Advanced NDT liquid penetrant testing

Basic Penetrant Inspection Process
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The ability of a liquid to cover the surface of a

part and enter any surface opening depends on

2) wetting ability, s..s . cws

3) capillary action <. ot

of liquid.
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Adsorption and Absorption. The mechanism of development is a combination
of both adsorption and absorption.

« Adsorption refers to the collection of a liquid 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 liguid merges into
an absorbent particle.
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The aerospace materials specification SAE AMS 2644 defines the categories

universally used for classifying penetrant inspection materials. The categories are

defined as follows:

1 Type - Specifies the type of contrast dye used in the material.

1 Method - Specifies the method used to remove the penetrant material.

1 Level - Specifies the sensitivity level of a particular penetrant system.

1 Form - Specifies the form (type) of developer being used.

1 Class - Specifies the class of solvent remover to be used.
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Developer Forms. There are four forms of developers in
common use:

. Form A, dry powder

. Form B, water soluble

. Form C, water suspendible

.Form D, nonaqueous solvent suspendible

Penetrant type:
. Type I Fluorescent
. Type II: Visible
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Penetrants application methods:

- Method A: Water washable

- Method B: Postemulsifiable-lipophilic

. Method C: Solvent removable

. Method D: Postemulsifiable-hydrophilic

Solvent Remover

. Class 1 Halogenated
Penetrants sensitivity levels: Class 2 Nonhalogenated

- Level : Ultralow Class 3 Special Application

.Level 1: Low

. Level 2: Medium
. Level 3: High

. Level 4: Ultrahigh
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Table 2-1. Classification of Penetrant Materials Contained in SAE AMS 2644
Type
Type I Fluorescent Dye
Type II Visible Dye
Method
Method A Water-Washable
Method B Postemulsifiable, Lipophilic
Method C Solvent Removable
Method D Postemulsifiable, Hydrophilic
Sensitivity Level
Level 1/2 Very Low
Level 1 Low
Level 2 Medium
Level 3 High
Level 4 Ultra High
Developer
Form a Dry-Powder
Form b Water-Soluble
Form ¢ Water-Suspendible
Form d Nonaqueous (Solvent based ; for Type I)
Form e Nonaqueous (Solvent based : for Type II)
Form f Special Application




Advanced NDT

Method A

Water-removable technique
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)

L R

E. DIFFUSION 0. DEFFUSIGN COMPLETE

16

E. RINSING



Advanced NDT

Method B

Postemulsifiable
technique (lipophilic)
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Method B

Postemulsifiable
technique (lipophilic)
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Method C

Solvent-removable technique
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Prerequisites

Preclean

Penetrant application

Dwell time
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surface penetrant
with clean cloth

Final clean with cloth
dampened with remover
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Post clean
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Method D

Postemulsifiable

technique
(hydrophilic)
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Method D

Postemulsifiable technique (hydrophilic)
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[ Prerequisites |
]
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leak testing with penetrant
Inspection
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black light or ultra violet
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BLACK LIGHT VISIBLE LIGHT
320 - 400 NM 400 - 700 NM
X-RAYS INFRARED MICROWAVES RADIOWAVES
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LIQUID PENETRANT INSPECTION EQUIPMENT
Portable Equipment
Stationary Inspection Equipment <ol </igxr

Small Parts Inspection Systems
Automated Inspection Systems.
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Definition of Penetrant Dwell.
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.
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Alkaline Cleaning.
Steam Cleaning.
Emulsion Cleaning.
Solvent Cleaning.
Vapor Degreasing.

Salt Bath Descaling and Deoxidizing.

Acid Cleaning.

Chemical Paint Stripping.
Ultrasonic Cleaning
Detergent Cleaning.
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Immersion/Dipping.
Spraying.
Air or Pressure Spray

Electrostatic Spray

Aerosol Spray

Brush or Swab Application
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PSM-5 Penetrant System Monitor Panel
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PSM-5 Penetrant System Monitor Panel

Crack no. A B Cc D E
A B G D E
" | | | | |
otos:
% * *
Magnification *
factor 1:26

MEASURED SIZE 0,63 mm 1,33 mm 2,01 mm 3,83 mm 514 mm
SPECIFICATION | 038 - 0,79 | 1,17 - 1,57 | 1,91 - 2,36 | 3,18 - 4,34 | 4,57 - 6,35

mm mm mm mm mm

MEASURED SIZE .025 inches 052 inches .079 inches .151 inches .202 inches

.015 - .031 | .046 - .062 | .075 - .093 | .125 - .171 | .180 - .250
SPECIFICATION inches inches inches inches inches
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NICKEL CHROMIUM (NICR) SENSITIVITY PANELS
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The method has high sensitivity to small surface
discontinuities.

The method has few material limitations, i.e. metallic
and nonmetallic, magnetic and nonmagnetic, and
conductive and nonconductive materials may be
inspected.

Large areas and large volumes of parts/materials can
be inspected rapidly and at low cost.

Parts with complex geometric shapes are routinely
inspected.

Indications are produced directly on the surface of the
part and constitute a visual representation of the flaw.

Aerosol spray cans make penetrant materials very
portable.

Penetrant materials and associated equipment are
relatively inexpensive.
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Only surface breaking defects can be detected.

Only materials with a relative nonporous surface can be
inspected.

Precleaning is critical as contaminants can mask defects.

Metal smearing from machining, grinding, and grit or vapor
blasting must be removed prior to LPI.

The inspector must have direct access to the surface being
inspected.

Surface finish and roughness can affect inspection sensitivity.

Multiple process operations must be performed and
controlled.

Post cleaning of acceptable parts or materials is required.
Chemical handling and proper disposal is required.
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Advantages of Water Washable, (Method “A”) Penetrant.
Water Washable, Method “A”, penetrants have several advantages over other methods:
e Elimination of the separate emulsification process step results in cost savings:
- The cost of the combined penetrant emulsifying agent is less than the total cost of
separate penetrant and separate emulsifier.
- A separate tank or station for emulsifier is not required.
- Cost of automating is reduced.
- Process flow time, especially on volume is reduced.
e The emulsifiable mixture is easily removed from complex shaped parts, making it advantageous
for use on threads and keyways.
e The variables associated with controlling emulsifier dwell time are eliminated.
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Disadvantages of Water Washable, (Method “A”) Penetrant.

Water Washable, Method “A”, penetrants also have disadvantages:

e 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.

e Water rinse time is critical and SHALL be carefully controlled.

e Residual background is higher than from the same sensitivity level postemulsifiable penetrant system.

e The penetrant emulsifying agent mixture is susceptible to water contamination.

e Treatment or disposal of large quantities of rinse water contaminated with water washable penetrant is
required.
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Comparison of Lipophilic, Method “B” and Hydrophilic, Method “D” Penetrants.

Post-emulsifiable lipophilic (Method “B”) penetrants are prohibited for use on all rotating engine
components without specific authorization from the responsible engineering authority.
The main difference between methods “B” and “D” is not in the penetrant material, but in the
process used to remove the penetrant. Unlike Method “A” penetrant materials, which have a built-in
remover action, the removability action is aided by emulsifier or remover. Close attention SHALL be
given to knowing which method you are using and the advantages and disadvantages to using both.
Both Method “B” (Lipophilic) and Method “D” (Hydrophilic) 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 they resist
removal by water washing since they do not contain an emulsifier. A separate process step of
emulsification is required for removal.
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Comparison Lipophilic Emulsifier Versus Hydrophilic Remover Processes.

Differences between the lipophilic and hydrophilic processes are summarized as follows:

e Lipophilic emulsifier is supplied as a ready to use liquid, whereas hydrophilic remover is supplied as a
liquid concentrate, which must be diluted with water before use.

e The hydrophilic process requires an additional pre-rinse step immediately following the penetrant
dwell period.

e 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.

e The modes of action by which the lipophilic emulsifier and hydrophilic remover remove the excess
penetrant differ.
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Advantages of Using Hydrophilic Removers Over Lipophilic Emulsifiers.

A comparison of the physical, chemical, and application differences between the hydrophilic and lipophilic
techniques is provided in (Table 2-3). There are several benefits to using the hydrophilic method over the
lipophilic method. The hydrophilic process has the ability to remove surface penetrant with reduced effect on
penetrant _entrapped in _a crack. Another major advantage of hydrophilic removers is the increased process
tolerance (e.g., hydrophilic removal time is not as critical as lipophilic emulsification dwell). Hydrophilic removal
times of 1 or 2-minutes have little effect on penetrant entrapped in a discontinuity, while exceeding the maximum
lipophilic emulsification times by as little as 10 or 15-seconds can seriously degrade a flaw indication. A cracked-
chrome plated panel processed to show the effects of optimum, insufficient, and excessive hydrophilic removal
(Figure 2-20). The cracks in the panel are progressively smaller from left to right in the figure. Another advantage
to using hydrophilic remover is the relative insensitivity to removal of penetrant entrapped in a discontinuity. This
permits complete removal of fluorescent background in most cases. In contrast, when using lipophilic emulsifier
on slightly rough surfaces, it is desirable to leave a faint residual background when maximum sensitivity is
required. The reduction of background fluorescence with the hydrophilic remover improves the contrast, making
faint indications easier to see. The hydrophilic method also allows spot touch-up removal on local areas during
the final clear water rinse. Spot touch-ups cannot be done with the lipophilic method, since the oil base
emulsifier will not tolerate water. Hydrophilic removers also provide better control, handling, and recycling of the
process materials. This can significantly decrease wastewater treatment costs and minimize water pollution.
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Comparison of

AU 2 Lo
Hydrophilic Vs. Lipophilic Methods
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1. Supplied as a concentrate 1. Supplied as a ready to
2. Water base when mixed

3. Low viscosity 9 to 12 cs

4. Limited penetrant s 3. High viscosity 35 to 120 plos ;0 380 oole L LS LB .0
S (5 395 (oo Jloel 559 abge & j50 4y 7

5. Miscible with water in all g b g abogé oaingd olge 1,1 .Y 4. Limited water tolerance
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G el A 5. Miscible with penetrant ’ 35
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concentrations

6. Applied as dip or spray in all concentrations

7. Action: Dip-detergent with
scrubbing wash

8. Reduced drag-out

6. Applied as a dip
7. Action: Diffusion
activated by scrubbing

8. Critical emulsion time

kinematic viscosity: 1 stokes = 100 centistokes =1 cm? s~ =0.0001 m? s
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Advantages of (Form a) - Dry Developer.
e Does not require a liquid bath.
e Easier to transport than liquid bath.

Disadvantages of (Form a) - Dry Developer.
e Air cleaners, facemasks, or respirators may be required.
e Part must be completely dry prior to application.
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Advantages of (Form b) - Water-Soluble Developers.

e The primary advantage of water-soluble compared to water-suspended developer is the elimination of the need for
agitation to keep the particles in suspension.

e The coating does not produce streaks or runs that often occur with wet suspended developers.

e The developer particles, being soluble in water, are very easy to remove during post-cleaning.
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Disadvantages of (Form b) - Water-Soluble Developers.

Water-soluble developers SHALL NOT be used on parts processed with water-washable penetrant or visible-dye
penetrants.

Water-soluble developers are subject to bacterial growth. The susceptibility is dependent on the geographical area and
the type of local water. The first indication can be a foul odor or visible growth.

e Water-soluble developers contain wetting agents that can act as penetrant removers and SHALL be used very carefully.
This removal action is accelerated with water washable penetrants and is the reason water-soluble developers SHALL

NOT be used with water washable penetrants.

e Even though a thick, white coating is produced, water-soluble developers do not function well with visible-dye
penetrants.

e Like the wet suspendible developers, the biocides in water-soluble developers only delay growth. The water-soluble
developers SHALL be discarded when bacterial growth is noticed and the tank or container SHALL be completely
disinfected prior to mixing a new solution.

2l 50 Jakmo b3l HISGT = (@ p,3) o lso

4 Camwluns aodiwmd 1 (6 3iSL dliy (P yr0 5O g o0l Wil oo il ] (S po Sy 8L Slgo b T b guiiciwnd Jol8 33U Slgo b a5 Jlakad g9, Wl
o0 A5 Sowd 00535 Lgb o Julge sglo 0.uil sanlice Bl wi, b balé ailis wilgi oo ailis opdgl 0,08 (Kiww Aoxo o g0 9 2Ll i ailaio
0 & ol 50 gl o8 AB6 dlgo L Bis Joe (9 l.06 5 1,8 coliiwl 8590 jlews CB L Wil g wicS Joe J8L ool suisS B ylgie 4y uiilgd
0 Sy S g el gy SO ST (S @004 eoliil ol b gl BB 86 Slge Ll T 50 Jolmo (Eaied drwgi 45 cawl (o 9 294
Jolomes 1 5L, I0T 50 Wdaswgn «ogh po $lao lajlu )T wile iss’ (05 Joe (S0 S35 d8L 0lgo b (295 a2 &l 50 Jolmo slajlu 0,01 o9
IRl BB L (550 g wigh ailuil j90 (6 55L wu) cudlio ©ygo )0 Wb 0l Hd Jelxo glajlu ;BT .ai3ll (o b @ 1) 0l kid ol 5o

> D9 (Sghe Wb Jol5 job & wyaz Jolxo (0 )5 bglie



Advanced NDT LI 21 bo

Advantages of (Form c) - Water-Suspended Developer.
» The particles are insoluble in water and when dry, are highly adsorptive and absorptive.
* It can be used with Method A - Water-Washable Penetrants.

Disadvantages of (Form c) - Water-Suspended Developer.
« Agitation is required to keep the particles in suspension.
» Water-suspended developers may produce streaks or runs.
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Advantages of (Form d and Form e) - Nonagueous Developers.

« Nonaqueous solvent-based developers are packaged in portable aerosol containers.

Nonaqueous solvent-based developers are volatile and fast drying in air, thus eliminating the need for a
drying oven.

Nonaqueous solvent-based developers are sealed in their containers and are not recovered after their initial
use, which eliminates any degradation by contamination.

When proper techniques are used, Nonagueous - solvent-based developers provide a smooth, even layer of
developer whose thickness can be controlled by the operator.

Nonaqueous solvent-based developers can be used with both fluorescent and visible-dye penetrants.
Nonaqueous solvent-based developers are capable of producing the highest level of sensitivity of any of the
developer forms due to their solvent action.
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Disadvantages of (Form d and Form e) - Nonaqueous Developers.

Nonagueous solvent-based developers contain solvents that can be flammable, and when used in confined locations, present a

health hazard. Caution SHALL be exercised to prevent ignition and to avoid inhalation of the vapors.

« The developer particles are suspended in the solvent and tend to rapidly settle out. Agitation of the container prior to and
during application is required.

« The portable aerosol containers have a small spray coverage that makes coating of a large surface very time consuming. The
aerosols are best limited to small, local areas.

« Aerosol cans exhibit a gradual loss of pressure over a period of time and occasionally there are leaks due to improper sealing.
When the pressure is lost, the can and its remaining contents must be properly discarded.

 |If the nozzle is not free of dried developer particles, spray patterns can be very erratic. It is necessary to clean the nozzle after
every use by inverting the can and pressing the spray nozzle until only propellant escapes.
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