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ABSTRACT

X . c

In this thesis "Electrical Potential Method" is consi-
dered. It is an experimental method to monitor sub-critical
‘crack growth. Optiﬁﬁm locations for current and voltage leads
and the calibration curve for compact tension specimen have
been found using paper analogs. These results have been
verified through mgtallic specimens. Sharp fatigue cracks are
introduced in compact tension specimens and total crack 1lengths
. of these specimens have been estimated my means of the
’electricalkpotential‘technique. Real crack lengths are-
measured through a pocket comparator after heat tinting and
. Separating the specimens into two. Results have been .

compared and discussed.



OZET

Bu 9a11§mada;'kritik—altlxgatlak uzunlugu gézlemede
~kullanilan deneysel bir yﬁhtem olan "Elektrik Gerilim Y&nte-

" incelenmigtir. Kéglt modellér kullanilarak akim ve voltaj

mi
telleri igin optimum konumlar bulunmug, ufak gekme niimunesi -
igin kalibraéyon egrisi ¢izilmigtir. Sonug, madeni'nﬁmuneler—
de yapilan Olglimlerle doérulanmigtlr;\Ufak gekme nidmuneleri

tizerinde yorulma éatlagl baglatmak igin deneyler yap11m1§'ve

gatlak uzunluklari, elektrik gerilimi yOntemiyle ve 1s11 dag-
lama ve kirilmadan sonra, kirilma yilizeylerinin biiylitiilmis fo-

tograflari lizerinde bir cep komparatdriyle 6lgiilmigtiir. Sonug-

lar kargilagtirilmig ve irdelenmigtir. -

—~
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CHAPTER 1. INTRODUCTION

The sudden fracture of large structures (e.g. ships,

bridges) as well as rotating machine parts, pressure vessels

ete. whiéh\sometimes caused large démégé»led pedple to

"research, test and\study onvfatigue and fracture. Although

one does not know allyfhe physical facts taking place .in a

fracture process consider;bie deQelopmen; have been made-
within last 25 years 'on the subject. This in‘turn\made‘people
think of new methods of tesfi#ghﬁince tﬁé.standard unnot ched
‘tensile teét is not sﬁfficiént»to guéply us~with appropriate
information.

—

One of the most important parameters concerned is the

v

-

créck'length. Whether the test is on fracture mechanics or

‘fatigue accurate measurement of the crack length at any

N

moment of the test is essential. There are quite a number of
methods developed to monitor slow—-moving cracks, such as

surface measurement techniques, optical, continuity gage, eddy

~

current methods, displacement gages, ultrasonics, electrical

\
potential method.

Electrical potential method, which is the subject of



this thesis, is found to\bé the most suitable because of its
gdaptaﬁility to standafd test specimens, applicability in

various temperatures (from v-100°¢ to v 100°C)”and environ-
mental éonditions, continuity - provided that the test set up

has an automatic recorder-, and relatively lower cost|1].



CHAPTER 2, ELECTRICAL POTENTIAL METHOD
2.1, REVEEW ofiEX;STIﬁG WORK

Electrical potential methqd‘was_firét employed over 30
! T . /

years ago for detecting surface cracks in large scale struc-

i

tures. In later years it has been successfully applied to

¢

following aféas!ZI.‘
— yropagation'of faﬁigué
- hydrogen embrittlement

- stress corrosion

- creep cracks .
N
- crack extension in 'COD test v o ' ‘

R JIC tests.

The method is based on the following primciple:
I1f a currént'carrying body contains a discontinﬁity
its potential field will be disturbed. If the discon-
tinuity 1s a crack, the potential difference across
the crack will'incréase as, the crack extends, provided

" the input current is held constant.

’

Trostl3|, 1944, was the first to report on crack
S



’ T ’ . ! \ .

detection by electrical potential method. He used it to detect
surface cracks in metéls. Next, Gillel&], 1956, applled this"
technlque to large scale structures u51ng cdrrents of the

order of 1000-1500 A. | | | \ .

The method was first employed in fracture research
studies by Barnett and TroianolSl, 1957,Vﬁﬁo:investigated
hydrogen embrittlement in circumferencielly notched tensile
specimens., They useu precision dcubieAKelvin bridge toC
measure the‘change in resiStance with crack length. They .
found out that increase in.resistauce was due to ueformation
or crack advauce, but in case ef\constant load the effect of
deformatlon would be negllglble. Stelgerwald and Hannalé[
fu51ng again double Ke1v1n brldge for re51stance measurement

showed that ‘the effect of elastic- deformatlon for rising load
tests cannot be neglected and therefore they'oniy considered

irreversible resistance changes.

To detect the crack lengths accurately the testpiece

" has to beicalibrated preciseiy. This gave rise to studies

vattempting to derive theoretical calibratiOns by solving

Laplace's equation as Weli as experimental studies. Johnson|7|

gave a relation for1tue uniform current situationm in centre-

cracked plate with a razor sllt starter notch He based his

study on-experimental results of Anctil et a1l8[ Atmod1f1ca-
i

tion of Johnson's relation was made by Che-Yu Li and Wei|9|5

. to ‘give better agreement\with‘experimental results. They used



~

an ellipticel starter notch instead of a razor slit.- i

~

~ Gilbey and Pearson's|10| analytical solutions for
) r N .
Laplace's equation for the potential distribution in a
homogeneous strip of metal containing a transverse crack

enabled calibration curves for simple centre and edge-cracked

specimen geometries to be developed.

For more compliceted‘geometries,-such as the ones used .
in fracture testing, since;analytical eelntiens cannot‘be
fonnd directly eitnet exnerimentel or nnmerieallmethods are
used. Experimental calibregdone have been ebtained by McIntyre
and Priest[ll[ forvthe point anplieationrof curtent and by
"Ritchie|1,2] fdr the case of uniform eurrent.

Clerk and Knott‘lZ[Aused tne conformai manping techni-
. ques in determlnlng ca11bratlons ter cracks grow1ng from |
notches of‘varlous.geometrles. Also the sen51t1v1ty of the
system to the poSitidning_df;potentlal probes has been

determined.

With the rapid development of electronlcs new measurlng
circuits have been de31gned and used in analog studles. Mullner-d
et al|l3] determined the most favorable artengement of measur-
1ng p01nts on paper models u51ngAa epec1a1 electronlc measur-

/ .
1ng set-— up. Hagedorn et all14| 1mproved this set—up by

substltutlng the dlgltal voltmeter by operatlonal amp11f1er

and adding a low pass filter.



Marandet et alllSY used an AC differential micro

o
-

ohmmeter designed to detect the initiation and growth of
crack in a steel specimen to avoid the problems associated

with the use of DC.

t

Reéent stﬁdies‘utiliie the finiﬁe element apalysis.
Ritchie and Bathe[lGl used finite elément analysis prééedure
to provide theorefical calibration curves for single edge
notch and compact tension f;aéfure spec{mens. Afonson and
Ritchie]l]l solved\Laplace's equation by finite element
analysis to oﬁtimize the efficiency of the électricgl poten—
fial methoa for monitoring the initiation and slow growth

of cracks as applied to the compact tension fracture specimen.

This study corcerns with the application of the

electrical potential method to compact tension specimen (Fig.

-

1.1.) to monitor propagation of sub-critical crack growth.
s

2.2. COMPACT TENSION SPECIMEN

The compact tension specimen (CT) is single-edge

L4

notched and pin loaded in tension. It has been assumed to be

-

one of the standard specimens for "Standard Test Method for

. : Y, L . .
Plane-Strain Fracture Toughness of Metallic Materials" after

ASTM Designation: E 399*74]18], the>othEr-beiqg the bend
specimen which is a éiﬁgle—edge notched beam loaded by three-

: : . A
" point bending. -
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Fig. 1.1~ Coﬁpact‘Tension Specimen
; '

,fhe compact tension specimen :equires the least amount
of‘ﬁaterial and is relatively inexpensive to test.>The bend
specimen requires somewhat more materialfbpt may be slightly
cheaper to machine and test. Both 'specimens must be fatigue

precracked. The compact tension must be precracked in tension-

tension fatiéuellQl. -

The compéct tension specimen is mnot only a standard
confiéuration for toughneSs‘testing;butralso a common specimen
for fatiguerprack growth»experiments, The requirement. that
thé>thickness (B)fshould be,hﬁif of the specimen/width (W/2) is
relaxed in fatigue tests, however. Ugually quite wide speci-

_ mens (compared to the thickness) éfe utilized to*ébtain~1atge

amounts propagation data.

Ve



2.3. CALIBRATION CURVE

)
~

Voltage is expressed as the product of current i and
resistance R, where R is given in ‘terms of‘electrical\resis—

tivity Pe length L and area A by R = Pe L/A."
. B ] :

<

In fracture testing as the crack extends the remaining
ligament W-a will decrease, that is the remaining area conduc-
ting the current will decrease. Thus resistance R will

f

increase ‘and since the current 'is held constant the voltage
across the crack will increase. By monitoring this potential

difference and comparing it with a reference potential the

crack length (a) or crack length-to-specimen width ratio (a/wW)

can be determined with the use of suitable calibration curves

(Fig. 2.1.).

—t

=7 T v U T

03504 05 0.6 07 a/W

fig. 2.1- A Tyﬁical/Calibration\Curve



<

Potential difference is a function of the specimen
geometry, crack size and location of current and potential

leads. But a calibration curve of non-dimensionalized type
will be independent of material and specimen size, provided
that all specimen dimensions are changed in proportion,

including the locations of the current and voltage leads.

Eqr accurate measurement of crackblgngths precise
calibration of the specimens used iS;inevigablgﬂ In order to
satisfy this need several methods have been proposed. One bf.
them is the analytical_method'which involve§’fiﬁding solutions
to Laplacefs equation for a,given geometry. The steady state

(

electrical potential is given by

v2y = 0 | | SRR

for a strip of metal containing a transverse crack and of

constant thickness, and current ‘i flows only in the plane of

' .

the strip. For specimens-with complicated geometry analytical !
solutions cannot be obtained, so either a numerical solution

or an analog method is used.

If the specimen contains a crack all through the
thickness graphitized electrical analog ﬁaper can be used to
obtain the calibration curves. Making a pattern of the geometry

in question and testing it for different crack lengths,
. calibration curve for that particular geometry can be easily.

obtained.
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In this study instead of cutting the Eame\papér to
represent the crack advance, different analogs have been held
ready, bgcause anvoptimization analysis'of current leads was
also necessary.ba/w ratio started with 0,35 went up to 0.75

with an increment of 0.05.

‘2.3.1.,Apparatus

Because of the high resistivi;y of paper made patterns
a constant current source with outputs of the order of’lO2 -
' 103 HA was:neceséar&, such that a voltage output of 1-3 Volts
coﬁld ﬂé read. A 5V DC.power supplf‘hés been designgd for a

voltage-to-current converter circuit (Fig. 2.2. a and b).

full J_ , 7805 CjJ—>o
HOV.AC wave . - sV.DC
rectifief Lr ‘
©

a) 5 V DC power supply

V.
=—L
R
b) Voltage-to-current converter :
Fig. 2.2- " Electronic circuits used in supplying constant

current.
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To measure the voltage output a DC multimeter LEVELL
Type TM 9 BP has been employed. The paper patterns are placed
on a sheet of plexiglass. Both current and potential leads
were made of silver covered phosphor-bronze sheet to maximize
the conductivity. The cables connecting the contacts to

correspending instruments were copper wires (Fig. 2.3.).

Fig. 2.3- A photo of the experimental set-up

2.4, OPTIMIZATION ANALYSIS FOR CURRENT AND VOLTAGE LEAD

POSITIONS

As in calibration curves, optimization of current and
voltage lead positions is subject to numerical (Finite Element
Analysis) or analog studies. In analog studies either electri-

cal analog paper or thin aluminium foil is being used. In
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this study graphirized electrical analbg paper has been

preferred for both economic reasons and availability.

Before starting the optimization analysis some
assumptions based on previous studies have been made. These

are:

v

Y - : - ’ R C
’ (a) Location of potential leads: A thorough analysis

of papers written ohnthe subject'shows clearly that
the preferred region is on top surface and as close to
the notch as possible, ‘expressed numerlcally within
4 mm of{the notch centerllne for a CT test pleee with
H/W = 0,60 and W = 50 mm. Herexmaxiﬁgm reproducibility
asVWellvas maximum proécrtional increase in voltage

(Va/vao) are obralned.

(b) Locatiom of current leads: There are mainly two
proposed locations. One on top surface (referred to as
~the standard configuration|17|), the other one on side

o~

flanksvﬁhere both are point applications (Fig. 2.4).

) o
Standard-eonfiguration whieh involved also location of
potential leads on the-same side of'rhe specimen was previousl
aceepted‘as'the optimum 1dcatioﬁ (actually exact positioning
of the current leads 1is 7 5 - mm from the 51de -edge) . Some’
numerlcal stud1es|17| on the other: locatlon show that thls

dconfiguration of lead placement is superior- to the standard on

‘-
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<..-:...—._—

. ) ! | .
{—
a B e J
!
E XG N —
v .

Fig. 2.4- Two proﬁosed locations for current leads in point
applications ’ '

Basically this superiority is due to reproducibility and maxi-
e ’ .

mization of Va/vao ratioc. One thing,remained to be still
questionable, namely Y"measurability". But this could bg'
avoided using appropriaFe apparatus. So, oﬁl& the second case

has been investigated and optimum locations and calibration

curve for this configuration has been found. ‘ ‘ S
3

3
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2.4.1, Procedure

~With the apparatus given“abové ﬁéper patterns\ﬁith
the smaiiest a/W.ratio héve been placed on the plexiglass,\
sﬁeet:#nd starting with x = 0.5 cm (See'Fig.AZtﬁ) current
location 1is chéngea by 0.5 cm each time and_correspondingf
V61tage is recorded. Once a .paper model is measured completely

the next one has been placed and the 'same process repeated.

N
—~

The results thus obtained are plotted in two different ways

(Fig. 2.5 a and b).

2.5. CALIBRATION CURVE FOR COMPACT TENSION SPECIMEN

To obtain the calibration curve selection of optimum
‘locations for lead placement has to be based on some predeter-—
mined criteria, namely (after Ritchie|17{): ’

Ay
(1) accuraéy_of talibration curve: The. obtained curves
. have to be compatible with those obtained before

thepretiéally and experimentally.

\

(2) sensitivity: The slope of the calibration curve
has to be maximized, i.e. dV/da. So even incremen--

tal propagations of crack size can be detected.

(3) measurabiiity: Thé‘maximiza;ion of the voltage: -
_Signalblvgl. Alpﬁough this does not sound'impor—'
'tant'when“working'witﬁ_papér analogs, in_metallic(r
specimens due to mer; low resistivity 1t is an

important- factor.
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V (Volts)

! | R ' L T B | f.

3 ‘ ' : ’ , 4
2k B
1L |
0 . I . 1 . i . t .

a, -

" 0.4 0.5 0.6 , 0.7 .__a
'Fig. 2.5- a) Potential,drop across crack vs. crack length-to-

specimen width ratio R
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00 10 20 30 4.0 5.0 sa  X,CM

-

Fig. 2.5-'b) Potential drop across crack vs. displacement of
current contacts along side flanks

\
N



v From Fig. 2.5. ; and b -the best 1ocat10n for the
f‘cufrent 1ead§ seems‘to be x = 2.5 cm, Ht should be added that
X =13.0 cm is also a good solution.
Plotting the calibration curve with hon;dimensibnaliz—
, ; v A .
ed vbltages*‘(va/vao) vs. crack length—to—spgcimen wiﬁthrratib
.(a/W) and coﬁparipglitiwith the‘ones givén,in literature show
a good fit. Also'é compa;isbﬁ of this type of lead plaéémeht

~with the standard conflguratlon shows the superlorlty of the

former (F1g. 2.6).
{

Since the nonfdimensionalizéd‘calibration curﬁes
should be indepeﬁdent of mqterial and specimen size the next -
st;p of the study, namely proceeding ﬁi;h metallic $pecimens;.
‘;hould yield the same curve for the same 1ocatioﬁ‘df potential
< ‘ - -

and current leads. '

AN 1
2.6. METALLIC SPECIMEN
/

Before going on with testing qh a closed loop, servo
hydraulic testing'systgm (MTS 812) metallic'specimeus have -

. been pfépared to check the results obtained with paﬁerimodelé.

P

Here due to low resistivity of metals in. general, a
completely new current source have been used. Sﬁmé voltmeter
t . B :

gave satisfactory results.

o . _ |
monitored voltage divided by a reference potent1a1 here
'~ voltage of the uncracked specimen (a/w = 0.35) :



V.,/ V.. w
3-
!
- \ o X=30 cm
| : , Rit¢hie - 1
.- - ) ) X:2.5 cm
2+ \ | ‘ 0
o a
) —— | Ritchie-2
0 .
. B // 3 . ) -
1'J ) ~1 : T T - — LI d : 1 . ™
o,;as eV Yo} o850 0.60 | 070 S a/w

Fig. 2.6~ Calibration curves obtained in this study for x=2 . 5 and x=3.0 cm compared with
(1) Ritchie 1 - Calibration curve for conflguratlon of current leads placed on-
the midpoint of side edges|17[

(ii) Ritchie 2 - Calibration curve for standard conf1gurat10n[16[

- 81
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.
~- I3

First, 7 specimens with a/W ratios 0.35, 0.39, 0.45,
'9.50, 0.60, 0.66 have '‘been machﬁhed. Material was ST‘6Q
C-steel.

The envelope ‘type for crack-starter notch has been

chosen to be the keyhole (Fig..2:.7) because of the limitations

N

of ‘the machiﬁe«shop‘and'to ehsure'uniformity among the speci-

mens. The thickness of all specimens was 10 mm.

%Smm | :I:>

Fig. 2.7- Envelope for crack starter notch.

Keyhote

2.6.1. Apparatus and Procedure

A rough célculation*bof the resistance of the remaining
ligament indicatesvtﬁaﬁ quite high currents are necesséiy, i.e.
of the order of 10 A to have volt#ge outputs of approximately
102-103 uV.‘Thisvimmediately makes cﬁe think of heating of
specimen. But this is not és dangerous as it seems/since the
fesistivity of metallic speéimgns is very 16&, éucﬁ that the
heat genefated is negligible. . 1 | |

The constant;gurrgnt supply employed-@as,a DC Power

Supply LVR Series Model 6264 B - Hewlett Packard  Its out-

. N
put when used as current source varies between 0-20 Amperes.

X . v»L X
¥Resistance R, given by R = Y where. L = i;lmm) ( oam)
. A= mm) X(10mm) -
pé = 17.1x10"% ohm-cm

. L -5
the resultant resistance R=3x10 ohm.
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The next step was attaching the leads. Two proposed

methods for this are spot welding and screwing. In. this ‘study

‘screwing has been preferred.

Two holes for voltage_outpht drilled offset diagonally
across the notch to éverage out the effect of non-uniform

- , ¢ I . :

crack fronts (Fig. 2.8) within v 4 mm of notch centerline.

N

10

; , ) :
Fig, 2.8- Location of potential leads.

/
In actual specimens the crack front is always curved

|20]|. Crack advance is faster inside and slower outside which
is a result of plane stress condition'on’the surface of the

specimen and plane strain condition inside the specimen.

With this in mind it can be said that this offset location
will give results which reflect an average of the curved
crack fromt (Fig. 2.9). To check this on real specimen the

spécimen'hés been removed from the machine of testing and heat
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tlnted. Thls way the crack boundary could be seen after comp—

N

1et10n of the fracture .upon reloadlng (See. Section 3. 2)

P~

: 1 i/
) /{//z?’ Pl-€
: s/
/V "
. starting crack fronr

Fig. 2.9- Schematic drawing of successive positions of crack
fronts in a predominantly square fracture. . '

In order to minimize thermal emf dissimilar mé;al
junctions should be avoided when ﬁossible. Theseywill affect
the results especially when the specimen and the measuriné
.devices ére at different temperatures. In this study, since

‘ N ; ; .
the experiments were\cafried out at room Qemperapurg.usagefof
dissimilar metéls ih’connéctipg the test piecé,to,électriéal

devices did not limit the useful working range of the volt-

meter.

The wire connections between current source and the
- specimen and between voltmeter and the specimen are extremely
important. These might contribute large errors or save the
whole experiment. So, for current source-specimen junction
, . 2 s . h b h hi

copper wires of 6 mm” cross section have been chosen. This
way the resistance and voltage drop on the wire have been
minimized. Shortness of the wire is also important because of

~~ .
the possible heating effects. In connecting the wires to the

specimen copper tags have been used.
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’For.voltﬁeter-speéimeh jﬁﬁcfion éo-agié1 Cébie haé_ﬁeeﬁ
preferredf Thus, obtainedvshielding avﬁiﬁéd ahy néise;‘sihée |
'the’measﬁred voltage butpﬁts were of the o;der éf 10%-103 -
anf deyiations due to ﬁoise*would ﬁi;léag theAresults.>Here )

tags of phosphor—~bronze have been used. Againvbecause'of

~

noise danger the co-axial cable has been held as short as

possible.
. /
i : '
One -last precaution was earthing. The application of a
single good earth is essential to prevent errors from noise as

mentioned in literature|1lf. .

.

' Setting everything ready‘ﬁEig. 2.}0) experimentation :
’starté& which folloﬁed the same way as was proceeded witﬁ -
paper models, namély'e?ery spgéimen with diffefent a/u ratio
“was eonnectéd to the system and after giviné the curreﬁt
'correspoﬁding Voltage was measured and reco;ded. =

)
‘voltmetel
current.source — ©

(o]
OO0 00 ’

Y = CT ‘. " °
‘ ————~::jspecimen
} J_:. B ‘

Fig. 2.10- Schematic drawing of the experimental set-up



)

TO\decide on the value of current to be applied several
d;ta has been qbtaihed. Reduction of data was based on the -
range of the voltméter; sihce any current‘startingfwith 1d A"U
gging.up to 17 A gave megsurablé fesults)ﬂAt the enq the
highest current value aﬁplied,f¥7 A has been prefefred.
Taking the.non-dimensidnalizgd Qoltage outﬁuts‘(valvao) and
plotting them against a/W ratiQFShowed quite good fit wi;ﬁ

that of the paper analogs (Fig. 2.11);;

S0, it may be concluded that the calibration ‘curve

- for compact tension is found by paper analogs and the results.
-~ ' , ’ . ‘A
have been veriﬁieh,by using real metallic specimens. ’ -

1 1

-, ‘ v N ) \ . Y



" o ‘ | % —X— Paper amalog
. " —O—0— Metallic specimen

v
4

Fig. 2.11- Calibration curves for compact tension specimen obtained in two
~ different ways. : » ' 4 -

-9 -
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CHAPTER 3, TESTING ON MTS

After the calibration curve for compact tension speci-
men has been obtained by paper analogs and the result verified
by metallic specimens the latter have been tested on MTS 812-
a closed loop, servo hydraulic teﬁting system with a maximum

load capacity of 10 tons (Fig. 3.1).

Fig. 3.1- A photo showing
MTS 812

BOGAZIC! (JNIVERSITES KOTUPHANES)



First the speciméns have.begn precracked in fatigué.
_Thé conditions neCeséafy'fér é sharp, flat crack normal to
the specimen edge are comp}gﬁély met by MTS (namely, .load -
distribution be symmetricéliwiﬁh‘relqtianfto.the notch in.
'planés pormal_to the thickheés diréction and the maximum
vélue of the stress intensityAin\thg\fafigué cycle be known:

with an error of not mdrg'than 5 2)18]).

N
’

The equipmeht'used in’applying thélelectrical potential
technique at this stage’ was the same as. in Section 2.6.1. The

~

>

only difference in measuring voltages was that’ the specimens

had to be fuily isolated. For this TEFLON film and phenolic

fiber -to coat the pins of the grips- have been used.
3.1. FATIGUE CRACK INITIATION }

To initiate fatigue crack specimens have been mounted
“to the testing device. In order to accelerate the initiation
the keyhole type crack starter notch is marked with a knife.

A total of 5 specimené’ha&e been precracked in tension-tension
fatigue. To determine whether fatigue cracking was completed

within wanted limits observation of the traces of the crack on

the side surfaces of the specimens was sufficient (Fig..3.2).

N



Fig. 3.2- Specimen No. 6 in mounted position; The
crack propagatlng at the notch can be
easily seen.

~

The relevant data of crack initiation is summarized in

" Table 3.1. As an addition ‘the nominal stress at the notch

root¥* has been calculated and listed.-

¥ Stress at the ‘notch root is glven by.

'JL 2(2+
BW a 2

+ ﬁil— =
(1-3

Q
1
] o
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TABLE 3.1

{ _ » S Crack -Initiation Data

Sgi;;:in a/W [p(mm){ AP(kg) N; Aoﬁotch(kg/mmZ).
4 0.35(1.25 | ~+1400| 100 000{ -
5 0.39 " 1100-1000) 18 580 - 24.6
6  (0.45 100- 800| 22 870 241
A 0.56 " {100- 500} 142 0Q0| 22.5
B 6.60f |~ j100- 575| 12 250 = 32.8

The ‘frequency —although not critical in this “case- is’

held at about 5 Hz. -

1

In specimen B while precracking reversed plastic"

deformation is observed.

3.2. MEASUREMENT OF CRACK LENGTHS S

BERY

Once fatigue precracking was_gompletéd crack lengths’
of 5 épecimens have Heen‘measured in two different wéys.‘
First,'électrical‘potentiaL technique was applied. The 'speci--
men with 4 leads (2 for current input, 2 fof volfage output)
is placed into insulated grips. A current of i7 A is given
ana_eaéh specimen is loaded to the maximum load given in
AT;ble 3.1, so the corresponding vo1tage could be read. The
application 6f maximum load aimed a cdﬁplete éep;ration of

crack surfaces. To check if any chahge in potential 1is obser-

vable with decrasingvload, applied loads are decreased up to



e

p. The only specimen yielding a change of about 2% in voltage

output was number B, which was plastically deformed in

’

precracking (See Section 3.1). (

\ .
/

7

~Aféer méasurement of_the volgages_the specimens have
'béen relo#ded ét maximum ioad and small weégesthave been
vﬁlacéd in crack starter en§e10pe, su;h thét‘dufiné heat tint;
ing cfack éq}faceg;cduhibe>co@p1ete1y oxidized. Foilowiﬁg
t@is;-specimeﬁé have been put into furnacefaf aboﬁt 300°C for
aéproximately'S ﬁodfs, Thus heat.tinted speéiﬁens were pﬁlled'

‘ . . . Y.
to fracture, resulting fracture surfaces photographed and the
g A : ‘ v : ‘ ‘

~

crack length measured with a Mitutoyo pocket comparator.

Only for specimen number 6 it was possible to proﬁa*
gate the fatigue cradk;shch that another data could be taken.

d

_ ) : B

The frapﬁure surfaces of specimens 5, A and B are seen
in~Fig. 3.3 while those of 6 are shown in Fig. 3.4. Specimen
number 4 was not pulled to fracture at the moment, such that

s 3 i N . - - Ld . : -
a compdrison concerning it is missing. The dark surfaces ‘in

both photos repreéent the oxidized surfaces whereas the'brighpf

ones are fracture’/surfaces. The fatigue cracks -also oxidized-

0

are more or less curVed; miximhm depth being in the middle as

expected (See, Section 2.6.1). In Fig; 3.4 heat tinted fatiguej
crack is dark and curved while'thé propagated fatigue crack J

‘boundary is light and fracture surface bright. The bright

‘section within the bropagating ﬁatigue crack 1s probably due: ;

4
¢

to a crack arrest. '
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i
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!

Fig. 3.3- Fractﬁre surfaces of specimens no B,
5 and A. '

N

All the data summarizing the results of the two
"different methods of measurement and iﬁcluding a comparison

is given in Table 3.2,

For specimen .5,6 and A percentage errors of 1-2 %
exist. For specimen B because plastic deformation has been
observed data from electrical potemtial method is varying

from 30.88 to 31.30 mm, thus resulting errors from 0.4-1.8 Z.
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TABLE 3.2

Results and Comparison of Two: Different Methods of Measuring

!

{

Crack Length

e

Specimen . . )
pecim P(kg) |Va(uV) | Va/v, L acal.z) a3)(mm) aa)(mm) % Exrror
No (o} T e m )
4 | 1400| 640 | 1.20 | 0.465 | 21.855 )
5 1000f 610 1.14 | 0.431 | 20.26 20.45| 0.9
6 800| 685 | 1.28 | 0.490 | 23.03| 23.53] 2.1
6°) | ooo| 8807 1.64 | 0.616 | 28.95 12,8
125/ 870 | 1.63 | 0.612 | 28.76 | }33.21| 13.4 .
45( 860 | 1.61 | 0.610 | 28.67 13.7
A 500{  8607| 1.60 | 0.605 | 28.435| 28.09] -1.2
B 575] 9807 1.83 | 0.666 | 31.30 0.4
470| 975 | 1.82 | 0.662 | 31.11- \ 1.05
, ' . , }31.4]
150{ 970 | 1.81 | 0.658 | 30.93 | 1.6
\ i
105|960 1.80 0.657 | 30.88 1.8
1) Vao = 535 uv

2)‘a/w obtailned

3) Crack length

from calibration curve

found out from electrical potential method

4) Crack length measured from‘photographs

A

5) After fatigue crack has been propagated

-
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surfaces of specimen no. 6

Fig; 3.4~ Fracture

Again for spécimen‘6\§fter fatigue crack propagation

variation of voltage with changing load is observed. The

resulting errdrg are'betweén 12.8-13.7 Z.\Since the results
6f electrical potential method are all less than ;he Valué
obtained from diréct measurement it can be said that the

brigh; sectién (Seé Fig. 3.4), which was thought to be the

result of a crack' arrest, is responsible for that. This

section has the same surface as the fracture surfaces. Then,

it may be said that it was not torn completely while fatigue-



_.crack was propagating, such that electrical current could

pass through resulting .in a smaller yoltage output.

As to conclude, the results obtained from electrical
potential method measurements are in error of 1-2 % when
compared with direct measurement. But since the data is

restricted with three (5, 6 and A) specimens* only it is hard
to judge the reliability of~thevtechniquer70ne,thing that
must be said about this method is that it is very practical

for measuring crach lengths once all the requirements are met

~completely.

¥ gpecimen B, because of plastic deformation and specimen 6
"after fatigue crack propagation, because of not comple?ely
torn fracture surface are not taken into account at this

stage.
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CHAPTER 4 -

* THE DISADVANTAGE OF THE METHOD:
PLASTIC DEFORMATION AT THE CRACK TIP

The major'disadvantage of electrical'pqten;iéi mgthﬁd
is the effect of the plasticrdeformation onithe,reéistivify
of the specimgn..lt is known generally that any impurity in
1atticevstrﬁcture éé well as any defect»br pléstic deforma-
tion of the material will contribute to the #esiétivity!ZI'.‘
s o .
Although some experimental results have been found to relate
some of the defects in lattice structures to increases in’
‘resistivity, a successful theoretical interprétation ié still
missing. So, unfortunatély no quéntitétive predictions can be

) Al .

made based on fheory. In experimental fracture analysis, 3]15,
»20[ £OV4I22| zones in load-potential curves\are discfiminated,

one of them being zone of plastic deformation. '

One proposed method is estimation of the extent of the
crack tip plasticity using finite element analysis based on
the load applied to the specimen under test|16|. Knowing the

change in electrical resistance with deformation additional



«
~

variation in potential can be:determined:'These compared with
the elastic solutions will make a separation of the potential

N

changes due to crack extension and due to crack tip plasti-

te

ci;y possible.'Thus the method will be improved in detecting:

~crack initiation and monitoring crack growth.

This proposal actually fails in that it requires know-

ing the change in electrical resistance with deformation.

In this study only specimen B showed some plastic
deformation and its effect on the method can be observed.
Since the formation of a plastic 'zone at the crack tip when

whether ductile or brittle- is
/

working with real materials -
unavoidable, the application of the electrical potential

method could be restricted, to cases where ‘the size of

plastic deformation is known to bevsmalllnegligible...v ,
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