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Year after year, this method has overcome the ever more stringent requirements in hygiene,
safety and “environmental-friendliness”, and it is still widely used.
In fact, apart from the low cost of implementation, one of the main advantages of penetrant
testing is its ability to detect defects such as cracks, corrosion cracks, porosities, pitting, etc.
with a high reliability, regardless of their direction and location on the part under inspection, but
also whatever the size and the shape of the part. It is important to note that the discontinuities
must be surface-breaking and not clogged for a reliable inspection.
Furthermore, penetrant testing may be defined as a global method. This means that it is possible
to check a part as a whole or to process a large number of small parts at the same time. This is
impossible with RT, UT or ET, etc.
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Valid Standards.
NF EN ISO 12706
Non-destructive testing - Penetrant
testing - Vocabulary.
NF EN ISO 3059
Non-destructive testing - Penetrant
testing and magnetic particle
testing - Viewing conditions.
NF EN ISO 3452-1
Non-destructive testing - Penetrant
testing - Part 1: General principles.

NF EN ISO 3452-2
Non-destructive testing - Penetrant
testing - Part 2: Testing of
penetrant materials.
NF EN ISO 3452-3
Non-destructive testing - Penetrant
testing - Part 3: Reference test
blocks.
NF EN ISO 3452-4
Non-destructive testing - Penetrant
testing - Part 4: Equipment.

NF EN ISO 3452-5
Non-destructive testing - Penetrant
testing - Part 5: Penetrant testing
at temperatures higher than 50
degrees C
NF EN ISO 3452-6
Non-destructive testing - Penetrant
testing - Part 6: Penetrant testing
at temperatures lower than 10
degrees C.
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oldest NDT method because its first uses date back to the
1880s!

application

Penetrant testing is an NDT method that can be
easily built in production or maintenance process
lines. The parts are processed in successive stations: penetrant application, rinsing, then emulsification (when using a post-emulsifiable penetrant
and an hydrophilic emulsifier), washing, drying and
developer application.
The inspection is always carried out by an inspector,
under suitable viewing conditions.
There are two different processes:
Colour contrast penetrant testing: artificial white
light or daylight inspection;
Fluorescent penetrant testing: inspection under
(UV-A) ultraviolet radiation or, possibly, under actinic blue light when performing an intermediate
inspection.

Then, the surface is sprayed with a thin layer of
«developer» that adsorbs the penetrant entrapped
in the discontinuities. As a result, indications of discontinuities appear as coloured spots on the surface.
During this fourth step, the penetrant bleeds out in
the developer. This gives a good contrast between
the indication, wider than the discontinuity, and the
background, making it easier to detect them during
inspection.
Inspection is carried out under artificial white light or
daylight (colour contrast penetrant testing) or under
(UV-A) ultraviolet radiation.


 

In the third step, the excess of penetrant is washed
off the surface, and the part is dried.

Whatever the process used, the general steps described above are the same. The main differences
are due to the penetrant/developer set in use.
Some examples are given, underneath:
Water-washable or solvent-removable penetrant;
Post-emulsifiable penetrant: made water-washable after emulsification using an emulsifier, or
solvent-removable;
Dry developer: a fine fluffy powder applied onto
the areas to be inspected, applicable only when
using a fluorescent penetrant;
Solvent-based developer (also called aqueous
wet developer), applicable regardless of the type
of penetrant, being used.



Penetrant testing comes in four steps. The first one
is a thorough cleaning of the part to be inspected. A
colour contrast and/or fluorescent liquid, called «penetrant,» is then applied onto the surface to be inspected, in the second step. Capillary pressure makes
it enter surface-breaking discontinuities (corrosion
cracks, porosities, pitting, shrinkages, cold shots,
seams, laps, delaminations, grinding cracks, quench
cracks, heat treatment cracks, incipient micro-cracks,
etc.), requiring a penetration time before the next
step.

The detectability of discontinuities mainly relies on
the quality of surface preparation, which implies that
the thoroughness of the preliminary cleaning step
is of the utmost importance to the final inspection
results. The NF EN ISO 3452-1 standard classifies
the fluorescent penetrants in five sensitivity Levels,
from the lowest, Level ½ to the highest, Level 4.

Processes classification
The following Table includes the classification of penetrants, removers and developers in the associated
NF EN ISO standards.

NF EN ISO 3452-1
Penetrant Type
Fluorescent

I

Colour contrast

II

Dual purpose
(fluorescent and
colour contrast)

III
Excess penetrant
removal method

Water

A

Lipophilic emulsifier

B

Solvent (liquid)

C

Hydrophilic emulsifier

D

Water and solvent

E
Developer form

Dry

a

Water-soluble

b

Water-suspendable

c

Solvent-based (nonaqueous for Type I)

d

Solvent-based (nonaqueous for Types II
and III)

e

Special application

f

As an example, a product family comprising a Level 4
fluorescent penetrant, which is removed using a hydrophilic emulsifier, then, developed using a dry developer is identified by the labelling IDa4 according to
the NF EN ISO 3452-1 standard.

 

By definition, penetrant testing is the “bleeding-out”
of a liquid (or a gas) from a discontinuity, which it had
previously entered during the penetration process. A
means to enhance visual testing, this method therefore enables the detection of surface-breaking discontinuities of the inspected part through coloured
or fluorescent indications seen against a white or a
black background respectively.

Thus, penetrant testing is a widely
used NDT method, especially
in sectors such as: transport
(aerospace, automotive, railways,
ski lifts), energy (oil, thermal,
hydroelectric, nuclear), metal
works, ironworks (casting, forging),
mechanics, food (sugar refineries,
etc.), cement works, chemicals
manufacturing plants, Defence,
amusement rides, medical
prostheses, plastics, leak testing,
etc. during manufacturing as well as
for maintenance.
Penetrant testing enables the
detection of surface-breaking
discontinuities on all metallic
materials, on many inorganic
materials (glass, ceramics), and on
some organic materials. PT is then
used to check:
c astings and forgings;
m
 echanical parts after grinding
and/or heat treatment;
p
 re/post welding parts;
in-service rolled or drawn
products.

 

Operating techniques



Principle of the method



PENETRANT TESTING

 Fields of

TO LOCATE
SURFACE-BREAKING
DISCONTINUITIES
OF THE MATERIAL
TO BE TESTED

