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Fluorescent Penetrant Inspection

(R) Aircraft and Engine Component Maintenance
1. SCOPE:
1.1 Purpose:

This specification details requirements and procedures for the detection of defects |n aircraft and
engine comppnents during maintenance and overhaul operations:

1.2 Basis of Appljcation:
This process|has been used typically by maintenance.and overhaul facilities to inspect aircraft and
engine comppnents and associated accessories when fluorescent penetrant inspeqtion is specified,
but usage is pot limited to such applications.

1.2.1 There are greas in this document that may:require specific direction from the OEM or cognizant

engineering organization. This direction‘shall be provided in the part material specification for
each part (3ee 8.2.47) in the following-areas:

1.2.1.1 Etching Requirements: If not'specified, etching will not be performed (See 3.4.5.1).

1.2.1.2 Cleaning Requirements: If not specified, solvent cleaning using Isopropyl Alcohpl, Acetone or
Methyl Ethyl Ketone{{see 3.4) or an approved QPL AMS 2644 is acceptable.

1.2.1.3 Surface Goating'‘Removal: If not specified, parts will be inspected with the surfalce coating intact
(See 3.4.4 and-3.4.4.1).

1.2.1.4 Penetrant Sensitivity Level: If not specified, Sensitivity Level 3 penetrants shall be used on all
airframe hardware and components and Sensitivity Level 4 penetrants shall be used on all Major
Rotating Engine hardware and Auxiliary Power Unit hardware and components.

1.2.1.5 Pentrant Method: If not specified, Type I, Methods A, C or D penetrants may be used except for
major rotating engine hardware which shall only be inspected using Type |, Methods C or D
penetrants.
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voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
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All rights reserved. Printed in U.S.A.
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1.2.1.6 Developer: If not specified, dry developer (form a) will be used.

1217

1218

1.3

14

Inspection Coverage: If not specified, the areas described in 3.5.12 shall be inspected. If

inspection of areas requiring special equipment or techniques (i.e. UV borescopes or light
sources, special material application or removal devices, part handling fixtures, part masking,
etc.) is necessary, detailed instructions must be provided. When specific areas of parts require
intensified inspection scrutiny, due to either their critical nature or past history of failure, this
information must be included in the repair or inspection manual or document.
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t address the

h‘may be involved in such use. It is the sole responsibility of the user

to ensure

familiarity with the safe and proper use of any hazardous materials and to take necessary
precautionary measures to ensure the health and safety of all personnel involved.

1.4.1 Safety Precautions: Protective clothing, including eye shields, suitable gloves, and aprons should
be worn when filling tanks or when there is a possibility of splashing or overspray. Tanks should be
covered when not in use and should be operated with adequate ventilation for fume extraction.

Operating instructions from the manufacturer of the system employed together with local workshop

regulations

shall be followed.
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2.

2.1

2.2

2.3

24

2.5

APPLICABLE DOCUMENTS:

The issue of the following documents in effect on the date of the purchase order form a part of this
specification to the extent specified herein. The supplier may work to a subsequent revision of a
document unless a specific document issue is specified. When the referenced document has been
canceled and no superseding document has been specified, the last published issue of that document
shall apply.

SAE Publicat|ons:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096.
AMS 2644 Inspection Materials, Penetrant

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshehocken, PA 19428-2959.

ASTM D 95 Water in Petroleum Products and Bituminous Materials by Distillatipn
ASTM E 1417 Liquid Penetrant Examination

U.S. Government Publications:

Available from DODSSP, Subscription Seryices Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, [PA 19111-5094.

MIL-1-25135 Inspection Materials, Penetrant

MIL-STD-410 Guide Lines for Training and Qualifying Personnel In Nondestrugtive Testing
Methods

QPL 25135 Inspection Materials, Penetrant

QPL-AMS-26144 Inspection Material, Penetrant

ATA Specificgtions:

Available from Air Transport Association of America, 1709 New York Avenue, N.W., Washington, DC
20006.

ATA Specification 105 Guidelines for Training and Qualifying Personnel in Nondestructive Testing
Methods

AlA Specifications:

Available from Aerospace Industries Association of America Inc., 1250 Eye Street N.W., Washington
DC 20005.

NAS 410 Certification and Qualification of Nondestructive Test Personnel

-3-
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2.6 ASNT Documents:

Available from ASNT, 1711 Arlingate Plaza, P.O. 28518, Columbus, OH 43228-0518.

ASNT-TC-1A
3. TECHNICALR
3.1 Materials:

Materials use
AMS 2644 an
equipment m

3.1.1 Penetrant:
sensitivity 16

3.1.2 Lipophilic E
additives ag
rinsed away

3.1.3 Hydrophilic
Emulsifiers
aqueous so

3.1.4 Developers
Form a Dr
Form b Ad
Formc Ad
Form d N

3.1.5 Grouping o

Recommended Practice for Personnel Qualification in Nondestructive Testing

EQUIREMENTS:

d be listed in QPL 25135 or in QPL-AMS-2644, and be approved by t
hnufacturer’'s (OEM’s) part or material specifications.

Shall be a highly fluorescent liquid capable of penetrating discontinuiti
bvel as specified in the OEM’s part or material speeification.

necessary to provide a stable, oil-miscible’solution capable of being
with water.

Emulsifier: Shall be composed of-surface-active agents together with
shall be capable of dilution up*te’many times their volume in water to
lutions.

Applicable developers.are classified into four forms.
y Powder Developer

ueous Soluble.Developer

ueous Suspendible Developer

naqueous’Wet Developer (NAWD)

Materials: Penetrants and their emulsifiers shall be qualified and use

emulsifier”

d (i.e. penetrants, emulsifiers, and developers) shall conform ¢o*MIL-1{25135 or

ne original

bs and with a

mulsifier: Shall consist of a ready-to-use suitable oil-like liquid togethgr with such

emulsified and

additives.
orm stable

| as a “penetrant/

'\chfnm, furnished hy aone manufacturer to nerform a snecific method
10 g

r process of

penetrant inspection. Developers may be from a different manufacturer. Method A penetrants are
not qualified with an emulsifier.

3.2 Equipment:

Shall be constructed and arranged to permit uniform, controlled operation. Quality control of

equipment sh

all be as specified in Section 4.
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3.3

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

System Performance Check:

This check shall be performed using known and separate defect standards for each sensitivity level
of penetrant in use at the facility. The quantity and sizes of the defects in the defect standard(s) shall
be capable of demonstrating an unsatisfactory system performance of the different penetrant

sensitivity levels in use at the facility.

Itis permiSOihln touse a rlnfpr‘r(c) standard which cantains five individual cracks with each of the

cracks appg
panel shall

NOTE: Cr¢g

Itis permiss
range in siz

If the overh
overhaul fa
approval pr

Regardless

fange in size as shown in Table 1:

TABLE 1 - Panel Crack Size

paring as a star burst radiating outward from a localized center. The®

Cracks Crack Size

A 0.38 to 0.81 mm (0.015 t0.0:032 inches)
1.17 to 1.57 mm (0.046©>0.062 inches)
1.90 to 2.36 mm (0.075to 0.093 inches)
3.18 to 4.34 mm (Q.125 to 0.171 inches)
4.57 to 6.35 mm{(0.180 to 0.250 inches)

muooOw

ck A may appear as a pin. point instead of a star burst.

e from 0.127 to 5,08:mm (0.005 to 0.200 inch).

established

ible to use Low Cycle ‘Fatigue (LCF) cracks as defect standards provi

racks on this

ded the cracks

hul facility use's defect standards other than those specified in 3.3.1 and 3.3.2, then the
Cility shall rotify the applicable OEM of such and receive a written con
or to using the defect standard(s) to satisfy a Daily System Performarjce.

of the defect standard used, a “Baseline” for the known defect standard(s) shall be
W@W&Mﬂp&nﬂﬂmﬂjﬂals, while using

firmation of

the processing parameters specified within this specification. The “Baseline” results (i.e. the
number of defects detected) shall be recorded and retained within the using department.

A system performance check, of each penetrant sensitivity level in use, shall be accomplished
daily, at reactivation of the system after maintenance or repairs, or any time the system is
suspected of being out of control.

3.3.5.1 Prior to processing, the defect standard shall be inspected under black light to assure that the

defects do not fluoresce. If necessary, the standard shall be recleaned.

3.3.5.2 Processing of a known defect standard may be performed concurrently with production parts.
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3.3.5.3 The system performance check shall be performed by processing the known defect standard
through the facilities penetrant system using the processing parameters specified within this

document.

3.3.5.4 The results of the system performance check shall be compared against the recorded “Baseline”

results.

3.3.6  When the performance of the system performance check falls below that of the recorded
“Baseline” resultsthe in-use materials shall he checked in accordance with the rnquirements of

Section 4.

3.3.6.1 Ifitis suspected that the defect standard has deteriorated rather than the'syste

should be

“Baselinefl” in accordance with paragraph 3.3.4, may be used.

3.3.7 Cleaning ar

recleaned and reprocessed or an alternate defect standard;.Which hg

d Storage of the Defect Standard: To ensure independent, accurate r¢

m, the standard
s been

psults and to

prevent clogging and contamination of the flaws, the known-defect standards shall be cleaned and

stored in adcordance with manufacturer’s recommended- instructions or as follows

3.3.7.1 Rinse the
necessary

may be uged. Blow off residual water spots with an air gun followed by drying th

defect standard(s) with water using a maximum water pressure of 40
, use a soft bristle nonmetallic brush to remove residual developer. H

after each run:

psi and, if
ydro-air nozzles
e defect

standard(p) in a hot air circulating dryer for-approximately 20 minutes at a maxifnum of 71 °C

(160 °F).

3.3.7.2 Immerse
Ethyl Ketg

cleaner and allow to air dry,erdry in an oven.
3.3.7.3 Store the defect standakd-in a clean container.

EXCEPTION: Itis\permissible to allow the defect standard(s) to remain subme

he cleaned and dried défect standard(s) in a cleaning solvent (e.g. Ag
ne, Isopropyl Alcohal, etc.) for a minimum of 10 minutes. Remove pg

cleaning solvent (see 3.3.7.2) until it is ready to be used again. |
that the solvent is completely dried on the surface and in the def

standard prinr to pnnatr:\nf annlication
10 o

etone, Methyl
nel from the

ged in the

However, assure
pcts of the

CAUTION: If not cleaned or stored properly, the defect standards may become unusable due

to contamination of the flaws.
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3.4

Surface Preparation of Parts to be Inspected:

Proper surface preparation of parts for penetrant inspection is extremely critical. The primary
objectives of the part preparation are to insure the discontinuity is clean, dry and open to the surface
and that minimal fluorescent background is obtained after processing. Surface preparation,
including cleaning, stripping, masking, blasting, peening, etching and drying, shall be accomplished
using methods and materials specified in the OEM'’s part or material specifications. If OEM guidance
is not provided,the information in the following paragraphs shall he considered by the cognizant

engineering ¢

CAUTION:

3.4.1 General: R¢
Because th
responsibili
documents
prevent per

3.4.1.2 Personne
they are f
and OEM
their dutie
penetrant

CAUTION:

3.4.2 Sequence (¢

rganization (CEO) in preparing parts for inspection.

Visible or contrast dye penetrant shall never be used on a part)prior to
penetrant inspection (FPI). Contamination from the visible dye can se
he brightness of the fluorescent dyes.

liable penetrantinspections are highly dependent ofr‘proper pre-inspe
s is difficult or impossible for inspection personpehto determine or cor
y of the CEO to include proper pre-inspectioniprocessing requiremen
specifying the use of penetrant inspection. *As a rule, any operation, {
etrant from entering defects, must be aveided.

accomplishing surface preparationzsuch as cleaning must be properl
Llly knowledgeable with the operations they are performing, including
specifications. They should alse be aware of the impact that imprope
s can have on both hardware and on subsequent operations such as
inspection (FPI).

Failure to properly clean prime reliable parts (e.g. disks, hubs, roto
seals and spacers, etc.) can prevent the detection of flaws leading
these partS.causing substantial damage and could potentially resu
uncontained failure and loss of aircraft.

f operations shall be as follows:

3.4.2.1 Penetran

fluorescent
verely degrade

tion processing.
trol, it is the

s in all work
vhich may

y trained so that
both company

I performance of
fluorescent

S, major rotating
to a failure of
tin an

inspnection-shall be nerformed nrior to anv aperation which mav claosel
1 1 10 P AR o Y

or smear

openings or leave unremovable residue within a defect, such as plating, anodizing or surface
cold working.

3.4.2.2

Penetrant inspection shall be performed subsequent to any operation that may introduce or

expose defects such as, heat treatment involving quenching, welding, cold forming or grinding.

3.4.3

Cleaning: Areas of parts to be examined shall be free of moisture, grease, oil, grinding compounds,

rust, scale, acids or alkalis, fluxes, burrs, feather edges, paint (primer, enamel), and other foreign
materials which could hide defects or produce irrelevant indications that may interfere with the
examination process.
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3.4.3.1

3.4.3.2

3.4.4

34.4.1

3.4.4.2

3.4.5

3451

Cleaning Methods: Cleaning methods chosen for a particular part shall be consistent with the
type of contaminant to be removed and shall not be chemically detrimental to the part. Methods
include solvent cleaning, steam cleaning, ultrasonic cleaning, vapor blasting, paint and carbon
stripping, and alkaline or acid cleaning.

Cleaning methods must not leave a residue, which could interfere with the FPI process or
potential subsequent repair operations.

NOTE: alogenated/chlorinated solvents shall not be used on titanium allgys,

Plating or Surface Coatings: Coatings or surface treatments can preventpenetramt from entering
defects as \vell as cause varying levels of fluorescent background on theZpart. High background
fluorescence reduces the contrast between defect indications and packground (signal to noise
ratio) with g corresponding decrease in inspection sensitivity. Withyeertain types of plating or
coating, it may be possible to perform an adequate inspection_providing the plating or coating is in
good condition and the defect is open to the surface.

Conversign coatings impregnations, flame spray, plating or paint should be rempved prior to
penetrant{inspection if an inspection with a high level of sensitivity is desired. Removal of these
coatings must be specified in the work document.>1f not specified, it will be ass@imed that
inspectiors are to be conducted with the coating intact. Removal of these coatifgs should not be
done in ajmanner which may cause metal smearing, or which leaves chemical fesidue on the
part that rhay contaminate defects.

Peening gperations shall never be performed prior to penetrant application because the
smearingland compressive stresses imparted by peening can completely eliminate the possibility
of penetrgnt from entering a-flaw.

MechanicallSurface Treatment: Surface treatment such as abrasive blasting, sanfling and
burnishing pperations&an produce a smeared surface on some materials. If it is hecessary to
perform any of these.gperations prior to penetrant inspection, it is good practice tp accomplish an
acid etch piior tajinspection.

CAUTION: L\Ahen nmplnymg oneof the above surface treatmentsitis Hmportant to follow the

approved parameters, consumable materials and procedures as specified by the
OEM’s specification for the particular part.

Etching can be detrimental to part function or serviceability. It is the responsibility of the CEO to
make this determination and act accordingly. If the repair or overhaul document does not specify
acid etch prior to inspection, it will not be accomplished. In all cases, only approved etching
(cleaning) procedures and consumable materials specified by the OEM’s engine manuals for a
specific part shall be permitted.
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3.4.6 Drying: Failure to sufficiently dry a part after cleaning can affect the capillary action and prevent the
penetrant from entering a flaw. Parts cleaned with an aqueous or slow drying solvent cleaner shall
be “flashed dried” and/or dried at an elevated temperature to remove moisture from the surface
and possible defects.

3.4.6.1 Flash dry parts by submerging the part in a tank of hot water or by hot water spraying. With
either method, the water shall be heated to 66 to 93 °C (150 to 200 °F) and the part shall dwell

(i.e. rema
temperatu
suction, b
shop air d

CAUTION:

3.4.7 Masking: P
except that,
which may
receive insy
inspections

applicable n

3.4.7.1 Removal
not remoy

contamingtion by penetrantfluid.

3.5 Processing P
Descriptions

3.5.1 Visual Exarn

re. Remove the part from the tank and drain excess water. Utilizeve
otting with a clean absorbent material, or by blowing off with an. @il ‘an
un to remove excess water.

Dwell times will depend upon the number of parts in a basket and th

surface of a part start to “flash” or “whisk” off as thé¢part is being remg
water tank.

hrts inspected using the penetrant method shall receive 100% inspect
parts having riveted doublers, data plates;cair seals, rubberized coatin
entrap penetrant and which are not removed as part of the normal pro
ection in the areas where excessive’,bleed out of the penetrant prohib
of these areas are required, removal and/or masking must be specifig
epair or inspection document.

pf anti-friction bearings prior to penetrant inspection is recommended.
ed, they should be completely masked prior to routing to FPI in order
focedures:

bf the different processing procedures are presented in Figures 1, 2, 3

nination: Visually examine parts. Parts to be processed/inspected mu

Surface contamination can interfere with the ¢

and free of

water
ositioning,
water filtered

P size and mass

of the part being heated. Proper flash drying is indicated by seeing {he water on the

ved from the hot

on coverage
Os or other areas
cess will not

its it. If

dinthe

If bearings are

to prevent

, and 4.

5t be clean, dry

surface contaminants

hpillary action of

the penetrant and prevent the penetrant fluid from being drawn into a surface defect, thus
compromising the FPI results. The goal is to get parts clean enough to perform a reliable
inspection. Parts shall not be processed if they are considered insufficiently clean for FPI.

3511

If you can remove contaminants (grease, oil, loose soils, etc.) with your finger or if the part has

scale (hardened deposits), then the part is not sufficiently clean. If necessary, localized surface
contamination may be removed using acetone, Isopropyl alcohol, methylethyl ketone or an

approved

3.5.1.2

QPL-AMS 2644 solvent cleaner/remover.

Parts must be fully dry before application of penetrant. If necessary, the surface may be heated

to 107 °C (225 °F), (maximum) to remove moisture. The surface of the part must be cool to
touch before penetrant application.
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METHOD A
(See Note 1)

PRE-CLEAN
AND RINSE

(see Note 2)

DRY

PENETRANT

I
DWELL

|
RINSE

DRY

SUSPENDIBLE

WET DEVELOPER

DRY
DEVELOPER

B

DRY

NONAQUE%ES
DEVELOP

-

DEVELOPER
DWELL

INSPECT

REMOVE
DEVELOPER

NOTE 1. Method A should not be used on major engine rotating components unless otherwise

approved by the hardware or component manufacturer.

NOTE 2. Etch may be required to remove smeared metal. Consult part or material specification.

FIGURE 1 - Water Washable Penetrant Inspection Process

-10 -
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METHOD B
(See Note 1)

PRE-CLEAN |
AND RINSE
(See Note 2)

—

DRY

[PENETRANT

DWELL

T

LIPOPHILIC
EMULSIFIER

| |

RY LUBLE/ SUSPENDIBLE DRY
(o] [Sommm s (o]
DEVELOPER

DRY [ory ] NONAQUEOUS
DEVELOPER DEVELOPER

DEVELOPER
DWELL

l INSPECT |

REMOVE
DEVELOPER

NOTE 1. Method B is not applicable to engine parts

NOTE 2. Etch may be required to remove smeared metal. Consult part or material specification.

FIGURE 2 - Post Emulsifiable (Lipophilic) Penetrant Inspection Process

-11 -
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METHOD C
(See Note 1)

PRE-CLEAN
AND RINSE

(See Note 2)

DRY

PENETRANT

L
DWELL
]

REMOVE
PENETRANT

|
DRY

—

DRY
DEVELOPER

|

NONAQUEOUS
R

DEVELOPE

il

DEVELOPER
DWELL

l
INSPECT

|
I REMOVE DEVELOPERl

NOTE 1. Method C is for localized areas only.

NOTE 2. Etch may be required to remove smeared metal. Consult part or material specification.

FIGURE 3 - Solvent Removable Penetrant Inspection Process

12 -
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METHOD D

PRE-CLEAN
AND RINSE
(See Note 1)

[DRY]

_r—l
PENETRANT

DWELL
PRE-RINSE

r.
HYDROPHILIC HYDROPHILIC
EMULSIFIER IN EMULSIFIER
DIP TANK BY SPRAY

| =

SOLUBLE / SUSPENDIBLE
5=

[1_3_@ WET DEVELOPER
(See Note 2)

NONAQUEOQUS

DRY
DEVELOPER [DRY] DEVELJPER
—

DEVELOPER
[ _DWELL

INSPEC
REMOVE
DEVELOPER

NOTE 1. Etch may be required to remove smeared metal. Consult part or material specification.

NOTE 2. Soluble wet developer is not permissible for use on engine parts.

FIGURE 4 - Post Emulsifiable (Hydrophilic) Penetrant Inspection Process

-13-
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3.5.1.3

3.5.14

3.5.15

3.5.2 Penetrant Applications for Methods A, B, C, and D:

3521

3.5.2.2

3.5.2.3

3.5.24

3.5.25

3.5.2.6

3.5.3 Water Washable Penetrant Removal (Method A):

3.5.3.1

3.5.3.2

3.5.3.3

3.5.34

3.5.3.5

Parts which show visible evidence or are suspected of having been contaminated with visible or
contrast dye penetrant must be thoroughly cleaned to remove all traces of contamination as
these dyes can severely degrade the brightness of the fluorescent penetrant.

Use of a black light during initial examination may help to identify the presence of contaminants.
Many organic contaminants fluoresce blue under UV light.

The use qf-one highnr penetrant Qpncifi\/ify level from that Qpncifi\/ify level anor‘i ied for a given

part is pefmissible.

Water waghable (Method A) and postemulsifiable lipophilic (MethodyB) penetramt shall not be
used on major rotating engine components.

Prior to pgnetrant application, the penetrant and part's surface temperature shajl be within the
range of 4 to 52 °C (40 to 125 °F) if the surface of the pattis cool to the touch, it shall be
considered to be below 52 °C (125 °F).

Penetran{ shall be applied by spray, immersion_or-brushing to provide penetranf coverage as
required. Check for complete penetrant coverage with a blacklight.

If the pengtrant beads up or separates when the penetrant is applied to the surface of the part,
the part wlas not clean enough and must be recleaned.

Use not lgss than 20 minutes penetrant dwell/drain time.

Parts left fo dwell longer than 2 hours shall have penetrant reapplied. If penetrant is reapplied
the initial penetrant dwéll time shall be repeated.

Remove ;renetrant with a coarse spray rinse or an air agitated immersion wash ftank.

Maximum water pressure shall be 275 kPa (40 psi). Hydro-air nozzles are permitted with a
maximum of 170 kPa (25 psi) added air pressure.

When possible, the spray washing distance between part surface and the spray nozzle tip shall
be not less than 305 mm (12 inches).

Spray or immersion washing time shall be held to a minimum. Wash time shall be held to not
more than 90 seconds on any one area of a part. To assure the adequacy of the wash, the
washing shall be conducted in a suitably darkened area under black light illumination.

Control water temperature within the range 10 to 38 °C (50 to 100 °F).

-14 -
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3.5.3.6 After washing, drain water from parts, utilizing repositioning, suction, blotting with clean
absorbent material, or an air blow off using oil and water filtered shop air at less than 170 kPa
(25 psi) to prevent pooling.

3.5.4 Pre-Rinse for Hydrophilic Emulsifier (Method D):

3.54.1

3.5.4.2

3.5.4.3

3.5.4.4

3.5.5 Application

3.5.5.1

3.5.5.2

3.5.5.3

3.5.54

3.5.5.5

Spray rinse parts in the least possible time to remove excess penetrant from the part. Maximum

wash time

shallbhe held t0. 90 seconds an any one area

Allow wat

If necessa
to remove

Control w
of 275 kP

All surfac
contact tin

Contact W
backgrou

In immers
agitation i
solution.

For imme

with 4.4.2(

For spray

er to drain from the part. Reposition parts as necessary to aid in'drain

Lry, use filtered shop air at a pressure less than 170 kPa (25 psi) or use|
excess water from cavities.

ater temperature within a range of 10 to 38 °C (50,6100 °F) and a ma3
A (40 psi).

of Hydrophilic Emulsifier (Method D):

bS to be inspected shall be completely.covered in hydrophilic emulsifig
he.

ith the emulsifier shall be kepto'the least possible time consistent wi
nd and shall not exceed twa minutes.

ion systems, emulsifier.and/or part shall be mildly agitated. If air or m
5 used, it shall produce no more than a thin layer of bubbles on the su
rsion application, the concentration of the emulsifier solution shall be i

2.

application, the concentration of the emulsifier solution shall be in acg

4.4.2.3.

ng.

a suction device

IXimum pressure

r solution during

h an acceptable

echanical
rface of the

h accordance

ordance with

3.5.6 Post-Rinse of Hydrophilic Emulsifier (Method D):

3.5.6.1 Emulsifier shall be removed by immersing the part in a water-filled, air-agitated tank followed by a
spray touch-up rinse, or by spray rinsing.

3.5.6.2

3.5.6.3

Water temperature shall be controlled within a range of 10 to 38 °C (50 to 100 °F) and a
maximum pressure of 275 kPa (40 psi). Hydro-air nozzles may be used with a maximum of

170 kPa (

25 psi) added air pressure.

When possible, the spray washing distance between part surface and the spray nozzle tip shall
be not less than 305 mm (12 inches).
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3.5.6.4 Washing time shall be held to the minimum required to remove excess penetrant from the part.
Wash time shall be held to not more than 90 seconds on any one area of a part.

3.5.6.5 After rinsing, drain water from parts utilizing repositioning, suction, blotting with a clean absorbent
material, or an air blow off using oil and water filtered shop air at less than 170 kPa (25 psi)

pressure

3.5.7 Application

to remove excess water and thus prevent pooling.

of Lipophilic Emulsifier (Method B):

3.5.7.1 Lipophili¢ emulsifiers are not acceptable for aircraft engine parts.

3.5.7.2 Apply by {
the requir,

agitated while in contact with the surface of the part.

3.5.7.3 Contact with emulsifier shall be kept to the least possible tim&/consistent with a

backgrou

3.5.8 Post-Rinse

3.5.8.1 Water spr

time shall

3.5.8.2 Washing

nd and shall not exceed three minutes.

of Lipophilic Emulsifier (Method B):

be held to 90 seconds on any one_asea of a part.

fluorescent background.

3.5.8.3 Afterrinsi
material,

(25 psi) p

br an air blow off using oil and water filtered shop air at less than 170
essure to prevent-pooling.

lowing emulsifier on the part or by dipping the part in emulsifier’and Igtting it dwell for
bd time. Lipophilic emulsifiers shall not be applied by spray-or brush and shall not be

N acceptable

Ay or immerse parts to remove emulsified penetrant. Maximum spray|or immersion

Ghall take place in a suitably datkened area under black light to confirmn removal of

ng, drain water from parts utilizing repositioning, suction, blotting with g clean absorbent

Pa

3.5.8.4 Water temperature shall be controlled within the range 10 to 38 °C (50 to 100 °K) and a
maximum| pressure_of 275 kPa (40 psi).

3.5.8.5 When possible; the spray washing distance between part surface and the tip of
shall not bhedess-than-305-mm (1’) inr‘hac)

the spray nozzle

3.5.9 Local Application for Solvent Removable Penetrants (Method C):

3.5.9.1 Remove the excess penetrant by wiping with a clean, lint-free, dry cloth or absorbent toweling.

3.5.9.2 Remove the remainder of the surface penetrant with a lint-free cloth or towel, dampened with a
QPL-AMS-2644 approved solvent. Ensure that the surface of the part and/or the cloth or towel is
not saturated with solvent. During the wiping, the part and cloth or towel shall be observed under
appropriate black light illumination to ensure adequate removal of surface penetrant. Excessive
removal of the surface penetrant or flooding of the solvent on the surface of the part shall require
the part to be cleaned, dried, and reprocessed.
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3.5.9.3 The surface of the part shall be dried by wiping with a lint-free, dry cloth or towel or by
evaporation.

3.5.10 Drying for Method A, B, and D:

3.5.10.1 Drying oven temperature shall not exceed 71 °C (160 °F).

3.5.10.2 Use minimum drying time to completely dry parts.

3.5.11 Developing
developer (

3.5.11.1 Parts sha

3.5.11.2 Dry Deve
applying ¢

351121

3.5.11.2.2

3.5.11.2.3

3.5.11.24

3.5.11.3

3.5.11.3.1

3.5.11.3.2

3.5.11.3.3

3.5.11.34

3.5.11.3.5

Apply d
a light ¢

Use dry developer except where aqueous soluble/suspendible or,no
NAWD) is specifically required.

| not be exposed to blacklight radiation while developing.

opers can be used on Methods A, B, C, and D penetrants. Ensure pa
leveloper.

y developer to a dry part so that all areas to be.inspected are comple
pating of developer.

Allow part to develop for not less than 10 minutes before inspection.

Excessi
greater

Parts sH

than 35 kPa (5 psi).

all be cleaned and reprocessed if time after development exceeds fol

Nonagueous Wet Developérs (NAWD) can be used on Methods A, B, C, and

are dry

When N
and with

When u

before applyingddeveloper to part.

AWD is used; apply the developer, by spray only, to a dry part at touc
frequent agitation of the suspension.

5ingNAWD, surface coverage is very important and should be carefull

light a

haqueous wet

ts are dry before

ely covered with

ve powder may be removed after20 minutes by blowing with dry air af pressure not

r hours.

D. Ensure parts

N temperature

y controlled. Too

atinawill not nrovide sufficient develonment while too heavyw a coati
) g 1 4

may mask

defect indications.

An adequate coating has a whitish appearance, yet the metallic surface background is visible.
If too heavy a coating is applied such that no metallic background is visible, parts shall be
recleaned, dried, and reprocessed.

Allow parts to develop for not less than 10 minutes before inspection.

Parts shall be inspected within one hour of developing. Parts shall be recleaned, dried, and
reprocessed if time after developing exceeds one hour.
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3.5.11.4 Soluble (form b) and Suspendible (form c) Aqueous Wet Developers can be used on Penetrant
Methods B, and D.

3.5.11.4.1 Soluble aqueous wet developers are not acceptable for use in conjunction with water washable
penetrants (Method A).

3.5.11.4.2 Soluble aqueous wet developer shall be completely dissolved. Concentrations shall be in
accordancewith manufacturer’s instructions

3.5.11.4.3 Developers shall be applied by spray, flowing, or immersion immediately'afterjremoval of
excess penetrant. Do not brush. Apply a uniform solution of developer-only gs necessary to
wet all ipspection surfaces. Avoid accumulations of developer in fillets, recesges, or crevices.
Avoid prolonged contact with developer solution in order to minimize removal ¢f penetrant from
discontipuities. Dry as in 3.5.10.

3.5.11.4.4 Allow part to develop for 10 minutes after drying and before inspection.

3.5.11.4.5 Parts shall be inspected within two hours of developing. Parts shall be cleangd and
reprocepsed if time after developing exceeds twehours.

3.5.12 Inspection: Unless otherwise specified, parts inspected in accordance with this sgecification are to
receive 10( percent inspection coverage except that, areas of parts having rivetefl doublers, data
plates, rublerized or flame sprayed coatings, bushings or other items which may entrap penetrant
and which are not required to be remaoved by the pre-inspection procedures, need not be
inspected. [LOO percent inspection refers to those areas of a part, which can be vlewed using
mirrors, and a standard 100 watt blacklight.

3.5.12.1 Inspect parts in a booth ordarkened area where ambient white light at the inspgction surface(s)
does not ¢xceed 20 Ix_(2.foot-candles). Use light meter for measurement of whijte light.

3.5.12.2 Blacklight should-be’/turned on for at least 15 minutes before beginning inspectipn.

3.5.12.3 Before beginning mspectlon the individual shall wait at least one mlnute to adapt to darkness
2 ection.

3.5.12.4 When possible, place blacklight within 150 to 300 mm (6 to 12 inches) of part surface during the
inspection.

3.5.12.5 Fluorescent contamination or fluorescent background in the immediate area of interest should be
considered an indication until evaluated and cleared.

3.5.12.5.1 If the part shows excessive fluorescent background in the inspection booth, the part was not
sufficiently clean or was not processed properly. “Excessive background” is a subjective term.
Itis normal to see some fluorescent background on the surface of a part. However, if the
fluorescent background interferes with the inspection, then the part shall be cleaned, dried and
reprocessed.
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3.5.12.6

3.5.12.7

3.5.12.8

Visual aids (e.g. mirrors, white light, UV/white light borescopes, UV liquid light guides,
magnification, UV pencil lamps, etc.) shall be used when specified by the OEM’s part or material
specification to inspect cavities or surfaces difficult to see by direct vision.

Inspection of bolt holes, balance holes and other type holes % inch (6.35 mm) in diameter, in
major rotating parts (e.g. disks, hubs, etc.) whose depth is greater than three times its diameter
shall require the illumination of the inner hole using a high intensity UV liquid light guide or a UV
pencil lamp. In addition, these types of holes shall be inspected from both sides (i.e. rear and
front faces)-of the part

All indicafjons shall be investigated to verify their nature whether relevant, honrelevant, or false.
Interfering fluorescent background, relevant or questionable indicationsmay be|evaluated as
follows:

NOTE: This procedure may only be performed twice for any given original indigation or area.

3.5.12.8.1 Dampei a soft brush or cotton swab with a solvent (e.gsacetone, Methyl Ethyfl Ketone,

3.5.12.8.2 Removg any excessive solvent from the bryush or cotton swab applicator.

Isopropyl Alcohol, etc.).

NOTE: |Halogenated solvents shall not be used ef’titanium alloys.

3.5.12.8.3 Under Qlacklight illumination, lightly wipe the area in question with the dampened brush or

3.5.12.8.4 Allow thie solvent to evaporate'from the surface of the part.

cotton swab. Do not permit solventte flood or run over the surface of the par{.

3.5.12.8.5 If an indication reappears,-evaluate and size the indication. If an indication dges not reappear

immediately, apply dry~or nonaqueous developer to the area being evaluated.| Allow
10 minytes for thedindication to develop.

3.5.12.8.6 If necegsary/magnification up to 10X and/or white light may be used to deterrnine the type of

3.5.12.9

discontipuity’

All parts free of relevant penetrant indications shall be accepted.

3.5.12.10 Parts exhibiting indications caused by faulty processing, improper cleaning, or excessive

background fluorescence shall be cleaned, dried, and reprocessed.

3.5.12.11 Parts with relevant indications shall be withheld pending evaluation in accordance with the

OEM’s part or material specification or other engineering requirements. Where no defect limits
are specified by the OEM or are not given in the maintenance manual, all relevant indications
shall be regarded as suspect and shall not be accepted without review by the CEO.
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3.5.12.12 Interpretation and evaluation of indications revealed by this inspection procedure shall be the
responsibility of only qualified personnel having experience with fluorescent penetrant
inspection. Qualification of personnel shall be in accordance with ATA 105, MIL-STD-410,

NAS 410 or ASNT-TC-1A.

3.5.13 Post-Inspection Cleaning: Parts shall be cleaned and dried after inspection to remove developer

3.6

3.7

4. QUALITY ASSURANCE PROVISIONS:

4.1

41.1

4.2

42.1

4.2.2

4.2.3

4.2.4

and any other inspection residue detrimental to subsequent operations or where it

would impair the

structural orfunctional intngrir\l/ of the part

Responsibility for Inspection:

The inspection source shall be responsible for performing all required tests’and ide
inspected ang accepted.

Reports:

As required by regulatory agency or customer.

General:

This section g¢ontains specific checks to ensure that penetrants, emulsifiers, removg
and equipmeft meets an acceptable level;of quality.

Operators ghould be alert to any.changes in performance, color, odor, consistenc
of powdersjand fluids and to egnduct appropriate checks and tests if they have reg
the quality may have deteriorated.

Blacklight:

All UV light sopurceS used to inspect parts shall be checked for output using a UV lig
daily basis or|as pecessary to ensure the following output is provided:

ntifying the parts

rs, developers,

/, Or appearance
ason to believe

htmeter on a

Standard 100 watt blacklights shall provide not less than 1000 pW/cm? at 380 mm (15 inches).
Turn on blacklights not less than 15 minutes prior to verifying the intensity of the blacklight.

Blacklight borescopes, flexible scopes and UV liquid light guides that are used to
shall provide not less than 1000 pW/cm2 at 3.8 cm (1.5 inches).

inspect parts

UV pen lights that are used to inspect, shall provide not less than 1000 uW/cm2 at1.27 cm

(1/2 inch).

All other UV light sources that are used to inspect parts shall provide not less than
the inspection surface of the part.

1000 pW/cm? at
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4.2.5

4.2.6

condition shall be corrected or the unit replaced.

Self-filtered blacklight bulbs shall not be used unless specified by OEM’s procedures.

If the filter glass is dirty, scratched, damaged, or poor fitting so that white light escapes, the

CAUTION: Unfiltered ultraviolet radiation is hazardous. Blacklight bulbs shall have suitable filters

4.3 Light Meters:

to eliminate short and medium wavelength ultraviolet radiation.

4.3.1 Calibrate th
4.4 Fluorescent K
4.4.1 Penetrant:

4.4.1.1 Non-wate

shall be c
ASTM E

e light meters (i.e., UV and White light) at frequency specified in Table

enetrant Materials (Methods A, B, C, and D):

I based, water washable penetrants (Method A) in-imamersion or recirg

hecked for water content monthly by using ASTiM D 95 or in accordan
1417 Annex Al.

4.4.1.1.1 Penetrants shall be discarded if the water content.of the in-use penetrant is in

volume
provide

of the original penetrant or when it can’t be adjusted by adding new p
a water content level of less than 5%; when tested in accordance with

accordgnce with ASTM E 1417 Annex Al.

4.4.1.2 Water-bas
checked \

bed, water washable penetrants (Method A), in immersion or recirculati
vith a refractometer monthly for water content.

44.1.2.1 Penetr
QPL-A
to the s

checked quarterly. Tests shall be made by performing a visual comparison betv

nt shall be discarded'if the water content exceeds the percentage of y

S-2644 for the(specific, penetrant manufacturers material, or when it
ecified water.content by adding new penetrant.

nt brightness of all in-use penetrants in immersion or recirculating tan

om the same penetrant manufacturer and product designations as th

ulating tanks
lce with

excess of 5% by
bnetrant to
ASTM D 95 or in

g tanks shall be

ater specified in
can’'t be adjusted

ks shall be
yeen in-use

t of the in-use
1417. The

comparison shall be made by wetting one Whatman #4 filter paper, or equivalent, with the
unused material and another Whatman #4 filter paper, or equivalent, with the in-use material and
comparing the two papers side by side under blacklight.

4.4.1.3 Fluoresc
material f
material,
44.1.3.1

difference is detected between the two filter papers.

If the “visual comparison” method is used, the penetrant(s) shall be discarded if a visual

EXCEPTION: If new penetrant can be added to the tank to make it acceptable, or if the

fluorescent brightness is acceptable to the “Penetrant Brightne
of ASTM E 1417, the in use penetrant can continue to be used

ss” requirements
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TABLE 2
Applicable
Description Frequency Paragraph
System performance check Daily, or before start-up 3.3
Blacklight Daily, or when in operation 4.2
Blacklight meter calibration 6-month intervals 4.3
White light meter calibration 6-month intervals 4:3
Water contenf (non-water based, Monthly 4.41.1
water washaljle penetrant)
Water content (water-based, Monthly 4.41.2
water washaljle penetrant)
Penetrant brightness Quatrterly 4.4.1.3
Hydrophilic rgmover contamination Weekly 4421
Hydrophilic emulsifier concentration Weekly 442.1,442.2
&4.4.2.3

Lipophilic emuplsifier contamination Monthly andafter replenishment 4.43
Pressure and|temperature controls Verified daily and 6-month calibration 4.5
Dryers/Ovens 6-maonth intervals 451
Dry developef Paily for caking and for 4.4

contamination of recycled developer
Water solublg/suspendible developer. Concentration initially and weekly 4.1

Weekly for fluorescence

Daily for scum
Inspection bopth, residuakwhite light,  Monthly for residual white light 3.5.12.1 and 4.8
and fluorescent contamination and daily for contamination

4.4.2 Hydrophilic|Emuisifier: Check emulsifier in immersion tanks weekly for penetrant gontamination. If
emulsifier bathyhas penetrant floating on the surface or adhering to the sides of the tank, the bath

shall be discarded. After discarding the contaminated emulsifier, clean the tank before adding
fresh emulsifier.

4.4.2.1 Using a refractometer, check concentration of emulsifier (dip tank and spray) weekly and after
replenishing, and correct as necessary. Refractometer value shall be in accordance with the
material manufacturer’s specification. If there is an unexplained increase in background
fluorescence, recheck emulsifier concentration.
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4.4.2.2 For immersion application, the concentration of emulsifier shall be no higher than the
manufacturer’s qualified (approved) concentration as specified in QPL 25135 or QPL-AMS-2644.

NOTE: To help assure that the concentration of the emulsifier does not exceed the
manufacturer’s qualified concentration, which could negatively affect the system
performance, the initial penetrant system should be set up in the shop with the following
nominal concentrations in Table 3:

4.4.2.2.1 Correct
specifie

4.4.2.3 Emulsifiel

4.4.3 Lipophilic E

replenishingg. Compare a sample fromthe tank with a sample of unused emulsifie

ability. Disd
material.

4.4.3.1 Check for
ASTM E ]

4.4.3.2 After disc

TABLE 3
Concentration Range
For 30% maximum use products: 27 - 30%
For 20% maximum use products: 17£,20%
For 10% maximum use products: 7~ 10%

ons to the emulsifier concentration shall be, made if the concentration
i range of Table 3.

spray concentrations shall not exceed 5%.

mulsifier: Check for penetrant.contamination of emulsifier monthly anc
ard emulsifier in tank when its emulsifying ability is less than that of th
water contamination of emulsifier monthly in accordance with ASTM
1417 Annex;AL. Water content in excess of 5% is unsatisfactory.

brding ‘contaminated emulsifier, clean tank before adding fresh emulsi

4.4.4 Replenishn

is not within the

after
r for emulsifying
e unused

D 95 or

er.

ent:’ Add fresh penetrant and emulsifiers when necessary. The conte

ts of fresh

containers shall be near shop (room) temperature and thoroughly mixed with in-use materials.

4.5 Operating Pressures and Temperatures:

Verify indicators and controllers daily as to setting and calibrate every 6 months.

4.5.1 A uniformity check in at least 5 different locations within the dryer shall be conducted every 6
months to assure that other areas of the dryer do not exceed 71 °C (160 °F). Four of the locations
shall be equally spaced around the perimeter of the dryer and one location shall be near the center
of the dryer.
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