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=1

MNWS Group Week 2 Week 4 Week 8 Week 12
Withdraw al symptoms total score27e€ln® 14.86:355 13.64:2.34  13.14+378  12.29:3.17
Nicotine patch  12.50+2.74  13.003.19  12.362.9  12.2132.33
, Varenicline 170+080  1.50£0.65  1.43051  1.20:0.47
Urge to smoke (craving) Nicotine patch ~ 1.64:0.63  1.20:047  1.20:047  1.2110.43
A Vareniciine 1213043 1211043  1.07#027  1.07:0.27
Nicotine patch  1.29+0.61  1.07:0.27  1.00:0.00  1.21:0.58
bty okain Eener Vareniciine 150£0.52  1.36£0.50  1.21#0.58  1.29:0.61
Nicotine patch  1.43:0.51  1.36:0.50  1.21:043  1.20:0.47
e Varenicline 1213043 12091047 1211058  1.21:0.43
Nicotine patch  1.14t0.36  1.07:0.27  1.07:027  1.14+0.53
N Varenicline 129+047 4 1.36£0.50 4 1.43:0.51 1.29:0.47
Inability to concentrate Nicoti :l- ]1 :It
icotine patch ~ 1.00£0.00 - 1.07:0.27 - 1.14:036 - 1.21:0.43
e Varenicline 143:065 1212043  1.362063  1.20:0.47
Nicotine patch  1.21#0.43  1.14:0.36  1.14:0.36  1.07:0.27
sdiosils Varenicline 250£1.02  221+1.19 2212097  2.14+0.95
Nicotine patch ~ 2.2130.97  2.43:0.94  2.43:085  2.43:0.85
, , Varenicline 1774101  150:0.85  1.3620.84  1.21:0.43
Difficulty going to sleep i
Nicotine patch ~ 1.29:0.47  1.71+1.07  1.43:085  1.20:0.47
. Varenicline 2291099 - 2.00+1.04  1.86:1.10  1.50:0.76
NUSSERS oo Nicotine patch  1.200.47 1 i g et
e Varenicline 14(100.0)  14(1000)  13(929)  12(85.7)
Nicotine patch 11 (78.6) 13 (92.6) 12(85.7)  14(100.0)
Toisl o cbsppsaranns Varenicline 59 57 39 37
Nicotine patch 40 40 30 35
Data are mean+SD. Mann-Whitney test: tP<0.1, *P<0.05, **P<0.01.
MNWS, Minnesota Nicotine Withdrawal Scale.
=2
Item Time point Va:::l&l;ne Nlco(trllr: f)atch Z P value
Weight Firstvisit  67.29:9.03 T 66.1 9:13.30]" -0.414 0679
Week 12  69.1819.63 68.27+13.40 0505 0.613
- Firstvisit  23.72+3.26 ] 23.50+3.64 T 4590 0.646
Week 12 24.38:3.42 24.37+3.72 -0551  0.581
Ohangein Sody wevii from he el 1.8922.10 2.08+2.00 -0207 0.836
Firstvisit  36.56:0.35 36.86:0.42 - -1.667  0.095t
SOy S Week 12  36.5120.48 36.5420.45 i 0023 0981
e — Firstvisit  78.50+10.55 1 76.57+7.95 T -0301 0.764
Week 12  72.5728.72 71.36+11.93 -0.162  0.871
SBP (mmHg) Firstvisit  126.9+15.57 131.1219.63 -1.036  0.300
Week 12 126.4+15.75 124.4+15.61 0437  0.662
Firstvisit  77.43+10.56 78.36+10.05 0601 0.548
D Te) Week 12  75.64211.35 78.21210.54 -0.806  0.420

Data are mean +SD. Mann-Whitney test: 1P<0.1, *P<0.05, **P<0.01.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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% 3 MDA-related parameters and HDL functions.

Overall (n =28)

Successful group (n=21)

Unsuccessful group (n=7)

After smoking

Baseline Baseline cessation P value Baseline After 12 weeks P value
Plasma MDA, uM 1.8811.00 1.731+0.58 1.57%0.50 0.03 2.35+1.75 2.0210.43 0.63
MDA in HDL, uM 0.55F0.11 0.5310.08 0.47%0.09 0.003 0.60+0.17 0.50%0.07 0.30
Cholesterol efflux capacity, % 13.89+2.53 14.15%+2.46 14.831+2.35 0.01 13.09+2.74 12.5611.97 0.48
HDL inflammatory index, HII 1.15£0.59 1.13%+0.31 0.98+0.18 0.01 1.20%+1.12 0.98+0.18 0.63

Values are mean &= SD.

Differences between values at baseline and after 12 weeks were evaluated with the paired t-test.

MDA = malondialdehyde. Other abbreviations as in Table 2.
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Steam Turbine Blade Failure from Corrosion Pits

Introduction

Fatigue crack initiation at corrosion pits is frequently
a cause of damage in the low pressure part of steam
turbines. Such kind of failure is especially observed in
the last two blading stages of the engine. In these
regions, transition from dry to wet steam takes place.
Activation of pitting is not expected during standard
operational condition because the condensate on the
turbine blades is oxygen free. However, unexpected
occurrences (e.g. leaking of the condenser) may create
a critical environment with high amounts of corrosives
such as chloride. When it is combined with aeration, a
corrosion pit can form and it acts as stress raisers. If such
a pit exceeds a critical size, the increase of the local
stresses can cause fatigue failure.

Fig. 1 shows the surface of a test specimen where
fatigue cracks were initiated at a corrosion pit. Fatigue
occurs when a material or structure is subjected to repeated
loading and unloading. During turbine blade operation,
high frequency fatigue loading is induced at the last stages

of low-pressure blades by an inhomogeneous steam

- 200 pm
1403-153_08_12072011

Fig. 1 Corrosion pit with fatigue crack.
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flow. But these cyclic stresses are low compared to
centrifugal forces of the rotation. Therefore, the acting
stress ratios (ratio of minimum and maximum stress
during cyclic loading) can be very high and depend on
the local stresses in the blade.

Standard materials used for low-pressure steam turbine
blades are 12% Cr steel, precipitation hardening steel 17-
4PH and titanium alloy Ti-6Al-4V (in order of suscepti-

bility for corrosion pitting).

Prior Work

In the last years, the comprehensive investigations were
conducted on 12% Cr steel and 17-4PH in terms of
corrosion fatigue and pit-to-crack transition. Measure-
ments were performed using ultrasonic fatigue technique
that allows testing in the very high cycle fatigue regime
within reasonable time (10° cycles within about 14 hours).

An empirical prediction method was developed and it
enables estimation of critical stresses depending on pit-
size, environment and load ratio!™®. An important
assumption made for the prediction is that corrosion pits
can be treated similar to small cracks (i.e., crack length

is less than 1 mm).

Current Work

The method developed to estimate the critical corrosion
pit size at which fatigue failure may occur provides a
useful tool for turbine blade operators. However, the
comprehensive laboratory tests are necessary to obtain
all necessary data for the prediction.

At Fukuoka University (Department of Mechanical
Engineering), the experimental data are currently

evaluated using the 4/ area -parameter model by Murakami



and Endo'*. This model takes into account that small
cracks or defects are, relatively speaking, more damaging
in terms of fatigue resistance. The parameters necessary
for this model are the Vickers hardness - which can be
easily measured - and the square root of the projection area
of the defect (or crack) perpendicular to the loading
direction. Furthermore, the influence of stress ratio is
investigated in order to consider different stress conditions
that are acting in a turbine blade during operation.

It is found that the 4 area -parameter model is well
applicable to “smooth” specimens, where fatigue cracks
initiate at non-metallic inclusions (with a size of about
10um), and to corrosion pits with a size of v area <
100um.  For larger pits, the prediction leads to a
significant overestimation of the critical cyclic stresses.
To further understand the mechanisms of pit-to-crack
transition, additional tests on 17-4PH stainless steel with
artificial defects (drilled holes and circumferential notches)
were performed. Fig.2 shows the fracture surface of
specimens with a drilled hole and a corrosion pit,
respectively, at the crack initiation site. The size and the
aspect ratio of depth and width of the drilled holes are

similar to those observed for corrosion pits.

Fig. 2 Fracture surfaces with crack initiation at drilled

hole (left) and corrosion pit (right).

In contrast, the geometry of a circumferential notch is
very different to that of a corrosion pit. However, the
effective area of the notches (according to*) was chosen
to be comparable to those of pits and drilled holes.

Following results were obtained so far:
® The fatigue limit for drilled holes with a diameter

of 50um can be calculated with adequate accuracy
using the 4 area -parameter model. However, the

drilled holes with a diameter of = 100um show

significantly higher fatigue resistance than estimated.

® (Circumferential notches with a small notch root radius
(<10um) show similar behaviour to corrosion
pits. The predictability according to the 4 area -
parameter model is good for v/area <100um but
inadequate for larger notch-sizes.

®  Although the drilled holes with a diameter of 50um
and the sharp notches of equivalent size show a
similar fatigue limit, the behaviour of larger defects is
contrary: the predicted fatigue limit leads to an
underestimation for drilled holes and to an
overestimation for sharp notches. However, further
tests have shown that the drilled holes behave similar
to the sharp notches as soon as a short fatigue crack

has been initiated at the hole.

Conclusions

From the above findings, it can be concluded that the
“sharpness” of a defect (i.e. the notch root radius) is
determinative for its fatigue behaviour. While a sharp
notch can be estimated as a crack, this is only true for very
small drilled hole, i. e. the fatigue susceptibility decreases
with increasing notch root radius.

But why do corrosion pits behave similar to sharp
notches (or cracks) and not to drilled hole, although their
shape is obviously more similar to the latter ? The reason
for this is most probably the irregular shape of a pit where
small notch root radii appear locally. In other words, a
corrosion pit behaves like a drilled hole where already
small cracks have initiated.

In summary, the similarity of different kind of defects

can be expressed as:

CRACK = SHARP .  HOLE . CORROSION

NOTCH  with CRACK PIT

Furthermore, it is found that the applicability of the +/ area -
parameter model is limitedly for 17-4PH stainless steel.
Cracks and sharp defects with a size of more than 100um
seem to behave similar to large cracks/defects. This leads
to a significant overestimation of the fatigue limit in this
range. For other materials such as low-strength steels, the

transition from a small to a large crack/defect usually



takes place in the range of 1 mm.
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