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Non-destructive Testing for

Corrosion tEvaluation

introduction
Tho Canadisn Forcas heve made intensive use of

non-destructive testing during the past twenty years,

3. F. Peters
Defence Research
Establishment Paciflc,

fictoria, B.C. both in the well publicized area of quality control,
and also in maintenance.! it may encourage
71 CSME-44 Canadlans to know that our Forces have not laggad

behind in tha utilization of this modern technology
but havs, in fact, been pioneers in some of thelr
applications of non-destructive testing.

Ons example might be given in order to set the
stage for this paper and giva some enginesring
significance to the topic. Historically, the navies of
the wor!d have established the corroded state of
ships’ boiters by removing selected tubes, section-
ing them and gauging the wastage with a
micrometer ("wear and waste’ testing). The
expected sarvice life of the boller was then
nredictad from this very expensive data. This is no
lofiger a routine procadure with the Canadian
Forces—becausa it has been shown that the same
data (indecd, more data) can be obtained about the
boller at much less cost using non-destructive
testing.2 The concept of svaluating corrosion in
naval bollers with NDT was introduced and
pioneered In Canada and has baen of considerable
interest to other countries. This is “Non-dastructive
Tasting for Corrosion Evaluation.”

Befora considering a number of examples of
NDT applications in corrosion evaluation, an
introduction will first be given to the taols—the
NDT precedures. The valus of using thees
techniques for examining a number of typss of
corrosion attack will ther, be outlined.
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Figure 1
Radiograph of soot-
bicwer gooseneck shows
ing wall Jhinnad by
internal wastags

Tiie NDT Techniques
1. Radlography
Radiography works on the shadow picture prinsisie.
The radiation used——X-rays, as produced bv electris
apparctus, of gamma rays, as emitted by radisiso-
topes—is partially absorbud by the object being
inspected, and the shadow image is tecorded on a
photograpiiz film. Accorcingly, ditferences in metat
thickness result in darknoss (density) diiferences
on ths film. In corrosicn studies, thess density
differences indicate relativo amounts of metal loss.
In corrosion evaluation, radiography has the very
important feature of yiving the corrosion enginee!
a general impression of the nature, tha disttibution
and the extent of the areas of wastage. It may be
possibls then, from the radiographs, to assess bith
the corrosion mechanism and alsc the amount of
damage.? The radiograph Is a8 permanent * scord;
the engineer can, therefore, assess the resuits of
the NDT himselt and not rely completely on the
interpretation of his technician. The testing
technique has no Inherent calibration requirements
and one does not really have to leok for possible
sources of esror in evaiusting results. Radiography
has the additional value of giving information about
the configuretion ¢f hidden components (sleaves,
spirsdles, springs) as welil as showing non-metallics
which may be associated with the corrosion
problem (sheilfish growth, deposits, paint).

The major limitation of radiography is that access
to botk sides of the component in question i3
required. Also, the costs of inspection may be higa
relative to cther NDT techniques. In addition,
X-rays and 5amma rays are inherently dangarous
and must therefore be used at inconvenient hiours
o avold working personnel.

2. Ultrasonics

The ultrasonic method normally utilized in non-
destructive testing evaluations of corrosion damage
iz tha pulse-echo tachnique.s Hera, the distance
hetween the surfaze (to which the ultresonic
transducer Is applied} and & svbsurface interface
i3 detsrmined by the tims {in microseconds) takan
for the pulss to be refisctad. Ths wschaique is very
sensitive and accotdingly very small interfaces can
be detacted by ihis methed.

in corrasion evaluation, ultrasonice has the
important advantage that access {5 only one side
0! the component is requirad. Also, the cest of the
testing procedurs is relatively low, although
capabls, experienced ultrasonics technicians are
rsquired if ratiabls resulis are to be expected.

Thes mejor disadvantege of ultrasonic testing for
correslos damage is that the avidence is normally
asssesed in the field by the uitrasonics technician,
and the engineer must tharefore rely heavily on the
technician's judgment, or must accompany him on
the job in arder to gair expetience in applying and
interpreting uitrasonic signal displays.

3, £ddy Curront Testing
in eddy current tasting. the probs (a coil with
siternating surrent normally in the KHz range) is
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Figure 2

20 MHz uitrasonic
immersion probe which
is inserted into super-
hestar tubes (Figuve 3)
for wastage evaluation

applied to the component and the effect of the
presanca of the component in its resistance to the
field created by the coll is indicated. The eddy
current affects are sensitive to compositional and
metallurgical changes as well a3 to thickness and
di=continuities, and the results may, therafore, be
difficult to svaluate uniess a aumber of the variables
are standardized.

in corrosion studies, edcy current tests are
devised in order to evaluatc specific probiems:
corrogion in condenser tubes of known composi-
tion,® corrosion under aircraft skin of a known
composition and heat treatient,5 ctacks in the
surface of a neoprene-coated maraging steel
component. Once the instrument has been suitably
standardized, this inexpunsive testing can In some
instances be performed by relatively inexpuarienced
personnel; however, more frequently, the interpreta-
tion of the results is open to considerable question.

4. Magnetic Particle Inspection
When & farromagnetic (steei or iron) componant is
magnetized—by another magnet or by a colil
carrying electrical current—and fine iron particles
are spread onto the component's surface, the
particlas will cling to and outline any discontinuity,
since ths discontinuity braaks the magnetic fieid.
Surface corrosion cracks can seadily, and at very
little expense, be outlined In this way.? Unless the
cracks are very small, they can be detected evan
in the presence of corrosion products cr paint.

5. Dye Penstrant Inspection

When a dye with low surface tension is applied to
& component, it will penetrate into surface cracks
and discontinuities. If the surfece dye Is then
washed off and the part {$ subsaquently treated to
draw the dye out of the discontinuities, the
cenfigurations of the discontinuities will be
autlined.

Surface corrosion cracks can readily, and at little
expense, be evaluated by using dye penetrant
techniques;® however, corrosion products tend to
abgsorb the dye, masking the cracked areas, and it
is therefore necessary to clean surfaces thoroughly
for dye penetrant inspections.

5. Other.Yechniques

A rumbur of other non-destructive testing
techniques are used in corrosion evaluation:
vibration analysie, spectrometric oil analysis,
infra-rad testing® and varlous visual methods. This
paper will, howsver, be iimited to a discussion ot
those procedures traditionally classified as non-
destructive testing.

Corrosion Evaluation

When considering corrosion damage, the corrosion
enginesr wants to estatlish the answer to two basic
questions:

1) What is the nature of attack?
and

2) What is the extent of the corrosion damags?

If non-destructive testing helgs to establish the
answer to the first question its uzefulness is
significently enhanced. Normslly NDT is utilized to
answer only the second question, on the assumption
that the corrosion specialist has already sscertained
the corrosion mechanism.

In this paper, the corsosion problems discussed
will be_classified in terms of the nature of the
corrosion damage, starting with the most generai
wastage and ending with very localized cracking
degradation,

1. Ganeral Wastage

Some wastage mechanizsms such as corrosion-
erasion and high temperaturs oxidation result in a
genera! loss ¢f metal. Visual examinations of
components suffering from extarnal attack by such
mechanisms may readily indicate the nature of the
attack, but the extent of the damags may not be
apparent. In other instances, where the attack is
internal, the wastage may be dotected only by
utilizing non-destructive tests.

The {ailure of a sootblower cooseneck on a
dastroyer eccort was shown, by adiography, to be
duse to general wastags, Figure 1. The thick-walled
casting had wasted internatly by corrosion-arosion,
an attack wiich was not aps = 4rt on the ouiside of
the gooseneck until failure tot place. In this
instance, radiography had the impartant virtus of
Hlustrating the whole problem cioz-y. Cnce this
wastage probiem was undesstuoc and the areas of
severe attack [+:ewn, the goosewcka on other ships
could be readily ovaluated witt u: raacnics. Where
wastage is gener { and uniform, ultra:onics can
normally be applis to greatest ndvaniage as &
thickness measurizg instrumert.

The evalustion o! this ger.eral corrosion problem
by radiography resuted because ths soctblower
could be X-rayed at right angles to the wastage
and the casting wall thickness was therefors
outlined. In many instences, access by not such that
& radiographic examination of this type can be
made. For exampie, th. central protiem
encountered in DDE bolfor tube wastags is that of
the general external oxi=tion of one sida of the
superheaier rubes.2 Here, the thinned area cannot
be X-rayed at right angies to the wastage “in situ™;
indeed, thero Is virtually nv access to the outside
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Figurs 4

Ultrasoric signals from
superheater tube wastod
(0.08") right and original
(0.1257) toft

Figure 4

0.5” Dlameter stainless
steel tube showing small
plt (which wes naot
detected visually on the
exterior of the tube)

Figure 5

Schematic drawing
showing & “Prcholog™
eddy current evaluation
of a pitted condenser
tube

Figure 6

Alrcratt forging showing
exfoliation corrosion on
one surface

Figure 7

Dezinclfication aitack of
tube zheat of DUE tu.bo
alternator aif Ojecior
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of the superheater tubes. X-rays can be taken of
smail areas of the wasted superheater fubes with
a radiographic film pleced Inside the tube, but
accurate thickness measurements cannct be made
using this radicgraphic technique.

Ultrasonics provides a much better angwer, The
ultrasonic probe, illustrated in Figura 2. can be
Insertad intc the tube, the tube tiooded and
ihicknesses readily established as shown in Figure
2.12 The immerslon prohe utilizes a 20 Mz
transducer (high frequency because the tiube is so
thin—0.14" to 0.04").

A third example of ganeral wastage Is that of the
exterior of & 12-inch pipeline at the Colwood Oil
Depot.!! it was obvlous, from a superficial
examination, that the large pipeline had wasted
extarnally—but the extent of the wastage vac not
apparent. This was an iczal situation for ult.asc:.lc
pulss-echo testing and tests wers performad 2t
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many locations gion the pipelins-—in this Instance
confirming that ths line had wasiad vory little and
did not need replacing.

2. Pitting Corrosion

While the ultrasonic testing of tha pipslire reveiled
the extent of the exiarnal wastags, thars ~as same
concern that Internal pliting may also have taken
piace. A rediographic examinailon was more useful
in this case—tc estabiizh Lioth the general
distribution and the depth of the pits. In fact, the
12-inch pipetine did not contain significant internal
aitack.

An sx&mpta of 2 small stainless steel tube
cuntaining pits Is shown In Figure 4. Here, the pits
ir the leaky 0.5 inch diameter tube could not be
datected vig:saiiy on the sunissce of the tube but
were revaaled by radiopraphy. Thess pits were also
readily d=tacted in the stainless stes! tubing using
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Figure 8

Ultrescnic signals (5
MHz double transducer)
from uncorroded (left)
and dezincifiad {right)
areas of tube sheet,
(Note Figure 7)

Figure 9 {far right)
Radiograph showing
votresion fatigue crack
in the jeading edge of a
flap extrusion in 2 iet
alrcraft
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an eddy current coil. The use of eddy current
techniques for the deteciion of pitting In tubling is
not new to the Canadian Forces. in the early 1950's,
when brass condenser tubes were used in Cangdlan
Forces ships, corrosion in these tubes was comman
and a device callad a Probolog was used to detect
the cofrosion action, as lllustrated in Figure 5. The
device was very sensitive, however, and it wes
difficult to differentiate between setious pitting and
superficial pitting. Recently, problems with
condsnser tubes have again been reported (i is
understood that the USN is working on ar: v wesonic
probe and the fact that the RN has digcussnd the
use of a new eddy current unit for the purpose of
detacting condenser tube corrosion may suggest
that they toc have Lad corrosion probiems In thelr
copper-nicke! tubes), and eddy curient units may
therefore be required for the evaluation of th,
copper-nickel tubes presently used in the
condensers of Canadian Forces 3hips.

3. Intergranular Corrosion

The extent of intergranular attack cannot t-3
satisfactorily «valuated by radiography (w'.ere the
extent of damags Is determined by the am:oun: of
matal missing). Intergranular attack can, 1o0wever,
“nen be detectad by radiography—and t.ae
detection cf the very presence of intergranular
attack is hslptul.

Corrosiori action was noted on the surface of an
aircraft forging ss shown in Figure 6. Hare, thi
question was that of dete:mining the se:lousness
of the damage non-destructively. An ul rasonic
evaluation from the uncorroded side readily
revealad the extent of the intargranular corrosion
attack—that it was rglatively shallow and that 11e
strangtn of the comporent had not been signifi:antly
reduced.

In aircratt, corrosion ot this kind is frag:sently
found in crevices and riveted laps. it has Leen
shown that hisidan corrosion can be evaluated iy
gircraft skin from the cotrosion-free surface by
means of eddy current devices. A phaas sensitivy
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nday current unit can meas=yre the thickness of
sc snd metal from the uncorroded side,® thus
esiadiishing the extent of the corrosion dar.age.

4. Devncitication and Dealuminification
The extent to which dezincification has weakened
brass components is aiways of concern to the
corrosion engineer. While radiography can show
tl.e presence of the dezincification aitack, this
t. shnique is relatively insensitive and, in any event,
most dezincification problems cannot be so
e ‘aluated because of access difficulties.
One example of a dezincification problem which
is being evaluated with non-destructive testing is
that of the tube sheets of the turbo alternator &ir
e]actors on the destroyer escorts. Here, as shown
in Figure 7, the dezincification problem Is found
inside the unit (the hoat exchanger tubes baing
cooled by sea water on the outside). Accordingly,
the extent of the dezincification attack can be
detected with uitrasonics from the clean accessible
side of the tube shaets. (Most heat exchangers
pump the sea water through the tubes and the
dezincification attack is present on the accessible
side). Ultrasonic signals of the type shown in
Figure 8 were obtained from corroded and non-
corroded areas. In this instance, a double transducer
probe was usaed such that the Initial pulse is not
shown; howaver, it can be noted that the bold
horizontal white line in the figure extei.ds 72 white
markings for the 0.75-inch plate (on the left) and
only 5 white markings for the dezincified metal.
The extart of dezincification atiack can readily
be evaluated with ultrasonics becauss the attack
is general. Problems with dealuminification are
somewhat different, since the attack is much less
uniform. Howevaer, ultrasonics alao appears to be
the most useful method for evaluating the extent
of the branching dealuminification attack.

5. Corrosion-Fatigue

While fatigue cracks and to be difficult to avaluats
with radiography, because the crack :s tight and
represents very [ittle metal wastege, corrosion-
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Figure 10

Radicgraph showing
stress corrosion cracks
in stainless steal heat
exchanger housing

Figure 11

Maraging steel structural
component showing
hydrogen embrittiement
crack outlined by &
magnetic p -7+
indicatic

Figurs 12

Eddy current scan across
hydrogen crack in
maraging steel {from A
to B in Figure 11)
through 0.02"” of
neoprene
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fatigue cracks are more readily evaluated by this
NDT technique because corrosion action tends to
widen the crack, at !east at the metal surface.
Many exumples of the detection of corrosion-
fatigue cracking with NCT can be given. One of the
early boiler tube radiographic examinations
conducted by our laboratory showed that
circumferential cracks were present in frigate boiler
tubes.3 In this instance, the radiography not only
revealed the circumferential cracks (and the tubes
were accordingly plugged to ensure that failire
wauld not take place in service) but also showud
the intersal deposits which produced the cracks

CRACK

D

(by overheating, upsetting and producing high
rosidual tensile streses!?). Similar cracks are
present in dastroyer ¢ xcort economizer tubes near
the header end, but thuse tubes can be evalusted
by means of borescope visual techniques bacauss
of the close oroximity of the cracking to the tube
end.

A more recent examplie of the evaiuation of
corrosiorn-fatigue cracking with NDT was the
radiographic detection by our laboratosy of cracks
in the flap extrusicns of jot aircraft, Figure 9. Only
well-developed cracks could be detacted by the
X-ray technique, but the very fine cracks could be
established by means of a fluorescent dye penetrant
method. Eddy current methods might also have
been used to advantage for “in situ™ exam.:nations
had the leading edge of the extrusion not been
partially covered by aircraft skin,

6. Stress Corrosinn Cracking

Stress-corrosion cracks, by their naturo, are
normally very fine and represent very little metal
wastage. Accordingly, the early stages of cracking
may bs difficult to detect with radiography; however,
once the cracks are more extensive and are opened
up by the associated tensile stresses, they can
normally be detecied very aasily.

A stainless stee! body of a heat exchanger was
evaluated at DREP recently when it was noted that
the external Insulation was wet. X-ray examination
showed a classical stress corrosion cracking
picture, Figure 10. It might be added that &
complete X-ray of tho heat exchanger showed that
the corrosive attack was extensive, and the heat
exchanger needed replacing rather than repairing.

Stress corrosion cracks can be and are being
detected by the other NDT methods. Cracks can
readily be evaluated with ultrasonics,14 with eddy
current techniques and by magnetic particle and
fluorescent dye penetrant techniques.

7. Hydrogen Embrit‘lement

In principle, the very fine hydrogen embritilement
cracking should be most ditficult to evaluate with
radiography because the branching cracks are not
normally as extensive as thoso associated with
stress-corrosion cracking. A recent example of
hydrogan smbrittlement is that of ths cracking of
cathodically protected maraging steel. The short,
relatively unbranched cracks—due primarity to the
high residual stresses present in the heat atfected
2one of the weld — couid, however, rsadily be
detected by radiography. Experimentation showed
that the sm=li crack illustrated in Figurs 11 by &
magnetic particle indication was detectable at
considerable deviation from right angles to the

foil (namely, ‘rom 80° to 120°).

These cracks, which originated an the inside
surface of the foil, were easy to datect with
ultrasonics once ths neoprene was remaved,
whether they extended through to the surface or
not. and some cracks were also detected through
the neoprane which covered the foil. The ultrasonts
technique was, however, relatively siow. Eddy
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Table 1 more selective, as in pitting attack or in corrosion- F
Non-destructive tssting Ot TYPY |y we 1w 1w _ fetigue cracking, radiography can become more E
techniques in the iz S| toeres | wom | wa. | wa  USEIul. Where attack is very selective, as In &
evaluation of various G cuiat | Taqenon intergranular attack, hydrogen embrittiement and §§
corroslon probloms coma, roou S| e | sa. | wa  Stress corrosion cracking, ultrasonic and eddy é
e current testing can bs used to grea‘sr advantage. 4
R -/ A . A A Eddy current testing is being used for more and 3
Tomae more applications, particularly those where 2
mmowsany | an | osmr | o | oaw | oax - gnvironmental cracking is taking place, and it is E:

TR believed that we have not fully explcited its wortn

smncinane | seocr a2 | s _— i, for corrosion studias.

TemRy Escn NDT technique has its limitations, and the P
Fiteyeiing S ] 2 | &R ] 5| &, value of each technique is affected by a number of 2
T variables ~ accessibility, complication of component, %
b~ it (- SR | 2 | 2= size of region of attack; howaver, most corrosion 3
Tanm probleins can be reliably evaluated by choosing the g;
oo | o | o, | o | 2, | S, most suitable NDT method. ks
ez e in conclusion, it is believed that, as NDT E
continues to be usad in many quartars of the %
current techniques, which could rovesi the cracks ~ Cansdian Forcss for corrosion evaluation, and as g
through the uniformly coated neoprene, wera more engineers become exposed to the advanuqes ;2
propased by OREP as a rapid method for evaluating of using ths NDT techniques, new applications will i
the foils In situ, and to complement the more be introduced which will help to make our k4
informative radiographic procedurea. Figure 12 equipment in the Canadian Forces more reliable ;:
shows a strip chart recording of the eddy current and our operations more efficient. 3
cosponse to the crack in the foil (Figure 11) through 5
a 0.02-inch neoprene coating. It might b2 noted Acknowledgements kS
that the crack givag a distinctly different signai to The author is indebted to many of his associates k|
that of the weld area. at the Defence Research tstablishment Pacific for k]
their assistanca in conducting the NDT evaiuations :g
Discuasion discussed i this report. A number of these !
Many corrosion-related problems in the Canadian non-destructive tests were p:riormed as a vesult é
Forces ars currently being evaluated by standard of suggestions and proposals made by J. A. H. 3
inexpensive non-destructive testing methods. Curson, Head, Corrosion and Faint Group, at DREP. -
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