cycle. The usua arrangement is to position a drain or
dwell station following each of the dip tanks, the wash station and the drying oven.

2183 Small Parts Inspection Unit.

There are inspection units designed for processing small parts. The units are smaller than the general systems
described irf_ paragraph 2.1.8.2, and some of the stations serve multiple purposes. In use, the parts are loaded into wire
baskets that are then batch processed through each of the stations. The wash station may contain a water-driven, rotary
table with spray jets to supplement the hand held spray wand.[Eigure 2-2]shows a small part inspection unit.
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Figure 2-2. Typical Small Parts Inspection Units.

2184 Automated I nspection Systems.

The penetrant inspection process can be adapted for use with semi and fully automated processing equipment. Semi-
automated systems consist of a conveyor belt or table for moving the parts through one or more of the processing steps.
Applications of penetrant, emulsifier or remover, rinse, or developer are manualy performed. In fully automated
systems, all of the processing steps are mechanically performed without an operator. Automated equipment allows
large numbers of parts to be rapidly processed with a minimum of personnel and time. Automated equipment also
provides a more uniform, though not necessarily more sensitive, testing process. The inspection interpretation can be
performed manually, semi or fully automated.

2-4
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Advantages and Capabilities of Liquid Penetrant Inspection.

a

Liquid penetrant inspection is capable of examining al of the exterior surfaces of objects. Complex
shapes can be immersed or sprayed with penetrant to provide complete surface coverage. Other
nondestructive methods cover a specific area or location and must then be repeated to cover other areas
or locations.

Liquid penetrant inspection is capable of detecting very small, surface discontinuities. It is one of the
more sensitive nondestructive inspection methods for detecting surface flaws.

Liquid penetrant inspection can be used on a wide variety of materias: ferrous and nonferrous metals
and aloys, fired ceramics, powdered-metal products, glass, and some types of organic materials.
Restrictions of the penetrant application are listed in[paragraph 2.1.17]

Liquid penetrant inspection can be accomplished with relatively inexpensive, non-sophisticated
equipment. If the area to be inspected is small, the inspection can be accomplished with portable
equipment.

Liquid penetrant inspection magnifies the apparent size of discontinuities making the indications more
visible. In addition, the discontinuity location, orientation, and approximate length are indicated on the
part, making interpretation and evaluation possible.

Liquid penetrant inspection is readily adapted to volume processing permitting 100 percent surface
inspection. Small parts may be placed in baskets for batch processing. Specialized systems may be
semi- or fully automated to process as many parts per hour as required.

The sensitivity of a penetrant inspection process may be adjusted through selection of materials and
technique. This alows suppression of indications from small, inconsequential discontinuities while
indicating larger discontinuities of more concern.[Figure 2-3 shows indications from two penetrant
inspection processes of different sensitivity levels.

MEDIUM SENSITIWVITY LEVEL FENETRANT

HIGH SEMSITIVITY LEVEL PENETHRANT

Figure 2-3. Cracked, Brittle Iron-Plated Coupon Showing the Inspection Results from Two Fluorescent

Penetrant Inspection Processes of Different Sensitivities.

Disadvantages and Limitations of Liquid Penetrant Inspection.

WARNING

Penetrants, emulsifiers, and some types of developers have very good wetting and
detergent properties. They can act as solvents for fats and ails. If they are allowed
to remain in contact with body surfaces for extended periods, they may cause skin
irritation.
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Some penetrant materials contain volatile solvents that can be nauseating. This is
especialy true of the vehicles in aerosol or pressure spray cans. Recommendations
of the Base Bioenvironmental Engineer and the manufacturer regarding necessary
personnel protective equipment SHALL be followed when using such materials.
Always use adequate ventilation, as determined by the Base Bioenvironmental
Engineer, to remove noticeable vapor concentrations in confined areas.

CAUTION

Many penetrant materials are combustible, but most have relatively high flash
points. They are not considered a serious fire hazard in open tanks. However,
when sprayed as a fine mist, they are easy to ignite and open ignition sources must
be avoided when spraying is used.

NOTE

Although advantages/disadvantages may appear straightforward, the decision to
select the penetrant test method or any other NDI method is often not
straightforward and depends upon a large number of factors. A thorough
knowledge of the capabilities and limitations of all nondestructive inspection
methods is required. Whenever possible, the decision on which method to use
should be referred to the cognizant NDI engineering activity.

a. Penetrant inspection depends upon the ability of the penetrating media to enter and fill discontinuities.
Penetrant inspection will only reveal discontinuities that are open to the surface.

b. The surfaces of objects to be inspected must be clean and free of organic or inorganic contaminants that
will prevent the action of the penetrating media. It is also essential that the inside surface of the
discontinuities be free of materials such as corrosion, combustion products, or other contaminant that
would restrict the entry of penetrant.

c. Penetrants are usualy oily materials with strong solvent powers and highly concentrated dyes. They
will attack some non-metallic materials such as rubber and plastics. There is also the possibility of
permanent staining of porous or coated materials.

d. Some penetrant materials may contain either or both sulfur and halogen compounds (chlorides,
fluorides, bromides, and iodides). These compounds can cause embrittlement or cracking of austenitic
stainless steels if not completely removed prior to heat treating or other high temperature exposure.
Entrapped halogen compounds may also cause corrosion of titanium alloys if not completely removed
after the inspection is completed and the part is subjected to elevated temperatures.

e. Most penetrant materials are oily in nature. Therefore, they must not be used on parts such as
assemblies where they cannot be completely removed and will subsequently come in contact with
gaseous or liquid oxygen. Oils, even residual quantities, tend to explode or burn very rapidly in the
presence of oxygen. There are special oxygen compatible materials that SHALL be used if penetrant
inspection is required and complete removal of the residue is not possible.

2111 Limitations on Applications of Penetrant Inspection.

21111  Haw Location.
Penetrant inspection is applicable to all solid, nonporous materials. The discontinuities must be open to the surface of
the part. If subsurface discontinuities must be detected, another inspection method must be used.
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2.1.11.2 Restricted Flaw Openings.

The penetrant inspection process depends upon the ability of the penetrant to enter and exit the flaw
opening. Any factor that interferes with the entry or exit reduces the effectiveness of the inspection. Organic
surface coatings, such as paint, oil, grease, or resin, are in this category. Any coating that covers or blocks the
discontinuity opening will prevent penetrant entry. Even when the coating does not cover the opening, the
material at the edge of the opening may affect the entry or exit of the penetrant and greatly reduce the
reliability of the inspection. Coatings at the edge of a discontinuity will also retain penetrant, causing
background indications. An inspection method other than penetrant SHALL be used if the organic coating
cannot be stripped or removed from the surface to be inspected.

2.1.11.3 Smeared Metal.

NOTE

NAVY REQUIREMENT: PMB shall not precede liquid penetrant inspection
unless effective chemical etching is performed or unless specifically author-
ized without etching.

Mechanical operations, such as shot peening, plastic media blasting (PMB), machine honing, abrasive
blasting, buffing, brushing, grinding and sanding may smear or peen the surface of metals. This mechanical
working closes or reduces the surface opening of any existing discontinuities. Mechanical working (smearing
or peening) also occurs during service when parts contact or rub together. Penetrant inspection may not
reliably detect discontinuities when it is performed after a mechanical operation or service use that smears or
peens the surface.

2.1.11.4 Porous Surfaces.

Penetrant inspection is impractical on porous materials, such as some types of anodized aluminum surfaces,
and other protective coatings on other metals. The penetrant rapidly enters the pores of the material and
becomes trapped. This can result in background fluorescence or color that would reduce contrast or mask
any potential discontinuity indications. In addition, removal of the penetrant may not be possible after the
inspection.

SECTION I
BASIC PENETRANT PROCESS

2.2 BASIC PENETRANT PROCESS.

221 Summary.

a. Removal, developers, process sensitivity, and general process steps are discussed. The advantages
and disadvantages of the various penetrant processes are discussed. The various specifications and
classifications which control the application of the penetrant process are also reviewed.

b. The information in this section is a brief non-technical description of penetrant and general process
steps. Itis intended as introductory material for management, supervisors, and other personnel who
are required to know the general applications and classifications of penetrants but do not require
detailed NDI information. It can also be used in the training of beginning NDI personnel. Detailed,
technical information on penetrant materials and application processes is provided in subsequent
sections.

2.2.2 Types of Penetrant.

2.2.2.1 General.

The penetrant inspection process detects discontinuities open to the inspection surface by trapping a very
small amount of the penetrant. If a discontinuity is to be detected, the very small amount of penetrant must
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be highly visible. In the oil-and-whiting days, it was found that used or dirty oil was much more visible than
clean machine oil. Present penetrants obtain visibility by having highly colored dyes dissolved in the
penetrating vehicle or oil. The type of dye materials provides one means of classifying penetrants.

2.2.2.2 Visible Penetrant.

CAUTION

DOD prohibits the use of visible-dye penetrant on aircraft, engines and
missiles, except for those parts with specific engineering approval.

Visible-dye or color-contrast penetrants contain a red dye dissolved in the penetrating oil. The visibility is
further enhanced during the penetrant process by the application of a layer of white developer. The white
developer provides a high contrast background for the bright red penetrant when viewed under natural or
white light.

2.2.2.3 Fluorescent Penetrant.

CAUTION

DOD prohibits the use of water washable dye penetrant on aircraft, engines,
and missiles, except for those parts with specific engineering approval.

Some chemical compounds have the capability of emitting visible light when exposed to near-ultraviolet light
(UV-A, energy with a wavelength of 320 to 400 nanometers), commonly called black light. This property is
termed fluorescence, and the materials are called fluorescent (see [paragraph 2.4.4.2.6).] Very small
guantities of fluorescent penetrant will emit highly visible indications when exposed to black light.

2.2.2.4 Dual Mode (Both Visible and Fluorescent) Penetrant.

CAUTION

DOD prohibits the use of visible / fluorescent (dual mode) penetrant on
aircraft, engines, and missiles, except for those parts with specific engineer-
ing approval.

Dual mode penetrants contain dye materials that are reddish in color under white light and fluorescent
under black light. However, the intensities of the visible red color and the fluorescent color (usually orange)
are less than the individual visible dye and fluorescent penetrants. The brilliance of the visible color and
brightness of fluorescence are less than that obtained with the single mode visible-dye and fluorescent-dye
penetrants respectively.

2.2.3 Methods of Penetrant Removal.

2.2.3.1 General.

Penetrant materials are manufactured or formulated for specific removal methods. The removal method
provides another means of classifying penetrant materials. Each removal method has advantages and
disadvantages, which are covered in later paragraphs.

2.2.3.2 Water Washable.

The usual liquid base or vehicle for a penetrant is petroleum oil, which is insoluble or immiscible in water.
This means that the penetrant cannot be removed with water. However, there are chemical compounds
called emulsifiers that can mix with oil vehicles to form a mixture that can be removed with water. When
emulsified, the oil-based penetrant then can be removed with water. The chemical compound forming the
emulsifiable mixture is called an emulsifying agent
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or an emulsifier. Water-washable penetrants contain an integral emulsifying agent when received from the
manufacturer. This permits direct removal by water immediately after the penetrant dwell.

2233 Postemulsifiable, Lipophilic Method.

Penetrants used in the postemulsifiable, lipophilic method are formulated to optimize their penetrating and visibility
characteristics. They do not contain any emulsifying agent and cannot be completely removed with plain water.
Remova is made possible by applying an emulsifier in a separate process step. This converts the excess surface
penetrant into an emulsifiable mixture that can be removed with water. (Sed paragraph 2.5.5.3).

2234 Solvent Removable.

WARNING

Solvents used may contain aromatic, aliphatic, or halogenated compounds.
Aromatic compounds are characterized by a strange aroma and are formed from
hydrocarbons and benzene. Aliphatic compounds are derived from fat; paraffin is
an example. Halogenated compounds are materials in combination with the
halogens fluorine and/or chlorine. Many solvents are highly flammable while
others may decompose at elevated temperatures. Keep all solvents away from heat
and open flame. Vapors may be harmful. Use adequate ventilation. Avoid contact
with skin and eyes. Do not take internally.

The term "Solvent Removable" applies to the process rather than the penetrant material, since all penetrants can be
removed with solvents. Usually the penetrants used in the solvent removable process are the postemulsifiable
penetrants, however, water washable penetrants can also be used.

2235 Postemulsifiable, Hydrophilic Method.

The postemulsifiable, hydrophilic method also uses penetrants requiring a separate emulsifier. The penetrants are the
same as those used in the lipophilic method. The difference between hydrophilic and lipophilic methods is in the
emulsifiers. Hydrophilic emulsifiers are water soluble emulsifiers and actually remove excess surface penetrant by
means of a detergent action rather than an emulsification action. (Sedparagraph 2.5.5.4).

224 Developers.

2241 Forms Of Developer.
There are four forms of developersin general use:

a. Dry powder

b. Water soluble

c. Water suspendible
d. Nonagueous

2242 Developer Application.
There are several methods of applying each form of developer, e.g., immersion, fog, air bath, electrostatic and pressure
Spray.

2.25 Classification Of Penetrant Materials And Processes.

2251 ASM 2644 -Categories.
In ASM 2644, penetrant materials have been classified under several headings (See[Table 2-1):
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a. Typeof penetrant (fluorescent or visible dye).
b. Method of removing excess surface penetrant.
c. Sensitivity Level of apenetrant system.

d. Form of developer.

e. Classof solvent remover.

NOTE

Form designations reflect ASM 2644, which has superseded MIL-25135. ASTM E
1417-95a did not reflect this change at the time of publication. The Specific
Application categories in for nonagueous developers and solvent
removers allow a manufacturer the opportunity to optimize the formulation of these
products for one of their own specific penetrant systems or for a specific user need.

Table 2-1. Classification of Penetrant Materials Contained in ASM 2644.

Type

Typel Fluorescent Dye
Typell Visble Dye
Typelll Dua Mode (Visible and Fluorescent Dye)

Method
Method A Water Washable
Method B Postemulsifiable, Lipophilic
Method C Solvent Removable
Method D Postemulsifiable, Hydrophilic
Sensitivity Level

Level % Very Low

Level 1 Low

Leve 2 Medium

Leve 3 High

Leve 4 UltraHigh

Developer

Forma Dry Powder

Form b Water Soluble

Formc Water Suspendible

* Formd Nonagqueous (Wet; for Type)
* Forme Nonagueous (Wet; for Type Il)
* Form f Specific Application

Solvent Remover

Class 1 Hal ogenated

Class 2 Nonhal ogenated

Class 3 Specific Application

2252 Classifications in Other Documents.
The ASM 2644 classifications are referenced in process standard ASTM E 1417 (latest version), the American Society
for Testing and Materials (ASTM) Practice for Liquid Penetrant Examination. The Type and Method classifications
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and the descriptions of the first four kinds of developers are referenced in ASTM E 165, Standard Test
Method for Liquid Penetrant Examination. The MIL-1-25135 has been superseded by an Aerospace Material
Specification (AMS) 2644.

2.2.5.3 Penetrant System.

CAUTION

The penetrant system concept does not allow the mixing together of solvents
or developers from different manufacturers. For example, a qualified non-
halogenated solvent remover from manufacturer A may not be mixed with a
gualified non-halogenated solvent remover from manufacturer B, and a
qgualified water soluble developer from manufacturer C may not be mixed
with a qualified water soluble developer from manufacturer D.

A penetrant system is defined as a penetrant and emulsifier together, from the same manufacturer. ASM
2644 requires that a penetrant / emulsifier combination be qualified and used together for the two
postemulsifiable methods. For the water washable and solvent removable methods the penetrant system
consists of the penetrant alone. Solvent removers and developers are qualified independently and may be
used with any qualified penetrant system. Therefore, a qualified postemulsifiable penetrant system from
one manufacturer may be used with any qualified developer; a qualified solvent removable system may be
used with any qualified solvent and developer, and a qualified water washable penetrant system may be used
with any qualified developer (approved for water washable systems).

2.2.5.4 Requirements.

The ASM 2644 is used to procure penetrant materials and requires manufacturers to conduct extensive tests
on new formulations of penetrant materials. The test reports, plus a sample of the material, are then
submitted to the Government Qualifying Agency. The Qualifying Agency reviews the reports and conducts
additional tests to verify the acceptability of the material. If the candidate material(s) meets or exceeds the
requirements of the specification, a letter of notification approving the material(s) for listing is issued and at
the next revision, the material(s) and manufacturer are listed on the Qualified Products List, QPL-25135. All
materials listed in a given classification category are considered equivalent in meeting the generic specifica-
tion requirements. Consequently, any manufacturer’s penetrant system listed in the QPL, for a given type,
sensitivity, and removal mode may be substituted for any other penetrant system listed to the same
classification.

2.2.5.4.1 Sensitivity.

ASM 2644 requires candidate materials and systems to equal or exceed the performance of the appropriate
reference system or material. Additionally, the Method D systems must be qualified with the hydrophilic
emulsifier concentration at the maximum recommended by the manufacturer; this concentration is listed on
the qualified products list (QPL) and shall not be exceeded. Reference materials were selected from available
commercial products to represent typical examples of each classification of material listed in[Table 2-1lexcept
Dual Mode penetrants and Specific Application developers and solvent removers. There are reference
fluorescent penetrants for each sensitivity level. The reference dry developer is used to process both the
candidate and the reference materials except for visible penetrant systems (Type 1) where the nonaqueous
(wet) reference developer (Form e) is used. Two examples follow.

a. A candidate Type I/Method D/Level 3 penetrant system is processed with the reference dry developer
and the brightness of the resulting crack indications are compared to the results from processing the
same crack standards using the reference Type I/Method D/ Level 3 hydrophilic penetrant system
(postemulsifiable reference penetrant and reference hydrophilic emulsifier) and the reference
developer.

b. Any candidate developer for use with fluorescent penetrant systems is processed with the Level 4
lipophilic system and the results compared to the results from processing the same crack standards
with the same reference penetrant system and the reference developer.
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2.2.5.4.2 Penetrant Removability.

NOTE

All penetrant materials, except solvent removers, used in performing pene-
trant inspection SHALL be listed on the QPL or SHALL be approved for
listing as evidenced by a letter of notification. Refer to[paragraph 2.5.6]

Qualification procedures for penetrant removability follow the same pattern as the sensitivity qualification
procedures except that the reference system for all fluorescent penetrant systems is the lipophilic system for
the appropriate sensitivity level. Again, the reference dry developer is used in all processes. The
requirement is for a candidate penetrant system to leave no more residual penetrant than the same
sensitivity level reference penetrant system. Grit blasted stainless steel panels are used for the removability
tests. Background measurements taken at three spots are averaged to get a result used for comparison
purposes. As an example, the Level 2 fluorescent penetrant lipophilic system is used for removability tests of
all Level 2 candidate penetrant systems; the reference dry developer is applied in processing both systems.

2.2.6 Qualified Products List (QPL).
2.2.6.1 Quality of QPL Materials.

NOTE

DOD activities SHALL perform quality conformance verification on incoming
penetrant materials as described in Section 2.8.5.

Listing of materials on the QPL does not guarantee that subsequent products of the same formulation will be
acceptable. Listing on the QPL merely indicates that the original raw materials, formulation and com-
pounding practice can result in an acceptable product. There are many factors and conditions involved in
compounding and manufacturing penetrants that can affect their performance. ASM 2644 includes an option
for a procuring activity to contractually require a manufacturer to provide quality conformance test results
and a sample of the material from the lot or batch to be supplied. The procuring activity itself has the option
of performing tests to verify the conformance of a material, whether a sample and test report is or is not
contractually required.

2.2.6.2 Unsatisfactory Materials.

NOTE

Knowledge of penetrant problems, even relatively minor ones, is essential for
improvement of the NDI program, the materials specification and the qualifi-
cation tests. Information copies of written correspondence concerning unsat-
isfactory penetrant materials SHALL be submitted to AFRL/MLS-OL (Air
Force NDI Office), 4750 Staff Dr., Tinker AFB, OK 73145-3317; DSN 339-
4931 and AFRL/MLSA, Bldg. 652, 2179 Twelfth Street, Ste. 1. Wright-
Patterson Air Force Base, OH 45433-7718.

Unsatisfactory materials SHALL be reported in accordance with T.O. 00-35D-54 (Air Force) or AR 735-11-2
(Army). A copy of the quality conformance test results SHALL be included as substantiating data.

2.2.7 Basic Penetrant Processes.

Abridged penetrant process flow charts illustrating the general process steps for the various penetrant
methods are provided in[Eigure 2-4fthrough m Detailed descriptions of application procedures are
contained in later sections and paragraphs. The process flow charts contain reference locations for the
detailed information. Since the
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application procedures for fluorescent penetrant (Type 1) and visible-dye penetrant (Type Il) are similar, the process
flow charts are applicable to both types of penetrants.

228 Sensitivity.

The term "sensitivity", when used in conjunction with penetrant inspection processes refers to the ability to detect
flaws. Sensitivity, when used in this context, is a relative factor. More sensitive inspection processes are capable of
detecting smaller flaws than less sensitive processes. Among the several factors that influence the sensitivity of a given
penetrant inspection process are the cleaning methods on the parts before the penetrant inspection, the selection of
penetrant materials and the process by which the materials are used. Thisis not to be confused with "penetrant system
sensitivity level" which is a penetrant system classification term mentioned if_paragraph 2.2.5 that will be further

discussed iri_ paragraph 2.4.4.3
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CLEAN Par 2.3.7
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Figure 2-4. Flow Chart for Water Washable Penetrant Process (Method A).
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Figure 2-5. Flow Chart for Postemulsifiable, Lipophilic, Penetrant Process (Method B).
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Figure 2-6. Flow Chart for Solvent Removable Penetrant Process (Method C).
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Figure 2-7. Flow Chart for Postemulsifiable, Hydrophilic Penetrant Process (Method D).
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SECTION 111
PRETESTING, CLEANING, PRECLEANING AND POSTCLEANING
2.3 PRETESTING, CLEANING, PRECLEANING AND POSTCLEANING.
231 Introduction.

2311 Purpose Of This Section.

The treatment and condition of parts prior to inspection have a significant influence on the results of the inspection
process. Nondestructive inspection personnel must be aware of the pre-inspection surface treatment processes and their
effects on the penetrant process. This section provides the necessary background information but does not contain
enough information to permit selection of a cleaning process or to perform major cleaning operations. However, there
isinformation on pretesting and precleaning procedures which NDI personnel perform.

23.1.2 Definitions.

23.1.21 Pretesting.
Pretesting is done to determine the compatibility of penetrant materials with parts made of a material that has no
history of being successfully inspected with liquid penetrants.

23122 Cleaning.
Cleaning, istheinitial removal of soil, corrosion and paint accomplished by the corrosion control or cleaning shop.

23123 Precleaning.
Precleaning is the surface preparation performed by NDI personnel just prior to inspection, to remove light soils that
have accumulated during service or since major cleaning.

23124 Postcleaning.
Postcleaning follows penetrant inspection to remove residual penetrant materials.

232 Pretesting.

2321 Purpose Of Pretesting.

Some nonmetallic parts, such as plastics, rubbers and plexiglass, may react with the oils and solvents contained in
penetrant inspection materials. These oils and solvents can cause swelling, softening, distortion, crazing, or other
surface effects resulting in damage to the part. The purpose of pretesting is to ensure that parts to be inspected will not
be damaged by penetrant materials. All nonmetallic parts that have not been previously inspected, and which do not
have approved technical or nondestructive inspection procedures, SHALL be pretested.

2322 Pretesting Procedure.

NOTE

If necessary, the cognizant ALC NDI Manager or responsible engineering authority
should be contacted for assistance.

Some materials may not show effects until they are subjected to service conditions
(aging, cold, heat, moisture).
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Pretesting SHALL be performed as follows:

a. If spareor extra parts are available, the entire surface to be inspected may be pretested. If the part to be
inspected must be reused, the pretest should be performed on a small area where possible damage can
be tolerated.

b. The part to be pretested SHALL be cleaned and visually examined for evidence of pre-existing damage.

c. Apply the penetrant to be used to the area selected and allow it to remain on the surface for at least
twice the proposed dwell time. Wipe excess penetrant from the area and closely examine for any
surface changes.

d. Repeat Step c with the remover and devel oper to be used, examining the part surface for any evidence of
change between each process step.

e. If any evidence of adverse effects is noted, the penetrant inspection method should not be used.

2.3.3 Cleaning.

2331 Responsibility for Cleaning.

Properly performing surface treatment operations, such as paint stripping and cleaning of military system metals and
aloys, requires skill and knowledge. Improper methods, materials, or procedures can result in severe damage to
surfaces and parts. Nondestructive inspection personnel are neither trained nor experienced in performing paint
stripping or cleaning. Surface treatment processes SHALL be accomplished only by qualified personnel.

2332 Need For Clean Surfaces.

The proper preparation of parts prior to inspection is critical. Successful detection of discontinuities by penetrant
inspection depends upon the ability of the penetrant to enter and exit from the discontinuity, and the resulting
indication must be readily distinguishable from the background. Surface conditions, such as coatings or soil
contamination, can reduce the effectiveness of the inspection by interfering with the entry and exit process or producing
a high residual background. Penetrant inspection is reliable only when the parts to be inspected are free of
contaminants. Foreign material, either on the surface or within the discontinuity, can produce erroneous results. Any
interfering conditions must be removed by proper cleaning or surface treatment prior to penetrant application.

2.3.3.3 Factors In Selecting A Cleaning Process.

CAUTION

Improper cleaning methods can cause severe damage or degradation of parts.
Selection and application of cleaning processes SHALL be accomplished only by
qualified personnel.
Cleaning is a broad term covering methods and materials used to remove contaminants or soils from a surface.
Cleaning is routinely used for corrosion control and to prepare surfaces for other treatments. There are no special
methods or materials specifically dedicated to penetrant inspection. Different materials and parts require separate or
individual cleaning processes. No one cleaning method is equally effective on all contaminants. The selection of a
suitable cleaning process is complex and depends on a number of factors, such as:

a. Typeof soil(s) or contaminant(s) to be removed.
b. Part material. Some nonferrous metals, such as aluminum and magnesium, present problems because

strong alkaline or acid cleaners attack the metals. Steels, especially in the heat treated condition, are
likely to become embrittled by acid cleaners. Other metals, such as titanium and high nickel alloys, can
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be attacked by cleaning compounds containing halogen and sulfur compounds if they have residua
cleaning compounds present and are exposed to high temperatures.

c. Part surface condition. Rough surfaces tend to hold soil, making it harder to remove.

d. Part surface accessibility and geometry. Complex shapes make it difficult to clean all of the surfaces,
and soils lodged in restricted areas may escape the effects of cleaning.

e. Required degree of cleanliness as dictated by the surface treatment that will follow or what service
conditions will be encountered by the cleaned part.

f. Availability and adequacy of cleaning facilities. For example, a large part cannot be placed in a small
alkaline or ultrasonic cleaning tank.

234 Contaminants and Soils.

2341 Definition of Contaminants and Soils.

In this section, the terms “contaminants’ and “soils’ are used interchangeably and refer to matter on a part or
component that may affect the penetrant testing process. Contaminants may be intentionally applied, such as paint or
corrosion prevention compounds; may result from prior processes, such as machining, heat treating, or cleaning; or
may be the consequence of service, such as corrosion, carbon deposits, lubricating fluids, or dirt particles. The effects
of contaminants on the penetrant inspection process depend on the type of soil and whether it is on the part surface or
entrapped in a discontinuity.

2342 Effects Of Surface Contaminants.

Contaminants that cover or bridge the surface opening of a discontinuity will prevent or reduce the formation of a
penetrant indication. An indication can form only when the penetrant enters and exits the discontinuity. Any closure
or reduction of the surface opening will restrict the formation of an indication.

23421

Contaminants that do not bridge a discontinuity but are adjacent to the opening will aso reduce the effectiveness of
penetrant inspection. A common example of this condition is a painted part with a crack extending through the paint
layer. While penetrant may enter and exit the defect to form an indication, the retention of penetrant in the adjacent
contaminant can produce a residual background that masks or reduces the contrast of any discontinuity indication.
These contaminants can also result in the formation of false indications.

23422

One of the requirements for a penetrant to function is that it forms a continuous, even layer in intimate contact with the
surface of the area to be inspected. This action is called surface wetting and is one of the mechanisms of penetration.
Some types of contaminants prevent surface wetting thus prohibiting penetrant entry and the forming of an indication.

2343 Effects Of Contaminants Trapped in Discontinuities.

Foreign materials that fill discontinuities will block penetrant entry and indications will not form. A common
occurrence of filled discontinuitiesis the tire bead seat area on aircraft wheels. When cracks occur in this area, they are
frequently sealed by fine rubber particles from thetire. Eddy current or visual inspection will show cracks not indicated
by penetrant inspection.

23431
Contaminants within, but not completely filling discontinuities, can have several types of adverse effects:

a. Some contaminants interfere with the penetrating mechanism and either prevents or reduces penetrant
entry and exit from the discontinuity.
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b. Contaminants within the discontinuity, that do not interfere with the penetrating mechanism, still take
up physical space and reduce the volume of penetrant dye inside the discontinuity. The amount of
penetrant that can enter may be insufficient to produce a noticeable indication.

c. Contaminants that are strongly acidic or alkaline, such as residues from cleaning processes, can attack
the dyes. This attack can result in a loss of color or fluorescence, resulting in a less noticeable
indication.

2344 Specific contaminants And Their Effects.

2.3.4.4.1 Light Oils and Soft Films.

a. Examples of light oils and soil films are: hydraulic oils; lubricating oils; machining and cutting fluids;
thin greases, such as petroleum jelly; and film corrosion preventive compounds. When present as thin
films, these contaminants are easily removed by solvents. However, when they contain solid particles,
such as metal chips, sand, or dirt removal is more difficult. The oily phase is readily removed, leaving
the solid particles adhering to the surface. Removal of the solid particles may require a mild
mechanical action, such as hand wiping, pressure spray, solution agitation or ultrasonic vibration.

b. Light oils and soft films have several adverse effects on the penetrant inspection process. They readily
enter surface openings, thus reducing or preventing penetrant entrapment. Oily materials on the part
surface interfere with the mechanisms causing the penetrant to enter and exit from discontinuities.
Also, many oils and greases fluoresce under black light. When on a part surface, this fluorescence
could obscure a discontinuity indication or produce a false indication.

2.3.4.4.2 Heavy Oils and Solid films.

a. Examples of heavy oils and solid films are viscous oils; thick greases; hard film corrosion preventative
compounds; and particulate lubricants, such as graphite and molybdenum disulfide. These
contaminants or soils are more difficult to remove than light oils. They require solvent or chemical
action plus considerable mechanical action. Mechanical action can be solution agitation, manual
scrubbing or pressure spraying. Cleaning for penetrant inspection presents special problems. The
heavy oils and greases are viscous and flow very slowly; many of them have excellent penetrating ability
and readily enter surface discontinuities. Removal of heavy oils requires considerable mechanical
action where the forces are concentrated at the surface. Use of excessive mechanical forces to remove
heavy oils and films may further aggravate problems by smearing metal over narrow discontinuities.

b. Heavy oils and solid films have the same adverse effects on penetrant inspection as light oils and soft
films. They enter or bridge surface discontinuities and either prevent or reduce the amount of penetrant
entrapment. Many heavy oils and semi-solid films fluoresce under black light. This fluorescence can
obscure valid indications and produce false indications. Heavy oils and films on the surface of a part,
even in trace amounts, interfere with the entry and exit of penetrant discontinuities.

2.3.4.4.3 Carbon, Varnish and other Tightly Held Sails.

a. Examples of origins of carbon, varnish and other tightly held soils are: partially burned petroleum and
other combustion products; residues from evaporated fuel and oils; and dry film lubricants. These types
of soil are very adherent and are difficult to remove. They require special cleaning compounds and
processes to dissolve and loosen the soils. Strong mechanical action, such as scrubbing, pressure spray,
or solution agitation is also required. Care must be used, since many of the cleaning compounds will
attack some metals and aloys.

b. Tightly held soils, such as carbon, engine varnish, and other dry soils, can serioudly interfere with the
penetrant inspection process. They can bridge over or partialy fill the discontinuity, blocking or
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reducing the amount of penetrant in the void. When on the part surface, they interfere with the forces
or mechanism causing penetrant entry and exit from discontinuities. When dry, they tend to absorb
moisture that also interferes with penetrant entry and exit. As surface contaminants, they retain the
penetrant, leading to aresidual background and false indications during inspection.

2.3.4.4.4 Scale, Oxides, And Corrosion Products.

a. Scale and oxides generally occur as a result of exposure to high temperatures. Scale and oxides are
usualy very difficult to remove and may require extreme cleaning methods, such as acid pickling,
abrasive blasting or other metal removal operations. Some of these processes can have an adverse effect
on the penetrant inspection process and should be avoided, (seelparagraph 2.3.6)] Corrosion products,
particularly from stress corrosion, often occur or are lodged within discontinuities resulting in removal
problems.

b. Scale, oxides and corrosion products can bridge or partialy fill discontinuities restricting penetrant
entry. When on the part surface, they interfere with the mechanism of penetration, impeding both
penetrant entry and exit from discontinuities. They also retain penetrant on the surface, leading to a
high residual background and false indications. Stress corrosion products occur within the flaws and
may be impossible to completely remove. Penetrant inspection for stress corrosion cracking flaws
generally requires extended dwell times to permit penetrant entry.

23445 Paint and Other Similar Coatings.

Paint and similar coatings are not foreign soils since they are intentionally applied to the part surface as a smooth,
continuous layer. However, they can have several adverse effects on the penetrant inspection process. Many of the
coatings are elastic and do not form openings when the base metal cracks from service stress. When this occurs, the
surface opening is bridged or covered, preventing penetrant entry. Paint coatings can interfere with penetrant
inspection process even when they form open cracks along with the base metal. The paint surface texture is much
different than bare metal, and it can interfere with the mechanisms causing the penetrant to enter and exit the
discontinuity. Paint coatings, especially when they are oxidized, weather checked or cracked, can retain penetrant
during removal causing a high residual background or false indications.

23446 Water or Moisture.

Water or moisture on a part can occur from many sources. The most common source is the cleaning process followed
by inadequate drying of the part. Water or moisture on the part surface or in the discontinuity seriously interferes with
the penetration process. It is essential that water be removed not only from the part surface but also from the inside of
any discontinuities that may be present. Moisture in the form of condensation from high humidity or low temperatures
may occur and must be removed. An example of condensation occurrence is the spot cleaning of a local area with a
volatile solvent. Rapid evaporation of the solvent may cause cooling to a temperature at which condensation occurs
(dew poaint).

23447 Residuesfrom A Cleaning Process.

The chemicals used for cleaning solutions may contain strong akalis and acids. If not completely removed from the
part surface before penetrant inspection, they can interfere with the penetrant process in several ways. They can
impede surface wetting and prevent the penetrant from evenly coating the inspection area. They also interfere with the
mechanism causing the penetrant to enter and exit discontinuities. Strong alkalis and acids can decompose or degrade
dyes and other chemicals in the penetrant, causing weak or faint indications. Chromate residues absorb black light,
leaving less energy to excite the fluorescent dyes in the penetrant.

234438

Residues from Previous Inspection. Residues from penetrant inspection can affect subsequent inspection results and the
serviceability of the part. The effects of residues from previous penetrant inspections are discussed in the following
paragraphs. The effects on serviceability are discussed if_ paragraph 2.3.8.T
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2344381

If the post-inspection cleaning is inadequate, the residues must be considered as contaminants during a subsequent
reinspection. Developer residues on the part surface will retain penetrant causing a high residual background that can
obscure valid indications. When retained in crevices, joints or faying surfaces, developer residues will cause false
indications. Developer residues also absorb and retain moisture and, if not dried, may cause corrosion of the part.
Penetrant residues, if not removed from discontinuities, will dry forming a varnish-like materia in the flaw. This
entrapped residue may not fluoresce and will reduce or prohibit entry of penetrant during future tests of the part.

234482

CAUTION

DOD prohibits the use of visible-dye penetrant on aircraft, engine, and missile
parts, except for those with specific engineering approval.

Thered dyein visible-dye penetrant acts as afilter to black light radiation. When red dye residues mix with fluorescent
penetrant in a discontinuity, the fluorescent brightness can be reduced or destroyed. Visible-dye penetrant should not
be used if the part may be inspected with fluorescent penetrant at some later time. If a part has been previously
inspected with visible penetrant and requires reinspection, the reinspection should be done with visible-dye penetrant.
If fluorescent penetrant inspection must be performed to achieve the required sensitivity, special cleaning processes
should be used to insure removal of the visible penetrant residue of previous tests.

2.35 Cleaning Processes.

2351 Introduction to Cleaning Processes.

The success of any penetrant inspection procedure depends upon the part surface and discontinuities being free of any
contaminants or soils that might interfere with the penetrant process. There are a variety of cleaning methods which
may be utilized. The methods are generic and are used principaly for corrosion prevention and preparation of items
for surface treatments. There are no special methods used exclusively to prepare parts for penetrant inspection. Some
of the cleaning methods are discussed in the following paragraphs.

2.3.5.2 Alkaline Cleaning.

CAUTION

Some alkaline cleaning compounds will attack aluminum parts and components.
Care must be used in selecting the proper cleaning process for the materials to be
cleaned.

Alkaline cleaners are water solutions of chemicals which remove soils by a chemical action such as saponifying
(converting chemicals into soap) or displacement rather than dissolving the soils. Cleaners of this type usualy have
components to aid in lifting the soils from the part surface. After displacement, the soil may be carried as a suspension
in the cleaner; it may separate; or, in the case of fatty soils, it may react with the cleaner to form water soluble soaps.
Alkaline cleaning is usually accomplished in immersion tanks with the solution at or near its boiling point. The
cleaning action is expedited by some type of agitation. Following alkaline cleaning, parts and components must be
thoroughly rinsed to remove any traces of the cleaning compound prior to penetrant inspection.
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2.3.5.3 Steam cleaning.

CAUTION

T.0. 1-1-691 and NAVAIR 01-1A-509, TM 55-1500-334-23 prohibits the use of
raw steam for cleaning aircraft and missile surfaces.

Steam cleaning is aform of alkaline or detergent cleaning. Diluted solutions of alkaline cleaners, detergent cleaners, or
mixtures of both are injected into a live steam spray. The steam/cleaner mixture is under pressure and the jet is
directed at the surface to be cleaned by a spray wand. Steam cleaning provides both chemical and strong mechanical
action at elevated temperatures. Mobile steam generators permit application on parts and structures that cannot be
brought into the cleaning shop.

2354 Detergent Cleaning.

Detergent cleaners are water base chemicals called surfactants, which surround and attach themselves to particles of
surface soil. The particles of soil and detergent are then washed away by solution agitation, pressure spray, or hand
wiping. The action is identical to hydrophilic removers in the penetrant process described i paragraph 2.5.5.4.2]
Detergent cleaners may be alkaline, acidic or neutral but must be noncorrosive to the material being inspected. The
cleaning properties of detergent solutions facilitate complete removal of light soils from the part surface, preparing it
for penetrant inspection.

2355 Emulsion cleaning.

Emulsion cleaners consist of an organic solvent and a detergent in water based solution. The organic solvent may be a
petroleum base liquid. The soils are removed through a combination solvent-detergent action. The cleaner is lightly
alkaline and is usually sprayed on the part. Emulsion cleaning can leave a light oil film on the part surface that is the
residue of the solvent. Emulsion cleaned parts must be hot water rinsed or wiped with a solvent to remove the oily
residue prior to penetrant inspection.

2356 Solvent Cleaning.
This type of process removes soils by dissolving them. Solvents can be used on ails, greases, waxes, sedlants, paints

and general organic matter. The resulting solution may leave a thin film or residue of an oily nature. This oily film
must be removed with another solvent, vapor degreasing, alkaline or detergent cleaning prior to penetrant inspection.
Solvent cleaning may be accomplished by tank immersion, but is more often applied by spraying or hand wiping when
alkaline, detergent or vapor degreasing is impractical.

2.3.5.7 Vapor Degreasing.

NOTE

Methyl chloroform, the most commonly used solvent in vapor degreasers, is no
longer available to government facilities because of its detrimental effect on the
ozone layer. Other solvents that can be used are generally too toxic or expensive to
be practical substitutes. Consequently, utilization of vapor degreasing is generally
no longer available to government facilities.

2358 Ultrasonic cleaning.

This method adds ultrasonic agitation to solvent or detergent cleaning. The agitation is the result of cavitation of the
liquid when subjected to the high and low pressure (partial vacuum) of the ultrasonic waves. The formation and
collapse of the cavities in the liquid provides a scrubbing action to the surface of the part. The agitation increases
action of the cleaning solution and decreases cleaning time. It is particularly effective in removing contaminants
trapped in discontinuities. However, its effectiveness is dependent upon the cleaning medium. 1t should be used with
water and detergent on inorganic soils, such a rust, dirt, salts and corrosion products. It should be used with an
aromatic or halogenated solvent if the soil to be removed is organic, such as oil or grease; se¢ paragraph 2.2.3.4l
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Ultrasonic cleaning has limitations: its efficiency is affected by part size, configuration, and the cleaning solution action
on the soil to be removed.

2.3.5.9 Paint Remova

NOTE

Many paint removal operations leave a thin film of dissolved or softened paint and
remover chemicals on the part surface or in discontinuities. This often occurs when
local or spot paint removal is performed. Care must be taken to ensure the area to
be inspected is free of paint and remover residues since they interfere with the
penetrant inspection process.

There are alarge variety of paint coatings and finish systems in use on aircraft parts and surfaces. Some conventional
coatings are readily removed using standard methods. However, advances in paint technology have resulted in finishes
that can only be removed with unique materials and techniques. For conventional coatings, there are three genera
types of removers: solvent, bond release, and disintegrating. Some proprietary removers contain multiple types, such as
solvent or disintegrating compound in combination with a bond release material.

23510 Carbon Removal.

Carbon, varnish and other tightly held soils can present special problemsin removal. The soils may have been baked at
elevated temperatures to form a vitreous or glass-like coating. There are special solvent and alkaline cleaners for baked
soil removal. Many of the paint removal materials and processes are used in removing carbon, varnish and other
tightly held soils that are not baked.

23511  SdtBath.

Molten salt baths are used for removing heavy, tightly-held scale and oxide from low alloy steels, nickel and cobalt base
alloys, and some types of stainless steel. Salt baths cannot be used on aluminum, magnesium, or titanium aloys. The
process involves immersing the parts in molten caustic soda at about 700°F. The difference in thermal expansion
between scale and base metal separates some scale and causes the remainder to crack. The molten caustic soda aso
chemically reacts with the scale, reducing it to lesser oxides and metals. When the part is removed from the molten
salt, it is plunged into water creating a thermal shock, plus steam at the part surface which scours or blasts any
remaining scale from the part.

2.3.5.12 Acid Cleaning.

NOTE

Acid cleaning requires very careful control of procedures and solutions to prevent
damage to the parts.

Solutions of acids or their salts are often used to remove rust, scale, corrosion products, and dry shop soils. The type of
acid and its concentration depends on the part material and contaminant to be removed. Acid cleaners are not
generaly effective on oily soils. Oils and greases must first be removed by some other cleaning method so the acid can
react with the scale, oxides, or other tightly held soil.

2.3.5.13 Chemical Etching.

CAUTION

Chemical etching SHALL be done only with engineering approval and written
detailed process and application instructions.
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Chemical remova or etching of deformed or disturbed surface metal is necessary if flaws are to be detected by
penetrant inspection. There are a number of mechanical processes that deform the surface of a part (see paragraph
2.3.6.1). The deformation is a thin layer, surface metal flow that seals or reduces the opening of discontinuities (see
paragraph 2.3.6.2). The smeared metal over the surface opening prevents or severely restricts the penetrant entry into
any discontinuities. Chemical etching to remove the smeared metal allows penetrant inspection to be performed. The
etching is done using a mixture of appropriate acids or akalis plus inhibitors. The type of etching solution depends on
the part material and condition. Chemical etching requires very close control of the etching solution composition,

process procedures, and time of contact. Minor deviations in processing parameters will result in a number of adverse
effects, such as:

a.  Excessive metal removal.
b. Selective etching of critical surfaces.
c. Anincreasein the parts susceptibility to stress corrosion.
d. Reduction of residual surface stress with a corresponding reduction in fatigue life.
23514  Removal of Cleaning Process Residues.
Cleaning process residues are removed by rinsing with fresh water. The use of warm water and agitation followed by

repeated immersions in fresh water assist in complete removal. 1n some cases, residues of strong alkalis and acids are
subjected to arinse with aweak neutralizing solution followed by fresh water rinses.

2.3.5.15 Summary of Cleaning Processes.

is a summary of cleaning processes. Not al of the processes listed may be available at each operating
location.

Table 2-2. Non-Mechanical Cleaning Processes that may be Used Prior to Penetrant

Inspection.
SOLVENT MATERIALS POLAR OR IONIZING MATERIALS
Immersion fPara 2.35.6 Alkaline Cleaning £ Para. 2.35.2
Spray Steam {Para 2.35.3
Ultrasonic Detergent £Para 2.35.4
Emulsion

Paint Removal
Carbon Removal £Para. 2.3.5.10
Salt Bath

Acid Cleaning
Chemical Etching

2.3.6 Mechanical Working Processes.

236.1 Description.

Mechanical working processes involve displacement or removal of metal on the part surface. Intense mechanical
working processes (sand blast, grit blast, and wire brushing) are used to remove heavy or tenacious contaminates, such
as scale or rust. The less severe mechanical working processes (tumbling, liquid honing, vapor blasting) are frequently
used to remove light oxides and residual combustion products. Classification and methods of mechanical working
processes are listed in[Table 2-3 Metal removal methods are listed by the type of cutting action, while abrasive blast
methods are categorized by the type of abrasive media.
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Table 2-3. Mechanical Working Processes.

METAL REMOVAL ABRASIVE BLASTING
Filing Sand
Sanding Aluminum Oxide
Scraping Glass Bead
Milling Plastic Media Beads
Drilling Ligno-Cellulose
Reaming Shot Peening
Grinding Metallic Grit
Liquid Honing Organic Media
Vibratory/Tumble Deburring

2.3.6.2 Effects Of Mechanical Working.

NOTE

If a conflict arises pertaining to the proper inspection method to use following
mechanical working, the appropriate engineering activity SHALL be contacted for
final determination.

Mechanical working removes soils and contaminates by physical action. This physical action may aso remove or
deform the part surface. Deformation is in the form of metal flow or displacement on the part surface. The amount of
deformation depends on the type and severity of the working plus the ductility of the part. Even a small amount of
deformation, such as that caused by fine sanding or vapor blasting, may reduce the surface opening of small
discontinuities. This deformation can reduce the effectiveness of the penetrant inspection process. Chemical etching
(see[ paragraph 2.3.5.13) may be necessary when penetrant inspection is performed after a less severe mechanical
working process. Severe mechanical working processes, such as metal removal, shot peening, or grit blasting, can sea
or close the surface openings of large discontinuities which prevents the formation of penetrant indications. Penetrant
inspection SHALL be accomplished prior to mechanical work processes, such as machining, shot peening, grit blasting,
plastic media bead blasting, or coarse sanding, that severely displace surface metal. If it is not feasible to perform
penetrant inspection prior to these processes, then another inspection method should be considered. An exception to
this requirement is when penetrant inspection is performed to detect discontinuities formed by mechanical working,
such as machining tears or grinding cracks.

2.3.7 Precleaning.

23.7.1 Solvent Cleaning With Aerosol Spray Cans.

CAUTION

Isopropyl acohol and most Class 2 solvent removers are flammable.
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NOTE

With the elimination of the use of 1,1,1 trichloroethane (methyl chloroform), the

solvent remover in portable penetrant kits is most likely to be Class 2 (non-

halogenated). Most Class 2 solvent removers are hydrocarbon solvents such as

aliphatic naphtha. While they are excellent solvents, because of their high boiling

point (in excess of 300°F) such Class 2 solvent removers will not rapidly evaporate

at room temperature. Consequently, when used as a precleaner, care must be taken

to assure there is no residual solvent remover on the part surface prior to the

application of penetrant. This can be accomplished by thoroughly drying the

surface with a cloth or rag or, alternatively, using a more volatile solvent such as

isopropy! acohol to remove the less volatile solvent remover.
Portable penetrant kits contain aerosol spray cans of penetrant, developer and solvent remover. The solvent remover is
used in three ways: it serves as a precleaner before penetrant application; it removes the last of the excess penetrant
after completion of the penetrant dwell; and serves as a postcleaner to remove residual penetrant materials when the
inspection has been completed. This section deals with using the solvent as a precleaner.

2372 Method of Applying Spray Solvent.

The method of applying spray solvent remover as a precleaner is different than when it is used to remove penetrant
following penetrant dwell. When used as a precleaner, the solvent remover may be sprayed directly on the test surface.
Spraying the solvent directly on the surface is not permitted when removing excess surface penetrant during a penetrant
inspection process. As a precleaner, a libera amount of solvent should be applied and the excess solvent and
contaminants wiped from the test surface with a dry, lint free cloth or paper towels. The spray and wiping operation
should be repeated until a clean surface is obtained. Following the, application of spray solvent, a dwell period must be
allowed to permit evaporation of any residual solvent before applying penetrant.

23.7.3 Hazards Of Aerosol Cans.

Aerosol cans are a convenient method of packaging a wide variety of materials. Their wide use, both in industry and
the home, has lead to complacency and mishandling which can be hazardous. Some of the hazards in the use of aerosol
cans are discussed below:

a. The containers are gas pressure vessels. When heated the gas pressure increases. At temperatures
above 120°F (49°C) the container may burst.

b. Any combustible material, regardless of flash point, can ignite with explosive force when it is finely
divided and dispersed in air.

c. Penetrant materials (penetrant, cleaner/remover and developer) may contain petroleum distillates and
aliphatic (kerosene, mineral spirits, etc.) or aromatic (benzene type hydrocarbon) solvents. These
chemicals must be carefully used in the aerosol form to avoid health hazards.

2.3.8 Postcleaning After Penetrant | nspection.

2381 Effects Of Inspection Residues on Subsequent Service.

Penetrant inspection residues can have several adverse effects on subsequent processing and service. Developer and
penetrant residues, if not removed, have detrimental effects on the application of surface finishes such a painting,
plating and anodizing. Penetrant residues in flaws or discontinuities can seriously affect weld quality if not removed
prior to repair welding. Parts that will contact liquid oxygen must be given special attention. Traces of oil can cause
an explosion when contacted by liquid oxygen. Developer residues can interfere with the functioning of the part if they
involve a moving or wear surface. In addition, developer materials can absorb and retain moisture resulting in
corrosion of the part.
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2.3.8.2 Removal of Inspection Residues.

23821 Developer Residue Removal.

Developers are the last material applied in the penetrant process and may be one of several forms. The form of
developer applied (dry powder, nonaqueous, water suspendible or water soluble) greatly influences the method and
difficulties of removal. One point common to most developers is the increase in adherence with time on the part. The
longer a developer remains on a part, the more difficult it is to remove. Removal of the developer coating SHALL be
done as soon as possible after completing the penetrant inspection.

23821 Remova of Dry Powder Developer.

Dry powder developer adheres to all areas where applied. Some dry powder may lodge in recessed areas, faying surface
joints, or crevices. Dry powder particles can be removed with a water soluble detergent wash followed by a water rinse.
Dry developer particles adhering to penetrant bleed-out will be removed during the removal of residual penetrant
described below i paragraph 2.3.8.2.2]

2.3.8.2.1 Remova of Nonagueous Developer.

NOTE

Spraying aerosol solvent directly on the developer without first hand wiping is not
recommended. This practice spreads the developer particles over a larger area,
which increases the amount of wiping that must be done. Aerosol solvent spraying
may be used as afina step to remove residual or trace amounts of developer when it
is not practical to use water.

Nonagqueous developer is usualy applied by spraying from an aerosol can. The majority of applications involve a
relatively small area. This makes it advantageous to remove by initially hand-wiping the surface with a dry cloth or
paper towel to remove most of the developer. The remaining traces of developer can then be removed with a water or
alcohol moistened rag or paper towel. The inspected area may contain threads, crevices, and surface recesses where
wiping will not remove al of the developer particles. These areas should first be wiped to remove as much developer as
possible, and then pressure sprayed with a water and detergent solution. Solvent spraying is not particularly effective,
as the developer is usualy insoluble. A vapor degreaser SHALL NOT be used because the elevated temperature bakes
or hardens the devel oper coating.

23821 Removal of Water Soluble Developer.
Water soluble developer is the easiest to remove. The developer coating readily re-dissolves in water. Water soluble
developer should be removed by immersion or spraying with water.

23821 Removal of Water Suspendible Developer.

Water suspendible developer is very similar to non-agueous developer in removal characteristics. The best method of
removal is immersion and pressure spraying with a hot detergent solution. It can aso be removed with a plain water
spray and hand scrubbing with afiber bristle brush.

23822 Removal of Penetrant Residues.

Removal of residual penetrant following the inspection and developer removal is almost always required. The amount
of residual penetrant is small, consisting of penetrant retained in discontinuities, crevices, and part surface
irregularities. Penetrant residues generally can be removed with liquid solvents and detergent or alkaline cleaning.

2.3.8.23 Protection Of Parts Following Penetrant Inspection.

The penetrant inspection process and subsequent removal of inspection residues leave the parts with a chemically clean
surface. These surfaces, especially ferrous materials, are highly reactive and may corrode from the moisture in air.
Such parts should receive a corrosion protection treatment as soon as practical, following penetrant inspection.
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SECTION IV
MECHANISM, PROPERTIES AND APPLICATION OF PENETRANT
2.4 MECHANISM, PROPERTIES AND APPLICATION OF PENETRANT.
24.1 Summary.

This section provides basic, operating, and advanced level information on the penetrant portion of the inspection
process. It explains the basic theory of penetrating action on the mechanism of penetration, describes the physical and
chemical properties of penetrants and discusses their effects on the inspection process, describes methods and provides
instructions on applying penetrants, and presents information and guidance on the penetrant dwell process.

24.2 Requirements of A Penetrant.
There are a number of characteristics desired in a material if it is to function as a penetrant. The four primary
reguirements are:

a. It must be capable of entering and filling surface openings even though they may be very small.

b. Penetrant in a discontinuity must resist removal during removal of the excess penetrant material on the
surface of the part.

c. It must exit from the discontinuity after the surface penetrant has been removed.
d. It must present areadily visible or noticeable indication of the discontinuity.

The primary requirements listed do not include the factors of being economical, safe, and practical to use. The primary
requirements, combined with the additional factors, complicate the formulation of a penetrant material. The behavior
of a penetrant is controlled by a number of physical and chemical properties, many of which are conflicting. As a
result, commercial penetrants are a complex mixture of chemicals that are formulated for specific performance
characteristics. Unfortunately, there is no simple rule for formulating a penetrant material, nor is there a set of
characteristics which, if provided, will ensure afinal material that is completely satisfactory for all applications.

2.4.3 Mechanism of Penetration.

2431 Physical Principles.
The penetrant inspection process depends on a liquid that can flow over the surface. The ability of aliquid to cover the
surface of a part and enter any surface opening depends on surface tension, wetting ability and capillary action.

24311 Surface Tension.

The surface of a liquid exhibits certain features resembling the properties of a stretched elastic membrane. These
features are due to the cohesive forces holding the surface molecules together, hence the term “surface tension”. Asan
example, one may lay a needle or safety razor blade upon the surface of water, and it will lie at rest in a shallow
depression caused by its weight, much as if it were on a rubber air cushion. The forces drawing surface molecules
together can be very strong. These forces, or surface tension, cause a droplet of liquid to have a spherical shape. A
sphere has the smallest surface for a given volume of liquid. This has a direct effect upon the ability of a penetrant to
wet asurface. Surface tension usually decreases with a decrease in temperature.

24312 Wetting Ability.
When a liquid comes into contact with a solid surface, the cohesive force responsible for surface tension competes with

or is countered by the adhesive force between the liquid molecules and the solid surface. These forces determine the
contact angle that the liquid forms with the surface. Figure 2-8 illustrates three examples of contact angle. Contact
angle is designated by the Greek letter q (theta). If the contact angle is less than 90 degrees, the liquid spreads over the
surface and is said to “wet the surface”, or to have good wetting ability.
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Figure 2-8 The Contact Angle (q) Is the Angle Between the Liquid and Solid Surface and is a Measure of the

Wetting Ability.

24313 Capillary Action.

Capillary action is associated with wetting ability. When a tube with a small inside diameter is inserted into a liquid,
the liquid level inside the tubing may rise above, remain even, or be lower than the outside liquid level. If the contact
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angle between the liquid and the tubing wall is less than 90 degrees (the liquid wets the tube wall), the liquid will be
higher in the tube than on the outside. When the contact angle is 90 degrees or greater (poor wetting and high surface
tension), the liquid will not rise above the outside level and may even be depressed. Capillary rise occurs when aliquid
wets the inside of a tube and the surface tension draws additional liquid into the wetted area[Figure 2-9 illustrates the
effects of contact angles and capillary action.
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Figure 2-9. The Rise or Depression of Liquid in a Capillary Tube Depends upon the Contact Angle.

2432 Penetrant Entry Into discontinuities.

The description of capillary action illustrates the basic principles by which a penetrant enters a small surface opening.
If one end of the tube is closed, such as occurs in the case of a flaw, the capillary rise is affected by compression of the
air trapped in the closed end. In addition, flaws are not capillary tubes since the sides are not parallel and are not
circular. These factors allow penetrant to enter a flaw even in an inverted position, such as on a lower wing surface.
The points to be remembered about penetrant entry into discontinuities are:

a. A high surface tension and small contact angle are desirable in a penetrant, however these are
conflicting properties. High surface tension tends to increase contact angle and decrease wetting ability,
but enhances drawing penetrant into wetted areas.

b. Capillary force increases with smaller flaws.

c. Viscosity does not affect the penetrating ability but it can affect the time required for penetration.

d. Shape of adiscontinuity can affect penetrant entry.

e. Temperature affects the surface tension.

f.  Roughness of the flaw walls affects penetrant entry.

g. Contamination in the flaw can affect penetrant entry.

h. Residual cleaning solution in the flaw can effect penetrant entry.
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244 Penetrant Properties.

Surface tension and wetting action are only two requirements of a penetrant. In addition to penetrating ability, a
satisfactory penetrant must resist removal from discontinuities when excess surface penetrant is removed, produce a
noticeable indication, and be practical and economical to use. Formulation, selection, and application of penetrant
materials require consideration of many physical and chemical properties. Some of these properties, other than surface
tension and wetting ability, are discussed in the following paragraphs.

24.4.1 Physica Properties.

24411 Viscosity.

Viscosity isameasure of aliquid’s resistance to a change in physical shape and is related to internal friction. Viscosity
varies with temperature, decreasing as the temperature is raised and increasing with lower temperatures. Viscosity has
no effect on penetrating ability. Some highly viscous fluids, such as molasses, have very good penetrating ability, while
some low viscosity liquids, such as pure water, have very poor penetrating ability. However, from an application
viewpoint, viscosity affects the speed with which a penetrant enters a discontinuity. Viscosity aso determines how
much penetrant will remain on a part surface during the dwell period. High viscosity penetrants cling to the surface,
requiring increased effort for removal. Very thin penetrants (low viscosity) may drain from the part surface so quickly
that insufficient penetrant remains to enter into discontinuities.

24412  Specific Gravity.
Specific gravity is the ratio of the density of a substance to the density of distilled water at 40°F (4°C). Thisis also the

ratio of the weight of the substance to an equal volume of water. Specific gravity has no direct effect on the
performance of a penetrant. Most commercial penetrants have a specific gravity of less than one, primarily because
they are made up of organic materials having low specific gravities. For this reason, water contamination sinks to the
bottom of the penetrant tank.

24413 FHlash Paint.

Flash point is the temperature at which sufficient flammable vapor is given off aliquid to form an explosive mixture in
air over the liquid. The flash point does not affect the performance of a penetrant. High flash points are desirable to
reduce the hazard of fire. Penetrants and lipophilic emulsifiers meeting the requirements of ASM 2644 have a
minimum flash point of 200°F (93°C) if they are to be used in open tanks.

24414 Voldility.
Volatility is characterized by the vapor pressure or boiling point of aliquid. It is associated with the evaporation rate of

liquids and it is desirable for penetrant materials to have a low voldtility, i.e., a high boiling point. However, in the
case of petroleum products, viscosity increases as the boiling point goes up. In this group of materials, the lower
viscosity is preferred because they require less penetrating time.  Still, for practical purposes, high volatility can be
avoided before viscosity becomes a problem. High volatility resultsin aloss of penetrant in open tanks. In addition, a
highly volatile material will dry on the part during the penetrant dwell, leaving a film that is difficult to remove.
Entrapped penetrant would also have atendency to dry or loseits liquid properties, resulting in failure to bleed back out
of adiscontinuity to produce an indication.

24415 Fluorescent Dye Thermal Stability.

The dyes used in fluorescent-dye penetrants lose their brightness or color when subjected to elevated temperature. Loss
of brightness or color also occurs at moderate temperatures, but at a slower rate. Thislossistermed “heat fade’. ASM
2644 specifies the maximum allowable brightness loss as a function of penetrant sensitivity. This test is performed
after a penetrant has been subjected to an elevated temperature. Thermal stability is an important consideration during
hot air drying before or after developer application.

24416  Water Washable Penetrant Thermal Stability.

Thermal stability is the ability of water washable penetrants to resist physical changes under normal operating
conditions. ASM 2644 requires water washable penetrants submitted for qualification to be thermally cycled between
0°F and 150°F for 8 hours without separation or precipitation of constituents or major degradation in performance.
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24417 Storage Temperature Stability.

Storage temperature stability is the ability of a penetrant to resist physical and chemical changes when stored in sealed
containers at appropriate temperatures. Penetrant materials, excluding dry developer, SHALL NOT be stored in direct
sunlight or at temperatures above 140°F (60°C) or below 0°F (-18°C).

24.4.2 Chemical Properties.

2.4.4.2.1 Chemica Inertness.

CAUTION

Penetrant materials may cause deterioration and damage to materials that react to
hydrocarbons.

Penetrant materials should not react with the materials to be inspected. It is necessary that the penetrant, emulsifier
and developer material be chemically inert relative to the parts being inspected. Most oil base materials meet this
requirement. However, water contamination of many oils may cause the mixture to become alkaline. Thisis one of the
reasons why water contamination must be avoided. While oily penetrant materials are generally inert to most metals,
there is no one material that can be formulated for all parts. Chemical reactivity of penetrant materials must be
considered whenever a new application is encountered. Some rubber (natural and synthetic) and plastic (transparent
and opague) parts are susceptible to attack by the solvents and oils in the penetrant materials. Some metals can be
degraded at elevated temperatures by the trace amounts of sulfur or chlorine in conventional penetrants. Specia low
sulfur and low chlorine materials are available and are discussed in Section 2.8, Special Purpose Materials, paragraph
2.8.3.

24422 Toxicity.

Toxicity is the measure of adverse effects on humans resulting from contact with the material. It applies to any
abnormal effects ranging from nausea and dermatitis through dysfunction of major organs, such as the liver or kidneys.
It is essentia that penetrant materials be nontoxic. In qualifying penetrant materials for the QPL, the manufacturer
must submit a certified statement identifying each ingredient in the product by a recognizable chemical or trade name.
This information is evaluated for toxicity by the USAF Occupational and Environmental Health Laboratory before the
material islisted as a Qualified Product.

24423 Solvent Ability.
The visibility of indications depends upon the fluorescent or visible dye dissolved in the penetrant oils. The oilsused in

penetrants must have good solvent properties to dissolve and hold the dye in solution. It must maintain the dye in
solution under the wide range of temperatures encountered during transit and storage of the penetrant. If even a small
amount of separation occurs, recombination may be very difficult or not possible, resulting in decreased penetrant
performance.

24424 Removahility.
This term describes two conflicting requirements for a penetrant: a) the ability to be removed from a surface leaving

little or no residual background and b) resistance to being removed from discontinuities. In order to meet the first
reguirement, the penetrant must maintain the dyes in solution even when in the form of a thin film on the surface of a
part and without its more volatile components that have been lost during the dwell time. This requirement is more
difficult for water washable penetrants than postemulsifiable penetrants because the water washable penetrant does not
receive the additional solvent or surfactant of the emulsifier/remover during the removal process. The second
requirement is met by the penetrant resisting the removal process. For water washable penetrants and postemulsifiable
penetrants used with a lipophilic emulsifier, this is accomplished by the formation of a gel with the penetrant/water
mixture during washing that protects the penetrant in discontinuities from removal. For postemulsifiable penetrants
used with a hydrophilic emulsifier (Method D), the resistance is due to the lack of diffusion of the surfactants into the
surface penetrant layer, thus making only the thin surface layer emulsifiable and not the penetrant in discontinuities
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beneath the layer. For solvent removable penetrants, this can be done only by minimizing the amount of solvent used
during the removal process.

24425 Water Tolerance.

When penetrants are used in open tanks, it is inevitable that some water contamination will occur. Postemulsifiable
penetrants are inherently tolerant to water intrusion. Since they are oil based materials, any extraneous water will settle
to the bottom of the tank. Although their performance is not degraded, corrosion of the tank can occur. However,
water washable penetrants contain emulsifiers and will combine with water. They can tolerate the addition of small
amounts of water without losing their properties. The military procurement specification, MIL-1-25135E, requires
Method A penetrants to tolerate the addition of 5 percent of water, based on volume, without gelling, separating,
clouding, coagulating, or floating of water on the surface.

24426 Mechanism of Fluorescence.

The mechanism of fluorescence involves two factors: the atomic structure of the fluorescent material and the energy
level or wave length of the radiation source. The basic component of all matter is the atom that consists of protons,
neutrons and electrons. The protons and neutrons form a positively charged nucleus or core, while the negatively
charged electrons circulate in orbits around the nucleus. The orbits are actually shells or rings of discrete energy levels
with a definite number of electronsin each shell. A material will fluoresce only if it has a certain atomic structure: the
energy holding the electrons in orbit in the outer shells must be low, and there must be vacant electron space in the
outermost shell. When a photon of electromagnetic radiation from an X-ray or ultraviolet light impacts an electron in
an atom of fluorescent material, the electron absorbs some of the photon energy and jumps from its natural shell to a
higher energy shell. The electron is unstable in this condition and immediately returns to its natural shell or orbit. In
returning to equilibrium, the electron releases its excess energy as electromagnetic radiation. The released
electromagnetic energy always has a longer wavelength than the exciting radiation. Thus, ultraviolet radiation with a
wavelength of 365 nm (nanometer, a unit of length) causes some fluorescing materials to release energy that has a
longer wavelength of 400 to 700 nm. Thisis the wavelength range of visible light. The human eye is most sensitive to
yellow-green light at approximately 510-560 nm in darkness. Most dyes are made to emit this range.

24427 Brightness.

One of the more important factors responsible for the effectiveness of the penetrant process is the visibility of the
indication. Penetrants containing fluorescent dyes are not especially visible under white light. However, when
subjected to near ultraviolet (365 nm) radiation (UV-A or black light), the dyes emit visible light. Some dyes emit
more visible light per unit of black light energy than others. In addition, the amount of light given off is proportional
to the amount of dye in the penetrant. Brightness is a measure of the amount of visible light given off when fluorescent
dye is exposed to black light. It is controlled by the particular dye's efficiency in converting black light into visible
light and by the quantity of dye dissolved in the penetrant. High efficiency dyes are brighter than low efficiency dyes.

24428 Ultraviolet Stability.

Fluorescent dyes lose their ability to fluoresce after prolonged exposure to black light. Resistance to thisloss is termed
ultraviolet stability. ASM 2644, requires a diluted sample of fluorescent penetrant to retain a minimum brightness
after a one-hour exposure to 800 pW/cm? (microwatts per square centimeter) of black light.

2443 Penetrant Sensitivity

The term “sensitivity”, when used to describe a penetrant performance characteristic, is the ability to produce
indications from very small, tight cracks. This ability involves both penetrating ability and brightness. The flaw
opening in discontinuities is usually restricted, and the void volume is such that only a very small amount of penetrant
can be entrapped. The penetrant must enter and exit the flaw with enough dye to produce a noticeabl e indication.

24431

The qualification test for sensitivity involves a comparison of the brightness of indications produced by a candidate
penetrant system (penetrant and emulsifier) versus the indications produced by a penetrant system designated as a
reference standard. The test panels for visible-dye penetrants are thermally cracked aluminum blocks. The test panels
for fluorescent-dye penetrants are a series of titanium or nickel aloy panels containing various sizes of laboratory
generated fatigue cracks. There is only one set of the latter qualification test panels, and it is not presently possible to
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produce duplicate fatigue cracks with identical penetrant performance characteristics. Therefore, non-qualification
sensitivity comparison tests, which are not used for qualification purposes, may be accomplished with cracked chrome
plated panels.

24432
illustrates the effects of different sensitivities by showing the indications produced on cracked chrome
panels by penetrants of different sensitivity levels.

— — — - e ———

Figure 2-10. Indications Produced by Penetrants of Four Different Sensitivity Levels Using Dry Developer.

24433

Selection of the sensitivity level to be used depends on a number of factors: potential flaw size, width of opening and
volume of the discontinuity; part size, shape, surface finish and residual stress; alowable flaw size; and intended
service of the part. The rule is to use the lowest sensitivity that will reveal the discontinuities that are large enough to
affect the integrity of the part. Difficulties can be experienced if the sensitivity level is either too low or too high. Low
sensitivity levels may not revea critica flaws, while excessive sensitivity can result in an excessive residua
background that would obscure any discontinuity indications or nonrelevant indications.
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245 Application of Penetrant.

245.1 General.

CAUTION

Care must be taken to avoid trapping air bubbles or pockets during penetrant
application to complex shaped parts by immersion. Oil and air passages and blind
holes should be plugged prior to penetrant application by immersion. Remove the
plugs immediately after the inspection process.

Penetrant can be applied by any of several methods: immersion or dipping, spraying, brushing, swabbing or flowing.
The method to be used depends on several factors, including size, shape and configuration of the part or area to be
inspected; accessibility of the area to be inspected; and availability of inspection equipment. All methods of application
are acceptable provided the surface or area to be inspected is completely coated with penetrant. However, there are
certain conditions that must be met for each method.

24511

Immersing or dipping is the preferred method of applying penetrant when the entire surface of a part must be inspected.
The method is limited by the size of the tank or penetrant container. Parts can be immersed one at a time or, if small,
can be batch processed by placing them in a basket or rack. When parts are batch processed in a basket, they must be
separated from each other during the immersion and dwell period. Contact between parts interferes with the formation
of a smooth, even coating of penetrant.

24512

Certain part conditions require special attention during application of penetrant by immersion. Parts containing
concave or recessed surfaces can trap an air bubble or pocket when immersed. Air bubbles or pockets will prevent the
penetrant from contacting the part surface. Complex shaped parts should be inverted or turned over while immersed to
dislodge any entrapped air. Precautions must also be taken when immersing parts with air cooling or oil passages and
blind holes. During immersion, the passages and holes will fill with penetrant that will bleed out during development
and obscure an discontinuities in the area. In addition, it is difficult or impossible to completely remove penetrant from
passages and blind holes following inspection. Therefore, oil or air cooling passages and blind holes should be plugged
or stopped off with corks, rubber stoppers or wax plugs prior to immersion in penetrant. These devices SHALL be
removed immediately after the inspection process.

245.2 Application by Spraying.

24521 Generd.

Penetrant, emulsifiers or removers, and wet developers may be applied by any of several hand or automated spray
methods. Spray application is especially suitable for parts too large to be immersed, conveyor lines, automated systems,
on-aircraft inspections (portable), and when only a portion or local area of a large part or component requires
inspection. In applying penetrant by the spray method, the requirement is to apply athin layer that completely covers
the area to be inspected. Application of penetrant by spraying has several advantages over the immersion method. It is
usually more economical since large tanks of penetrant are not needed, and pooling of penetrant in part cavities is
reduced. Inimmersion application, pooling removes substantial amounts of penetrant by drag out.
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2.4.5.2.2 Air or Pressure Spray.

WARNING

Paint type respirators may be required when spraying penetrant as determined by
the Base Bioenvironmental Engineer.

Atomized penetrant is very flammable.

Penetrants can be applied from most types of spray equipment using liquid pressure only, air aspiration only, or a
combination. The equipment used is similar to that used in spraying paint. It consists of a supply tank, hoses, and a
spray gun or nozzle. The supply tank is pressurized to force the penetrant through the fluid hose to the gun. The gun,
which may be hand held or mounted in a fixture for automated spraying, is connected to an air line. The air applied to
the gun converts the stream of penetrant into a spray. The air pressure, usually between 10 and 90 psig, controls the
size of the spray droplets. Too low a pressure may produce a solid stream of penetrant. This would cover only a
narrow area requiring many passes to coat the surface, and it also splatters the penetrant on adjacent surfaces. Too
high a pressure can atomize the penetrant into a fine fog with poor covering ability and which drifts away from the
part. Spray gun application, other than isolated cases, requires a spray booth and exhaust system for confining and
removing the overspray.

24523 Electrostatic Spray.

The equipment required for electrostatic spraying is similar to that used in air spraying. In addition, a high voltage
power supply is connected to the gun. This puts a positive electrical charge on the penetrant particles as they leave the
gun. The part is electrically grounded and attracts the charged penetrant particles. The attraction is strong enough to
pull the particles to surfaces not in front of or perpendicular to the spray. This ability makes electrostatic spray a
preferred method for automated lines where complex shaped parts are to be coated. However, coverage inside cavities
is limited. An advantage of the electrostatic spray method is the large savings resulting from reduced material
requirements. Electrostatic spraying deposits a thinner layer of penetrant on the part than air spraying and greatly
reduces penetrant loss due to overspray. Savings of over 80% compared to immersion application have been claimed.

24524 Aerosol Spray.

Penetrant packaged in aerosol containers provides a convenient method of application when portability is required.
Packaging in sealed containers also eliminates contamination and evaporation of penetrant. Another advantage is that
special exhaust equipment, such as used in pressure spray booths, and is not normally required as the amount of
penetrant involved is small. There are disadvantages:

a. Material cost isincreased by the special packaging.

b. Should not be used on large areas due to small spray pattern and high material cost.
c. Overspray coats adjacent surfaces and complicates penetrant removal.

d. Canslose propellant and remaining penetrant must be discarded.

245241

Penetrants, unlike nonagqueous developers, do not settle out of solution. Therefore, a mixing ball in the container is not
essential. However some manufacturers buy only a single type aerosol can which is then used to package penetrant,
solvent remover, or nonaqueous developer. Whether the can does or does not contain a mixing ball, it is good practice
to shake the can thoroughly before spraying. This ensures an even distribution of penetrant and propellant. The
propellant pressure is directly proportional to the ambient temperature. At temperatures below 60°F (15.6°C), the
pressure may be too low for proper spraying. On the high temperature side, the pressure becomes excessive and may
burst the container if the temperature reaches 120°F (49°C). When applying penetrant from an aerosol container, the
nozzle should be held 3 to 6 inches from the part surface and the can moved in aline to completely cover the areato be
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inspected. A thin, even coating with no breaks or non-wetted area is necessary. Excessive penetrant is not desirable as
it tends to run or drain off the area and complicates removal. Holding the can motionless or moving it too slowly while
spraying will result in an excessive layer of penetrant. Short distances between the can nozzle and the part reduce the
size of the spray pattern, and produce a thick layer of penetrant in a small area. Long distances increase the size of the
spray pattern, and reduce the penetrant layer thickness. There is also an increase in overspray and the possibility of
uncovered areas.

2.4.5.3 Brush or Swab Application.

NOTE

Care must be taken to avoid spilling the penetrant while on or in an aircraft.

Penetrant can be applied to large parts by brushing, wiping, or even pouring from a container. The brush or swab
method is most frequently used to coat a small area of a large structure. Brushing or swabbing provides control over
the placement of penetrant on the desired area; improves the ability to regulate the quantity or thickness of the
penetrant layer; and eliminates overspray. Any sort of brush, swab, rag, or even sponge can be used (synthetic sponges
may dissolve in penetrant). The size of the brush can vary from large paint brushes down to small acid or artist
brushes, depending on the size of the areato be covered. Any type of clean container can be used to hold the penetrant.

2454 Temperature Limitations.

Penetrants may be applied over a range of ambient temperatures. However, certain limits must not be exceeded as the
inspection process may be degraded. The operating range for conventional penetrants is 40°F (4°C) to 120°F (49°C).
There are special penetrants formulated for hot applications exceeding these limits. They are discussed in Section 2.8,
Special Purpose Material grag

24541 Low Temperature Limitations.
Penetrant inspection SHALL NOT be performed when the test part temperature is less than 40°F (4°C). There are
several reasons for this restriction:

a. At 32°F (0°C) or less, any moisture, even from the inspector’s breath, will form ice crystals on the part,
which will interfere with the penetration process.

b. The propellant pressure in aerosol containers is affected by temperature. The gas pressure decreases
with lower temperatures. When the temperature drops below 60°F (15.6°C), the reduced pressure can
result in an erratic spray pattern.

c. The evaporation rate of solvent cleaners and nonagqueous developers is reduced at lower temperatures.
shows the evaporation or drying time for two types of nonagueous developers at various
temperatures. The graph shows a ten-fold increase in drying time between the temperatures of 60°F
(15.6°C) and 0°F (-18°C).

d. The viscosity of the penetrant increases as the temperature decreases. When temperatures are between
40°F (4°C) and 60°F (15.6°C), the penetration dwell time must be increased due to the increased
viscosity. Additional information on temperature-viscosity is provided in[jparagrap
increase in solvent cleaner evaporation time; penetrant dwell time; and developer drying time required
at temperatures lower than 40°F (4°C), makes the total inspection time far too long to be practical.
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Figure 2-11. Approximate Drying Times for Two Types of Nonaqueous Developers at Various Temperatures.
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2.4.5.4.2 High Temperature Limitations.

Sensitivity is improved slightly when test part temperatures are 120°F (49°C) to 150°F (65.5°C). The higher
temperature evaporates some of the liquid, which increases the dye concentration and improves the visibility
of indications. The elevated temperature also reduces viscosity, which speeds penetration. However, the
disadvantages of elevated temperatures outweigh the advantages. At temperatures of 120°F (49°C), the
volatile components of penetrants are rapidly evaporated. During penetrant dwell, the layer of penetrant is
very thin and with a part temperature of more than 120°F (49°C), the loss of volatile components will
drastically change the penetrants composition. Elevated temperatures also reduce visible dye color and
fluorescence (heat fade), making indications less visible. Penetrant inspection SHALL NOT be performed on
parts whose temperatures exceed 120°F (49°C), unless special high temperature penetrants are used. In
general if a part is too hot to handle, it is too hot for penetrant testing.

2.4.5.5 Penetrant Dwell.
2.45.5.1 Definition.

Penetrant dwell is the total length of time the penetrant is allowed to remain on the part before removal of
the penetrant. This includes immersion, soak and drain times. The purpose of dwell is to allow the penetrant
to seep into and fill any surface openings.

2.45.5.2 Factors Influencing Penetrant Dwell.

There are a number of interacting factors that influence the length of time required for penetrant to enter
and fill a surface void. Some of the factors are included in the list, which is followed by descriptions of each
item.

Width and depth of the void.
Type of penetrant.

Part material and form.
Type of discontinuity.

® 2 o T 9

Penetrant viscosity.
f. Cleanliness of the void.
2.455.2.1 Void Size.

The dwell time required for a penetrant to enter and fill a surface void depends mainly on the width of the
surface opening and depth of the void. Penetrant enters and fills voids with wide openings more rapidly than
those with narrow openings. Very narrow or tight flaws, such as those associated with fatigue cracking, may
require 2 to 5 times the length of dwell time needed for a wider flaw caused by over-stressing. The larger void
depth requires more time to fill because there is more volume of void.

2.45.5.2.2 Penetrant Sensitivity.

The sensitivity level of penetrants is affected by the length of penetrant dwell time. The differences in dwell
times are due to the differences in surface tension, contact angle, and viscosity of the various penetrant types
and sensitivities. While viscosities between manufacturers of the same type and sensitivity level vary, the
combination of factors tends to stabilize dwell time for each type and sensitivity. This allows penetrants
within each of the sensitivity levels to have equivalent dwell times.

2.45.5.2.3 Part Material and Form.

The effect of part material (steel, magnesium, aluminum, etc.) and form (castings, forgings, welds, etc.) on
penetrant dwell relates to the type of flaw typically found. For example, cold shuts in steel casting tend to
have tighter openings than cold shuts in magnesium castings. Therefore, the dwell time for cold shuts in
steel castings is longer than the dwell time in magnesium and aluminum castings. Discontinuities occurring
in forgings are tighter than in castings and require more dwell time.

2.455.2.4 Type of Discontinuity.

The various types of discontinuities differ in the width of the opening. Laps are tighter than porosity, and
fatigue cracks are tighter than either laps or porosity. The required length of penetrant dwell increases as
the discontinuity width decreases (surface opening becomes tighter or narrower).

Change 2 241
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2.4.5.5.2.,5 Penetrant Viscosity.

Viscosity has been previously defined as the resistance of a liquid to changing shape. This resistance controls
the flow characteristics of a liquid and is a major factor in the time required to enter and fill a void. Viscosity
of oils, which includes penetrants, changes drastically with temperature. Oils become thin (less viscous) at
high temperatures and thick (more viscous) at low temperatures. illustrates how the viscosities
of a number of QPL penetrants change with temperature. The horizontal and vertical scales are spaced to
show the viscosity changes as a straight line function. The chart shows that the viscosity of a high
sensitivity, postemulsifiable (PE) penetrant is about 3 centistokes (cs) at 120°F (49°C) and about 75 cs at
-10°F (-23.4°C), or becomes about 25 times thicker. The viscosity of visible dye is about 2 cs at 120°F (49°C)
and 22 cs at -10°F (-23.5°C), which is an eleven times increase in viscosity. See ASTM D341-43 for viscosity of
several QPL Penetrants.
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Figure 2-12. Viscosity of Several QPL Penetrants at Various Temperatures

2455251

The part temperature range for applying penetrants is 40°F (4°C) to 120°F (49°C). Actually, most penetrants
are applied at or near a part temperature of 70°F (21.1°C). Therefore, nearly all operating instructions or
procedures specifying dwell times are based on applying penetrant to a part that is at or near a temperature
of 70°F (21.1°C). For high sensitivity PE penetran shows that the viscosity (7 cs) at 70°F
(21.1°C) is twice the viscosity (14 cs)
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at 40°F (4°C) and about half the viscosity (3 cs) at 120°F (40°C). Other penetrants show a similar range of viscosity
change with temperature. These viscosity changes are significant enough to require the adjustment of dwell times for
temperature extremes.

2455252

NOTE

The evaporation rate of penetrant is increased at temperatures above 100°F
(37.2°C). Care must be taken to prevent the penetrant from drying.

Laboratory experiments show that penetrant dwell time does not have to be changed in the same ratio as the viscosity
changes[Figure 2-13 compares the minimum dwell times for the penetrants previously discussed. The high sensitivity
PE penetrant, with a viscosity of 7 cs at 70°F (21.1°C), required a penetrating time of 3 minutes. At 40°F (4°C), the
viscosity doubled to 14 cs, while the dwell time increased by 1.75 to 5.5 minutes. At 120°F (49°C), the viscosity drops
to less than one-half (3 cs) and the dwell time is decreased by two-thirds (1 minute). The thinner visible-dye penetrant,
with a viscosity of 3.6 cs a 70°F (21.1°C), required a penetrant dwell lime of 2.4 minutes. At 120°F (49°C), the
viscosity was reduced by amost one-half (2.0 cs), while the required dwell was reduced to one-fifth of the time (0.5
minutes).
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Figure 2-13. Comparison of Dwell Time versus Viscosity for Two Types of Penetrants.
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2455254

Penetrant dwell times, which are normally based on application at room temperatures, must be adjusted to compensate
for viscosity changes at other temperatures. The following factors SHALL be used to correct penetrant dwell time for
temperature changes:

a. Temperatures between 60°F (15.5°C) and 100°F (37.2°C) shall be considered room temperature, so the
specified dwell time SHALL be used over that range.

b. When the part ambient temperature is between 40°F (4°C) and 60°F (15.5°C), the specified dwell time
SHALL be doubled.

c. When the part or ambient temperature is between 100°F (37.2°C) and 120°F (49°C), the specified dwell
time MAY be reduced by half, but SHALL NOT be less than 5 minutes.

d. The minimum dwell time for service-induced flaws SHALL NOT be less than 30 minutes.

245526 Cleanliness of the Discontinuity

Penetrant dwell times are based on clean parts without entrapped contaminants. Inspection of parts that have been in
service can be complicated by the difficulty of removing all of the entrapped soil from the discontinuities. The effect of
the entrapped soil on the penetrant dwell time depends upon the type and amount of soil involved.

2455.26.1

If the discontinuity is full of soil that is not soluble in penetrant, penetration cannot occur. A change in penetrant
sensitivity or dwell time will not help since penetrant can not enter such flaws. A discontinuity that is only partially
filled with insoluble soil will produce a smaller and less visible indication. Increasing the dwell time will not improve
the indication. However, a more sensitive penetrant with its higher dye content will produce a more visible indication.

2455.26.2

When discontinuities contain soils that are soluble in penetrants, such as unpigmented grease, oils, cleaning solutions
and other soluble organics, the situation is different. The penetrant will fill any vacant space in the discontinuity and
then stop. Diffusion then begins between the penetrant and soluble soil [(paragraph 2.5.5.3.7] describes the diffusion
process). In ashort time, the penetrant and soil become evenly mixed. This mixture will fluoresce much less and may
not give a useful indication. An increase in dwell time will improve the visibility of the indication. With increased
dwell time some of the soil diffuses out of the discontinuity and is replaced with pure penetrant. Using a more sensitive
penetrant will improve the visibility of the indication since the higher dye content can withstand more dilution.

2455.2.6.3

In summary, when a flaw is partially filled with an insoluble soil, an increase in dwell time will not improve the
visibility of the indication. However, if the soil is soluble in the penetrant, the visibility will improve with increases in
dwell time. In both cases, with insoluble and soluble soil contamination, a higher sensitivity penetrant should improve
the results.

2.4.5.6 Penetrant Dwell Characteristics.

2456.1 Dwel Modes.
There are two basic penetrant dwell modes, immersion and drain.

2.4.5.6.1.1 Immersion Dwell.

In this mode the part remains submerged in atank of liquid penetrant for the entire dwell period. Immersion dwell can
also be performed by continuously brushing with fresh penetrant throughout the dwell period.
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24.56.1.2 Drain Dwell

NOTE

The drain dwell mode SHALL be used unless the inspection instruction specifies
immersion dwell.

With drain dwell, the part is first covered with penetrant by spraying, brushing or immersion. Once coated, the part is
placed on arack or rest and allowed to drain during the dwell period. Comparison tests with aluminum crack blocks
and nickel-chrome penetrant panels have demonstrated the improved performance of drain dwell mode compared to
that of immersion dwell mode. This improved performance is due to the changes in penetrant composition that occurs
during the dwell period. The penetrant vehicle is a mixture of heavy oils that dissolve and hold the dye materials in
solution; and thin or lightweight solvents or oils that reduce the viscosity of a penetrant. During the drain dwell period,
the lighter weight liquids evaporate, which increases the concentration of the dye material entrapped in discontinuities.
The increased dye concentration enhances the visibility of the indication. The drain dwell mode is also more
economical than immersion dwell mode since the excess penetrant drains from the part and is recovered. The savings
with drain dwell are two-fold, since the drained penetrant is recovered and the remaining penetrant layer is much
thinner than an immersion dwell layer. The thinner penetrant layer requires less emulsifier during the removal
process. Generally the immersion is momentary, but at most it should be no longer than half the total dwell period.

2456.2 MINIMUM PENETRANT DWELL TIMES

NOTE

Selection of a penetrant dwell time is complex and depends upon a large number of
factors. A thorough knowledge of the penetrant capabilities and limitations of the
penetrant system used for the type of discontinuity to be detected is required.
Whenever possible, the decision of dwell time should be based upon experience of
the cognizant engineering support. Documents governing dwell time should specify
the mode and time of dwell.

The number of factors influencing the entry of penetrant into a discontinuity complicates setting uniform minimum
penetrant dwell times. Most dwell times are based on past experience with similar parts, materials and potential flaws.
The minimum dwell time for service-induced defects SHALL NOT be less than 30 minutes. There is one exception to
this requirement. When stress corrosion cracking is suspected the minimum dwell time SHALL NOT be less than 240
minutes. These established minimum dwell times are based on parts having a temperature of 60°F (15.5°C) to 100°F
(37.2°C). When part temperatures are 100°F (37.2°C) to 120°F (49°C), the dwell time may be reduced by half, except
a minimum of 5 minutes dwell time is required. When part temperatures are between 60°F (15.5°C) and 40°F (4°C),
the minimum dwell time SHALL be doubled. Penetrant inspection SHALL NOT be performed with part temperatures
below 40°F (4°C) or above 120°F (49°C). For long dwell times refer t@ paragraph 2.4.5.6.4 for precautions to take for
a successful inspection.

2456.3  Effects Of Insufficient Dwell.

When the dwell time is too short to alow the penetrant to completely fill the discontinuity, the visibility of the resulting
indication will be reduced.[Figure 2-14 shows a thermally cracked, aluminum block with one half receiving an
adequate dwell, and the other half an insufficient dwell. The differences in dwell times have different effects
depending on the flaw size. The very small flaws are not indicated; the visibility of indications from medium size flaws
is greatly reduced; and there is a slight reduction in the visibility of larger size flaw indications. If it is suspected that a
part has not had an adequate dwell, the part SHALL be completely cleaned and then reprocessed through the entire
inspection process.
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Figure 2-14. Comparison of Adequate Dwell versus Insufficient Dwell on a Thermally Cracked Aluminum
Block.

2456.4  Effects of Excessive Dwell.

Once the penetrant has completely filled a void, extending the dwell time will not improve the indication, except for
contaminated flaws. Extended dwell times caused removal difficulties with older penetrants that became very viscous
with longer dwell times. The newer penetrants do not have this problem, as they are required to meet a removability
test after an extended dwell time. However, it is good practice to apply fresh penetrant at 60 minute intervals when
long dwell times are required. When intermediate dwell times of 45 minutes or more are involved, the fresh penetrant
should be applied 15 minutes before removal, or at any time the penetrant appears to be drying on the part. Application
of fresh penetrant improves the rate of penetration and makes it easier to remove the excess surface penetrant at the end
of the dwell period. The penetrant SHALL NOT be allowed to evaporate to the tacky or dry state while on the part.
Evaporation is accelerated by temperatures above 100°F (37.2°C) or by rapid air movement. If, for some reason, the
penetrant is allowed to become tacky, the part SHALL BE subjected to a complete reprocessing through the precleaning
and penetrant inspection cycle. When inspections require excessively long penetrant dwell times, another inspection
method, such as eddy current, may be considered to reduce inspection time.

SECTION V
PENETRANT REMOVAL
25 PENETRANT REMOVAL.
251 Summary.

This section provides basic, intermediate, and advanced information on the theory, methods and procedures used in
removing the excess surface penetrant. The first portion of the section contains general information applicable to all
removal methods. The second portion is devoted to the water washable penetrant processes and water washing or spray
rinsing. The remaining portion covers the theory and procedures used in the postemulsifiable lipophilic,
postemul sifiable hydrophilic and solvent removable penetrant processes.

252 Introduction.

After the penetrant has been applied and has filled any open discontinuities, the excess penetrant on the surface must be
removed. Removal of the excess surface penetrant is a critical step in the inspection process. Improper removal can
lead to misinterpretation and erroneous results. Excessive or over-removal will reduce the quantity of penetrant
entrapped in a flaw, resulting in either a failure to produce an indication or an indication with greatly reduced
visibility. Incomplete or insufficient removal will leave a residual background that may interfere with the detection of
flaw indications. The term "removability" applies to the ease of removing the excess surface penetrant. Washability is
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sometimes used interchangeably in commercial application; however, the materials specification and this manual will
use "washability" only in the case of water washable penetrants.

2.5.3 Factors Influencing Removability.

2531 Part Surface Condition.

The surface condition of the part has a direct effect on removability. Smooth, polished surfaces such as chromium
plated panels can be easily processed by any of the removal methods with no residual background. As the surfaces
become rougher, such as chemically etched or sand blasted parts, the remova of surface penetrant becomes more
difficult. Rough surfaces reduce removability in two ways: the roughness restricts the mechanical force of the spray
rinse in the indentations or low points and prevents the emulsifier from evenly combining with the surface penetrant. It
is not always possible to produce a background-free surface on rough parts. The wash or emulsification time required
for a completely clean surface may result in removal of some of the penetrant entrapped in flaws. In this case, the wash
or emulsification time must be shortened, leaving some residual background. The amount of residual background must
be limited to allow any flaw indications to be visible through the background.

2532 Part Shape or Geometry.

The part shape and geometry may indirectly affect removability by causing a thicker layer of penetrant to accumulate
during the dwell period and restricting accessibility to the test surface by the spray rinse. One of the factorsinvolved in
removing excess surface penetrant is the mechanical action or force of the spray rinse. When parts contain surfaces
where the spray cannot directly strike the surface, such as concave or recessed areas, holes, and screw threads, the
removal time isincreased in these local areas. Also, the thickness of the penetrant layer in these inaccessible areas is
usually greater than that on the adjacent surfaces. This is due to the tendency of the penetrant to drain and collect in
these areas. For example, during the dwell period the penetrant will drain from the top or crown of athread and will
flow into the thread root area. The increased layer thickness in the thread root requires alonger removal time than the
thin layer at the thread crown. The inaccessible surfaces usually have thicker layers of penetrant and require additional
removal time. Care must be exercised to prevent over-removal on the accessible surfaces with thinner penetrant layers,
while trying to adequately clean the thicker penetrant layer from an adjacent inaccessible surface.

2533 Flaw Size and Shape.

Flaw size and shape complicate the removal process. Narrow, deep flaws, while requiring long penetrant dwell times,
provide arelatively large reservoir to hold entrapped penetrant. The narrow surface opening reduces both the diffusion
rate of emulsifier into the flaw and the mechanical force of the spray rinse on the entrapped penetrant. The result is
that narrow, deep flaws produce highly visible indications with a minimum of removal problems.

25331

The removal process becomes dlightly more critical when narrow, shallow flaws are present. Narrow, shallow flaws do
not have a large reservoir to hold entrapped penetrant. The visibility of an indication depends on the amount of
penetrant that exits from the flaw. If the flaw is shalow, only a small amount of penetrant is available, and the
indication may be faint. Over-removal of any entrapped penetrant will reduce the visibility of an already faint
indication. In addition, a small amount of residual background (insufficient removal) will obscure faint indications.

25332

Broad, shallow flaws are defined as those with the surface opening equal to or greater than the depth. They present the
most critical case for penetrant removal. The opening does not reduce the force of the spray rinse, nor does it restrict
the emulsification rate, and entrapped penetrant is easily removed. Extreme care must be used during penetrant
removal if broad shallow flaws are likely to be present.

2534 Type Of Penetrant.

Penetrant materials vary widely in their ease of removal. There are differences in removability between the various
penetrant types, classes, and sensitivity levels. Also, similar penetrants provided by different manufacturers vary in
removability. One penetrant characteristic affecting removability is the viscosity. High viscosity (thick) penetrants are
more difficult or more slowly removed than low viscosity (thin) penetrants. The penetrant system sensitivity level aso
affects removability. Higher system sensitivity level penetrants contain more dye per unit volume, and trace quantities
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of residua penetrant will produce a higher background than the same quantity of a penetrant system with a lower
sensitivity level. It is necessary to remove more of the residual high sensitivity penetrant to produce an equivalent
background.

254 Removal of Water Washable Penetrant, Method A.

2541 Genera Description.

Water washable penetrants are penetrants that contain an emulsifying agent. The excess surface penetrant is removed
with a water spray following the penetrant dwell period. The water washable penetrant is converted into small
suspended oil droplets by the mechanical force of the water spray. A separate process step of applying emulsifier is not
required. Water washable penetrants are often called "self-emulsifying” and are one of the most widely used non-
destructive inspection methods. Water washable penetrants exist in all penetrant system sensitivity levels.

2542 Removal Procedure.

Water washable penetrant is removed after penetrant dwell by subjecting the part to a water spray wash. The spray
wash may be a hand-held nozzle, a semi-automatic system, or a fully-automated system. Care must be exercised to
prevent over-removal since the penetrant entrapped in discontinuities contains an emulsifying agent and is easily
removed. Removal is controlled by length of wash time and the wash must be stopped when an acceptable background
is reached.[_Figure 2-T% shows cracked chrome panels following different wash times. Insufficient wash, optimum
wash, and excessive wash are shown. The smooth surface of the chrome plated panel is deceptive. If the surface were
rougher, some residual background may have been retained on the optimum-wash sample. Water washing of
fluorescent penetrant SHALL be accomplished under black light. The wash station should be in subdued light, if
possible (20 lumens). Details on water washing are provided irf paragraph 2.5.4.5]
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Figure 2-15. Cracked Chrome Panels Showing Effects of Insufficient Wash,
Optimum Wash and Excessive Wash.

25.4.3 Advantages Of Water Washable Penetrant, Method A.

a. Elimination of the separate emulsification process step results in the following cost savings:

(1) Thecost of the combined penetrant emulsifying agent is less than the total cost of separate
penetrant and separate emulsifier.

(2) A separate tank or station for emulsifier is not required.

(3) Cost of automating is reduced.
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(4)  Processflow time, especially on volume production, is reduced.

b. The emulsifiable mixture is easily removed from complex shaped parts, making it advantageous for use
on threads and keyways.

a. Thevariables associated with controlling emulsifier dwell time are eliminated.

2544 Disadvantages Of Water Washable Penetrant, Method A.

a. There is no control over the diffusion or emulsified layer. Penetrant entrapped in flaws contains
emulsifying agent, making it susceptible to removal by over-washing. It is also easily removed from
broad, shallow flaws.

b. Water rinsetimeis critica and must be carefully controlled.

c. Residual background is higher than that from the same sensitivity level postemulsifiable penetrant
system.

d. The penetrant emulsifying agent mixture is susceptible to water contamination.
e. Treatment/disposal of large quantities of rinse water contaminated with water washable penetrant.

2545 Water Washing or Spray Rinsing.

25451 Genera.

Water washing or spray rinsing is usually accomplished in a stationary rinse tank, which is provided with a hose,
nozzle, drain, and in the case of fluorescent penetrant, a black light[Figure 2-16 is a typical wash station with a good
spray shown. The rinsing procedures used for removal of water washable penetrant, Method A, and postemulsifiable
penetrant, Method B (after emulsification) are amost identical. The difference is in controlling the rinse time. Rinse
times for Method A penetrants are very critical as the entrapped water washable penetrant can be removed from
discontinuities if the time is not controlled. Entrapped postemulsifiable penetrants that have not been diffused with
emulsifier resist removal, and rinse times are not as critical. The conditions and procedures described in the following
paragraphs are applicable to both water washable and postemul sifiable penetrants.

Figure 2-16. A Typical Wash or Rinse Station.
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2.5.45.2 Factors Influencing Effectiveness of Spray Rinse.

254521 Sizeof Water Droplets.

Removal of excess surface penetrant depends upon the mechanical force of the water impacting the part surface. The
impact force consists of the droplet mass and velocity at impact. The two factors are related, and increasing either will
produce a higher mechanical force. There are limits on both size and velocity; the latter is derived from the water
pressure. If the droplet is small or if the pressure is too high, the result will be afog or mist with little removal ability.
On the other hand, a solid stream of water, as shown in[Figure 2-17] is not desirable either because it covers only a
small area at one time and is actually one large continuous drop.

Figure 2-17. An Improper Washing Procedure.

25.45.2.2 Water Pressure.

The effect of water pressure is straight-forward. Increased water pressure increases the speed of removal. However,
excessive pressure can atomize the water into afog that is useless for removal. Normal line pressure, approximately 10
to 35 psig, is acceptable and is generally used. Water pressures in excess of 40 psig or injection of compressed gases or
air into the water system SHALL NOT be used.

25.45.2.3 Water Temperature.

The temperature of the rinse water will affect the washability. Some penetrant-emulsifier combinations may form a gel
with water temperatures of 50°F (10°C) or less. This gel can be removed but requires longer wash times. Other
penetrant emulsifier combinations have reduced removability at elevated temperatures, above 110°F (43°C). The effect
of temperature on washability depends upon the penetrant formulation, which varies between suppliers. Penetrant-
emulsifier combinations meeting specification requirements are washable in the temperature range of 50°F (10°C) to
100°F (38°C). Hot water, 120°F (49°C) or above SHALL NOT be used.

254524 Spray Angle.
NOTE

Water nozzles that are capable of producing spray patterns such as solid streams or
afine mist SHALL NOT be used. Rinsing dye penetrant from the surfaces of parts
SHALL be accomplished with a fan-shaped, coarse spray.

The angle of spray may be varied over a wide range with only slight effects on the removal time. When the angle is
close to perpendicular (80 to 90 degrees), the droplets will rebound into the on-coming water, diverting the fresh
droplets, which reduces the scrubbing action. The scrubbing action is also reduced when the spray is close to parallel
with the part surface (10 to 20 degrees), since there is little energy transfer at the point of impact. Generally, an angle
of 45 to 70 degreesis most effective.
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25453 Recommended Procedure.

Washing is best accomplished with a fan shaped, coarse spray with a temperature range of 60°F (15.5°C) to 100°F
(37.8°C), and line pressure water not to exceed 40 psig. The wash time will depend upon the surface roughness of the
part. Water washable penetrant can easily be over-washed and wash time must be closely controlled. Washing of
fluorescent penetrant SHALL be done under a black light in a semi-darkened area and the washing stopped when a low
background level is reached. If small defects must be detected in parts with rough surfaces, some residual background

may be necessary.

255 Removal of Postemulsifiable Penetrant, Methods B and D.

2551 Introduction.

Postemulsifiable penetrants are oil based vehicles containing highly visible colored or fluorescent dyes. They are
formulated to optimize their penetration and visibility capabilities. They differ from water washable penetrant in that
they resist removal by water washing since they do not contain an emulsifier. A separate process step of emulsification
isrequired for removal. Thisis done by one of two methods: lipophilic process or hydrophilic process.

2552 Derivation of the Names Lipophilic and Hydrophilic.

The words, "lipophilic" and "hydrophilic”, like many other chemical and medical terms, have their basis in Greek word
elements: "lipo" comes from the Greek word for oil or fat, whereas "hydro" is from the Greek word for water. "Philio"
means a fondness or affinity for, borrowed from the Greek word "philos’ for loving. Thus, lipophilic is an oil or fat
based material, and hydrophilic is a water based solution. In this chapter, the word "emulsifier" will be used when
referring to lipophilic material and the word "remover” will be used when discussing hydrophilic material. Thisis a
practice generally used by industry.

25521 Lipophilic versus Hydrophilic Processes.
Details of the two processes are discussed below. Some basic differences are summarized as follows:

a. Lipophilic emulsifier is supplied in a ready to use liquid, whereas hydrophilic remover is supplied as a
liquid concentrate that has to be diluted with water.

b. The hydrophilic process requires an additional pre-rinse step following the penetrant dwell period.
c. The methods of applying the emulsifier and remover differ. Parts are dipped into lipophilic emulsifier
and then immediately removed to drain. Parts either are immersed into hydrophilic remover for the

entire removal time or are subjected to a spray of remover for the specified time.

d. The modes of action by which the emulsifier and remover remove the excess penetrant differ. Thisis
also why the application methods differ as explained in the previous paragraph.

2.5.5.3 Lipophilic Emulsifier Process, Method B.

25531 Modeof Action.

Diffusion into the oil-base penetrant is the primary action. Diffusion is the intermingling of molecules or other
particles as a result of their random thermal motion. If two miscible (capable of being mixed) liquids or gases are
placed in a container, they will eventually mix into a uniform solution. For example, if a sugar solution (a heavy
solution) is placed in the bottom of a glass, and plain water (lighter medium) is placed on top, the sugar will migrate
across the boundary. After a period of time, the entire quantity of liquid will reach a nearly uniform concentration.
Thisiswhat happens when emulsifier is applied to alayer of penetrant on a part (see[Eigure 2-18).
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Figure 2-18. Diffusion of Emulsifier into Penetrant during the Lipophilic Emulsifier Dwell.

255311

The physical action of the penetrant/emulsifier mixture draining from a part removes some of the excess penetrant.
The remainder of the surface penetrant is removed as the penetrant/emulsifier mixes with water during the spray rinse
and drains away. Generaly oil and water do not mix, that is, they are immiscible. However, this is not always the
case. If equal amounts of oil and water are placed in a bottle, they will immediately separate into two distinct layers. If
the bottle is shaken, the oil will form into globules, which are dispersed throughout the mixture. When the bottle is
allowed to rest, the globules will rise to the surface and reform into a separate oil layer. The process of the globules
combining to form this layer is called coalescence. If the amount of oil is small compared to the quantity of water, and
the bottle is violently shaken, the oil will be broken into very small droplets. On standing, most of the droplets will
coalesce at a slower rate than previously described. However, some of the very small droplets will remain suspended in
the water giving it a cloudy or milky appearance. Depending on the droplet size, it may require an extremely long time
for separation to take place. This cloudy water mixture is called a colloidal suspension and the process by which it is
formed is termed emulsification. Certain chemicals have the ability to combine with oily materials to form an easily
emulsifiable mixture. Thisis the case when an emulsifier is applied to a penetrant on a part. The penetrant is oil that
repels water and resists removal. However, when combined with an emulsifier, the resulting colloidal mixture can be
removed with awater spray.
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25532 Application of Emulsifier.

Lipophilic emulsifier is used as supplied by the manufacturer. 1t usually is applied by dipping or immersing the part in
atank of emulsifier. Application by spraying or flowing the emulsifier is not recommended. The two major problems
with spraying are the difficulty in applying a uniform thickness and the difficulty of applying enough emulsifier
without the mechanical force of the spray scrubbing the penetrant layer. There are a few automated systems where the
emulsifier is applied as a fog. Emulsifier SHALL NOT be applied by brushing or wiping. Brushing or wiping
produces an uncontrolled and uneven mixing action.

25533 Emulsfier Drain/ Dwell.

When the part surface has been coated with emulsifier, the part SHALL be removed from the liquid and allowed to
drain. The part SHALL NOT remain in the emulsifier during the dwell period. Care must be exercised to prevent
pooling in cavities during the dwell. Immersion dwell would nullify one of the modes of emulsifier action. It was once
thought that emulsification occurred only through the chemical action of diffusion. It is now recognized that two
modes are involved. The first mode occurs as the emulsifier drains from the part surface during the dwell period. As
the emulsifier drains, the movement carries with it considerable surface penetrant. This scrubbing or mechanical
action reduces the amount of penetrant to be emulsified and also initiates the chemical or diffusion action. Without this
mixing action, emulsifier dwell time might be as long as ten or twenty minutes.

255331

CAUTION

When a number of parts are being inspected, they SHALL be processed one a a
time through the emulsifier, emulsifier dwell and wash steps unless they are small
enough to be batch processed. Excessive dwell will occur when emulsifier is
applied to anumber of parts and they are then individually washed.

After emulsifier has been applied and the part is draining, a period of time is allowed for diffusion. During diffusion, a
water removable colloidal mixture is being formed. This is the emulsifier dwell time and is one of the most critical
factors in the lipophilic process. A timing device is required to control this process. The objective is to stop the
diffusion when the emulsifier has just reached the part surface and before it diffuses into any penetrant entrapped in a
discontinuity. Penetrant without emulsifier resists removal. If the dwell time is too long, the emulsifier will diffuse
into entrapped penetrant that is easily removed causing loss of sensitivity and missed flaws. If the time is too short, the
thin layer of surface penetrant not emulsified will cause an excessive background that can obscure a discontinuity
indication. A number of factors, which influence the dwell times, are discussed in the following paragraphs.

255332

Although emulsifier dwell time is critical for most defects, the large number of influencing factors makes it impossible
to develop a general dwell timetable. Optimum emulsifier dwell time must be determined on each part by experiment.
Even here, dwell times may require adjustment to compensate for local conditions. At the extreme, dwell times may
range from 10 seconds to 5 minutes; however, typical dwell times are less than 1 minute. Under no circumstances shall
the emulsifier dwell time exceed 5 minutes. The lipophilic emulsion step does not tolerate deviation from the optimum
dwell time. A relatively short over-emulsification time of 10 seconds on a 1 minute dwell period can result in failure to
indicate small flaws[Figure 2-19 are cracked chrome plate panels showing the effects of insufficient, optimum and
excessive emulsifier dwell.
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Figure 2-19. Results of Insufficient, Optimum and Excessive Lipophilic Emulsifier Dwell Time.

2.5.5.3.4 FactorsInfluencing Dwell Time.

255341 Part Surface.

Very smooth polished surfaces retain only a thin layer of penetrant and requires a relatively short emulsifier dwell
period. On the other hand, longer emulsifier dwell times are required for rough surfaces such as sand castings that
retain a thicker layer of penetrant which dictates a longer time for the emulsifier to diffuse to the bottom of the surface
indentations.

2553.4.2 Faw Type

Tight flaws, with significant depth relative to flaw width, are more tolerant to longer emulsification dwell time than are
wide, shallow flaws. The diffusion rate of even the more active emulsifiers is slowed down when diffusing into
constricted or narrow openings. The diffusion rate on wide, shallow flawsis not slowed, and it is easy to over-emulsify.
Flaw depth is a determining factor for both narrow and wide flaws. Flaws with some depth provide a large reservoir to
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entrap penetrant and some over-emulsification can be tolerated. When shallow flaws must be detected in parts with
rough surfaces, some under-emulsification or residual background may be necessary.

2.55.3.4.3 Emulsfier Types.
There are at least two general types of emulsifiers. The two general types are similar in composition with the principal

difference being viscosity. However, viscosity and diffusion rates are related and viscous materials diffuse slowly, while
thinner, less viscous emulsifiers diffuse more rapidly.

255344 Penetrant Dwell Time.

Long penetrant dwell times permit more penetrant to drain from the part, resulting in a thinner surface layer. Since
diffusion rate for a given emulsifier is constant, the emulsifier dwell time required is proportional to the thickness of
the penetrant layer, i.e., thicker layers require more emulsification dwell time, and thinner layers require less time.

2.55.3.4.5 Penetrant Contamination.

As parts are processed, the emulsifier becomes contaminated with penetrant from both the initial immersion and the
drain cycle. While penetrant and emulsifier are soluble in all combinations, the gradual increase of penetrant in the
emulsifier slows the emulsification action. With combined build-up, the mixture will eventually stop functioning as an
emulsifier. The slowing action due to penetrant contamination is very gradual, and at concentrations of less than 25%,
penetrant in emulsifier is not noticeable for practical purposes.

25535 Water Rinsing the Emulsified Layer.

When diffusion of the emulsifier has reached the desired end point, further diffusion is stopped by spraying with water.
The same water spray serves to remove the emulsified penetrant surface layer. Details of the water spray wash are
given in section 2.5.4.5. One variation in technique is the initial requirement to rapidly and lightly water spray the
entire surface at the end of the emulsification dwell period, without regard for removal of the emulsified layer. This
stops the diffusion process and eliminates excessive emulsifier dwell on one surface, while removing penetrant from an
adjacent surface. The emulsified surface layer can be removed after the entire surface has been wetted and the diffusion
process has been stopped. Postemulsifiable penetrant entrapped in flaws and not diffused with emulsifier is relatively
resistant to water spray and rinse time is not critical. However, excessive spray pressure or hot water can remove
entrapped penetrant and must be avoided.

25536 Insufficient or Excessive Emulsification.

The part SHALL be completely reprocessed if, during or after the rinse step, it is suspected that a too short (insufficient
emulsification) or too long (excessive emulsification) dwell time has occurred. Correction of dwell time cannot be
made by immersing in penetrant or emulsifier. The part must be cleaned to remove al residual penetrant and
reprocessed through the entire process.

2554 Hydrophilic Remover Process, Method D.

25541 [Introduction.

The objective in both the lipophilic and the hydrophilic methods is the removal of excess surface penetrant without
removing any of the penetrants entrapped in discontinuities. However, the hydrophilic method is completely different
from the lipophilic method. The differences are in the materials, mechanism or mode of action, and the procedures
used. The remova of excess surface penetrant using hydrophilic removers can be accomplished using immersion or
spray techniques. A combination of both immersion and spray is most often used in hand lines and is recommended.

25542 Mechanism or Mode of Action.

Hydrophilic removers are basically detergent/dispersant concentrates consisting of water soluble chemicals, usually
non-ionic surface active agents called surfactants. They are supplied as concentrated liquids and are mixed with water
either before or during the removal process. The surface active agent in the remover displaces a small quantity of
penetrant from the surface and disperses or dissolves it, preventing it from recombining with the remaining penetrant
layer. Unlike lipophilic emulsifier, hydrophilic remover isimmiscible with penetrant and diffusion does not occur. All
of the removal action takes place at the exposed surface, and penetrant just below the surface is not involved until it
becomes exposed. Gentle agitation of the liquid helps remove the displaced penetrant and allows fresh remover to
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contact the remaining penetrant layer. The action stops when the part is withdrawn from the remover, unlike lipophilic
emulsifiers that become active only after withdrawal and during drainage.[Figure Z-20]illustrates hydrophilic remover
action.
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Figure 2-20. Action of the Hydrophilic Process.
25543 PreRinse

2554.3.1 Description.

The clean, preclean, penetrant application and penetrant dwell steps are identical in both the lipophilic and hydrophilic
methods. However, the processes diverge with the pre-rinse step in the hydrophilic method. The part is subjected to a
plain water spray following the penetrant dwell when using the hydrophilic method. The mechanical action of the
water spray removes over 80 percent of the excess surface penetrant, leaving only a very thin uniform layer of surface
penetrant on the part which helps optimize the removal process. It reduces the amount of remover consumed, and in
immersion set-ups, minimizes contamination of remover due to penetrant carry-over. It also reduces remover contact
time since, in general, contact time is about 50 percent less when the pre-rinse step is used. This pre-rinse step cannot
be used in the lipophilic process, as the oil base emulsifier does not tolerate water.

255432 Pre-Rinse Procedure.

The pre-rinse step SHALL be used since it improves the efficiency of the process and minimizes hazardous waste. The
pre-rinse cycle SHALL be a coarse spray of plain water for 30 to 120 seconds, at a pressure as low as practically
possible, not to exceed 40 psig, with a water temperature of 50°F (10°C) to 100°F (38°C). The objective is to reduce
the amount of surface penetrant, while leaving only athin layer remaining on the part.
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25544  Application of Remover.

The removal of excess surface penetrant using hydrophilic removers can be accomplished through the use of either
immersion or spray technique, or a combination of both. Each technique offers certain advantages along with
disadvantages that are discussed in the following paragraphs.

2.5.5.4.4.1 Immersion Technique.

a. Procedure. The primary advantage of the hydrophilic immersion technique compared to the spray

technique, is its effectiveness on hollow or complex geometry parts where the configuration interferes
with the spray impinging on the part surface. In use, the part or parts are immersed in the remover tank
while still wet from the pre-rinse. The principal mode of action is a detergent mechanism. A dlight
agitation is necessary to bring fresh solution in contact with the surface. Agitation can be movement of
the part through the solution, but is most usually produced by an air manifold in the bottom of the tank.
Excessive agitation that is evidenced by foaming SHALL be avoided. Time of immersion depends on a
large number of factors and will vary between 30 seconds and 2 minutes. The maximum time of 2
minutes is seldom necessary, except on very rough surfaces or when remover is depleted.

Remover Concentration. Each penetrant manufacturer has its own formulation that varies in
aggressiveness. The concentrations of hydrophilic emulsifier (in water) used for qualification are
identified in the Qualified Products List (QPL) and should not be exceeded without approva from the
coghizant engineering authority. Caution must be exercised when changes in suppliers are involved
because the required concentration may change. Penetrant and remover are qualified as a system (see
paragraph 2.2.5.3) and SHALL NOT be interchanged.

Penetrant Tolerance. One of the disadvantages of the hydrophilic immersion technique is the remover's
limited tolerance to penetrant contamination. As parts are processed, the amount of penetrant in the
remover gradualy increases. If the removal process is closely timed, penetrant contamination will
reach a point where a distinct performance change occurs. The amount of penetrant causing this
performance change is called the remover's penetrant tolerance point or level. The amount of penetrant
that can be tolerated is directly related to the concentration of the remover and sensitivity level of the
penetrant. Typical tolerance levels for a remover concentration of 33% is 5% to 6% for a Sensitivity
Level 3 penetrant and 3% to 4% for a Sensitivity Level 2 penetrant.

Bath Appearance. A freshly mixed remover bath is a transparent or clear, pink solution. During use,
as penetrant is removed from the parts and retained, the bath becomes turbid or cloudy with distinct
color change. As additional parts are processed and the penetrant tolerance point is approached,
globules of penetrant will rise to the surface, and then slowly disperse back into the mixture. This effect
is not usually noticed in an agitated bath, but is visible when the agitation is shut off. When the
penetrant tolerance point is reached, the penetrant will remain floating on the surface. A characteristic
of the bath is that the excess penetrant does not spread across the surface, but collects at the sides. The
remover will continue to function in this condition, but at a very reduced rate. A problem with using
the remover after the penetrant tolerance point is reached, in addition to the longer removal time, is the
tendency of the floating penetrant to deposit on the part as it is withdrawn from the solution. This
results in an objectionable background. If the bath is to be used after the tolerance point is reached, the
majority of the floating penetrant should be removed. This can be done by wiping the tank edges with
absorbent newspaper, paper towels, or rags.

2.5.5.4.4.2 Hydrophilic Spray Technigque.
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Procedure. Hydrophilic remover can be applied by spraying the part with a mixture of water and
remover. This method of application has several advantages: it does not require a separate tank; it
works well on simple contoured parts; and it can be easily automated. The procedures and equipment
are identical with those used in spray rinsing, (seelparagraph 2.5.4.5). The usual concentration rangeis
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1% to 5% remover to water by volume. The recommended concentration for manual spray operationsis
1% by volume, and in no case shall the concentration of remover exceed 5%.

b. Equipment. A practicd and efficient way of handling the low remover concentrations is by
continuously metering the remover directly into the stream of water. This can be done with an aspirator
device that employs the water flow to create a vacuum (Bernoulli effect), drawing up the concentrate
directly from the container. The method is inexpensive and only requires a minimum of equipment and
provides intermittent, on/off operation. A disadvantage of this system is the variation in concentration
with water pressure. This requires the careful control of water pressure as well as the mixing ratio.
The most commonly used system is the installation of a three-way valve on the water rinse or wash line.
The aspirator is connected to one side; fresh or plain water to the second; while the third position is off.
This allows the existing wash tank to be used for both spray removal and fresh water rinsing.

c. Removal Mechanism. The modes of action are the same for both hydrophilic immersion and spray
remover techniques. However, the mechanism of spray removal is complicated by the relation between
the chemical and mechanical action. Asthe spray water pressure is increased, the rate of remova aso
increases. A common misconception is that the increased rate of removal is due solely to the greater
mechanical action. The higher water pressure actually increases both mechanical and chemical action.
As the water pressure increases, more solution contacts the surface per unit of time, thereby increasing
the chemical action.

25545 Water Rinse.

Following the penetrant removal step, the part SHALL be subjected to a plain water rinse or wash. The purpose is to
remove any remover residues that could contaminate the developer or interfere with the development process. The
rinse step is awater spray in the station or tank used for the pre-rinse. The process step is not critical and requires very
few controls. The cycle SHALL be a plain water spray of 30 to 60 seconds duration using a pressure of 10 to 35 psig
and a water temperature between 50°F (10°C) to 100°F (38°C). Rinsing of fluorescent penetrants SHALL be
accomplished under a black light. Further details of water spray removal are given in section 2.5.4.5. One of the
advantages of the hydrophilic technique is the ability to do touch-up removal on local areas after the initial application
of the water rinse. After touch-up, the part SHALL be fresh water rinsed.

2555 Summary Comparison of Lipophilic and Hydrophilic.

A comparison of the physical, chemical and application differences between the lipophilic and hydrophilic techniques
is set out in[Table Z-4] The hydrophilic method has the ability to remove surface penetrant with reduced effect on
penetrant entrapped in a crack. This ability results in severa benefits compared to the lipophilic method. A major
advantage of hydrophilic removers is the increased process tolerance, i.e.; (hydrophilic) removal time is not as critical
as (lipophilic) emulsification dwell. Additional (hydrophilic) removal times of 1 or 2 minutes have little effect on
penetrant entrapped in a discontinuity, while additional (lipophilic) emulsification times as little as 10 or 15 seconds
can seriously degrade a flaw indication[Figure Z-Z7]is a cracked chrome plated panel that has been processed to show
the effects of optimum, insufficient and excessive hydrophilic removal. The cracks in the panel are progressively
smaller from left to right in the figure.
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Figure 2-21. The Effects of Optimum, Insufficient, and Excessive Hydrophilic Removal.

25551

Another advantage of hydrophilic remover is its relative insensitivity to removal of penetrant entrapped in a
discontinuity. This permits complete removal of fluorescent background in most cases.
lipophilic emulsifier on dlightly rough surfaces, it is desirable to leave a faint residual background when maximum
sensitivity isrequired. The reduction of background fluorescence with the hydrophilic technique improves the contrast,
making faint indications easier to see. The hydrophilic method also allows spot or touch-up removal on local areas
during the final clear water rinse. This cannot be done with the lipophilic method, since the oil base emulsifier will not
tolerate water. The use of hydrophilic emulsifiers also provides better control, handling and recycling of the penetrant

effluent. This can significantly decrease waste water treatment costs and minimize water pollution.

Table 2-4. Comparison of Hydrophilic versus Lipophilic Methods.

Hydrophilic

Lipophilic

Supplied as a concentrate

Supplied as aready to use fluid

Water base when mixed

Oil base

Low viscosity 9to 12 cs

High viscosity 35 to 120 cs

Limited penetrant tolerance

Miscible with penetrant in all concentrations

Miscible with water in all concentrations

Limited water tolerance

Applied as dip or spray

Applied asadip

Action: Dip-detergent with scrubbing wash

Action: Diffusion activated by scrubbing

O INO(OA~WIN(F

Reduced drag-out

O INO(OA~WIN(F

Critical emulsion time
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2.5.6 Removal of Penetrants with Solvent, Method C.

2.5.6.1 General.

All oil based penetrants are soluble in a large number of organic liquids. However, postemulsifiable
penetrants are most frequently used in Method C. As discussed in the note after_paragraph 2.3.7.1] the
majority of solvent removers are Class 2 (non-halogenated), and they can be further subdivided on the basis
of their flash points or boiling points. For almost all solvent removers, removal of the excess surface
penetrant is accomplished through dissolving and dilution. The exception to this is when an aqueous based
detergent mixture is used as a solvent remover. When higher boiling point solvents are used, care must be
taken to control the amount of solvent applied to the surface. Excess solvent can strip penetrant from defects
or dilute the penetrant in a defect with the result of producing dim, fuzzy indications.

256.1.1

The selection of a suitable solvent remover depends on a number of factors. The most significant factors are
the evaporation rate (boiling point), flammability and cost. Solvency is a factor but becomes significant only
when the removal process allows excess solvent to remain on the surface of the part, thus diluting penetrant
that is trapped in defects. For smooth surfaces, high boiling points solvents can be used with minimal
concern since residual solvent can be easily wiped from the surface with a dry cloth. The higher boiling point
solvents are also less flammable than the lower boiling point materials. For rougher surfaces, caution is
required with the use of the higher boiling point materials; the lower boiling point solvents may be more
appropriate since any residual solvent would evaporate before it could dilute the penetrant in a flaw. With
the lower boiling point solvents, however, safety (flammability) may be a concern. If that is the case, then the
halogenated solvent removers may be used although the cost will be high. HCFC 141b is one approved
halogenated solvent: it is found in several qualified products.

2.5.6.2 Application Procedure.

NOTE

The solvent-cleaner SHALL NOT be applied directly onto the inspection area
to remove excess penetrant.

The use of high sensitivity, postemulsifiable penetrant with the solvent removal method will produce
indications form small, tight flaws. However, improper application procedures will seriously degrade the
indications. The use of excess solvent will remove or dilute entrapped penetrant resulting in a failure to
produce a visible indication.

a. Following the penetrant dwell period, the surface SHALL be wiped with a clean, dry
rag or paper towel to remove the major portion of surface penetrant. The proper
procedure is to make only a single pass and then fold the rag or towel over to provide a
fresh surface for each succeeding wipe.

b. When the surface penetrant has been reduced to a minimum with dry rags or towels,
any residual penetrant is removed with a fresh rag or towel moistened with solvent.
The amount of solvent applied to the rag or towel is critical. The cloth or towel should
only be lightly moistened with the application of a mist of solvent to the cloth. The
cloth SHALL NOT be saturated either by immersion in liquid solvent or spraying on
excessive solvent.

c. A black light SHALL be used to examine the part surface during the intermediate and
final wiping stages. The surface of the rag SHALL also be examined with the black
light after the final solvent wipe. If the rag shows more than a trace of penetrant, it
SHALL be folded to expose a clean surface, remoistened with solvent, and again wiped
across the part.

d. This procedure SHALL be repeated until the rag shows little or no trace of penetrant.

e. Finally the part be wiped with a clean dry rag to remove any residual solvent on the
surface.
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SECTION VI
DEVELOPERS

2.6 DEVELOPERS.

26.1 Summary.
This section covers the development process. Development follows penetrant application, dwell, and removal of excess

surface penetrant. The section contains basic, intermediate, and advanced information on the process theory, materials,
and application procedures. The first portion isintroductory in nature, discussing the functions and required properties
of developers. The second portion is devoted to the mechanisms and theory of developers. The third portion covers
drying of the part after surface penetrant removal or application of a water base, aqueous, developer. The fourth
portion describes the materials and application procedures for dry, agueous and nonagueous developers. The section
concludes with a comparison of the various types of developers.

2.6.2 Fundamentals.
2.6.2.1 Functions Of A Developer.

The basic function of all developersisto improve the visibility of the entrapped penetrant indication. The improvement
in visibility is achieved through a number of mechanisms that include the following:

a. Assistin extracting the entrapped penetrant from discontinuities.

b. Spread or disperse the extracted penetrant laterally on the surface, thus increasing the apparent size of
the indication.

c. Improve the contrast between the indication and the background.

2.6.2.2 Self Development.

CAUTION

Self-development SHALL NOT be used in aircraft and engine maintenance
inspection where service-induced flaws must be detected.

Self-development is the formation of an indication without the application of a developer material. All penetrants are
capable of some degree of self-development since they will exude from a discontinuity and spread over the surface. The
critical factors are the size and volume of the discontinuities that must be detected. A relatively large volume of
entrapped penetrant is required, and self-development is not reliable in detecting small tight flaws.

2.6.2.3 Mechanisms of Developer Action.

26.231 Capillary Action.
Just as capillary action draws penetrant into a crack, it draws penetrant back out of a crack into the small spaces

between developer particles.

2.6.23.2 Adsorption versus Absorption.

Developer action involves adsorption and absorption. Adsorption refers to the collection of aliquid on the outer surface
of a particle due to adhesive forces. This action contributes to the developer particle build-up at a crack as the particles
adhere to the exuded penetrant. Absorption refers to the blotting action that occurs when a liquid merges into an
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absorbent particle. The mechanism of development is a combination of both adsorption and absorption (see Figure 2-
22).
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Figure 2-22. The Effects of a Developer.

2.6.23.3  Scattering Of Light.

The developer particles scatter both the incoming ultraviolet light and the exiting visible light. This property enhances
the brightness of a fluorescent indication by causing more of the ultraviolet light to be absorbed by the penetrant and
more of the visible (fluorescent) light to escape the penetrant layer and reach the inspector’s eye.

2.6.234 Contrast Enhancement.

Developers improve the visibility of indications by providing a contrasting background. They reduce reflections from a
part surface and appear blue-black under black light. The blue-black color provides a high contrast with the fluorescent
yellow-green penetrant indication. Water suspended and some nonaqueous developers produce a solid white coating
which provides a contrasting background for red visible-dye penetrant.

26.235 Solvent Action.

Nonagueous devel opers contain solvents that hold the developer particles in suspension. When sprayed on the part, the
solvent combines with any entrapped penetrant, diluting it. This increases the volume and reduces the viscosity of
penetrant that exudes from the discontinuity, thus improving the visibility of the indication. Nonagueous developers
are capable of providing the highest sensitivity of any of the developer forms.

2.6.24 Drying the Test Part.

26.24.1 Purpose and Methods.

After removal of excess surface penetrant, the parts must be dried before applying nonagqueous or dry developer. When
aqueous developers are used, the drying is done after application of the wet developer. Drying can be accomplished in
anumber of ways:

a. Ambient or room air. Parts can be dried by allowing the parts to set in still air. The length of time
required for this method depends upon temperature and humidity of the air and is usually too long to be
used for drying wet developer.
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b. Warm air blowers. Warm air blowers are often used on large parts that cannot be oven dried. The
method may not uniformly dry wet devel opers.

c. Recirculating air ovens. The most frequently used method of drying parts is with arecirculating hot air
oven. It provides a rapid means of properly drying parts and wet developer; is adaptable to production;
and permits control of the temperature.

2.6.2.4.2 Time Temperature Effects.

NOTE

Depots with automated and semi-automated penetrant inspection systems may
exceed the 140°F (60°C) drying oven temperature while performing inspections
with these systems. The part temperature SHALL NOT exceed 140°F (60°C). All
parts remaining at 140°F (60°C) for longer than ten minutes or exceeding 140°F
(60°C) SHALL be reprocessed (cleaned and reinspected).

When drying test parts in a recirculating oven, both time of exposure and dryer temperature must be carefully
controlled. The minute quantity of penetrant entrapped in discontinuities can be subject to dye degradation and/or
large evaporation losses. Fluorescent dyes experience heat fade or permanent loss of fluorescence at elevated
temperatures. Heat fading starts at about 140°F (78°C) and increases rapidly with increased temperatures and time.
Evaporation loss can decrease the small amount of penetrant entrapped in a discontinuity to such alow level that it will
not contact the developer on the surface and an indication will not form. The effects of drying temperature and time
are more severe when a dry developer is used. Aqueous or wet developers are applied before heat and may retain
contact with the penetrant during the drying cycle. The base vehicle of the developer tends to mix with the penetrant in
the defect. The evaporating action of the base vehicle helps to draw the penetrant from the defect to form the
indication[Figure 2-23] compares proper versus excessive drying of Sensitivity Level 3 penetrant prior to applying dry
developer. Drying was at 150°F (66°C) for 