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- ABSTRACT

The effect of notch size on fatigue behaviour of ductile iron (DI) was experimentally determined. Rotating
bending high-cycle fatigue data were obtained for pearlitic and ferritic DI, in the notched and unnotched
conditions. Behaviour of DI specimens containing long cracks was obtained from compact tension (CT)
specimens of 25mm thick.; the crack propagation rate da/dN and threshold stress intensity factor range
AKy, were determined, in accordance with the ASTM-E647(88) standard specifications. By combining
the fatigue limit data of smooth surface specimens o, and the threshold value of stress intensity AKy, ,
obtained from conventional fracture mechanics, CT specimens, a plot of the Kitagawa-Takahashi type was
constructed to define the effect of crack size on the safe working fatigue stress, for both pearlitic and
ferritic DI,. Plot data, besides scanning electron microscopic (SEM) investigations of the fractured,
unnotched fatigue specimen surfaces revealed clearly that fatigue cracks have been originated at regions
containing metallurgical defects, involving sizes in the range 50-90 pm. The harmful effect of these
defects comes from the inherently three dimensional nature. Size of these defects is, therefore, considered
to represent a lower bound of surface roughness. Results,also, indicated that machining (surface) defects
responsible for crack initiation are in the order of or greater than the largest present metallurgical defect.
Consequently; surface quality impovement by super finishing processes, will not have a measurable effect
on the bending fatigue strength of DI. Beyond 250 um of surface defects, the fatigue limit of pearlitic
DI has shown to decrease by increasing the severity of notch and, at notch depth > 1.5mm., linear elastic
fracture mechanics (LEFM) predictions become too conservative. Finally plots relating the applied stress
range (Y Ao) and initial flaw size,a;, were constructed for definite numbers of cycles; these plots help
in forecasting the fatigue life of large section DI components containing pre-specified defects. They,also,
showed that longer cyclic life can be realized by decreasing the initial flaw size than by increasing plane
strain fracture toughness and, the use of ferritic DI provides longer fatigue life, as ferritic matrix can
decrease the crack growth rate and tolerate the critical defect size to a greater extent.
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Ductile irons (DI,) are being increasingly used in
highly stressed components, particularly in the
automotive industry. Therefore, it becomes essential to
thoroughly understand the factors influencing the
fatigue properties of these materials. It is well known
that surface condition has a strong effect on fatigue
life, also, metallurgical impurities, e.g. enlarged
graphite nodules and shrinkage pores are considered
preferential sites for fatigue crack initiation (1-7).

The effect of defect (crack) size on the fatigue
strength can be conveniently described by means of the
so called kitagawa -Takahashi plot (1,2and 7-15),
relating the crack fatigue stress range,As, with the
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crack size, a, in a logarithmic scale, as shown in

Figure (1). In this plot, the crack length axis is divided

into three regimes, according to crack performance

under the applied loads:

1- The microstructuray short crack (MSC) regime, in
which the crack length, a, is of the same order of
magnitude as metallurgical features (zone I in the
Figure). These are not dangerous cracks and, below
a certain size MSC has no effect on the fatigue limit
at all.

2- The physically short crack (PSC) regime (zone IT),
which involves crack sizes in the range 50-500 pm.
For these cracks, very unusual behaviour has been
reported by a number of investigators (1,5 and
5-13) who showed that, the crack growth rate
tended to decelerate at increasing crack length and
that eventually the crack stopped when the specimen
was tested below the endurance limit. These cracks
have been observed to exhibit equal or greater
propagation rates than those corresponding to long
cracks, subjected to the same nominal stress
intensity factor range AK. Many theories have been
developed (5,9,12 and 13) to account for the effect
of short cracks on fatigue behaviour. The most
simple form is given by El Haddad, in which a
simple expression is used to characterize the
variation of fatigue limit with crack length

AKX = Ao‘/u(ai-ao)

where, a, is the actual crack length and when ,a,
approaches zero

(12 and 13)

a = —1—.( Ay

(2]
3 Aao

)

where AKy, = threshold stress intensity factor range,
determined from long cracked test-specimens

(@a> > ao0).

Ao, = endurance limit for unnotched samples.

ao is a material property, it represents the effective

crack length at which the fatigue limit stress will just

propagate a crack into the interior of the material.

3- Long crack regime (zone III); in which the crack
length a > 0.5mm, and when the crack tip
plasticity is minimal (crack propagating at a low
stress level). A quantitative evaluation of the
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Figure 1. Sxchematic kitagawa plot for
behaviour.

where Y is the crack geometry factor. TL
stress intensity factor range, AK,;, represents
operating limit, below which fatigue damage .
unlikely. It is extremely important in engl
applications to evaluate the critical crack length R
the figure), in order to decide whether the gryg
characteristics of long cracks (LEFM) can be usedf
the prediction of remaining fatigue life when §
defects or small cracks are detected in sene
conditions.

® In many situations the avoidance of catastrofp
failure depends not only on a knowledge ofjjg
conditions necessary for fast fracture or collijj,
but, also, on the ability to predict the rate of grypg
of existing sub-critical defects. Therefore, it if :
the highest important that, reliable methodsspr
established for determining the rate of growthye
pre-existing defects. In fracture mechigy
terminology, the crack-growth rate has Bjg
described by several equations, but the sil
Paris-Erdogan power law: il

da/dN = A(AK)®

still remains the popular form (3,5 and 25-28) ai



| be assumed adequate for purposes of this paper. In
gquation da/dN is the crack propagation per cycle,

t gthe stress intensity range and, A and n are
rial constants. The substitution of equation (1) into
tion (2), followed by integration gives the equation
pycles to failure, N, with the starting and final flaw
§ a5 limits of the integration. When the geometrical
ection factor, Y, does not changed within the limits
tegration and, for those situations where n2, the

lic life is given by :

1 1 1

A(YAo)‘ n2(1-0/2) 22! a,“ﬂ'l)

3

y critical crack size indicating that single cycle

W _1 ch 2 3
I8 approached, A =—.(—)" is used as the
g

| e

jper limit of integration, while the lower limit
licates that zero crack growth is approached and,
¢ threshold value of stress intensity, AK,; is used.
he initial defect size, a;, represents a pre-existing
alue for which the fatxgue number of cycles is

Review of literature indicated that insufficient work
as been done to establish fatigue crack growth rate in
DI, also, in spite of the great volume of work done on
he high-cycle fatigue performance of notched DI
geimens, no reliable quantitative models have been
eveloped to describe the effect of surface roughness
and casting defects on the safe working fatigue stress,
g well as, fatigue life of DI components. Therefore,
his study relies upon a large experimental program, in
ich, fatigue behaviour of DI test specimens,
"g MSC, PSC and long cracks were studied.
DI in the as cast or pearlitic (PDI) and annealed or
ferritic (FDI) conditions, were wused in this
investigation and, the obtained data were used to
tonstruct the Kitagawa-Takahashi plot. In order to
elate the fatigue initiation sites, with specimen defects;
jcanning electron microscope was used to examine the
jalled surfaces of test specimens. Finally, diagrams
were constructed, relating the applied stress range
YAo) and initial defect size, a;, which help in
orecasting the fatigue life of PDI and FDI large
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section components, containing pre-specified sharp
defects.

Experimental technique

The DI used in the experiments, was produced by the
way described in a previous study (29 ). The chemical
composition wt% was: C 2.96, Si 2.31, Mn 0.25, P
0.02, S 0.011, Mg 0.043 and remainder Fe. The
microstructure of 35-40% pearlite, nodule count of
250-300 nodules/squ.mm, nodule size in the range of
10-30 mm and nodularity in excess of 95%, is shown
in the photo-micrographe of Figure (2). The material
also, contained a number of enlarged nodules and
micro-shrinkage pores, however, these defects were
rather scarce. Mechanical properties of PDI are :
tensile strength= 610 MPa, ductility = 9% and Brinell
hardness number 220. Annealing was performed at
750°C for 7 hours and furnace cooling. Mechanical
properties of FDI are: tensile strength= 280 MPa and
ductility = 21%.

Figure 2. As cast ductile peartitic iron x 400.
A- Fatigue test

Fatigue tests were performed on a specially designed,
rotating bending fatigue testing machine (30).
Geometry and dimensions of the fatigue test specimen
are shown in Figure (3-a). Specimens are mounted as
cantilevers and tested at a stress ratio R=-1, frequency
of 21 Hz and a wide range of stress amplitudes. At
least three specimens were tested for each stress level,
the number of cycles to failure were recorded and, the
fatigue limit was evaluated at 3X100 cycles. All tests
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are conducted at room temperature, in laboratory air.

In order to cover a range of surface roughness, the
test section of specimens was subjected to difterent
grades of surface finish, using the following methods:

a- Polishing, wusing hand polishing in the
circumferential direction at graded levels to 1 uym
diamond paste.

b- Grinding, using the 200 grade emery paper.

¢- Rough turning with a tungsten carbide tool.

d- Fine turning and, a series of regular grooves were
then produced in the circumferential direction, by
repeated passes of the turning tool (see Fig. 3-b). A
series of three V-grooves, equally spaced with one
millimeter pitch, were made along the central gauge
length of the test specimens, details of the notch
profile are indicated in Fig. (3-¢). Two different
roughness levels were produced by this method:
0.25 and 0.5 mm. deep with 90° included angle.

(a) Unnotched specimen .

11

RARN

(b) Notched specimen

e -

Figure 3. Fatigue test specimen configurations.
Surface roughness measurements

Two measures of roughness were produced, the
standard  center-line average R,, generated
automatically by the Talysurf and, the maximum pit
depth denoted R ,,, and defined as the depth of the
largest pit, recorded on a 4mms length of the surface.
All stylus traces were taken parallel to the specimen
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axis, in the maximum stress region, where all ¢
initiation was found to takes place. As it was expedt
vacancies of the surface graphite nodules, promofs
surface roughness measures, especially the R
values. The Table indicates results of Talysurf traces
the tested specimen groups.

Surface Roughness Data

Condition R,(um) R .. (um)
Polished 0.3-0.7 10-15
Coarse ground 1-3 20 - 30
Rough turning 70-75 103-110
Small groove - 250-265
Large groove - 500-520

All of the specimen types were tested in the
machined conditions, without any attempt to allevi
surface residual stresses introduced by the machini
processes, as stress relief treatment may alter |
metallurgical conditions of the materials.

- Scanning electron microscope (SEM) was used|
examine the failed surfaces of test specimens,
order to relate the fatigue initiation sites
specimen defects.

B- Fatigue threshold (AK,;) and crack propagationrd
(da/dN)

In order to determine the crack growth rate, da/d\" .
as well as threshold stress intensity factor range, AKg™
CT specimens of 25 mms thickness and proportionsa
indicated in Figure (4), were put into a speciall
designed Push-Pull fatigue testing machine, as show
in Figure (5). The main idea of the machine i
indicated in the appendix. Specimens were fatigi
precracked, then subjected to pre-specified cyclit
loading at a stress ratio R= -1 and frequency of 1l
Hz. Tests were performed at three levels of loading
amplitudes, namely S, =18, 21 and 24 KN. The crac
length is measured as a function of elapsed fatigu
cycles. The threshold stress intensity factor rang,
AKy;,, was determined by shedding technique, a valu
of 5% decrease in load at each step was employed
Tests were conducted in laboratory air, according to|
the ASTM-E647(88) standard specifications (31). =
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and (7), respectively. Curves are established using the

2-¢ 12.7 method described in the ASTM - E739(80) standard
specifications(32). It may be observed that surface
/ roughness affects the fatigue limit of PDI to a higher

degree and, presence of 0.5mm. deep V-notch, reduces
the fatigue limit to a greater extent.

R U "
\\

400 —_
oNgo -~ 025mm Vaotch
1 = S IS ——--—— 05 mm Venotch
+ R S
% 0 N
3 &~ o
E » IS . |
é 200} — o Ppoishing —|-- . ™~ ‘\—'—-—--——1
P ¥ n  Grinding \h\
e—50.8 —| - { e
bt 63.6 B | 104 105 108 107

Fatigus Life N, Cycioe

Figure 7. S-N Diagrams for notched & unnotched PDI
specimens.

Figure 4. Dimensions of compct tension specimen.

Figure (8) shows some photo-micro graphs, obtained
by SEM for the fractured surfaces of notched and
unnotched fatigue test specimens. Figure (8-a) indicates
clearly that fatigue cracks had initiated in the root of
machined notch. The white area in Figure (8-b)
represents a micro shrinkage pore of about 50 ym size,
acting as initial site for critical crack. Generally, rough
textures were observed for all the investigated fractured
surfaces, stepped faces were, also, found as shown in
Figures (8-b and c).

The dependence of the macroscopic crack growth

rates da/dN, measured on CT specimens on the

' 300} ————— Tumig AK-value is shown in Figures (9-a and b) for both,
£ \\mo\ I PDI and FDI ; the two Figures are very similar. The
. N T crack growth rates were obtained by drawing tangents
g W e | TR R to the curves relating the crack length and number of

~3-0-.0__85_]

%150__1: Grinding R i cycles, then a numerical analysis was performed to
R0 | establish the crack growth rates. In the interest of
104 10 108 10 design safety, it is prudent to use a well-established

method of statistical analysis to determine constants of
the crack growth rate equations. The method of least
square with plus two standard deviations on da/dN was
used here and resulted, under the K, - constant test
conditions, in the following equations:

Fatigue Life , N, Cyclea .

Figure 6. S-N Diagrams for notched & unnotched
F)I specimens.

RESULTS
da/dN= 4.16 X 102 (AK)>*?  for PDI &

The S-N diagrams, obtained for the all machining da/dN= 8.85 X 10! (AK)*>®  for FDI
conditions of PDI and FDI are indicated in Figures (6)
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{a} Typical machining
tear responsible for
crack initiation in a v-
grooved test specimen.

{b) A pore of about %0
am acting as initial site
for critical crack

{c) Stepped fracture
indicating crack branching
or multiple initiation sites.

F igure (8) Fracture morphologies obtained by SEM for (a) notched and
(b&c) unnotched fatigue iest specimens '
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Figure 9. Fatigue crach growth rate as a function of stress intensity factor range
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Figure 10. Dependence on crack size of the fatigue limit: Kitagawa-Takahashi
diagrams for Pearlitic DI and Ferritic DI.

The units on da/dN are mms per cycle and A K are
MPa.m'”2. Threshold values of 8 MPa.m'”2 and 7
 MPam!? were obtained under AK decreasing test
-~ conditions for PDI and FDI respectively.

By combining the fatigue limit data of smooth surface
specimens o, and the AK,, data from conventional

fracture mechanics CT specimens, it is possible to
construct the diagram defining the effect of crack depth
(defect size) on the safe working fatigue limit. This
diagram is shown in Figure (10) where, the maximum
pit depth, R, was plotted against endurance limit in
a logarithmic plot of the Kitagawa-Takahashi type. In
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this diagram the fatigue limit of polished specimens,
0., appears as a horizontal line and, the crack
threshold, AK,,, appears as straight line of slope

= —%,(since AK « i) at an intersection point of
a
Riax = a,. A value of a,=0.2mm was obtained for
PDI and, a larger value of 0.5 mm. was deduced for
FDI. The fatigue limits of specimens containing
V-notches, or PSC were plotted ,also. It can be
observed that, present data of the V-notched specimens
fall close to the intersection point of the two straight
lines, almost all points inhabit the region below the
intersection points.

The graphical presentation of Equation (3), for the
determination of the fatigue number of cycles of
component containing defects, is shown in Figures.
(11) & (12) for PDI and FDI respectively. The cyclic
stress range (Y.Ao) is plotted against initial flaw size,
a;. The critical crack size for single cycle fracture A;

ch

oe

integration and, the lower limit is defined by the
threshold values. The lines between these two extreme
boundaries represent constant cyclic lives, as labeled;
these are asymptotically approached to the critical
crack sizes, Ay, as indicated in the Figures. It should
be noted that, the plane strain fracture toughness (K,).
used in the determination of critical crack size, 4., for
PDI was determined in a previous study ( 73), and has
a value of 70 MPa m!”2, The calcul>4sd critical crack
size A¢ = 4.2 mms. Whereas,, for FDI, it is more
difficult to evaluate the critical defect size, in
accordance with conventional ASTM requirements.
The inherent toughness und ductility do not permit a
sufficient constraint condition at the crack tip of CT
specimens, so as to atiain valid K. measuvrements.
However, a valid K, value wus determined, in a
previous work (34) by using the double torsion test
procedure and, a value of K, =40 MPa m'? was
obtained. Introducing this valvie, th= evaluated critizal
defect size was Ap =12.7 rams. Ou the other hand,
published data (3), base.d on elastic-plasiic and
post-yielding fracture mechunics, indicatzdi that the
critical defect size for FD,[ is cer.ainly greater than
12mms. Therefore a vo' ye of /uf =12.7 mms was
introduced into equatio’ 5 of cyc’ic fatigue life.

[Af=—l—.( )] is used as the upper limit of
1
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DISCUSSION

The obtained S-N diagrams indicated that§
roughness is effective in reducing fatigue life
and, FDI is relatively insensitive to surface rou
Notch brittleness is, therefore, likely to be
evident in the higher strength DI, as notch sen
of the harder pearlitic structure is obviously
than that of ferritic ones. On the other hand, e
PDI indicated that there is no significant differs
fatigue limits of the coarse ground and p
specimens. SEM inspection of the failed sp
surfaces revealed that, fatigue cracks in
specimens originated either from over-size noduf
micro-shrinkage pores as shown in Figure |
Fatigue crack propagation zone always apped
rather rough, sometimes difficult to distinguish
the fast fracture zone, also, steps were often pres
the fracture faces (Figures. (8-b and c)), indif
crack branching and/or multiple crack initiation
Whereas, examination of the fractured faces @
failed notched specimens showed that, crack inil
invariably occurred at the root of circumf
notches, as indicated in the SEM micro gra
Figure (8-a).

In DI the cohesion between graphit: nodules
ferriiic matrix is low and nodules arz, therefore,
as holes. As nodule size decreases this eff
reduced. The harmful effect of over-size nodul_
well as metatlurgical impurities and micro shi
pores comes from the inherently three-dimens
natare of these defects, alttough SEM data re
cnly the situations observed from surface insped
Presence of sharp edges in:reases the dangers of
defects to a greater exwent. Therefore, it ma
concluded that MSC sizz represents a limiting
vound for the surface roughness, or max?m I
depth, produced by he machining operations
improving the qualily of the surface by lapy
honing, polishing o fine grinding will not ha
measurable effect on the bending fatigue
Generally, it war found that depths of machi
defects responsibe for crack initiation are in the ¢
of, or greater t'an the maximum size of the pr
metallurgical dfects, i.e. if the machining of asu
provides susace indentations greater than
maximum si-¢ of present metallurgical defects, su
cracks are originated and fatigue life would

decreasex]
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Verifications of the above conclusion have been
promoted by the Kitagawa-plot (Figure (10)), which
indicated that surface cracks in the order of 100 um,
represents an upper bound of surface roughness R,
for non-propagating cracks. Larger surface roughness
are, therefore, acting as crack initiation sites and,
teducing the endurance limit. SEM investigations on
the fractured surfaces of these specimens, revealed that
the maximum size of metallurgical defects was in the
order of 50-90 um. The plot also, indicated that
surface cracks larger than 1.5mm (a,), are considered
a long cracks in PDI and LFEM approach is applied,
this value represents the upper limit to the use of PSC
approaches. For FDI a higher value of the limiting
crack length for PSC regime (a,), is obtained (a,>3
mms), this is attributed to the inherent ductility of
ferritic structure, as it affects the crack tip stress state.

Applying a suitable safety factor to the Kitagawa-plot,
the safe working fatigue stresses will be obtained, for
a wide range of crack sizes "non-propagating cracks”,
as presented by the dashed area in the plot. However,
it is necessary to compare these results with similar
data in similar materials. Unfortunately such data are

~ not available and, also, very sparse. The majority of

published data has been generated on aluminum alloys
and steels (21-25 ) where the critical values are
considerably different.

The log-log diagrams of Figure (9) depict the
relationship between the crack propagation rate per
cycle da/dN and stress intensity factor range ,AK, from
the steady state crack growth, to the threshold region
for both the PDI and FDI. Fatigue crack growth rates
for DI, are generally higher than for most steels (2,21
and22); this may be ascribed to the effect of spheroidal
graphite, which are considered to cause a reduction in
the net section and Young’s modules than those of
steels, thus leading to higher crack growth rates. On
the other hand, the relatively lower crack growth rate,
obtained in FDI is attributed to the fracture
mechanisms involved in the propagation process. The
typical mechanism of fatigue crack propagation in
ferritic matrix is associated with striation formation,
which involves a minimum value of crack growth rate
(the striation spacing distance) (3,18and 35). Whereas,
in PDI micro cleavage mostly occurs in the pearlitic
structures, in addition to the striation formation in the
ferritic ring, surrounding graphite nodules. Therefore,
aresultant higher crack propagation rate was obtained.
The relatively higher threshold of stress intensity
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factor, obtained in PDI is attributed to the inherent
higher resistance of pearlitic structure, especially in the
range of non-propagating cracks. Since DI, have lower
Young’s modules smaller than steels, therefore, it was
expected that the threshold stress intensity factor AKy,
to be smaller than steels, however, larger values of
AK,; were obtained. These results are in good
agreement with those obtained by other investigators
(7,36 and 37). This may suggests that spheroidal
graphite plays an important role in the near-threshold
crack growth behaviour, which needs a more extended
work, especially the role of graphite nodules in the
crack closure .

Figures (11) and (12) indicate the relationship
between the applied stress range A¢ multiplied by the
shape factor Y or (Y.Ac) and the initial flow size,a;, at
definite fatigue lives for PDI and FDI respectively.
These curves showed the influence of pre-existing
sharp defects on the fatigue life of large section DI
components. If the applied stress-initial flaw size
combination falls on or above the single cycle fracture
line (described by the plane strain fracture toughness
K. values), then fracture can be expected to occur on
the first loading. If, for a particular situation, the
applied stress-initial flaw size falls below this line, then
the component has a finite cyclic life. The effect of
stress value (Y.Ao) becomes pronounced as the
difference between initial flaw size and critical flaw
size increased.

The advantage of this type of piot is that it shows, for
large section components, both single cycle data as
well as cyclic data. Moreover, as non-destructive
testing techniques are refined so as to estimate
subsurface initial flaw size, before a component goes
into service, then, by knowing cyclic stress, one can
closely estimate cyclic life and determine if design
requirements will be met or not. If not, the diagram
can show what minimum flaw size is required and
hence assists in determining the appropriate
non-destructive testing technique that should be used to
reliably detect that flaw size.

Further analysis of the results indicated that, far
greater cyclic life can be realized by decreasing initial
flaw size than by increasing the plane strain fracture
toughness, via material modifications. Thus, it may be
concluded that plane strain fracture toughness has a
second-order effect on cyclic life. Moreover, the use of
FDI provides longer fatigue lives, as ferritic matrix can
tolerate the critical defect size to a greater extent.
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Figure 11. Fatigue life prediction for pearlitic DI containing initial defects.
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Figure 12. Fatigue life prediction for pearlitic DI containing initial defects.

CONCLUSIONS fatigue cracks originated from these points, ¢
to the inherently three-dimensional nature. St

(1) Size of metallurgical defects is considered to defects responsible for crack initiation are i
represent a lower bound of surface roughness; as order of or greater than the maximum si
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present metallurgical defects. Improving the
quality of the surface by super-finishing processes,
will not have a measurable effect on the bending
fatigue life of DI.

~ (2) For these grades of DI, with a stress ratio R=-1;
surface defects smaller than 100 um would have
little or no effect on the bending fatigue strength.
Beyond 250 um defect size, the fatigue strength of
PDI has shown to decrease with increasing
severity of surface roughness and, at notch depth
0f R ;55 > 1.5 mm. LEFM predictions become too
conservative.

(3) The relatively higher crack growth rate da/dN,
obtained for PDI is attributed to the micro
cleavage fracture morphology associated with
pearlitic structure. Whereas, striation formation in
ferritic structure which involves a minimum value
of crack propagation results in a lower crack
growth rate.

(4) For large section components, greater cyclic life
can be obtained by decreasing initial flaw size
than by increasing plane strain fracture toughness.
Moreover, the use of FDI provides longer fatigue
life, as ferritic matrix can decrease the crack
growth rate and tolerate the critical defect size to
a greater extent. The inspection and control of
defect size is of high importance, in order to
guarantee safety and reliability of machine
components subjected to fatigue .
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 Appendix

~ The Figure shows a schematic sketch showing the
main idea of the machine, in which a rigid frame(1),
made to support the housing of the loading system and
suspend the upper specimen grip (2). The lower grip
(3) is bolted to the loading end of a heavy duty
tension-compression spring (4). Displacement of the
lower spring seat is adjusted by means of a horizontal
lever (5), actuated with a came (6) to control the stress
amplitude of the moving seat. Mean load is applied by
' furning a nut (7), attached with worm and gear unit (8)
to provide sensitive and controlled motion of the power
serew (9), this raises the upper grip; stressing the
- suspension system of the loading seat (ref.38). Both
- static and cyclic loadings are measured using a load
cell (10) arranged at the lower end of power screw and
~comnected to a strain bridge. The machine was
 statically calibrated using dead weights. In order to
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ensure stress cycle, an oscilloscope is used during
dynamic calibration. The number of cycles were
recorded using digital counter (11). The crack length
was measured by using a calibrated low power
traveling microscope mounted in micrometer slide, this
enables crack growth increments of 0.lmm to be
measured.

777777

Schematic of fatigue setup .
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