PHYSICAL, MATHEMATICAL AND TECHNICAL SCIENCES 23

UDC 621.22

CALCULATING THE FATUGUE OF A WELDED
JOINT IN MOTINE CONDITIONS

M.S. Ragimova, S.Y. Alieva, I.M. Kerimova
(Presented by Corresponding Member of ANAS R.S. Gurbanov)

Machine parts are calculated by the method of permissible but stresses, elements of building
structures - by the method of limit states.

The propagation of stress waves in welded joints is considered in order to assess the stress
concentration in the weld zone depending on its geometrical and physical parameters. If these tem-
porary stresses do not exceed the yield point of the material, then by the time of complete cooling,
the temperature stresses will disappear and residual stresses will not arise.

Analysing the operational, structural and technological loading of the welded units of indi-
vidual bases, we can conclude that some of the welded units of individual bases are perceived only
by compressive alternating stresses and the usual calculations for static strength can be decisive for
them, while other welded units are under conditions of asymmetric alternating bending and torsion.
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Introduction

The article deals with improving the qua-
lity of welded joints of parts with a large diffe-
rence of thickness on the basis of theoretical
and experimental studies of conditions and the
process of their connections and develop new
methods and technology of welding processes.

Welding, as well as other technological
processes in mechanical engineering and const-
ruction (casting, pressure treatment, cutting, he-
at treatment), causes the appearance of residu-
al stresses in the details and parts of structures
[1-3]. The reason for this is unequal linear or vo-
lumetric deformations of adjacent metal volumes.

Materials and methods

When calculating machine parts for
strength and determining the bearing capacity
of structural elements, fatigue testing of welded
joints is carried out according to nominal stres-
ses and is reduced to establishing an inequality
where N < R, and N- is the calculated effect

of external variable loads; R- is the calculated
bearing capacity of the welded joint under fati-
gue conditions.

This general starting point does not exclu-
de, however, differences in the methods for cal-
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culating fatigue joints. The calculation methods
adopted in individual branches of mechanical
engineering and construction differ not only in
form, but also in approaches to establishing N
and R in terms of using the probabilistic aspects
of their assessment, as well as taking into acco-
unt the no stationarity of loading, the influence
of cycle asymmetry, residual stress, stages of
development of fatigue cracks, etc. etc.

Additional differences are associated with
the peculiarities of calculation methods estab-
lished in mechanical engineering, the oil in-
dustry and in the construction of offshore hy-
draulic structures. Machine parts are calculated
according to the method of permissible stresses,
elements of building structures - according to
the method of limit states.

Results

Typical for machine parts is the calculation
method recommended by the design and manu-
facturing standards for locomotive bogies. The
calculation is based on the operating conditions of
the welded bogie frames without fatigue damage
during the entire service life of the locomotive
(2030 years). The endurance of the structure is
estimated by the value of the safety factor:
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n=—=——>20
ko, +wyo (1)

where N — margin of safety; O, — endurance
limit of a standard sample at a symmetrical cy-
cle; 0, — average cycle voltage; 0, — cycle

G,—C
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0

voltage amplitude; Y = — coeffici-

0

ent taking into account the influence of the
asymmetry of the cycle; k — effective coeffici-
ent taking into account the reduced resistance
of a part to fatigue failure.

Amplitude O, is established according to
the results of processing oscillographic records
of the alternating voltages acting in the frame.
Calculated value o, is found either by samp-

ling the maximum swing, or as a result of statis-
tical processing of waveforms using the swing-
to-swing method. In the latter case, the calcula-
ted value of the amplitude is taken equal to:

G,=06,+3S, (2)
where G, — statistical mean amplitude; S, —
amplitude standard deviation.

Confirmation

The effective K coefficient is recommen-
ded to be established on the basis of bench tests
or by assessing the degree of influence of indi-
vidual factors that determine it:

_ k1k2
K—Bky.mﬂ A3)

here B, — effective stress concentration factor;
K, — coefficient for material heterogeneity;

K, — coefficient taking into account in-
ternal stresses in the material of the part;

M — coefficient taking into account the
state of the surface of a part;

vy — a coefficient that takes into account

the influence of the scale factor;
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N —an effective coefficient that takes in-
to account the impact of a possible deviation
from the established technology.

For an approximate choice of the coeffici-
ent K and evaluation of the use of welded jo-
ints it is allowed to determine its value based on
the effective stress concentration coefficients
given in the reference literature K_, using the

following dependency:

g 4)

where &~ the proportionality coefficient, for
the main beams of the frame, is assumed to be
equal to 0.5-0.6.

The recommended method is consistent
with the general form of calculations for fatigue
of machine parts [1-2]. At the same time, it is
obvious that for the calculation of welded joints
with high residual stresses, it requires some cla-
rifications.

The formula (1) for calculating the safety
factor is obtained based on the schematized di-

agram o _,c__ (fig.) under the assumption of

00 (O )eom _
O, : (G—l )conn
without taking into account the influence of re-
sidual stresses.

the constancy of the relation:

O rax A

base metal
eldedfoint
N )

Fig. Diagram for determining the strength reserves of a
welded joint with high residual stresses.
The strokes indicate the current coordinates
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When significant residual stresses act in
the region of the welded joint, it is more reaso-
nable to proceed from the fact that the value

(6,)., CONstant. In this case, the equation of

the line of limiting stresses of the welded joint
takes the form:

AN _ RE
(Gr )conn =Op * (G—l)conn =Op + K (5)

here: (")
int at an asymmetric cycle; ¢ — average cy-

— endurance limit of a welded jo-

conn

cle voltage; K — effective stress concentrati-

on factor, dashes indicate current coordinates.
If a given stress state is expressed by a

point M with coordinates ¢ ,c, . , then the

max !

limiting stress of the welded joint under simple
loading, as well as the required safety margin,
is most simply determined by jointly solving
the equations for the line of limiting stresses
and the beam ON . Since the equation for ON
has the form:

ol = Jmax s
"= O ©)
and for point N
G;n = (G'r )conn = (Gr )conn (7)

the joint solution of equations (4) and (5) gives:

(G
o K (8)

max o

(Gr )COI']FI =

From here

(G ) _ O maxO _ G _10 max
r/Jeonn T -

Kc(cmax _Gm) KGG (9)

\
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The safety margin will be determined:

Ome K0, (10)

As you know, metal structures of offshore
hydraulic structures are in a complex stress sta-
te, depending on various force effects, namely:

stresses in the welded joints of the struc-
ture from the own weight of the elements of the
metal structure;

stresses in welded joints of the structure
from the weight of oil equipment located on se-
parate bases;

technological stresses arising during the
assembly and installation of the base;

technological stresses arising from the
operation of machines;

stresses arising from wind and wave pres-
sure;

stresses arising from changes in ambient
temperature.

It should be noted that some of these ef-
forts, such as the own weights of individual ele-
ments of the metal structure and located on the
bases of machines and mechanisms, as well as
technological stresses arising during the as-
sembly and installation of the bases, can be att-
ributed to constant stresses.

The stresses arising from the specific fea-
tures of the operational equipment, forces, iner-
tia, wind and wave pressure, as well as from
changes in the ambient temperature, can be att-
ributed to voltages that are variable in time.

Analyzing the operational, structural and
technological loading of the welded joints of in-
dividual bases, it can be concluded that some of
the welded joints of individual bases perceive
only compressive alternating stresses and con-
ventional calculations for static strength may be
decisive for them, while other welded joints are
in conditions of asymmetric alternating bending
tension and torsion.

As is known, the analytical expression for
the endurance limit in asymmetric loading cy-
cles has the form [3-6]:
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G max =O-—1+(1_W)O-m (11)

where y —cycle asymmetry sensitivity coeffi-
cient;

O . Om — maximum and average cycle
voltage.

Coefficient WV is determined by the for-
mula:

G

:2 _—
YT, (12)

where G, — endurance limit with pulsating
stress cycle;

G_, — endurance limit at symmetric loa-
ding cycle.

Amplitude of asymmetric loading cycle:

Gy =0y Oy =0, VO, (13)

By introducing the correlation coefficient

Bean , taking into account the effect of corrosion
and referring it to the variable component of the
cycle, that is, to the amplitude of alternating
stresses, we can write:

O =0 = + On = (O-—l WO nax )ﬁcorr + On (14)

In the presence of tensile stresses in the
welded assemblies o >0 from the ratio:
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c c 2
t — —max _ o max —
gB m cjmax +Gmin 1+R (15)
and taking into account:
R
G, = 1+ g (16)

r

the expression for determining the endurance li-
mit becomes:

o = 2Bcorro_—l
' _WBcorr(l_R)_(l_R) (17)

where R — cycle asymmetry coefficient.

Conclusions

Introducing the safety factor S, the value
of the permissible voltage can be determined by
the formula:

2Bcorr0—1
YBoor L+ R)+(1-R)]-S

[Gr]=[
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DONiZ SORAITINDO QAYNAQ BiRLOSMOSININ YORGUNLUGA
HESABLAMA METODIKASI

M.S. Rohimova, S.Y. Oliyeva, i.M. Karimova

Moagaloda, masin hissalorinin buraxilabilon gorginliklor, insaat konstruksiyalarmin elementlori iso hoddi voziy-
yatlor tisulu iizra yerino yetirildiyi gostorilmisdir.

Dalgalarin yayilmasi ilo gaynaqg birlasmoalorinds garginlik konstruksiyasinin giymatlondirilmasi, gaynaq tikisi
zonasinda onun hondosi fiziki parametrlori nozors alinmagla yronilir. Bu zaman miiveqqsti garginliklorin giymati ma-
terialin axiciliq haddini agsmir, tam soyuma anina godar temperatur garginliiklori yox olur va galiq gorginliklar yaranmur.

Noticado ayri-ayri hissalorin gaynaq tikiglorin istismarina, konstruksiya va texnoloji yiiklonmasine baxilir. Osas
gaynaq diyiinlorinin bir hissasi ancaq sixict doyison garginliklori gobul edir, onlar tigiin statik méhkamliys adi hesabla-
malar istifado edilir. Basga gaynaq tikislori iso asimmetrik doyison dartiilmada ayilmo vo burulma saraitinds olur.

Acar sézlar: mag:n hissalari, garginliklor, gaynaq birlagmalari, hidrotexniki tikintilar, yorgunlug, méhkamlik

METOJUKA PACYUETA CBAPHOI'O COEAUHEHHUSA HA YCTAJIOCTb
B MOPCKHUX YCJIOBUAX

M.C. ParumoBa, C.51. AnueBa, U.M. Kepumona

B nmaHHOI cTaThe paccMOTpeH pacdeT JeTaneld MalliH, paCCUUTHIBAIOIIMXCA 10 METOY JOMYCKAaeMBIX HaIps-
KEHHUH, a JIEMEHTOB CTPOUTEIBHBIX KOHCTPYKIIUH—TI0 METOAY NPEAEIbHBIX COCTOSHUIM.

W3ydaeTca pacnpocTpaHeHHE BOJIH HANpPSKEHUIH B CBapHBIX COCAMHEHMSAX AJIS OLIEHKH KOHLEHTPALUU Hamps-
JKEHUI B 30HE CBAPHOTO IlIBa C YYETOM 3aBHCUMOCTHU OT €ro TeoMeTpHyYecKuX U (pusndeckux napamerpos. [Ipu ycio-
BUH, YTO BPEMEHHBIC HANPSDKEHHS HE IIPEB30WIYT Hpenena TEeKydecTH MaTepualia, K MOMEHTY IIOJIHOTO OCTBIBaHHUS
TeMIIepaTypHbIC HAIPSDKCHHS HCUE3HYT M OCTATOYHBIE HANIPSDKEHNS HE BO3HUKHYT.

AHanm3upyeTcsl SKCIUTyaTallMOHHAs, KOHCTPYKIIMOHHAs M TEXHOJOTHYECKas HAarpyKEHHOCTb CBapHBIX Y3JIOB
OTJEIHbHBIX OCHOBaHMH, B pe3yJbTaTe YeTr0 MOXKHO 3aKJIIOUNTh, YTO YaCTh CBAPHBIX Y3JI0B OCHOBAHMH BOCIIPHHUMAIOT
TOJIBKO COKMMAIOIIKE NTEPEMEHHbBIC HAPSKEHUS U ONPEeNIONUM ISl HUX MOTYT SIBUTHCS OOBIUYHBIC pacyeThl Ha CTa-
TUYECKYIO TIPOYHOCTb, APYTHE K€ CBapHBIE Y3JIbI HAXOIATCA B YCIOBHIX aCUMMETPHYHOTO MEPEMEHHOTO PACTSKEHUS
n3ruba u KpydeHusl.

Knrwueesvie cnosa: oemanu MAWUH, HANPAdMNCEHUs, CedpHble coe()uHeHuﬂ, zu()pomexﬂuqecmte COOpYIHCEHUA,
ycmanocns, nPoO4YHOCNb
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