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ULTEASONICS IN INDUSTRY SESSION

CRACK DEPTH MEASUREMENT WITH SURFACE WAVES
by D. Coock

A non~deptructive estimate of surface crack depth is
frequently desirsble hoth in the laboratory to control fatigune end
fresture mechanics experiments, and in the workehops or plant to
indicate sultability for gervice, Three electrical methods, m.o.
potential drop, d.e. potential drop and eddy ocurrents are widely
used az ig puleed echo ultrasonic flaw detection., An mltermative
method using ultrasonic surface waves, which has features in common
with a.0. potential drop and eddy currente is described and the
relevant features of the other methods are highlighted.

EDDY CURRENTS

Eddy ourrents are successfully used to find end measure the
depth of surface cracks. When a coil carrying an alternating
current is brought close to a metal an altermating electric current
{eddy current) is induced lecally in the surface of the metal. The
primary magnetic field due to the coil and the secondary magnetlc
field which results from the eddy currents in the metal interacts
and changes the slectrical characteristios of the coil, If thers
is a surfece crack in the metal the distritmtion of the eddy currents
is modified because they have to flow arcund the ¢rack, These
changes can be detected by suitable electronic circuits in the test
equimment.

The change 1n equiment ocutput preduced by a crack of a given
length 1a beast obtained empirically by using test blocks., The
maximum depth of crack which can be measured with any acouracy is
6 mm, S5ince eddy current probes can be made as small as 2 mm.
diameter without great difficulty local estimates of maximum erack
depth can be made,

D,C. POTENTIAL DROP

With this method the specimen 1= placed in series with a
constant direct current source and the potential drop between fixed
points on either side of the ¢rack ie measured as an indication of
crack depth. The output signel ie dependent upon the percentage
reduction in the total cross sectional area of the specimen, This
mathod is most useful for measuring surface crack depth on
specimens of uniform cross section end with uniferm erack depth,

4 theoretical ealibration is possible but in general it is
rreferable te¢ cnlibrate the equimment using test blecks.




A typical application of this methed 1e with a 25 mm. sguare
steel epecimen and 50 amps flowing the slgnal from & crack would be
45 micro volte/mm crack depth. This pignal level mllows d.c.
amplifiers to be used and thermal drift can be ignored but it is
rather sensitive to changes in temperature in the specimen.

A.C. POTENTIAL TROP

If ap alternating curremt is applied to a metal condmetor the
current tends to flow through the outside wall of the conductor
this is dus to the "skin effect". This effect can be used %o
meagure the depth of surface cracks. When a constant current is
applied to an uncracked specimen the p.d. can be measured across
a palr of electircdes applied to the surface, if a orack 1s present
the current flows down the crack and an inoreased potentiael drep is
megeured, Calibration ia beat achieved using test blocke as with
the eddy current method.

If a system is ueed with a 2K Hz, 0.5 Amp constant current
generater about J0 m volts is produced with the supply leads spaced
100 mm apart on e eteel specimen. Thie gives a signal change of
approx. 0.6 m¥/mm creck dapth if the memguring electrodes are
Placed each pide of the orack. As this method uses a localised
effect the size and shape of the specimen has less effect on the
measuring accuracy than the d.c. syatem.

ULTRASONTC METHODS
PULSE ECHO

Pulse echo flaw detection methods and their limitations are
well known, and it is mot propoeed to consider them at the present
a8 a practical method of messuring surface crack depth.

SURFACE WAVES USING THROUGH TRANSMISSION

THE NATURE OF SURFACE WAVES

Acoustic eurface waves or Rayleigh waves sre umisual in that
they propsgate more on the surface of the bedy than in 1t and have
digplacement vectors both in and perpendicular to the directlon
of propagation, i.e. they have features in common with both
longitudinal and transverse waves.

The wvelocity of propagation cg ia related to the velocity of

the treneverss wgvas c,i. by the c¢lofe approximation
(!s - cT 0 + 1,120 g = Polgaon's ratio
1+

Por stesl o = 0.29  Cg « 3000 &/ o8c

¥hen en ultrasonic surface wave ls inoident at a crack two things
occur 1

13 The major proportion of the incident emergy is reflected.
2) A much smaller proportion of the snergy is transmitted by
propagating axround the crask.

If the tranemit timep of thip tranamitted wave can be measured a
valus for the crack length can be derived.



GENERATION OF ULTRASONIC SURP WAVES

Ultrasonic eurface waves can be generated by a variety of
metheds. The mopt popular method becguse of 1ts afficiancy and
convenlemse is the use of a wedge ard piesmocalectric platae to
gonerate a syatem of normal and tangential stresses at the free
gurface of the solid which then acts an a scurce of surfascs waves,
Figure 1. The plezoelectric cryetal generates either.tranaverse or
longitudinal waves and shen the relationship sin g = “B is ocbeyed
the maximm conversion of btulk waves to surface [ waves
ocours. In pulse eche ultrasonlic flaw detection thickness
axpander plezoeleciric plates {which generate & longltudinel wave)
on polymeric wedges are almost excluelvely meed for the generation
of surface wevea. More recently the use of shear plewceleoiric
plates mounted on metal, glese or cersmic wedges has been proposed
and this hesa resulted in an extension in the use of wedges to
higher frequenciea because the sooustic absorption in the wedge
is reduced, The reverberstions of the bulk wave within the wedge
however han limited their use to sepsrate transmitter snd receiver
operations; whorean the high absorption of ultrasound in polymers
geverely reduces the reverberations and permite transceiver
cperation. The major advantage in using pon polymers lies ip their
high acouetic impedance (p °par=p;is T 10° po e 42010 Kg/ma),
This reduces the reflection loeseg at the
piszocelectric plate/wedge and wedge/workpieoe interfaces and-
additionally becanse of the greater acomstic load they present to
the plate reducees the meschanical § of the resulting probe with a
consequent reduotion in pulse length.

The surface waeve probes used in thie inovestigation used a shear
plegoelectric plate cemented onto a copper wedge. The plates have
a neminal 4 EEz frequency as half wavelength reescnaters tut becaune
of the different medie in contact with their faces (copper and air)
they cscillate as a quarter wavelength rescnater at 2 MHz,

CRACK LENGTH MEASURFMENT

Two surface wave probes are placed on a workplece surfece as
shown in Figure 2.

In pulsed operation the recelving probe will be energised by
the tranemitted pulse after time interval which is proportional to
the separation of the probes

1 Y
Xm3z T =
cS con
taXd+ YA A = total path in Cu both probes

It a surface crack of length 1 initiates in the surfese of
specimen between the probes, the surfece wave will traverse the
crack, end the apparent meparation of the probes will inorease by
a distance which is proportiomal to twice ths orack lemgth. Pig. 1.

$ = X(a+2)+ 12
f.0. 2= -4

To ¢btaln a value for 1 therefore it is necessary to oalibrate
the timebmse of an ultrasomic flaw detector so that it has a fixed
and kmown relation to surface wave veloocity, e.g. 1 division = 1 ua,
Two methods have been used for timebass calibration, they are,
oalibration of the timebsse using a ZMHz signal or movement of ons



probe with respect to the other ovar a known distance. Both methoda
are best used with an unrectified dieplay to ald interpretation of
the resulting traces.

EXPERTMENTAL ICATION

The technique was used to show the crack growth in the head of
the flat bottom rails fatigued in 3 point bending. The probes were
held in their positione ueing pot megnets, a hydrocarbon grease was
used as an ultrasonic couplant., The intention was to grow the
cracks to a length of 9 mm,

DISCUSSICN

During these tests & mumber of limitaticng in the technique
were ohserved i

1. The correct ¢rack length is only indiceted when the crack

opening exceeds a ocritical wvalue, i.e. memsurements must be made |
under load., This 1s & featurs which 1s common to all the crack 4
meagurement techniques which use energy flow over the surface to |
megsure crack length, i.e. a.c, potentisl drop, eddy current and !
surface wave., The effect is observed but is not so pronounced in

the d.c. potential drop method where the energy distribution 1a

uniform over the croese section.

2, There is a minimum crack length which can be measured for any
probe/flaw detector combination. This is becmuse for successful
measurement B considerable reduction in the direct transmission
aignal is necessary, BSince surfece waves are strongly concentrated
at the surface, at a surface wavelength (As = 1.5m at 2MHg in steel)
below the surfase the intensity of the wave is negligible., If the
erack length is less than As that part of the surface wave whish

goes underneath the crack will produce s conmiderable atanding

slgnal at the recelver. This means that the crack length must be
greater than Aa,

In prectice 1t was feund that once s erack was greater than
1.5 mm lopg its groyth could be readily follewed i.e. cracks in
excees of As can be monitored,

3. The effactive crack width should exceed the effective probo beem
widthi this ensmures that the standing signal due to direct
transmission around the crack edges is absent. This eithar places
geometric restiraints upon the positloning of the probes or means
that atrips of s murface damping materinl such as plastioine must be
used to confine the beanm,

CONCLUSIONS

Ultrasonic surface waves offer s useful alternative to potential
drop and eddy current methoeds for the measurement of open surface
eracke. It has the advantage that no test blocks are necessary for
‘calibration as the depth of a crask is measured as a time difference.
Any commerclal flaw detector or oscilloscope which has an accurately
calibrated timebase can be used., It has been used on a rnumber of
specimens to measure cracks up to 18 mm deep and no limit has been
found except the avallable gain in the imstrumentatiocn,
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