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ABSTRACT

The hole-drilling method has wide application in solving of various tasks resulting
from practice. On the Department of Applied Mechanics and Mechatronics of Techni-
cal university of KoSice were solved many problems on the basis of contracts on which
we could verify our theoretical knowledge from the area of determination of residual
stresses. The paper is devoted to using of program MEZVYNA (Sarga, 2005) to determi-
nation of residual stresses by the hole-drilling method. The program was developed
on the above-mentioned department.

1. Introduction
On our workplace was developed program MEZVYNA that serves for determina-
tion of residual stresses by the hole-drilling method (Trebuna, Sim¢ak et al,, 2005). The
hole-drilling method is a semi destructive method due to fact that only small portion
of machine part is damaged and accordingly it can be used for further operation. Pro-



gram MEZVYNA is used for computation of residual
stresses by ASTM method, method of power series
and by integral method. It can be used with systems
RS-200 or SINT MTS-3000.

In this paper are described only some projects for so-
lution of which was used this program for evaluation
of residual stresses. Due to occasion to cooperate on
these projects it was possible to verify correctness of
program and to provide adjustment of its functional-
ity.

Depending on conditions on individual workplaces
there were used for the measurement systems RS-200
and SINT MTS-3000. For the evaluation of measured
data were used programs RESTRESS, RESTAN or pro-
gram MEZVYNA.

2. Expert Opinion of Stop Logs on Inlets of
Hydroelectric Power Plant
Review of stop logs (Fig. 1) after sand blasting and
analysis of panel loading together with modeling by
the finite element method demonstrated very serious
facts about stress levels in locations of stress concen-
trators. Local corrosion and local plastic deformations
of flange of main beam of bottom stop log invoked
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Fig. 1: Stop logs before sand blasting.
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a series of questions concerning reason of plastic
deformation and with influence of this plastic defor-
mation to possible stress increasing or safety of such
deformed stop log (Trebuna et al.,, 2004).

On the basis of contract there was realized expert
opinion of stop logs of inlet in hydroelectric power
plant. The contract includes quantification of stresses
in location of concentrators by methods of mathemati-
cal modeling by the finite element method and quan-
tification of residual stresses in the stop log structures
according to American Standard ASTM 837-01 (ASTM
Standard E837-01) measured by system SINT MTS -
3000 (Fig. 2). Results from modeling and quantification
of residual stresses served to determination of location
of inspection points of possible failures in welds or to
determination of reparation of deformed locations.

Strain-gage rosettes RY 21 were applied to stop log
panel in locations and directions according to Fig.3.

Strains measured in location | are given in Tab. 1.
From the measured values of strains were on the basis
of Standard ASTM E837-01 determined residual stress-
es.In Fig. 4 is shown the record from ASTM method in
location | determined by program MEZVYNA.

Fig. 3: Location of rosettes RY 21 on flange of fastening web of panel sheet.
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Table 1: Strains in location I.

Depth [mm] €,[1E10-6] €,[1E10-6] €.[1E10-6]
0,07 -8,80 -1,71 742
015 -8,38 142 7,33
023 9,28 -1,66 7,52
0,30 9,57 -1,81 7,55
037 9,65 -1,79 7,50
045 9,44 -1,36 7,02
053 -8,80 0,64 6,42
0,60 -8,16 0,22 -5,50
0,68 -8,75 0,06 5,15
0,75 931 0,00 4,86
082 9,98 -093 4,54
0,90 -11,02 -1,52 432
097 -11,70 1,12 3,71
1,05 -12,26 -1,33 3,14
1,12 -13,54 2,16 2,88
1,20 -14,05 2,75 -2,58
1,27 -15,73 -346 227
135 -17,07 4,22 -1,98
143 -17,78 -5,01 -1,46
1,50 -18,78 -4,77 -0,70
o e » o
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Fig. 4: Residual stresses in location | determined by ASTM method
and program MEZVYNA.

3. Determination of Residual Lifespan of Pipe
Yards of Compressor Stations
The second task that will be described in this paper
is connected with determination of residual stresses
in pipes by program MEZVYNA. For determination of
damage accumulation is necessary to know also re-
sidual stresses in the pipe. Residual stresses can have
positive or negative influence that depends on am-
plitude, sign, and distribution of stress with respect to
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stresses induced by loading.

On the basis of contract there were accomplished
expert opinion concerning determination of residual
lifespan of pipe yards of compressor stations (Treburia
et al, 2004).

Significant change of residual stress distribution
along thickness of pipe wall occurred after recon-
struction when sanding was used for cleaning of
pipe surface. The evaluation was accomplished by
Standard ASTM E837-01, integral method, method of
power series, and Kockelmann method. During the
measurement by system RS - 200 were used strain-
gages HBM 3/120 - RY 21 and for measurement by
system MTS - 3000 SINT were applied strain-gages
HBM 1,5/120 - RY 61. For the evaluation of stresses
were used program products Restres and Restran as
well as program MEZVYNA.

In Fig. 5 is shown positioning of measurement sys-
tem SINT - MTS 3000 on the pipe specimen and in Fig.
6 is applied strain-gage RY 61 on the body of pipe.

Fig. 6: Strain-gage RY 61 on the pipe.

In Tab. 2 and Fig. 7 are given results of measure-
ments according to integral method gained by pro-
gram MEZVYNA .
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Table 2: Record from measurement by integral method - computed values.

Von Mises Tresca
Depth[mm] ¢ [1E10-6]  &,[1E10-6] € [1E10-6 OmnlN/M2] O, [N/m2] [N/mm?] [N/mm?]
0,025 5,962 0,349 4,02 50,907 -214,606 -42,829 196,719 171,776
0,075 12,209 3,396 9,46 50,233 -169,209 -90,564 146,661 78,645
0,125 19,122 8,866 16,191 49,733 -142,818 -125,219 134,882 17,599
0,175 26,828 16,256 24,018 49,356 -154,844 -127,367 137,54 18,477
0,225 35,287 25,003 32,716 49,065 -152,088 -118,96 138,527 33,127
0,275 44,367 34,587 42,052 48,823 -168,921 -141,445 156,997 27476
0,325 53,885 44,583 518 48,596 -175,846 -150,807 164,76 25,04
0,375 63,64 54,67 61,751 48,357 -173,253 -157,675 166,013 15,578
0425 73,443 64,625 71,721 48,088 -179,729 -170,545 175,318 9,184
0475 83,122 74,306 81,551 47,793 -176,009 -171,274 173,69 4,735
0,525 92,533 83,627 91,11 47,481 -182,428 -179,456 180,96 2972
0,575 101,563 92,539 100,292 47,166 -190,418 -186,816 188,643 3,602
0,625 110,129 101,015 109,017 46,858 -190,146 -187,15 188,666 2,996
0,675 118,175 109,035 117,228 46,564 -197,198 -194,414 195,82 2,784
0,725 125,671 116,582 124,888 46,289 -201,53 -196,444 199,036 5,087
0,775 132,065 123,639 131,979 46,035 -205,662 -198,567 202,208 7,094
0,825 138,982 130,189 138,501 45,807 -215,633 -206,164 211,058 9,469
0,875 144,821 136,219 144,464 45,606 -225,366 -214,476 220,123 10,89
0,925 150,146 141,724 149,893 45,436 -224,147 -215,319 219,866 8,828
0,975 154,991 146,709 154,821 45,297 -239,013 -231,563 235377 745
50— 320
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Fig. 7: Chart of residual stresses computed by integral method and chart of equivalent stresses in program MEZVYNA.

The measurements were realized by RS - 200 and
the evaluation was accomplished by programs Re-
stres, Restan and MEZVYNA.

The measurements accomplished by two different
measurement systems and evaluated also by differ-
ent professional program products have confirmed
precondition that in pipes used for building of com-
pressor stations are high magnitudes of residual
stresses.

4. Vibration of Converter Pedestal

According to contract it was necessary to provide
measurement of vibrations of converter pedestal
(Fig.8) and consequently to propose structural chang-
es, to re-measure and re-evaluate possible structural
modifications.
It was also necessary to determine levels of residual
stresses in the welded body (inn pedestal) and by
method of hole-drilling to determine static levels



of stresses due to self weight of structure, including
residuals of steel on the converters vessel (Truburia
et al, 2005). For determination of residual stresses in
converter pedestal were applied strain-gages RY 21
on outer vertical ribs of pedestal without drives at the
height cca 900 mm from base plane and on plane
side of rib at the distance 100 mm from the edge (Fig.
9).

Fig. 9: Location of strain-gages for hole-drilling on outer vertical
webs.

Equipment RS — 200 was used for the measure-
ment. With respect to working conditions in location
of measurement there were proposed procedure of
drilling by hand electric drilling-machine connected
by cardan joint (Fig. 10).

Fig. 11: Strain-gage apparatus P 3500 with switching box SB 10.
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Data about radial deformation from three strain-
gages in rosette were registered by strain-gage appa-
ratus P 3500 and switch box SB 10 (Fig. 11) that after
connecting to strain—gage rosette RY 21 and setting
up coefficient of deformation sensitivity and balanc-
ing allowes gain strains for every incremental step of
drilling.

During incremental drilling were registered mag-
nitudes of strains that represents stresses from self-
weight as well as residual stresses. Values for the mid-
dle rib are given in protocols about residual stresses.
In Fig.12 is given an example of measured results
gained from program MEZVYNA. Here is given also
percentage of released deformations according to
Standard ASTM E 837-01.
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Fig. 12: Results of measurements according to ASTM method for
middle rib determined by program MEZVYNA.

By the hole-drilling method can be confirmed val-
ues of stresses in pedestal resulting from self-weight
of converter, brickwork, residuals of steel bath, ped-
estal, bearings and their houses. Of course, in these
stresses are superimposed also magnitudes of residu-
al stresses due to overloading or production technol-
ogy and modifications of pedestal. The localization of
places for the hole-drilling had taken into account a
fact that influence of welds in the structure should be
as small as possible.

5. Directions and Magnitudes of Residual Stresses
in Hot Rolled Steel Sheets

The biggest task that was solved on our workplace
was oriented to measurement of released residual
stresses by the hole-drilling method according to
Standard ASTM for two types of sheets produced by
two different regimes of rolling (Trebuna et al., 2005).

At the first part of solution was accomplished mea-



surement and evaluation of magnitudes and direc-
tions of principal residual stresses on sheet specimens
made from roll and from plane sheet. After realization
of measurements on the specimens made by alterna-
tive technology of rolling there was realized detailed
analysis of measured values representing magni-
tudes and directions of principal residual stresses in
the locations where the interpretation and verifica-
tion of results demonstrated noticeable qualitative
and quantitative changes. Then in four such locations
were performed additional analyses with altogether
20 measurements.

a)
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On the basis of this experiment we were able re-
liable compare two technologies of steel sheet pro-
duction.

The measurement and evaluation chain consists of
a system for measurement of residual stresses SINT —
MTS 3000, strain-gage apparatus SPIDER 8, source of
pressured air, reduction valve with a filter and com-
puter with program product RESTAN and MEZVYNA.
In Fig. 13 are shown specimens of material produced
by the first technology of rolling taken from a sheet
roll (Fig. 13a) and from plane sheet (Fig. 13b).

Fig. 13: Specimen made by first technology of rolling a) from a roll, b) from a plane sheet.

Because it was found out by measurements that re-
leased deformations depending on the ratio of drilled
hole depth and middle diameter of strain-gage rosette
were not in normalized area (according to ASTM E 837-
01), it was performed evaluation of stresses by additional
three method that allow determination of stresses in
blind hole and non-regular distribution of stresses along
drilled hole:
mintegral method,

m Kockelmann method,
m method of power series.

Evaluation of measured data was accomplished by
programs Restan and MEZVYNA.

The most important result of measurements were
those determined by Standard ASTM E-837-01 (Fig.
14). From the charts of principal stresses along the
hole that are part of addendum of report (Trebuna
et al, 2005) result that all computational procedures
confirm non-regular stress distribution along drilled
hole. By integral and Kockelmann method can be the
stresses determined only near to object surface and
for power series method they can be assessed also for
bigger depth of hole.
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Fig. 14: Processing of measured data according to Standard ASTM in
program MEZVYNA.
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6. Conclusion

Almost all technological processes (machining,
grinding, forming, welding) induce the residual
stresses in produced machine parts. It is a reason
why such stresses are sometime called as techno-
logical. Knowledge of residual stresses is important
for accurate determination of fatigue lifespan or for
hardening of part. Residual stresses can have nega-
tive, but also positive effect. Residual stresses created
during technological operations can increase level of
stresses and accordingly contribute to opening of mi-
cro cracks. They have positive influence in the case of
creation of residual stresses of pressure character that
can sometimes substantially increase fatigue lifespan
and prolong lifetime of structure. Removing of resid-
ual stresses can be very expensive and sometimes is
much more easy to assess their influence to lifetime
of element. In most cases it is not easy to determine
residual stresses analytically.

Accordingly, the experimental methods of residual
stress determination are always very important and
we created our own program for their evaluation by
the hole-drilling method. The program was used in
solving various projects solved on our workplace and
here were described only some.
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