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ESTIMATION OF THE RELIABILITY OF WELDED JOINTS.

Cand. of the tech. sciences V. N. Volchenko.
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Page 33.

Quality and the reliability of welding. To the questions, bonded

with an improvement in the quality and reliability of articles, with

each year is given increasing attention. This is related also to
welding. As a result of welding process must be provided proper

quality of the obtained welded joint. Into concept "welding", to

analogously accepted in England, the USA and other countries Welding,

we can include/connect entire totality of the phenomena, caused the
technological chain/netvork: equipment is a welding process - ‘
article. Here enter other, bonded with the realization of this |

chain/network factors, for example the condition of welding and

j i%
8
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operation, the initial materials, equipment, etc.

By the quality of article or system it is accepted to call the

totality of the properties of article, which determine its

suitability for operation. Welded joint or construction in the
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determined stage of technological process can be considered article.
Under the operation of welded joint in this case it is expedient to
understand the totality of all phases of its existence, beginning

from the process of welding and heat treatment, including storage,

utilization in construction, repair, etc.

The quality of welded joint depends on many factors (Fig. 1).
For the majority of the well weldable materials it is provided by
means of the correct conduct of process by welder-operator or
automatic machine with the reliable work of equipment and equipment,
the high gquality of the initial materials, good preparation and the

assembly of joint.

The concept of the quality of welded joint depends substantially
on the conditions of its utilization. If operating conditions are
such, that is required the material with special not easily
attainable are such, that is required the material with special not
easily attainable properties, then the good-quality welded joint also
turns out to be difficult to achieve. For example, high-strength
steel of the type VKS have ultimate strength to 200 kg/mm2 with very
small plasticity. Theretore, in spite of the high quality of all

stages of the execution of welding, the reliability of welded joint

can be obtained low.
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Page 34.

To at present the metals diffucult to weld are related some alloy

steels, alloys and nonmetallic materials. Especiaily complicatedly
reliable joint of the heterogeneous materials Letween themselves.

Requirements for gquality and process of joint in all cases are

different.

Up to now frequently are allow/assumed the inaccuracies in the
determination of quality and reliability of articles, in their
comparative quantitative evaluation for the different conditions of
welding. Therefore it is expedient to utilize some basic concepts of
reliability theory, accepted in radio electronics and automation and
introduced recently in machine-building [2). Let us examine some

terms of reliability.

The reliability is one of the sides of the quality of article or
system, by its most important generalized characteristic, divided

usually into three components: reliability, service life and

maintainability. Reliability is a function of time. Therefore they

say that the reliability is quality, developed with time.

Reliability is property of article to remain operable, not to

have failures during the determined time interval under the
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assigned/prescribed operating conditions. Reliability quantitatively

T TR R

estimated at the probability of failure-free operation, at the rate

of failures, etc.

Service life is a capability for the prolonged operation of

{ article during the necessary maintenance. Service life quantitatively

estimated at technical resource/lifetime, operating time to failure

or another limiting condition.

|
‘
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Fig. 1. Pactors which influenee weldling quality.

Key: (7). Conditions of welding preparation, assembly and so forth.
(2). Reliability of equipment. (3). Quality of the welding process.
(8) . Qualification and the state of welder. (5). Reliability of
equipment. (6). Quality of the initial materials. (7) « Quality of
velded joint. (8). Properties of material. (9) . Operating conditions:

the load, the medium, the temperature.

Page 35.
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Maint ainability is adaptability of article to
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prevention/warning, detection and the elimination of failures. It is

characterized by the labor inputs, time and rescurces for repair

work.

Pailure is called the total or partial loss of the work of

article.

Work is this state of the article, with which are satisfied the
requirements, establish/installed to the basic parameters of article.
If article does not correspond to requirements for its secondary
parameters, then this state is called flaw/defect. For example, in
weld the flaw/defects, which do not disturb the work of joint, are
considered the separate pores, the undercuts, the small inclusions
and the poor fusions within the limits of the established/installed

tolerances.

Failures are divided into sudden and gradual. Deterioration
failures are bonded with a gradual change in the determining
parameters of article as a result of wear, aging, fatigue, creep.
Deterioration failures can be foreseen (to forecast), investigating,
for example, the changing parameters of welds. The random failures
are random events, cannct be foreseen them, but it is possible to

estimate on the basis of theory of probability.
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Some concepts of reliability theory. The gquantitative
determination of the reliability of articles requires the knowledge
of a series of the initial characteristics, determined by the methods

of mathematical statistics and designed on the basis of theory of

probability. They include the following:

a) the probability of the failure-free operation of articles P
(t) - this is the probability of the fact that under specific
conditions of operation within the 1limits of the mission time of work
t will occur not one failure. Sometimes P (t) are called the function
of reliability, since it most completely characterizes this property

of articles.

Statistically the probability of failure-free operation is
characterized by the ratio of number n (t) exactly working to
torque/moment t of articles (systems) to the total number of articles

N, which are located under observation; this relation

n(t)

Py () s

will be the empirical function of reliability. With an increase of N

the function approaches P (t) so that Py(f)=P(1) (with N-aoo):

Page 136.




DOC = 77120201 PAGE /1,'

b) failure rate f (t) - this ratio of the number of failed

articles An in time interval At after torque/moment t to the prime

number of tested articles N:

An
AIN

[(n) =

The failure rate actually is the probability density of randonm

number distribution, i.e., operation time between failures 7.,

approaching it with an increase of the number of observations.

c) the intensity (danger) of failures X (t) - this relation the

number of failed articles An for time At after torque/moment t to the

average number of exact articles n (t) to the moment of time t:

An

L) =
Atn (1)

’

A (t) is the local characteristic of the reliability, which
determines the reliability of cell/element at each given moment of
time. Numerous experimental data show that for the wide circle of
articles the function )\ (t) can be broken into three sections (Fig.
2). On the first of them A (t) has increased values. This is
connected with the fact that in large batch always are articles with
the concealed/latent flaw/defects. These articles get out of order

rapidly, and period I calls period breakings in. Period II is called
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the period of normal operation. It is characterized by the constant
(or approximately constant) value of failure rate. Last/latter period
TIT is a period of aging. The here irreversible physicochemical
phenomena or the wear lead to deterioration in the quality of

article, and )\ (t) grow/rises.

Form curved A\ (t), called sometimes "curved life", somewhat is
changed depending on the operating mode. The floating mode/conditions

P (Fig. 2) descend X (t) and increase the service life of article.

The failure rate is the convenient characteristic of the
reliability of different articles and easily is determined fronm
experiment in the process of operation or when conducting special

reliability tests.

d) the mean time of failure~free operation 7., this most
probable value of the operating time of article. Geometrically it is
expressed by the area, limited by axes of coordinates and by the

curve of P (t). T it is the mean time between failures, and for

op
the unrestorable articles - by operation time to the first failure.
For obtaining values Tep with accuracy/precision to +100/0

quantity of observations must be not less than 10.

Page 37.
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The reliability of articles is estimated on the basis of
experimental data the statisticians of the failures, which make it
possible to judge the laws of the time allocation of failure-free
operation. The basic theoretical dependences, utilized for
determining the reliability of articles, are the following three lawvs

(Table 1):

1. Exponential (exponential) law of reliability, used for the

analysis of the articles, passed period the breakings in also of the

Normal (Gauss) law of reliability, used during a gradual change in

working under effect mechanical and climatic loads. Most

characteristic are the random failures, A (t) = const.

the parameters. Characteristic failures - "wear", A (t) # const.

3. The law of the reliability of Weibull considers the degree of
the effect of the preceding operation and is valid during the study
of strength and service life of mechanisms. The law of Weibull and
corresponding to it characteristic failures occupy the intermediate

position between two of first laws. With v=| the law of Weibull

is obtained exponentially.

The basic formulas, which describe the parameters of the laws of
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the distribution of reliability, are given in Table 1. In terms of
greatest simplicity in conducting mathematical unpacking/facings
differs exponential law. It is applied most frequently, especially

during calculations to the reliability of the systenms.

Methods of the estimation of the reliability of welded joints.

Welded joint, being part of any article, constructions or mechanisms,
undoubtedly it affects the indices of the reliability of this
article. Welding can attenuate/weaken material, thereby lowering the
probability of the failure-free operation of article P (t) or its

service life T,

When evaluating the reliability of the mechanisms, which have
welded joints or constructions, it is necessary to know the
characteristics of the reliability of the corresponding weldments
(joints or constructions). Of three characteristics of reliability to
evaluate weldments it is possible to utilize in the majority of cases
only either reliability or service life. Maintainability is necessary
usually only when evaluating the reliability of equipment and

systenms.
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Fig. 2. Dependenca2 of the rate of failures of articles of time \ (t)

with nominal H anl floating P the operating modes.
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Table 1. Basic mathematical dependences of the theory of reliability
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Note. o are standard deviations (dispersion); « = the

normalized function of Laplace; V the parameter of the reliability

of Weibull.

Key: (7). Law of reliability. (2). Probability of failure-free
operation. (3). Failure rate. (4). Failure rate. (5). Mean time

between failures (service life). (6). Exponential. (7). and. (8).

Normal (Gauss). (9). Weibull. i

Page 39. fl The quantitative estimation of the reliability of

velded joints, according to our opinion, car be conducted by two

methods (Pig. 3): a) by the directly full-scale statistical tests of
the "absolute" reliability of weldments; t) by the determination of
reliability with the aid of the relative quality coefficients of

welded joint in comparison with the material of article.

Por special tests for "absolute" reliability it is expedient to

subject to weldments in such a case, when are cbserved the following

conditions:

1. There is a need for obtaining time/temporary quality

coefficients - reliability of weldments 2, (/); i, (1) or 7,,.
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2. There is a possibility of conducting the statistical

full-scale tests of articles under conditions and for duration,
assigned/prescribed by operation (or under the equivalent to them

conditions of accelerated tests).

3. The dimensions of articles allow/assume their full-scale

tests.

4. Expenditures on the statistical tests of the series of
articles are justified by the conditions of their work, by the mass
character of the issue of articles or by their exceptional

responsibility.

Page 40.

During the full-scale tests of "absolute" reliability the
sufficiently large number of articles N (not less than 10) is
subjected to constant load under the assigned/prescribed conditions,
which approach full-scale. Through small time intervals At are
checked the determining parameters of tested articles and are
reveal/detected the failed articles. The determining parameters of
the quality of articles depend on the operating conditions and

properties of material. They can be explained by technological or

structural strength, density, corrosion resistance etc. (Fig. 4).
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Depending on the danger of one disturbance/breakdown or the other of

quality in the process of operation is determined the "predominant

failure" of article.

The predominant (or prevailing) failure ~ this is the failure,
vhich most probable under these operating conditions. As examples of
failures can serve, for example, failure as a result of low
technological strength, the failure or the achievement of the
inadmissible amounts of strains as a result of the loss of structural
strength, the disturbance/breakdown of density as a result of

porosity or low corrosion resistance of weld, etc.

The number of possible failures is very great. After estimating
the conditions of the predominant failure and after creating them for
a tested article, it is possible to obtain statistics of failures and

to quantitatively calculate reliability. The experimental intensity
of the failures

An

A ==
(1) Atn (1) '

vhere t is a beginning of an interval At:ﬁhn - the number of

articles, which failed for time AtJ?n (t) - the average number of

exact articles in the selected interval.

The probability of failure-free operation for a period of time t
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can be determined from the following expression:

1At
N— N an

| - TR S
PO)~—=%

Depending on the form of the obtained statistics of failures A
(t) it it is possible to approximate by one either the other
theoretical curved of the examined above laws reliability (Table 1)
and to calculate then P (t) or rw.

For the weldad joints, which work, for example, under conditions
of aging, in the agressive media under load and at high temperatures,
the statistician of failures X (t) it has usually wear character.
This ansvers the normal law of reliability or the laws of Weibull in

the parameter v>I.

Page 41,

Por random failura2s X\ (t) = const reliability P (t) can be calculated

exponentially.

However, the full-scale tests of the complete reliability of
weldments can be completely road, they are always necessary and

feasible; therefore is proposed the simpler procedure of the

S
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estimation of work according to relative quality coefficients.

The majority of welded joints enters in this or another form in
welded construction, machine or another article. If there is no
replacement or the reduction of welded joints due to wear, then is
the common/general /total index ofwelded construction - this is the

uniform strength of weld to the base metal.

Work conditions of welded joints are very diverse, and in
concept "uniform strength" can enter not only strictly strength, but
also other qualitative indices, for example corrosion resistance,
vacuum tightness etc. The value of the reliability of welded joint
affect not all the indices of the reliability of welded joint they
affect not all qualitative indices, but only those, that under the
assigned/prescribed conditions can lead to failure. By knowing the
operating condivions of welded joint, it is possible to select the
most probable combination of the possible failures or on2 predominant

failure. Then are determined values of quality coefficients K, which

show the work of welded joint in comparison with material for the

conditions of the predominant failure.
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Fig. 3. Estimation of the reliability of welded joints according to

the full-scale statistical tests of articles and according to the
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quality coefficients of specimen/samples.

Key: (7). Estimation of the reliability of welded joints.
Full-scale statistical tests of articles bench and operational.
Comparative statistical tests of specimen/samples.

Characteristics of material.

constructions.

Page 42,

(6) « Quality coefficients

(5). Characteristics of welded joints or
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For example, with failure probability as a result of the
disturbance/breakdown of the static or vibration strength of
corrosion resistance quality coefficient K we will obtain from the

formulas

B :
o - . I Uy
cmam ’ Kﬂﬂd'l = ;o K = =By
g Lol o KopD

where o, o the strength of material (static and vibrationj);

o, o’ the strength of the welded joint, made by the

r

assigned/prescribed welding method;

Ox, U the rate of the corrosion of the base material (v.)

K

and welded joint (v)).

Analogously calculate quality coefficients in the elongation per
unit length or the angle of knee, impact toughness and other indices.
For determining coefficients of K can be used the available in the

literature results of statistical weld tests, made on different

materials (Table 2).
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Table 2. Some quality coefficients of welded butt joints.
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@ 777
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EME e
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BOJ/Ib(P aMOBBIM [
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BTIT | 2—3 | Asromaruue-
cKast noj ¢aio-
com — 0,65—0,7
30XICHA 5—10@ » 1,1—1 -
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BON b PAMOBLIM {
NI KTPOAOM 0,8—0,85 :

r
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i
|

Key: (1). Metal. (2). Thickness in mm. (3). Welding. (4). Quality

coefficient K. (5) . with. (6). Low-carbon steel. (7). Manual electric
welding. (8). Automatic in flux. (9). Steel. (10). Argon-arc by

tungsten electrode. (11). The same.
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Page U43.

Thus, during determination of reliability of the article as a
whole it is necessary to consider the relative quality of welded
joints with the aid of coefficient of K, which can be determined for

simpler specimen/samples and employing less complex procedure, than

during the full-scale tests of reliability. If is known failure rate

Ay

-

under these conditions for a materjal 4, then for weld joint ), =

>

{Fig. 3). If K > 1, then it is accepted as K = 1 and %, =2,

since reliability will be determined here by material.

The different flaw/defects of the welded joint, which exceed the
tolerances, which exist for this welding method, can additionally
lower the reliability of article. By knowing character and the value
of flaw/defects, and also the degree of their effect on one or
another index of guality (vibration and static strength, corrosion
resistance etc.), it is possible to determine the relative quality of
joint with the flaw/defects: Ky =0K, where 6 is the coefficient,
which considers the effect of flaw/defect under conditions of the

predominant failure and determined for the appropriate graphs.
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Some ways of obtaining faultless welded joints. Obtaining
high-quality welded joint is determined by a number of factors, shown
in Fig. 1. If we ansure the high quality of the initial materials,

then decisive are the reliability of equipment and equipment and the

qualification of working-operator.

During the high qualification of welder it is possible to manage

with the simplest, but highly reliable equipment. Quality control of
welding in this case will be the concluding operation and it will
make it possible indirectly to estimate the reliability of the

obtained joint.
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Fig. 4. Determination of the predominant failure of welded joints.

Key: (1) . OQuality of welded joint. (2). Predominant failure. (3).

Reliability of welded joint. (4). Operating conditions: the load, the

medium, temperature, etc. (5). Quality control. (6). Structural

strength. (7). Technological strength. (8). Density. (9). Corrosion

life, etc.

Page 44,
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Thus, we usually deal with preceding quality control of the initial
materials and with the subsequent inspection of finished articles,
wvhereupon control can be subjected to all articles ( 1000/0- control)
or their part (spot check). 1000/0- the control usually completely of
roads, and during spot check is certain probability that as a result
of those or other reasons some articles will turn out to be all the

same defects. The control in this case is passive.

Is more effectively application/use, along with the subsequent
control, active quality control in the process of the welding of

article.

The control of process provides for: a) maintaining within the
optimum limits of all parameters of mode/conditions (programming from
the parameters); b) feedback from the quality cf the obtained weld to
the parameters of mode/conditions (tracging in quality). In the
simplest case this control of process is realize/accomplished

constantly by welder itself. However, the rates of processes

increase, requirements for quality are increased.

In a number 2f cases operator's presence is undesirable or even

is impossible due to the special conditions of production (high

temperature, the harmful medium and of, etc). Then all the

fluctuations of the parameters of mode/conditions in the welding
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process, and also the technological and structural/design

disturbance/perturbations of welded joint must be mastered with the
aid of the control systems and (APU). The stabilizing, program and
servo systems must ensure not only the execution of the joints of
high quality, but because of feedback must guarantee its constancy.
With these the count of feedback to guarantee its constancy. Under

these conditions the subsequent control can be brought to minimum.

However, the creation of the complex welding machines, equipped
with systems APU, and the expensive control are justified only in
such a case, when the sum of expenditures on their development and
operation is small as compared with the cost of article and fast
enough is warranted, and, by determining expenditures, it is
necessary to consider possibility and the ccnsequences of the failure

of welded joint.

If, for example, due to the loss of the work of the welded joint
of conduit/manifold is feasible the failure of entire object, then
one should consider the cost of expenditures on the elimination of
the consequences of this failure. In this case the economic
advisability of automation and control is determined by the relation,

which can be named the economic criterion of automation and control

(ex) LKA ]:
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KA __ CTOMMOCTb yCTPaHeHHsi NOC/EACTBHA OrKA3a = 10% = 10
D) CToHMOCTb CBADKH H KOHTPOASA : .

Key: (1). Cost of the elimination of the consequences of failure.

(2). Cost of welding and control.
Page 45.

If the criterion of ek composes value 103-106 and more, then the
automation and the careful control of welding are completely
justified. This example we have during the welding of the
technological conduit/manifolds of heat and power plant, which work
on superhigh steam parameters by pressure to 250 at with temperature
to 500-600°C. The gap of one butt with cost in several rubles leads
here to the failure of entire object - boiler aggregate and building.
The reduction of this failure bypasses already into thousands and

millions of rubles.

Conclusions.

1. The quality of the obtained welded joints is determined in

essence by four by factors: a) by the quality of the welding process, ;f
vhich depends on the reliability of equipment and tools; b) by the

quality and the properties of the initial materials; c) by the

qualification and the state of welder; d) by the conditions of
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welding and operation.

2. As the generalized quality coefficient of welding, its
quantitative "scan/development in time", can serve the reliability,

which includes reliability and the service life of articles.

3. According to experimental data of rates of failures X\ (t)
welded joints either welding equipment by methcds mathematical
statisticians is calculated the probability of the failure-free
operation of article P (t), which in the majority of cases can be
described by one of the three laws: by the exponential, normal

(Gauss) or distribution of Weibull.

4. Are given two procedures of the estimation of the reliability
of welded joints under conditions of the so-called prevailing

failure:

a) according to the results of full-scale statistical tests with
determination directly ), (¢); P., (1) and 7., (Tep — the
average life); b) with the aid of quality coefficients K, which

characterize the relative quality of welded joint in comparison with

material.

5. The task of the service of the reliability of welding one
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should consider:

a) conducting full-scale and comparative weld tests and the
statistical interpretation of the results: the development /detection
of the laws, which determine the reliability of welding for different
materials, processes and operating conditions; the selection of the

most effective processes of welding and control;

b) the implementation of the procedure of construction and
production of welding equipment with the assigned/prescribed high
reliability on the basis of the analysis of statistics of failures

and values of failure rates for the cell/elements of welding

equipment and equipment for control.
Page 46,
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FFFECT OF TECHNOLOGICAL DEFECTS ON SERVICE LIFE AND RELIABILITY OF

WELDED JOINTS.

Cand. of tech. sciences I. I. Makarov, eng. T. M. Yemel*yanova.

The service life and the reljability of welded constructions in
operation is determined, along with other factors, the presence in
them of the stress concentrators and deformations, which include the
poor fusions in the middle of weld during bilateral butt welding,
poor fusions radically of weld during indirect welding, the nonfusion

between layers during laminated welding, nonfusions on edges,

undercuts, pores, flux contaminations and the connection/inclusions

of oxides, and also the defect form of weld reinforcement.

Such technological flaw/defects are encountered fairly often
during the welding of constructions, and there}ore the objective
estimation possibly of their effect on the strength of the joint is
urgent task during design and inspection of welded constructions.

Some of the enumerated flaw/defects (for example, poor fusions

A s
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are natural stress concentrators and deformations) - can be used when
evaluating the sensitivity of welds to notch. The degree of the

danger of flaw/defects depends on the stressed state of construction,

i e o

orientation of flaw/defect, character and form of loading,
sensitivity of metal to stress concentration. The sensitivity of
metal to stress concentration (notch) can be estimated at testing for i

impact bending, for elongation with slant, etc [1]. ]

However, to 2valuate the sensitivity of weld material in welded
joint to welding defect (poor fusion, pores, connection/inclusions,
undercuts) the enumerated methods not always can be used due to the

inconstancy of the parameters of flaw/defect (form, size/dimensions).

Page 48.

In the presant work the sensitivity of weld in butt joint to the

poor fusion and ot her flaw/defects, which disturb the continuity of

working section/cut, is estimated coefficient of sensitivity q:

q= al.p _\c'_l)
°l.p
where O0s.p ~the design limit of the strength of butting flush joint
of weld with the different value of flaw/defect; t PP B

Fy
real tensile strength, obtained during testing butting

specimen/samples without strengthening with the different value of
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flaw/defect (poor fusion); Fy, - the original cross-sectional area of

specimen/sample.

d.p varies in proportion to a contraction of area of the working
section/cut of specimen/sample from ultimate strength of the sample
vithout_ flaw/defect to zero. With 0. ,<C0s 0 ¢<0. This means that the
veld in butt joint is insensitive to stress concentration
(flaw/defect), i.e., flawy/defect in this case causes only decrease in

the working section/cut. For the welds, sensitive to stress

concentration, q > 0. The estimation of welded joints according to
coefficient of g is applied only with static unidirectional tension;
with vibration l1oads the sensitivity to stress concentration (poor |

fusion) is estimated at the effective cocefficient of concentration f.

Poor fusion - this is the acute/sharp natural notch, which has
the form of crack (Fig. 1) with radius of curvature in basis/base
0.001-0.17 mm [2]). Depending on its arrangement, character and the
form of loading, metal and operating conditions, the poor fusion can
have a different effect on strength and service life of welded
joints. With static elongation of welded butt joints made of

i low-carbon steel and steel Kh18N19T the poor fusion in the weld root
decreases the strength of joint proportional to decrease in the

working section/cut (q £ 0) if the limits of strength and yield of

weld metal no longer are equal to limits of strength and yield of the
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base metal.

This conclusion is made according to the results of tensile test
of flat/plane butting specimen/samples without strengthening by
section/cut 10 x 20 mm with the different value of the poor fusion of
the weld root made of steel Kh18N9T, welded wire Sv-Kh18N19T in the
medium of argon [3] and of specimen/samples made of the low-carbon

steel, welded by electrodes E42 (Fig. 2) [2].

Page 49.

If the yield point o, weld material more o, the base nmetal,
and ultimate strength are identical, then the strenqgth of butting
flush joints with the poor fusion of the rcot of weld 10-150/0 of
thickness of sheet with static elongation virtually it does not
descend. With poor fusion 20o0/0 ultimate strength to So/o it is less

(Fig. 3), than in specimen/samples without poor fusion. A

considerable reduction in the ultimate strength with the 2longation
of butt joints with poor fusion they are okserved with poor fusion
3250/0, whereupon strength descends approximately proportional to
decrease in the working section/cut of specimen/sample (Fig. 3).
These data are acquired in the butting specimen/samples without

strengthening, welded made of steel St. 3 submerged arc weldings

0STs-45 by wire Sv.08A.
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The yield point of weld metal (in Gagarin specimen/samples) with
the welding technique indicated by 200/0 higher than the yield point
of the base metal weld reinforcement with a = 125-145° and by height
30-350/0 of thickness of specimen/sample with the poor fusion of the
weld root to 200/0 increases the strength of jocint with static
elongation to the strength of the base metal. With the poor fusion of
the root of weld 25-500/0 of thickness of specimen/sample in butt
joints with weld reinforcement the strength of the base metal is not

reached (Fig. 3).

a) ,é, U)

Fig. 1. Porm of poor fusion in butt joints of the low-carbon steel:

a) x70; b) x150.

Page 50.
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Figures 3 shows several specimen/samples, which experience/test
for elongation after they hold out basis of tests ( 20106 cycles)
wvith fatigue loading by asymmetric elongation (r = 0.1) without
failure. After static elongation in the fracture of some
specimen/samples were reveal/detected the fatigue cracks, going from
poor fusion. However, static strength will not ke lowered in
comparison with the strength of the specimen/samples, which were not
being subjected to vibration tests. This shows that the poor fusion
and fatique cracks under these test conditions have an identical

effect on strength.

With the poor fusion of the root of weld 5150/0 failures of

specimen/samples with strengthening with elcngation proc2eds on the

base metal, while with poor fusion »200/0 - on weld from poor fusion.

Poor fusion in the middle of butt weld (Fig. 4) has a smaller
effect on the strength of the joint, than the pcor fusion of root.
This can be establ ish/installied during the comparison of the results
of testing specimen/samples with the poor fusion of the root of weld
(Fig. 3) with the results, obtained by Ye. K. Orlenkov (MVTP [ (MBTY)
- Moscow Higher Technical School) during testing flat/plane butting
specimen/samples without strengthening with poor fusion in the middle

of weld on the low-carbon steel, welded in the flux 0OSTs-45 by wire

Sv.08A. Welding on technology indicated will make it possible to

e

rms g o pemevaaare




DOC = 77120201 PAGE e 3¢

obtain weld metal with 9, =50 kg/mm2 and 0,=30 kg/mm2 with
the mechanical characteristics of the base metal % =40 xg/mm2
and or=19 kg/mm2.
[l)
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Pig. 2. Fig. 3.

Fig. 2. Strength 5>f butting flush joints with poor fusion radically

of weld with static unidirectional temnsion; s =gq;; o, =5,

Key: (1) . kg/mm2. (2). Steel. (3). See. (4). Poor fusion.

Fig. 3. Strength of butt joints with poor fusion radically of weld

with static unidirectional tension; op > 0p; 9, =0, =42 kg /mm2,
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Key: (1). kg/mm2. (2). specimen/samples without strengtheninrg. (3).
specimen/samples with strengthening. (4). specimen/samples with
strengthening and fatigue crack. (5). specimen/samples without

strengthening and by fatigue crack. (6). Poor fusion.

Page S1.

With poor fusion to 250/0 static strength with elongation it does not
descend; with poor fusion 25-350/0 strength descends to 5-100/0 (Fig.
4) . Poor fusion 45-500/0 decreases the strength with static

elongation to 60-700/0 from the strength of joint without

flaw/defect.

Unlike low-carbon steel, the welded joints of steel 30khGSNA and
alloy of D16T [3] have q > 0. The limits of strength 0o butting
flat/plane speciman/samples without strengthening with poor fusion
7-400/0 made of the metals (Fig. 5) considerably lower than computed
values (ndicataecl Oep: the coefficient q grow/rises with an
increase in the poor fusion (Fig. 6). Ultimate strength of the

butting flush joints, which do not have flaw/defects, made of steel

30khGSNA 0,=75+115 kg/mm2, but the alloy D16T o¢,=22 +32 kg/mm?,
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i.e., in both cases to 30-500/0 is less than the limit of the

strength of the base metal.

The analysis of the obtained results makes it possible to
formulate the following conclusion: the sensitivity of welded joints
to concentrator (poor fusion) with static loads is explained by the

relationship/ratio between the strength characteristics (s, ¢+ and o)

of the base and of weld metal. If o, and o weld metal is less g,

¢

and or the base metal, then such joint turns out to be sensitive to
poor fusion (q > 0), i.e., their strength descends more sharply than
is decreased the working section/cut of specimen/sample. With o, and o,
wveld metal, large or equal to 0, and Or the base metal (q £ 0), the !

welded joints are insensitive to poor fusion.
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Fig. 4. Strength with the static elongation of butting flush joints

with poor fusion in the middle of weld; automatic welding, flux

0STs-45 (Ye. K. Orlenkov) ; Oy =40 kg/mnm2; or=19 kg/mm2;

T e e

0, =50 kg/mm2; o >3
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Key: (1) . kg/mm2. (2). Poor fusion.
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If o, and o, the melted on and base metal are equal, then strength

with an increase in the poor fusion will descend proportional to
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decrease in the working section/cut (Fig. 2); if ‘0; and o5, weld
metal the more appropriate characteristics of the base metal, then
the strength with small poor fusions it does not descend, but with an

increase in the poor fusion more than 200/0, strength descends

approximately proportional to decrease in the working section/cut

(Fig. 3).
In the joints, which have q > 0 with 0,<0, and q < 0 with
6,=0, but 0;>0, the strength of butt joints with poor fusion

15-200/0 with static loads can be raised because of smooth weld
reinforcement. In the joints, insensitive to poor fusion with
0,>0san increase in strength of joint with poor fusion to 20o/0 of
thickness of sheet because of weld reinforcement is inexpedient,
since the strength of weld metal is higher than the strength of the
base metal. With poor fusion radically of weld more than 20o/0 weld
reinforcement in all cases does not increase the strength of joint
with poor fusion to the strength of the base metal (Pig. 3), even if
the height of weld reinforcement is equal to the value of poor fusion
or more than it, since with an increase in poor fusion and weld
reinforcement is increased the eccentricity of the application of

axial load.

In butt joints the poor fusion substantially lowers the

deformability of joints with static loads.
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! depending on the value of poor fusion [3]: 1 - steel 30KhGSMA, ®=150+170
|
kg/mm2, flux AN-3, wire 18KhMA; 2 - alloy D16T, % =¢+U :
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Fig. 6. Sensitivity (go/o) of butt joints to poor fusion radically of
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i; Key: (1). Poor fusion.
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The stress-strain diagram of butting specimen/samples made of
low-carbon steel they show that already with poor fusion 11-220/0
elongation per unit length on base 70 mm descends 2 times in
comparison with the elongation per unit length of specimen/sample
without strengthening and without the flaw/defect, which failed on

the base metal, since 0r<o,. With an increase of the poor fusion

from 30 to 500/0 ieformability sharply it falls (Fig. 7).

The strain distribution during elongation according to the
working length of specimen/samples without strengthening with the
different value of the poor fusion of the weld root, obtained on

different bases (70 - 0.5 mm), is given in Table 1.

The degree of irreqgularity of the deformation of specimen/sample
along the length can be characterized by the ratio of the absolute
deformations of the individual sections of specimen/sample on

different bases to absolute deformation on the base of an entire '
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vorking length of specimen/sample (70 mm). This is especially

convenient to evaluate the deformability of weld material in joint.

With poor fusion more than 200o/0 base metal virtually is not
strained and entiresall deformation of specimen/sample occurs because

of weld ( Al,s/Aly;o = 72-800/0; see Table 1).

()
& nl/mm?
© of
36
32
28
24

w//"\<
(i l
16 1 |
10 12 | |
8 8 ‘ |
4 e N SO | } TR P e e I N RS - SIS
2 T & 'k 8- 1 B 0 W %t e
0

P2

Pig. 7. Pailure diagrams with the elongation of butt joints with the
poor fusion of the weld root made of lcw-carbon steel (flux 0STs-45,
vire eandf%g-ﬂslg 0,=42 kg/mm2; 0, =19 kg/mm2; o0 =28
kg/am2; o0,=24 kg/mm2): 1 - the base metal; 2 - poor fusion
15-220/0 with strengthening; 3 - the same, without strengthening; 4 -
poor fusion 27-385/0 with strengthening; 5 - the same, without
strengthening; 6 - poor fusion 43-480/0 with strengthening; 7 - the

same, without strengthening; 8 - flush weld and without flaw/defects.
Ke/.*f (J\K?/mh’)’
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Local elongations on the base of grid 0.5 mm in the presence of
concentrator descend almost 3 times with respect to the strains of
the base metal, the value of elongation per unit length on the base
of grid barely depending on the depth of poor fusion, and it depends i

mainly on its sharpness. Thus, for instance, the elongation per unit

length of the base metal es=130%, and melted onmn in

specimen/samples with poor fusion 11-880/0 deep & s;=053-449
respectively (Table 1). With decrease in the sharpness of
concentrator the amount of local plastic deformations is increased.

In plate made of low-carbon steel with round hole 4.5 mm in radius

the maximum 2longation per unit length in the zone of hole on base
0.5 mm the maximum elongation per unit length in the zone of hole on
base 0.5 mm composes 2000/0, with elliptical hole with the notch
whose radius 0.5 am, &o5=150%. With poor fusion in the middle of
veld with radius in the basis/base of poo:r fusion 0.01-0.1 mm the

maximum elongation per unit length is equal *o #s=85+909% (Ye.

K. Orlenkov), while with the poor fusion of the root of weld ¢fos=40-601%
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[2]), vhich will agree with data by Table 1 for a relative

deformation on base 0.5 mm (eg5=53+44%).

With alternating loads the effect of poor fusion on the strength

-

{service 1ife) of welded joints is developed to larger degree than

with static.
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& Table 1. Distribution of the maximum deformations. St. 3, flux
P 0STs-45, wire Sv.08A, the width of weld 15-18 mm.
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Key: (1). Poor fusion. (2). Elongation on bases. (3). Degree of
g 4
K - nonuniformity of deformation in o/o. (4). Position of fracture. (5).

Base metal. (6). On the base metal. (7). On weld from poor fusion.

T

(8)« The sanme.

PSR Sl

FOOTNOTE !'. Data are acquired in specimen/samples with the weakened

. RGBT

section/cut (failure on weld). ENDFOOTNOTE.

Page 55.
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Some plastic metals, insensitive to stress concentration with static
loads, with vibration loads become more sensitive, the high-strength
steel; for example, steel Kh18N9T, welded butt joints of which with
the poor fusion of the root of weld 8-250/0 with axial
alternating/variable elongation have a endurance limit on base N =
50106 cycles, 4-5 times lower than the endurance limit of flush
joints and without flaw/defect from the base metal. Of welded butt
joints made of st2zel 30KhGSNA (submerged arc welding AN-3 by the wire
18KhMA) under analogous conditions the vibration strength descends
only 1.8-2 times in comparison with the vibratiocn strength of joint
without flaw/defect and 2.5-3 times in comparison with the vibration

strength of the base metal.

It is of interest to compare the welded joints of low-carbon
steel with the joints of steels Kh18N9T and 30KhGSNA. For this
purpose butting specimen/samples by section/cut 10 x 20 mm made of
low-carbon steel  (o,=42 kg/mm2) without weld reinforcement
with the poor fusion of root 17-500/0 experience/test with the
asymmetric st*retching vibration loads (r = 0.1) on base 2e¢10% cycles
{submerged arc welding of O0STs-45 by wire Sv.08A). The endurance

limit of specimen/samples will be lowered (Fig. 8) in comparison with

joints without defects 4-10 times respectively (from 22-24 to 6 - 2
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kg/mm2) .
In work [3] the testing for fatigue is manufactured by constant
minimum stress of cycle " Omn=2,5 kg/mm2, which leads to an

increase in the characteristic of cycle r during a reduction in the
maximum stresses in the process of testing, i.e., to an increase in
the coefficient of asymmetry of the cycle of loading. Increase in the
coefficient of asymmetry of the cycle of loading. An increase in the
coefficient of asymmetry, in accordance with the diagram of limiting
cycles, leads to an increase in the endurance limit. The endurance
limit »f butt joints of steel Kh18N9T without strengthening with poor
fusion 8-250/0 is obtained by the author [3] with the characteristic
of cycles r = 0.42-0.5; during the weld test of low-carbon steel the

characteristic of cycle in all cases remains constant, r = 0.1.

Thus, the sensitivity of the welded joints of steel Kh18N9T and
low-carbon steel to the poor fusion of the weld root with
alternating/variable elongation is virtually identical (with poor

fusions to 350/0) and higher than the sensitivity of the welded

joints of steel 30KhGSNA (Fig. 9).

Figure 9 values of endurance limits gives con base 2¢106 cycles
for all metals indicated, including for the aluminum alloy D16T,

which, as steel 30KhGSNA, is sensitive to stress concentration with

L e - - - - -

EETRE
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static loads (Fig.

Fig. 8. Durability of butting flush joints with poor fusion radically
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of weld with the asymmetric tension: 1

weld and without flaw/defects; 2 - poor fusion 17-20o0/0; 3 - poor

Fug. 9
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P
DOC = 77120201 PAGE g8~ & 2

fusion 26-310/0; 4 - poor fusion 44-490,0.
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Fig. 9. Bffect of poor fusion radically of weld on the endurance
limit of welded butting flush joints: 1 - steel 30KhGSNA, flux AN-3,

wire 18KhMA, r = 0.2-0.3; 2 - steel Kh18N9T, argon, wire Kh18N9T, r =
0.2-0.5; 3 - alloy D16T arqon, wire AK, r = 0.3-0.8:; 4 - low-carbon

steel, flux OSTs-45, wire Sv-08A, r = 0.1.

4 Key: (1. kg/mm2. (2). Based metal. (3). Apparitor of durability.

(4) . Poor fusion.
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Page 57.

The comparison of sensitivity to the poor fusion of the weld
root according to the effective coefficient of the concentration of
welded butt joints of different metals is given in Table 2. The
relative sensitivity of welded joints to the poor fusion of root of
steel 30KhGSNA and alloy D16T is less than the welded joints of
low-carbon steel and steel Kh18N9T. However, when evaluating material
one should consider data given in Table 3, which show that the
metals, insensitive to stress concentration with static loads (St. 3,
Kh 18N9T) , have relatively high endurance limit in comparison with the

metals, sensitive to stress concentration with static loads

(30KhGSNA, D16T).
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Fig. é) B = ¢ of the basic metalﬂ/ % specimen/sample with

flaw/defecf)o/o.

PAGE A & Y

Imin

Table 2. The effective stress concentration factors (-*—

Omax

) 2) |
Metaan ' Metoa ceapkw 0% | 10% | 17—22% | 27—35% | 50-;1
Huskoyrae- (%) dmoc 0OCl1-45; !
poaucrast | npoBosioka Cs-08A 1 — 4 4,5 1 10
| _cramp |,
(5) Crans (L) Aprovarnueckas cBapka f
X18HIT B Cpejle aproua; |
= npososioka Cs-X18HIT 1,221 3.7 4.4 - | —
@C'ram. (7) ABTOMATHYECKAsl CBAapKa; [
30XI'CHA | dmoc  AH-3, npososoka
1D Co-18XMAT ., .o 1.4 | 2,5 3.3 3,8 -
(U Amomunne- [(4) Atomaruueckast cBapka l
Bbiil CNJaB | B Cpejle aproma; |
JUI6T npososioka Cs-AK . . . . [1,4 |22 — St
Key: (1. Metal. (2). Welding method. (3). Low-carbon steel.
(7
Flux OSts-U45; wire ca*dle§ZOBA. (5). Steei. (6). Automatic welding in

the medium of argon;

flux AN-3, the wire Sv-18KhMA.

Automatic welding in the medium of argon; wire cuad&o‘tak.

the wire Sv-Kh18N9T.

(7) -

Automatic welding;

(8) . Aluminum alloy D16T.
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1
2
-
E | Table 3. Ultimate strengths of the base metal.
B ‘o Sy }
- { 5 9 l L] L
= | M jixl‘/‘uu’ i(?xl‘/'m«' 9, !
| © | |
| Hu3skoyrnepoaucras crane . . . . . . . . . . 42 25 I o
E | I e e A R 56 20 2.8 |

! SRELSELR o, 2"y ik 5 g TR 140 25 S5 !
' : BT B e 5 o e LT Sy 43 10 4,3 i ,
a ; i
E 1
h b |

i Note. Specimen/samples by section/cut 10 x 20 mm experience/test i
- i

with elongation on base 2¢106 cycles with the characteristic of cycle

T = O. 1‘0. 2.

e

Key: (1). Metal. (2). in kg/mm2. (3). Low-carbon steel. [

3 ;
g i
! i
L | h

) !
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Fage 58.

To the sensitivity of welded joints tc stress concentrators with
vibration loads an essential effect has the orientation of
concentrator (flaw/defect) in the secticn/cut cf weld with resgect to
the acting lcads and the fcrm cf lcading. With poor fusion in the
middle of weld 200/0 of thickness of specimen/sample the limit of the
fatigue (durability) of butt jcints cf low-carktcn steel with the
elongation g, =12 kg/mm2 and with poor penetration of the root

6ga0 = 6 kg/mm2 (Fig. 10). The same relationship/ratic of
the endurance limits of butt joints with pccor fusion in middle and
radically of weld is obtained on lcw-carbon steel for other values of
poor fusion (Fig. 11). Slight difference in the characteristics of
cycles (r = 0.1-0.2), with which was ccnducted testing
specimen/samples (Fig. 11a), must not siganificantly change these

relationship/ratios.

With symmetrical bending the poor fusion in the middle of weld
to 2500 fatigue strength dces not lower; with poor fusion u0oso
endurance limit descends to 8o/0, with poor fusion 500/0 - tc 300/0.
Kith the same values of the poor fusion, arrange/located radically of
weld, the limit of the fatigue of butt joints with bending descends

2-2.5 times (Fig. 11b).

i
1
i




poor fusion

2 -

.
.

the middle of weld

in

N
Gmex nl'/nn?hl

Fige 10. Effect of the position of poor fusion in the cross section
cf weld on the durability cf welded butt jcints with poor fusicn

200/0: 1 - poor fusion

O T

R
e b S e




o

el

DocC = 771202 PAGE 4

1

'

radically of weld.

R TR T R

Key: (1). kg/mm2.

Eage 59.

{(pcor fusions), it is necessary

-9

r i When evaluating the effect
joints with static loads it was

g.

F ' the welded joints, sensitive to

3 : determined value of poor fusion

the strength of the base metal.

strength of butt joints without

Thus, by estimating the sensitivity of welded jcints to concentratcrs

fusion in weld and the character of loading.

tc consider the orientation of poor

of the reinforcement of weld in butrt

shown, that the weld reinforcement in

stress concentration, with certain

increases the strength of joint to

With vibration loads the reinforcesent of weld lowers fatigue

flaw/defect [4, S5]. In this case the

degree of a reduction in the fatigue limit depends on the height of

; weld reinfcrcement (Fig. 12). A change in altitude of reinforcement
ﬁ ‘ cf weld is bonded with a change in the radius cf transition from the

base metal to that which was melted on and the angle of coupling «a

r veld metal a by basic (see Fig. 3). With an increase in altitude of
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weld reinforcement is decreased the angle a and, therefore, increases
stress concentration. Usually in welded butt jcints weld
reinforcement is 15-300/0 of thickness of the sheets to be welded. In
this case the effective coefficients of concentration B, calculated
with respect to joints without flaw/defects and without

strengthening, will have values, given in Table 4.

Weld reinforcement has an identical effect on vibration tensile
strength of butt joints withcut flaw/defects made of low-carbon steel
and steels 30KhGSNA (without heat aftertreatment), B = 1.6-1.7. With

symmetrical bending the sensitivity is somewhat above (B = 2). With

decrease in the thickness of the comkinable sheets the effect of weld

reinforcement is developed to a lesser degree (f = 1.4-1.5).
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Takle 4.
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| - Ges - 22 \b/ 9 |
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| Hitst | @< e |
i Q\ [ (o) . Y
30XIFCHA ®nioc AH-3; | Pacrskenne r = 0,2, | ! [
| \ ApOBOJIOKaA 1040 an 18 k0,3 1,74 ) 3}
! &” | I8XMA G5) o ; j
Huakoyrne- — Pactsizmenne r=0, - t |
’ pojHCTAas uthna 10 s . 22 113—14] 1,7—[5,4) i
CTdNb \ 5] | 1,6 ‘
1»To ke \| ) dmoc Pactiente r— 0,1, te. | PR
| OCLL-45; uenye 06pasua IO& | | '&, k)i
' nponon(})\xa x20 M Mo it 25 | 14,5 1,72 | Awro
5, 08 5) L oput
(\f-”CTaJlb Doc ,Pac-rmxeuue r=0 %} . ‘ ‘ ‘
| 3M659 AH-348A; yenpe obpaslla 2% ; ‘ ! | ‘
| NpoBOSOKA ,\3 G SRR 30 [20—22{ 1,5--| [6] .
b 20XMA | () 5) | 1,4 ] ;
(1 Crans \#"’Pyl{naﬂ U3ru6 r-—= —1, ceve- , ‘ |
31659 cBapka e o6pasua 10 ’ : ! i
| | YOHH-13/8%| x40 an . . . . . | 28 [144] 2,0/ (6] |
1 I | } f ‘ )
Key: (1). Metal. (2). Welding method. (3). Test conditions. (4).
Endurance limit of butt joints with gocd penetration in kg/mm2. (5).
without reinforcement. (6). with strengthening. (7). Effective

coefficient.ﬁ(a). Source. (9). Flux AN-3; wire. (10). Elongation.

(11)« Low=carbon steel. (12). thic
< y"’\/l)

0STs-45;

(16). The authors. (17). Steel. (!

kness. (

8).

Fanual welding.

13) . The same. (14). Flux

wire candlesﬁ (15). the secticn/cut of specimen/sample.

{(19) . Bending.
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Pig. 12. Altitude effect of weld reinforcement cn the endurance limit
cf butt joints: steel low-~carbcn; submerged arc welding N = 210%
cycles; r = 0.1; elcongation; the thickness of metal 10 om.
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Fig. 13. Effect of the depth of the poor fusion of the weld root on
the fatigue limit cf butt jcints with asymmetric elongation (N =

IV. ’ 2e108, r = 0.1); 1 - with strengthening 30cs0; 2z - without

strengthening.

Key: (7). kgsmm2. (2). Endurance limit. (3). Focr fusion.
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Fig. 14. Durability of butt joints with poor fusion radically of weld

and with strengthening ty height 30o/0 with asymmetric elongation (r

= 0.1; N = 26106 cycles): 1 - weld without flaw/defects; 2 - poor

fusion 13-200/0; 3 - poor fusion 30o/0; 4 - pocr fusion 42-48o/0.

Key: (1)« kg/mm2.
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Fig. 15 character of the fatigue failures cf btutt joiants of
low-carbon steel with concentrators with the asymmetric elongation:
a) butting reinforced seam and prcor fusion tefcre testing; b) the
same after fatigue failure; c) butt weld with pcor fusion without

strengthening; d) butt weld without flaw/defects with strengthening.
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Fage 62.

In butt joints with pcor fusion, the weld reinforcement scomewhat
increases vibration strength, but is insignificant, that it is
Fossible to see in Fig. 13, where are given the results of fatigue
test of butt joints with strengthening (Fig. 14), also, without
strengthening (Fig. 8) an lgw-carbon steel with the poor fusion of
the weld root with asymmetric elongaticn. With poor fusion to 150/0
in low-carbon steel (Fig. 13) the weld reintorcement increases the
durability of butt joints with elongaticn by 2Ccs/o. The same increase
in the endurance limit (fatigue) with poor fusicn 20-250/0 [3]
cccurred in butt joints of steel 30KhGSNA and Kh18N9T (from 7 to 8.5
and from 3.5 to 5 kg/mm2 respectively). In all cases when stress
concentrators are present, (strengthening, fpoor fusion) the failure

cf butt joints with vibraticn loads began from concentrator (Fig.

15) .

Conclusionsa.

1. The sensitivity of welded butt joints tc poor fusion with

P
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static loads with unidirectional tension depends on the ratio of the
strengths of the base and of weld metal and can be estimated by the

coefficient of sensitivity g.

2. In welded joints made of steel St. 3 at static loading and
the positive temperature the poor fusicn in the middle of weld to
20c/c and the poor fusicn of the weld rcot to 150/0 does not lcwer
the bearing capacity of butt joints, the weld reinforcement with the
poor fusion of root more than 250/0 not increasing the strength of

compound tc the strength cf the base metal.

3. Poor fusion sharply lowers the defcrmakility of butt weld; in
this case the amount of the maximum local plastic deformations in the
rlace of rupture is decreased 2-3 times as compared with weld without

flaw/defect and barely depends on the value of poor fusion.

4. With vibration loads the weld reinfcrcement for all metals is
the stress concentrator, which lowers the duratkility (fatigue
strength) of butt jcints without flaw/defects, but in the fpresence of
poor fusion the durability cf compound will be determined bty pcor

fusion, whereupon poor fusicn radically is more dangerous than in the

center of weld.

5. The sensitivity of welded butt joirts of steels Kh 18N9T and
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FRELIABILITY OF WELDED CCNSTRUCTIONS IN WORK IN CORROSIVE

ENVIRCNMENTS.

Cand. of tech. sci. 0. I. Steklov.

Fage 64.

The basic factors, which determine real strength and the work of
welded constructions are metal, technolcgy cf manufacture,
structural/design form, the stressed state in ccnstruction and the
eftect of working envircnment. Envircnments can exert corrcsion,
chemical, adsorptive, radiation, cavitation, ercsive and other forms
of effect on the metal cf ccnstruction [1]. During reaction wit!

metal, the working envircnment can prodice reversible and
irreversible) for example, with corrcsicn ccrreosion) the changes in

metal, which determine the efficiency cf design.

The corrosion—-active media (gases, different atmospheric

conditions, water, the aqueous solutions acids, alkalies, salts, the

fusion/melts of salts etc.) cause the chemical e€ither electrochemical

P TR Y = e
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of st. 3 to the poor fusicn of the weld roct with the vibration

tensions is approximately identical.

Fage 63.
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corrosion, which lowers plasticity, the strength and fatigue limit,
cr corrosion cracking, i.e., failure as a result of the combined

action of stresses and corrosive envircnment.

The welded joints, working in the corrcsicn-active media,
rotentially the weak place cf construction. This is caused by the
larger thermodynamic instability of welded joint in ébmparison with
the Lhase metal.

Fage 65.

As a rule,

L

/].)_.u 2 [L o ”(';,u >”‘/. &

€. ¢

e —_— f

2 M. _ M.
’ Mo 12, "

where 11 11

[ A r.¢

- the bearing capacity of the base metal and welded

: joint without the effect of corrosive environment; m . n,~1is a
§‘: tearing capacity of the base metal and welded jcint under the

influence of corrosive environment.
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The properties of welded jcint as compared with the properties

cf the base metal under conditions of ccrrcsicn are lower than under

rormal conditions.

For an increase in work and reliability of welded constructions ;

in corrosive environments it is necessary tc sclve a series of the

ccmplex prcblems, mcst impcrtant of which:

1) research on mechanism and special feature/peculiarity of the i

corrosion of welded joints;

2) the development of the effective prccedures of the study of

the corrosion properties cf welded jcints;

3) the study of the corrcsion properties of the welded joints of i
the determined alloys in connection with the sfpecific conditions of

the work of constructions;

4) the development of the methods cf an increase in corrosion
resistance of welded joints and work of welded constructions in

corrosive environments.

Let us examine the special feature/peculiarities of the

.

electrochemical corrosion of welded jcints and their stability to
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alloys electrochemical pctentials are different.

Page 66.

Is distinguished the macroelectrocherical hetercgeneity (for example,
the corrosion of the hull of ship on water lire, caused by a
difference in the ambient conditions), which leads to the formation
of macrocorrosion cell/elements; the microelectrochemical
heterogeneity (e.g., the discontinuity of metal, the presence cf
grain boundaries, pores in protective film, stress concentraticn),
which leads to the formaticn of micrccorrosion cell/elements. Cn the
surface of metal there can be the even fine/thirner, more
submicroscopic electrochemical heterogeneity, kcnded with the
unhomogeneity of surface within the lirits cf groups and even

sefrarate atonms.

With the electrochemical unhomogeneity of metal on its surface

appear anode and cathode sections. Those secticns of metal, which
have more negative electrode potential, form the anodes; sections
with more positive electrode pctential are cathcdes. The
corrosion-aggressive medium dissolves all the available for it anode

sections of the surface of metal. The process cf electrochemical

corrosion occurs according to the follcwing diagram (Fig. 7).
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corrosion cracking, and also the methods of an increase in corrosicn

resistance.

Mechanism of electrochemical corrosion. [2, 3]). The corrosion
instability is determined themes that in the liguid or the gaseous
phase the metallic state is thermodynamically unstable; therefcre the
rajority of metals attempts to change from metallic for ionic state.
By the mechanism of the course of corrcsicn prccesses is

distinguished the corrosion of two types: chemical and

electrochemical.

Chemical corrosion is subordinated to the fundamental laws of
the chemical kinetics of heterogeneous reacticns and is not
accompanied by the emergence of electric current (for example,
corrosion in nonelectrolytes or dry gases). Electrochemical corrosion
cbeys the law of electrochemical kinetics and usually is accompanied
ty the appearance of an electric current (fcr example, the corrosion
cf metals in electrolytes). During electrochemical corrosion the
first criterion of corrosion resistance of metal is the standard
electrcde potential, which appears during the irsertion of metal into
electrolyte. The lesser the potential, the lesser corrosion

resistance, other conditions being equal, pcssesses metal.

For the different sections of the corrcsive surface of real

e —
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1. Ancdic process, the transition of metal ions to soluticn and

their hydration

Me + mH,0 - Me™*-mH,0 + ne.

2. Cathode process, the assimilaticn cf electrons by any
containing in solution depoclarizer (D), i.e€., Ly atom or the icn,

capable of being restored (to aksorb electrcns) con cathode,

ne +-Dm* » D.

W) &/

Inexrnposum

Fig. 1. Principle diagram of the electrochemical corrosion: M are
metal ions; D - depolarizer; e ~ electrcas; Eq4 - potential on the

ancde; fx is potential on cathode.

Key: (1). Metal. (2). Electrolyte. (3). Anode. (4). Cathode.
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Page 67.

The most important cathode depolarizing reactions:

a) cathode process with hydrogen depolarization is a cathode

reaction of the reduction of hydrogen icn into the gaseous hydrogen
H*-H,0 +e - '/,H, + H,0O;

b) cathode process with oxygen depclarization - the cathode
reaction of the reduction cf oxygen with its transformation intc the

icns of hydroxide

0, + 2H.,0 + 4e -+ 40H",

3. Overflowing of electricity. Course cf the current between the

ancdes and the cathodes in metal - by electron moticn from anode

sections to cathode (corrcsion current) and in solution - by the

potion of cations from ancde sections tc cathode and by the motion of
anions from cathode sections to anode. Failure with this mechanism

will cccur predominantly co the anode; cn the cathode sections, where

proceeds the process of depclarization, the perceptible losses of

metal will not be.
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Special feature/peculiarities of the electrochemical corrosion
cf welded joints. Uneven heating metal during welding leads to
geometric, chemical, structural, mechanical unhcmogeneity and the
unhomogeneity of the stressed state in the different zones of welded
joint. Therefore for welded joint is characteristic the
electrochemical heterogeneity c¢f all fcrms: macro-, micro- and

sukmicroscopic.

Macroelectrochemical unhomogeneity is caused by a potential
difference in the different zones of welded jcirnt, and welded joint
can be considered as combination of multielectrcde cell/element with
the macroelectrodes: weld, the zone of superheating,

recrystallization zone, the base metal.

Along with macrocells within the limits of each zone of welded
joint act many local micro- and submicrcgalvanic corrosion
cell/elements. The rate cf work of these cell/elements in the

different zones of welded jcint can be different.
Fage 68.

Macrogalvanic corrosion cell/elements weld - the base metal for
the different establish/installed electrochemical potentials it is

possible to divide into three grcups:
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1) Euwa~E,n «ems the potentials of weld and tase metal are

virtually identical; in this case the galvanic cell does not function

and the corrosion processes during welded jcint are determined by the

work of microgalvanic cell/elements; the difference in the rate of
the corrosion of each zone cf welded jc.at is determined by the

difference in the rate of wcrk of micrccorrcsice pairs in each zone;

2) E_wu<Eomxen the metal potential of weld is more negative than

of the base metal; therefore weld corrcdes more intensely as a result

cf anodic dissolutiong;

3) Eyea>Eoen vemw the metal potential of weld more positive, than

the base metal. In this case mcre powerfully fails itself the Lase

retal.

The total corrosion effect is determined bty the intensity of
simultaneous work macrc- and microgalvaric corrcsion pairs. Depending
cn the degree of the unhomogeneity of welded jcint for the structure,
the chemical composition, etc and corrcsion corditions will
rredcorminate one or another mechanism of corrosicn.

Figure 2 shows communication/connection between the thermal
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welding cycle and the prcperties of the welded joint of commercial
titanium VT1-1. The plate welding with thickness 2 mm was
manufactured butt in the medium of argcn by the nonfusible tungsten
electrode on copper blocksbacking and with copper tie plates. Uneven
heating and cooling ir the process of the fcrmation of welded joint

leads to the unhomogeneity cf properties, and arong other things

€lectrocheusical.
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Fige 2. The unhomogeneity cf the properties of the welded joint of

commercial titanium VT1-1: a) the distribution c¢f the maximunm
temperatures in cross secticn at welding «,,, - is a zone of
structural transformations); b) the distributicn of the longitudinal
residual welding stresses =, in the cross section of welded jecint;
c) the distribution mechanical characteristics with bending (P - peak
load in kgf, a - bend angle in deg); d) is electrochemical
unhomogeneity of welded joint during testing irn 200/0 to
hydrochloric acid with rocm temperature (E - stationary potential in

rV, i - anode current density in pA/cm2).

Key: (1)- kg/mm2. (2). pA/cm. {3)- mV. (U4). kg.

Fage 69.

It is possible to separate three basic zones: a) the cast structure
of weld, limited by dilutica zone; b) the zcne c¢f structural
transformations, limited by dilution zcne and Lty zone on the
toundary/interface, where the base metal did nct undergo structural
transformations. The maximunm temperature on this boundary/interface
comprises, according to the data of the oscillcgraphy of thermal

cycles, for the alloy VT1-1 830-8509C; c) the Lase metal, which did

not undergo transformaticns.

s

F
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In weld and the adjacent zone appears tne field of elcngating

residual welding stresses, which beycnd the lirits of the zone,

heated belcw temperatures 300°C, transfer/ccnvert to compressive.

Is characteristic the sharp nonuniformity cf mechanical
characteristics in welded jcint during testing for static tending.
Strength is decreased in the zone of structural transformations in
comparison with the base metal and has a tendency toward decrease
with coarsening from the base metal toward weld. A change in the
rlasticity, determined bend angle, has more ccmplex character. The
weakest zone is a diluticn zcne in connection with adverse structure

and the increased impurity content.

In the simplest case in question is aksent the chemical
unhomogeneity of welded jcint, since welding was done in inert
atmosphere without additive. The measurement of stationary potentials
in different zones showed that weldirg zone and the base metal they
corrode with midpotential, which indicates the predominantly
microlocalized character of corrosion. In ccnnection with the
unhomogeneity of welded jcirt cn structure and the stressed state the

rate of work of microcorrosion pairs, characterized by anode current

density i pAs/cm2, is different for different zcnes. The rate of the
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corrosion of weld is considerakly higher than the base metal. When

the chemical unhomogeneity cof welded jcint is present, the picture

macro- and the microelectrochemical unhomogeneity becomes more

complex.

Very frequently welded constructicns fail themselves not as a
result of the anodic processes of the disscluticn of metal, but as a
result of the loss of strength and plastic properties during cathode
Frocesses. Is most dangerous hydrogen absorpticn in the process of

corrosion (Fig. 3).

Page 70.

The process of the liberaticn of hydrogen on cathode sections

consists of following stages [ 3]:

a) dehydration of hydrcgen ion, since during the dissociation of
electrolyte hydrogen is located in solution in the form of the

hydrated charged i/ns.
H*.nH,0 » H* - nH,0;

b) attachment cf an electron to the ion of hydrogen and

formation of the atomic hydrogen

H* + e - H;

|
|
|
|

!
|
£
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c) the joint of hydrogen with the formaticn of the molecules cof
the hydrogen

d) formation of bubbles from the molecules of hydrogen;
e) the isolation/evclution of bubkles from the surface of metal.

During corrosion with hydrogen depclarization the hydrogen 1is
found on the corrosive surface in the icnic, atcmic and molecular
states, which lead as a result of sorption prccesses to the hydrogen
absorption of metal. By a characteristic example of the failure of
welded joints as a result of the cathode prccess of saturation as
hydrogen can serve the failure of some allcyed titanium alloys during
corrosion in acid media [S5]. The presence cf martensite type adverse
coarse-acicular structure along with the mcre intense work of
microelements in weld and zone of structural transformations leads to
the more intense hydrogen absorption of these zcnes in compariscn
with the base metal. Hydrogen absorpticec sharply decreases the
strength and the plasticity of welded jcint and it produces cracking

under conditions of the stressed state.

sk
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In Fig. 4. shown is the effect of welding thermal cycle on
hydrogen absorption and properties of the welded joint of the

titanium alloy OT4. Corrosiocn tests were conducted in 20o/c- to

hydrochloric acid for 1550 h at temperature of 16°C. Aralogous data

were obtained during the weld test of steel Kh1ENY9T in 200 /0

hydrochloric acid for 4300 h at temperature of 16°C (table).

Fig. 3. The diagram of electrochemical corrosion with the hydrogen

depolarization: A are anode sections; K - cathcde sections.

ES
4
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{3)- Zone of welded joint. (4). Initial state. ({(5). After corrcsion.

(6). Basic metal. (7). Welding seam.

Eage 71.

Mechanism of corrosicn cracking. In practice are most widely
kncwn two cases of the corrcsion of metal under stress, which is

accompanied by the appearance of the ccrrosion crackings: a) the

corrosion fatigue, which attacks feast joint action on the metal of
cyclic load and the corrosive environment: L) corrosion cracking is !

the failure, which occurs under the simultanecus influence of

corrosive environment and applied or residual vcltages.
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Fig. 4. The effect of hydrogen absorpticn in the process of corrosion
cn the properties of the welded joint of the alloy OT4: a) the
distribution of the maximum temperatures in the cross section cf
welded joint; b) the content of hydrogen in the different zcnes of
the welded jecint: 1 is in the initial as-welded condition, 2. in
central section/cut after ccrrosion tests, 3. at depth 0.1 mm from
the surface of specimen/sample aftercorrosicn tests; c) mechanical
characteristics with bending; 1 - the initial state of welding, 2 -

after corrosion tests.

Key: (1). kgf.

Fage 72.

To cases of corrosion cracking is related the so-called seasonal
cracking of brasses; the alkali bitterness c¢f tciler steel,
intercrystalline corrosicn cracking of aluminur alloys and noble
retals; the intracrystalline corrosicn cracking of magnesium alloys
in the solutions of chlorides; the intracrystalline cracking of
austenitic stainless steels in the media, which contain chloride or
hydroxyl ions; the intercrystallire corrosicn cracking of titanium

alloys and their cracking due to hydrogen atsorption during

COrrosion.
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At present there is nc unified theory, which explains the
mechanism of the phenomenon. Corrosicn cracking is caused by the
joint action of two main factors: corrcsive environment and tensile
stresses. There are three groups of the theories, which explain the

rcle of the basic factcrs of corrosion cracking [1, 6-11]:

1. Electrochemical theory cf corrosion cracking. According to
this theory the main reason for emergence and development of
corrosion cracking is the process of electrcchemical corrosion.
Stresses accelerate the prccess of electrochemical corrosion in the

apex/vertex of the develcping cracke.

2. Mechano-electrochemical theories. According to these theories
crack initiation is caused Ly local electrochemical process; however,

the main role in the development of crack is altstract/removed to the

action/effect of stressesa

3. Theories, which consider the adsorptive phenomena during
corrosion. These theories, besides corrcsion and mechanical factors,

consider the phenomena cf the effect of strength reduction thrcugh

adsorption.
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The first two theories reflect special cases of corrosion
cracking. More general character has electrccherical-adsorptive
theory. However, these thecries do not explain the phenomeuna of
cracking by certain metals in the corrcsion-active media as a result
cf the absorption of the products ot ccrrosion with the formaticn cf

chemical compounds. An example of the cracking cf the welded jcints

cf the alloyed titanium allcys, caused Lty the fcrmation of the
hydride phase during hydrogen absorpticn in the process of corrosicn

with hydrogen depolarization, is given in werk [5].

By analogous mechanism is possible the cracking of the
structural hydride-forming metals - zirconium, riobium, tantalum -
under conditicons of corrosicn with hydrcgen depclarization, in
superheated steam, water of supercritical parameters, with the

radiolysis of water.

Page 73.

The corrosion cracking is determined by the simultaneous course

cf the electrochemical, mechanical and sorgticn phernomena.

Sorption phenomena cause adsorpticn and aksorbtive decrease in

the strength and the facilitation of deformaticn with cracking.
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Let us introduce the ccncept of the checking factor of corrosion

cracking, in essence which determines emergence and the development

cf corrosion cracking. Depending on specific ccnditions (medium,

raterial, the value and the form of stresses) clecking it can te any
cf the basic factors ot corrosion cracking, and, correspondingly, the g

rechanism of cracking will be different.

The rcle of each of the basic factcrs 1s changed depending on
the stage of cracking. If the initial stage of the
crigin/conception/initiation of crack dcminant role, as a rule, plays
electrochenical process, then in the final stage of failure

predominates mechanical effect, i.e., stress. :

Affected sections of the surface of the lcaded metal hecome
stress concentrators. With localization of the frocess of corrcsion
and deepening of ulcers increases the stress ccncentration. Lots with
the maximum stresses (bottom of ulcer) have more negative potential,
i.e., they are the anodes; therefore ccrrosion ulcers are deepened
btefore initiation of cracks (Fig. S5). Ir the prccess of emergence and
developing crack the stress concentraticn causes the failure ot
protective film on the surface of metal, the structural

transformations under the acticn/effect of the local plastic

deformation and some other phencmena, which misalign potential in the

apex/vertex of crack to disadvantage and they reinforce
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electrochemical unhomogeneity. Thus, the development of crack duriny

the checking electrochemical process is caused Lty the anodic process,

activated by the action of stresses. Under these conditions the role

cf sorption process consists in the superficially-adsorptive effect

cf a reduction in strength and facilitation of the deformaticn cf

metal in the apex/vertex of the develofping crack.
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Fig. 5. Diagram of the development of crack with corrosion

Fage 74.

cracking.

An example of this mechanism of failure is the corrosion

cracking of titanium alloys in the bromine-methanol media and the
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nitric acid. Cracking occurs as a result of the selective
intercrystalline corrosicn, accelerated by the action/effect of the
aprlied voltages. The analogous mechanism cf . ‘acking is drawn by the
@a jority of the researchers for the explanaticn of the phenomena of

the corrosion cracking of the stainless steel in chlorides.

An example of corrosicn cracking with the checking sorption
factor is the failure of the welded joints c¢f the titanium allcys
during corrosion with hydrcgen depclarizaticn in acid media [5] (Fig.
6) - In this case the dominant rcle in failure telongs to the
rhencmena of the sorption of hydrogen during cathode processes. The
failure of protective film during electrochemical corrosion creates
frerequisite/premises for the intense adsorpticn of hydrogen by
titanium. The adsorbed hydrogen enters into chemical interaction with
titanium, forming hydride film. As a result of the diffusion of
hydrogen through the hydride film. film im the volume of metal are
formed hydrides of titanium, which are predominantly on boundaries of
the grains and slip planes. Localization of electrochemical process
contributes to localization of hydrogen abscrption. The formation cf
hydrides on surface and the adjacent region leads to reduction in the
strength surface conditions, concentration of stresses and the

emergence of the initial microcracks under conditions of the stressed

state.
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In the zone of the apexsvertex of stress ccncentrator - tc the
developing crack - the fprocesses of the sorpticr of hydrogen occur
most intensely. This is caused by the follcwing reasons: a) in the
zcne of crack is separated the increased quantity of hydrogen as a
result of the work of microcorrosion cell/element - the bottcem of
crack - wall of crack; b) stress concentration in the apex/vertex of
crack causes intensified diffusion of hydrogen into this zone, since
hydrogen it has a tendency to diffuse into the most strained regicns;
c) as a result of the fcrmation of hydrides of titanium during the
intensive diffusion of hydrcgen appear the seccndary second-order
stresses, which accelerate the process of diffusion, i.e., process it
cccur/flow/lasts autocatalytic. These phencmena lead to an abrupt
change in the properties of metal and upon reaching of the critical
for these conditions (form and stress level, the structure and the
composition of metal and, etc) degree cf hydrogen absorption to the
develcpment of crack under the action of the applied voltages. The
stresses contribute to the emergence of microcracks and are the
energy condition of developing main-line crack, localize corrosion
process as a result of stress concentration and reinforce the
processes of the local and common/general/tctal hydrogen absorgption

cf metal.

Fage 75.
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The role of electrochemical process consists in the transport of
hydrogen to the corrosive surface during cathode process, the ugon
acceleration of the process of failure as a result of the anodic

dissolution of the apex/vertex of crack.

The necessary condition of emergence and developing corrosion
cracking is a specific ratio between the rate cf ccmmon/general/total
corrosion and the rate cf the development cf the crack:

Rpp>ko.x— cracking is,
kmp<Rkox — cracking nc,

where [,, is velocity of propagation of crack;

kox — the rate of common/general/tctal corrosion.
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Fig. 6. Mechanism of the cracking of titaamium alloys during corrosion

with hydrogen depolarization.
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Key (1) Stressed state. (2). Electrochemical ccrrosion. (3). The
ancdic process of dissoluticn. (4). Hydrogen depolarization. (5).
Hydrogen sorption. (6). liberation of H, from solution. (7). general
corrosion. (8). the formation of microcracks. (9). Absorptions. (10).
Adsorption (chemical, physical). (11). Stress ccncentration. (12).
Emktrittlement as a result of hydride transformation. (13). Reduction
in the surface energy in concentrator. (14). Strengthening of the
diffusion of hydrogen into the zone of stress ccncentration. (15).
Emergence microcells anode-apex/vertex is which cathode-wall is
which. (16). Reduction in the btreaking stress cf emergence and
development of crack. (17). Develcgment of crack.

(18). Energy conduction for spalling. (19). Intensification
of the local corrosion process. (20). Intensification of

the processes of general and local hydrogen absorption. (21).
Cracking.

Fage 76.

If the metal of struts against corrosiocn (common/general/total

and local), then corrosion cracking will mct be.

Special feature/peculiarities of the ccrrcsion cracking of
welded joints. The mechanism of the corrosiocn cracking of welded

jointg does not differ in principle frcs the mechanisa of the
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corrosion cracking of the base metal. However, welded joints possess

a series of the specific special feature/peculiarities, which lower

the stability of welded joints against corrcsicn cracking.

In light of the theory of corrosicn cracking as failure, caused
Ly the simultaneous effect cf electrcchemical, mechanical and
sorption factors, by the special feature/peculiarities of welded
joints, which lower the stability cof welded jcints against corrosion
cracking, they are: 1) the increased thermcdynamic instability, which
leads to the increased electrochemical heterogeneity in comparison
with the base metal; 2) the more complex and more adverse stressed
state; 3) the possibility of the more intensive course of sorption
frocesses. These special features of welded joints are caused by
thermophysical processes during uneven heating and cooling metal

during welding.

The structural, chemical, geometric unhomcgeneity, caused by
uneven heating, lead to the increased €lectrochemical heterogeneity
cf welded joint. The thermal process during welding determines the
nonuniform distribution of the inherent stresses and the formation of

temperature and residual stresses in welded ccnstructions. The
presence of its own residual stresses ccmplicates the stressed state
in welded construction and alsoc increases the electrochemical

heterogeneity of welded jcints.
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Depending on construction and the conditicps of external lcading
in welded joints can appear the different stressed states:
1) 04 = 0, oem = 0 2) Ty > 0, Soem = 0;
3) °ln == 0’ aDt‘m > 0; 4) anu > O’ aocm > 0’

vhere o, are stresses from external lcad;

Ooem — residual welding stresses.

Can appear the stressed states: mono-, two-, triaxial and

different combinations from external lcad and residual welding

stresses. For example, in the nozzle welded joint of the container,

which works under pressure, the biaxial field cf the residual of the i

1 welding stresses is combined with biaxial stresses from external

— o

load.

e

Fage 77.
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In some corrosion-active media the residual the welding stresses,

acting jointly with external load, sharply accelerate the process of

i s

AN )

cracking especially under conditions twec~ and cf triaxial stressed

¢

Few

state [13].
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Relative to the rate of sorption frocesses in welded joints it
is difficult to give unambiguous answer/resgonse. However, in number
of cases the presence of the strained structure of welded joint
increases the rate of sorption processes, for example the more
intense hydrogen absorption of the welded jcints of titanium alloys

in comparison with the base metal.

To corrosion cracking can have an effect the weld defects.

Connection/inclusions can reinforce electrcchemical heterogeneity,

the flaws/defects of the form of weld; for examgle, poor fusions, as
stress concentrators, can be the reason for the emergence of

corrosion cracking.

Methods of an increase in the stability of the welded

constructions against ccrrosion damage. To raise the stability cf

velded constructions against the corrosion failures is possible by
the general methods of the fprotection of metal constructions from

corrosion and by the special methods, which consider the special

feature/peculiarities of welded joint.

At present for the protection of metal comnstructions fronm

corrosion they apply:

1) protective coatings on organic basis (organic coating and
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highly polymeric lubricants), on inorganic ktasis (oxide, phosphate,

chromate, etc.) and metallic different types (metalization, hot,

diffusion, cladding); 2) the treatment cf ccrrcsive environment - the

neutralization and the deoxygenation of the liquid media, the
application/use of a various kinds of iphibitors - the substances,
which retard the rate of the corrosion of metal, etc.; 3)
electrochemical protection (cathode) with the application/use of
tread/protectors, electrochemical (anode) and fprotection from stray

currents with the application/use of electrodrainage; 4) the
development and the manufacture of the new structural metals of

increased corrosion resistance; 5) raticnal corstruction and the

cperation cf metallic ccnstructions and partse.

The rational safety method of metals from corrosion from the

positions of the electrochemical theory of corrcsion is braking the

checking factor of corrcsicn [3, 15].

Fage 78.

The value of the corrosion current, which determines the rate of

corrosion, depends on four basic factors of the electrochemical

corrosiomn: a) E) —EY - are differences in the initial potentials: the

equilibrium potential of the cathode depolarizing process E£% and of

the anode reaction c¢f the dissolution of metal E°% under conditioms
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of corrosion; b) the average cathode polarizability Pk, c) the

average anode polarizability P,; d) the ohmic resistance of the

corrosion cell/element R.

These factors are bonded by the exgressicn

i E} —E,
P+ P+ R "
The emf of corrosion cell/element E}%—E% characterizes the
degree of the thermodynamic instability of system; the dencminator

characterizes common/general/total kinetic traking system.

The rate of corrosicn can be decreased by a reduction in the
thermodynamic instability of system or increase in kinetic braking
system because of braking cathode Px and anode p, processes and

increases of the ohmic resistance cf systenr R.

By the basic method of deceleration of the corrosion of welded
joints and increase in the stability tc corrosicn failure under

stress is the decrease in their thermodynamic instability, the

decrease macro- and the microelectrochemical heterogeneity both the

poured weld material and entire welded joint as a whole, the way:

a) decrease in the chemical unhomcgeneity cf welded joint; in

the majority of cases is required the chemical composition of weld,
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identical for the chemical comfposition of the Lkase metal;

b) decrease in the structural heterogeneity by the control of
thermal cycles during welding, by change of crystallization

conditions in the process of welding (mcdification, the "freezing" of

tath, ultrascnic processing), by the applicaticn/use of heat,

mechanical and thermomechanical treatment;

c) decrease in the unhomogeneity cf the stressed state of the

first and second gender in welded joint with the aid of heat,

LTRSS NG 20—

mechanical and thermomechanical treatment; imprcvement in the ?
stressed state in welded jecint by the raticnal construction of |
veldments; the release of the residual gf the welding stresses by

heat, mechanical or thermomechanical treatment; the creation of the

compressive surface stresses by machining (rolling, shot peening);

Becrease in the mechanical and gecmetric unhomogeneity of welded q

i joint can be reached because of raticnal technology of the
preparation of welded jcints without stress concentrators. ;j
; i
Fage 79. ]
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ELIMINATION OF RESIDUAL DEFORMATIONS DURING THE WELDING OF SHEET

PANEL CONSTRUCTIONS.

Cand. of tech. sciences V. M. Sagalevich, engineers I. A. Vaks, Yu.

F. Khramogin.

puring the manufacture of some sheet constructions widely is
utilized spot welding. The volume of spot welding, for example during

the manufacture of sheet panels, is 80-90o0/0 of volume of all welding

work. Bne of the basic problems, which appear during the manufacture

of panel constructions, is the straightening/trimming. Present
article proposes to open the basic reasons for the formation of
welding residual deformations and to nonmark some ways of fight with

them in sheet parnels.

Panel constructions represent the sheathing/skin, connected by

spot welding with the batch of rigid cell/elements. For a rigidity
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apply the not connected stringers, preliminarily corrugates sheets

o
(Fig. 1¥ and b). Of any strict sequence of the setting of spot welds,

preventing or decreasing deformation, does not exist. They assume

that for the prevention of the formation of "pops" or other local f
f
!

deformations welding one should conduct from middle to the edges of
panel. However, this does not guarantee from the common/general/total i
carrier, frequently greater than buckling during welding in any

another sequence.

The basic residual deformations of different panel constructions
are the longitudinal, cross and diagonal sagging/deflections and the
loss of stability. Loss of stability is extremely rare and appears i
only in the case of extremely low rigidity of weldment. The
deformations of lcss of stability can be removed by the post-welding
rolling of weld zone - by the method, widely used in industry. True,
the rolling of intermittent welds has a series of the special

feature/peculiarities, at which let us pause.

Page 81.

The appearing during welding cross sagging/deflection (Fig. 2)
as show measurements, is uniform in width it can be prevented
directly in the welding process, with the use of the attachments, E

which assign the sagging/deflection, reverse and equal in magnitude
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welding (Pig. 3a). It is possible also during velding *o give to
panels the local cross sagging/deflection (Fig. 3b), but in this case

difficultly parameter determination of the deformation, which

eliminates the formation of permanent deflection.

The most significant and difficult to remove are the
longitudinal and diagonal deformations. the shrinkage of spot welds

results in reduction in the intermittent weld along the length.
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Pig. 1. Sheet panels with checkered plate (a) and with stringers (b).

Page 82.

In weld zone appear after welding the residual tensile stresses,
wvhich reach maximum value directly on the axis of weld in the place
of the setting of spot welds (Fig. 4). In the interval/gaps among
points residual stresses are below. when selecting rolling schedules

after welding it is necessary to be oriented toward the average value

of the residual stresses in the central section of weld.

The given stress field obtained by calculation for flat sheets
can be used for determining the middle stress level in the zone of ;
rolling. The action/effect of the residual stresses in sheet panel
constructions is equivalent to the noncentral load application. The
inertia axis of panel is furnished somewhat higher than the axle/axis :
of the action/effect of residual stresses, as a result of which the
upper filaments of stringers also prove to be under the action/effect
of tensile stresses (Fig. 5a). The longitudinal sagging/deflection is

not identical in the different section/cuts of panel even in such a

case, when in each of the welds act equal residual stresses.
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Fig. 2. The cross and stretch deformations of the panels, welded on

the horizontal table: (,- is sagging/deflection in transverse

direction; /., - sagging/deflection lengthvwise.

Hb) 1

Pig. 3. the elimination of cross sagging/deflection during bench
velding, vhich assign reverse sagging/deflection with the aid of

special table (a) and the local bending (b).

Page 83.
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This is explained by the different rigidity of construction in
different section/cuts in the welding process and by the dependence

of shrinkage effort/force on the rigidity of section/cut, which

grow/rises with stitching.

The profilogram of cylindrical panel (Fig. 5b) is constructed
according to the results of direct measurements after welding
(sequence of stitching - from middle to the edges of panel). For the
larger clarity of the character of displacements the panel is
conditionally depicted in plane. The shaded sections characterize the
measured after welding deviation of the outline/contour of panel from
the initial position. The having comparatively small rigidity edges

of this panel during welding from middle are strained considerably

more than in the case victuals of rigid cell/elements staggered.

With the rational sequence of stitching, which decreases the
sagging/deflection 10-12 times, first are welded the extreme sections
of panel, then panel they divide/mark off in width into equal parts
(dotted lines in Pig. 5c), in each of which in rotation are applied
the welds. The amount of the deformations of edge, which appear from
the imposition of central welds, inversely proportional to the

rigidity of boundary/edge section/cut. The general amount of
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deflection of edge is determined by the sum of the deformations of

edge directly from edge joint and from the welds, arrange/located in

the center section of the panel.

e AR MM A T

(7 V3nauenun ocmamounsix
Hanpaxenud wa ocu

.

Pig. 4. The field of the longitudinal residual stresses of the

single-row spot weld: # is a step/pitch between points; r - the

radius of spot weld.

it o cakitiasme >

Key: (1). Values >f residual stresses on the axis of weld. (2).

¥elding line. (3). Boundary of the zone of temnsile stresses.
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Fig. 5. Distribution of residual stresses according to height the

flanges of stringer from the alloy OT4; by thickness 0.6 + 1.0 mm
.% (a), the profilogram of the longitudinal sagging of welded panel (b)
with cylindrical cross section (radius of curvature 1 m, length 3 m)

and rational welding sequence of stringers (c).

Key: (1). kg/mm2. (2). stringer.
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3 The portion/fraction of the deformations of edge of the imposition of
;i the central welds the greater, the lesser the rigidity of the edge of

panel. Therefore first of all is manufactured the welding of the edge

of panel. However, no sequence of stitching makes it possible to

completely remove the deformations of buckling, which appear from

il o

shrinkage.

R NI

Por dealing with residual deformations, in particular for the

prevention of their formation, it is expedient to utilize two known

- -
o AR 5 AT

stages - rolling of weld zone or forging by electrodes. The second

stage one should consider as the most advisable, since it makes it

possible to avoid shrinkage. The mode/conditions of forging can be

determined by calculation [1].
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Forging is difficult in large-size sheet panels with tens
thousand of points, weldable in series roller machines. The
redesigning of such machines for a welding with forging leads to the
nev deformations - technological, which in seam welding machines are
developed several times more powerful than on pcint. In this case for
the elimination of deformation it is expedient to apply rolling. The

width of the zone of rolling can be restricted bty the diameter of

spot weld.

Is developed procedure for the selection of rolling schedules.
In this case the spot weld considers as continuous, with the
determined middle level of the longitudinal residual stresses in the
rolled zone. The pressure of rolling is selected according to the
calculations, given in work [2]; the residual stresses are determined
depending on the relation of the step/pitch of points toward their
radius on curve/graph, constructed according to the results of the
calculations (Fig. 6). Function A is numerically equal to the value
of the longitudinal residual stresses in ccntinuous (roller) weld and
it comprises for an alloy OT4 35 kg/mm2 for steel S¢. 3 21 kg/mm2. The
experimentally determined residual stresses in the specimen/samples,
rolled under conditions, selected in accordance with this procedure,

satisfactorily coincide with calculated (FPig. 7). The sequence of




DOC = 77120203 PAGE 20— ,/(/

rolling substantially does not affect the process of the 2limination
of deformations. Welds can be rolled both from one edge of panel to

another alternately and from middle to edges.

Along with the longitudinal sagging/deflection, in sheet panel
constructions appears the diagonal sagging/deflection, which is the
consequence of displacement during the welding of the parts to be

connected (or, which is the same thing, "technological"

deformations). The special feature/peculiarities of the formation of
this type of deformations are examined in detail in work [ 3].
Therefore let us pause only at the rational methods of their
elimination in connection with the constructions of average sizes

(long than 2 m).

Page 86.

Such constructions during welding can be rotated in horizontal plane
with the aid of tilters, by applying any rational order of the
setting of the points and by furnishing panel in the necessary

position of the relative electrodes of welding sets.

Upon the consecutive setting of the points in one direction, the

displacement of electrodes leads to one-sided bending. The amount of

displacement depends neither on the rigidity of parts nor on the
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parameters of welding conditions [ 3], but it is determined by the
relationship/ratio of the rigidities of the arms of welding set. The
addition of shearing strains from isolated points leads to the
longitudinal sagging/deflection. If we weld all welds in one
direction, from one edge of panel to another, then appears diagonal
sagging/deflection. The amount of deflection of each subsequent weld
is equal to the sum of its own sagging/deflection and
sagging/deflection, which arose in the section/cut in question from

the imposition of all preceding/previous welds. Panel after welding

is distorted.

The profilograms of panel made of steel VNS-2 in different cross
sections (Fig. 8a) testify to considerable diagonal
sagging/deflection; the longitudinal sagging/deflection virtually is

absent. It is obvious that part of the welds must be welded in

opposite direction. For panel constructions it is possible to
recommend the sequence of welds, providing certain decrease in the

deformations due to shrinkage and the elimination of deformation,

called diagonal sagging/deflection (Fig. 5¢).
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Fig. 6. Dependence of the value of the average longitudinal residual
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stresses in single-row spot weld from the relation of step/pitch

toward the radius of spot weld.

Key: (1). Alloy. (2). St.

Fig. 7. Average longitudinal residual stresses in the cross section

of plates from the alloy OT4 with a thickness of 1.0 + 1.0 mm, welded
by the spot welding: I and II - the experimental data; III -
calculation data (I - measurement after welding, II - measurement

after rolling with effort/force 950 kgf).

Key: (1). kg/mm2. (2). Weld.
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During welding in the given sequence of the deformation of one
direction they are compensated for by sagging/deflection due to
contrary welds. In a number of cases to completely eliminate diagonal
sagging/deflection, since, along with longitudinal displacement,
occurs the transverse displacement of electrodes (rollers). Therefore
the panels of average sizes it is expedient to weld in spot welders,

divide/marking off all welds into equal sections 150-200 mm long. 1In

this case occurs the compensation for the technological deformations,
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vhich accumulated in the first section, by the contrary deformations

of the second section and, etc (Fig. 8b). This order of welding is

more labor-consuming, bat gives the smallest residual deformations

and makes it possible to virtually prevent the formation of diagonal

sagging/deflection.
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Pig. 8. The profilogram of the cross sections of the flat/plane 3
panel, having diagonal (z) and longitudinal deflections (f) in weld ]
]

zone from the displacement of the electrodes: I - shearing strains

are compensated for by welding sequence; II - shearing strains they
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are accumulated during welding in one direction; 1-6 - the sequence

and direction of welding.

Key: (1). Number of stringer. (2). Direction of welding.
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ELIMINATION OF THE DEFORMATIONS OF LOSS OF STABILITY DURING PLATE
WELDING WITH FRAMES.

Cand. of tech. sciences V. M. Sagalevich.

The joint of laminae with rigid frames frequently is encountered

in practice. To nodes of such type, intended for the
heavy-duty/critical constructions, are presented special requirements
with respect to w2lding deformations, in particular for the presence
of the deformations of loss of stability, which are generated after
the joint of plate on outline/contour with frame. The elimination of
deformations by known methods (setting of technological points, the
rolling of welds after welding) labor-consuming or difficult to
achieve in practice (for example, uniform heating plate to the value
of the contraction, which appears from welding). At the same time
left of the deformation of the loss of stability of plates without
correction it should not be due to a reduction in the operating
characteristics of the joint and due to the impossibility of the

good-quality execution of some subsequent technological operations.

The proposed method of fight with deformations is intended for

the plates, which are welded overlapping to the framework/body of
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frames. In this case by analogy with some known methods they use

preliminary deformation. The scalded on outline/contour plate is

T

hooked from four sides and is located under the action/effect of

e, M

compressive forces. Distributed loads in the direction of axle/axes X
and Y will be equal (Fig. 1)

g 9%=T%wrF, } D= w+LF, "

wvhere P, - the compressive force of one rectilinear weld:

6a, 6b - the half of the cross-sectional area of plate in the

direction of the action/effect of shrinkage effort/force;:

F, — area of the section/cut of franme.

b e

In the calculations of constructions the solution of the

F
1 problems of loss of stability is reduced to the determination of
breaking stresses [1 and 2.
Page 100.
3 In this case they are limited, as a rule, to the subcritical stage of
* the deformation of plates. In this work are examined the

displacements of the surface of plate in the supercritical stage of

deformation from the compressive strains of the edges of plate,
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caused by welding.

For the approximation of the symmetrically warped sur face of

plate are applied the double trigonometric series:

1
manx cos ;
2a

W = ‘\:‘ E A COS

m=1 n=1}

If we consider that the sagging of plate at point 0 (Fig. 1) is
equal to f, and the relationship/ratio of the size/dimensions of
sides a and b is such, that the loss of stability occurs with the
formation of one half-wave of displacements and in direction X, and
in direction Y, then the approximation for the deformed surface of
plate, which satisfies conditions at edges (with x = b and y = a w =
0) will be [ 2]

TX :u.
W = [ C0S ——COS —— ,
! 2b 2a (la)

the components of displacement u and v into the central plane of

plate can be determined in the following form:

: Yy X
u:cls]n_‘cus____el.
a 2 v Y

] a9
Z—en |

: nx
v :‘—-Czsln“"'b— cos el O

vhere C, and C, - constants, determined from the conditions of the
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minimum of the strain energy of plate;

e« and ¢, are deformations of the contraction, determined from

the character of action/effect and value of shrinkage effort/force.
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Fig. 1. Joint of plate with frame framework/body (a) and the circuit

of the action/effect of loads after welding (b).

Key: (1). Weld.
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The components of deformations in the central plane of plate we

determine by the known formulas:

B ———
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strain energy P calculate in accordance with the expression

9 ] “+a-+b
P = n*abf*D il QUG 2 S
32 (a2 T 5 rl—_u.s IX
—a —b
2 1
G [ei ko ks L :1)7_‘:3,1 dx-dy, (3)
= Eh? Lt e
12(1—p2) " " 21y

vhere h - the thickness of plate.

AUtilizing expressions (1) and (2), ve solve equation (3) and

find constant C, and C, from the conditions




i NS 6 U R ey

DOC = 77120203 PAGE AE /24

Amount of deflectiogAve find from the relationship/ratio

9..__
256ab ( b?

+ 1—3.‘&)_{_

a
)
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The constructed according to formulas (4) dependences (Fig. 2)
for plates with ratio bsa = 1.25 show a change of the
sagging/deflection in point 0 with the identical value of contractior ¢,

and ¢, in both axlesaxes.

From the theory of plates known that with the smallest breaking
stresses loses stability the plate with ratio btya, equal to integer,
in particular square plate. Therefore we will be restricted

subsequently to the examination of precisely sgqguare plate; in this

case B 6,42a* (¢ ¢ + ¢y) —4, 00001
i TR T G (5
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For the analysis of the deformaticns of rectanqular plate it is
possible to utilize relationship/ratios (4) and (5), obtained for the
plates of square form, since the disregarded amount of deformation
exceeds the resistance to deformation of loss of stability. The
amount of critical relative compressive strain can be determined fronm
the condition of the equality of zero numerator of expression (5).

Accepting ex=ey=F¢ we obtain critical compressive strain:
h2
er'=0,316-;{ p (6)

For the selection of the amount of preliminary deformation it is
necessary to know the deformations, caused by welding. For some
special cases in specimen/samples is determined the shrinkage

effort/force.
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Fig. 2. Dependencez of the sagging of plate due to relative

compressive strain.
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In this case are establish/installed the area of the zone of plastic
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deformations and the average value of the residual stresses o,n

in this zone. Welding compressive strain

__ Socm Fau e N
€cq == Eha (1 p2), (Tx
where  gom Fuu - the shrinkage effort/force of weld;

ha - the cross-sectional area of plate and frame.

Specifically, during the welding of steels VNS-2 (martensite
class) and VNS-5 (austenite-martensite class) 1.0-1.0 mm thickness
0 oem == 3300 kgf/cm2, a F,,~10mn? (Fig. 3). For a plate with
side 2a = 200 mm the compressive strain from welding e = 1.510=¢

exceeds almost 5 times the amount of ultimate strain in formula (6),

equal to 0.316e10~4,

In order to avoid the deformations of loss of stability, it
suffices evenly to elongate the sheet before welding in the
direction, opposite to the action/effect of shrinkage effort/force to

value e.p—e Por this can be used the displacement of electrodes

Kp*

3] in spot welders, because of which it is easy to carry out the
necessary interference of sheets with clamp. In this case the

relative displacement of electrodes with clamp must be 2-2.5 times

greater than value e,— ¢ since to carry out an uniform

Kpr

elongation of plate in entire width with clamp is virtually
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difficult.

Interference is made as follows. First they tack/catch one of
the edges (for example, edge 1 in Fig. 4), the node to be welded with
clamp can occupy arbitrary position relative to the arms of spot
welder. Then they tack/catch opposite edge 2, but in this case node
must be arranged between the arms of machine in such a way that the
displacement of electrodes would lead to the interference of plate.
For this it is necessary to preliminarily determine the direction of

the displacement of electrodes.

Fop. M2
BHC-2
wmfgt é - 39
A 278
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75

)

]

10
| '&2 ‘
oy
Go+1 »

; 111535 1502 18023 18°4 [ +dyprm

Pig. 3. Experimental values of the area of the zone of plastic

deformations during the seam welding of steels VNS-2 and VNS-5.
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This can be carrisd out not only by direct measurement [3), but also

by the indirect-welding of two laminae of small rigidity, moved to
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the value of the step/pitch after the welding of each point in
determinate direction (into the outline/contour of the machine or
from the outline/contour of machine). The size/dimensions of plates
can be constants, since the amount of the relative displacement of
electrodes depends only on the relationship/ratio of the rigidities
of the arms of machines. For example, the plates 300 x 15 x 0.6 mm in
size/dimension are welded with step/pitch 10 mm. If the bending of
plates occurs with their feeding into machine in the manner that it
is shown in Fig. 5a, then the arrangement of weldment in the
outline/contour of machine must correspond to its arrangement in Fig.
fa. But if specimen/sample is bent to opposite side (Fig. 5h), then
the node to be welded must be turned in horizontal plane to 180°,

With the clamp of edges 3 and 4 (Fig. 4) is utilized usually the same

principle, as for edge 2.

The elongation of plate partially is removed during welding. In

the case of the sufficient displacement of the electrodes of loss of

stability it will not occur.
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Fig. 4. Sequence of the clamp of plate to the framework/body of

frame.
Rey: (1). Welded sheet. (2). Framework/body.

o TR e

Fig. 5. Character of the sagging/deflection of specimen/samples in
the case of the larger rigidity of the upper arm (a) or of the larger
rigidity of lower arm (b).
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puring a change in the rigidity of arms can be changed the amount of

the relative displacement of electrodes, which is important for the
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safequard for necessary interference [3]. felative displacement A
leads to completely determined sagging/deflection f of control

specimen/samples. For achievement of the necessary displacement it is

necessary that amount of deflection will be 1.5-2 times more *han the

value, obtained from the approximation formula

f=£<2—— ‘/ 3—~cusi"— )
A 2,

where A - the relative displacement of electrodes;

t - the step/pitch between points;

6§ - the thickness of one sheet (are welded the specimen/samples

cf identical thickness);

n - a quantity of spot welds, between which it is determined the

sagging/deflection of specimen/sample.

By changing the rigidity of arms, it is possible to select the

necessary amount of deflection of specimen/sample f, and respectively
also displacement A and, by applying the described method, to avoid
the formation of the deformations of loss of stability. However, the

exaggerated interference of sheets, obtained as a result of the

relative displacement, which considerakly exceed the values,

sufficient for the prevention of deformations, is undesirable, since

rT—————
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it can lead to high tensile stresses in sheets on line of weld.
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Fig. 6. Arrangement of node with the clamp of plate to frame with the
gqreater rigidity of the upper arm (a) and of the smaller rigidity of

the upper arm (b).

Key: (1). Outline/contour of the arms. (2). Upper arm. (3). Lower

Ar M.
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IMPROVEMENT IN THE WELDABILITY OF THE MATERIAL SAP.

Doctor of technical sciences G. D. Nikifor, the Cand. of tech.

sciences S. N. Zhiznyakov.

As a result of the work, carried out in the MATI together with

other organizations, it was establish/installed that the material of
SAFs
,Eapg to be welded can be obtained by carrying out the

high-temperature annealing of the blanks of SAP with their subseqguent

|
1
‘*ﬂ
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deformation (1, 2].

In our opinion, during this special treatment of material they

are solved two basic questions: the redistribution of oxides of

aluminum (failure of oxide framework/body) and the distance/removal
of the sources of gas [2). The material oa 53%3, manufactured
according to common technology !, cannot be welded by the methods of

fusion welding [1, 2].

FOOTNOTE !. The maximum temperature of heating blanks during the

manufacture of common SAP does not exceed 450-500°C. ENDFOOTNOTE.

puring the arc welding of this material the arc burns unstably, and

the added metal is thrown out from bath, forming on edges the runs,

affected by pores.

The annealing cf briquettes at temperature of 600-610°C with the
subsequent deformation makes it possible to sharply improve the
weldability of SAP. During the welding of this material the arc burns
stable and bead joint is form/shaped normally. However, the strength
of welded joints turns out to be very low and does not exceed

15-250/0 of the strength of material. During a further increase in

3 ,,/, '. W'—":J&.‘r‘:zﬂ_«. =

’
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the temperature of the annealing of the brigquettes of SAP the
veldability of material is improved; the relative strength of welded
joints grow/rises (Fig. 1). During the welding of the sheets,
manufactured from the briquettes of SAP, passed annealing at
temperature of 650°C, the relative strength of joints reaches

As a result of the annealing of briquettes at the melting point
of aluminum (660°C) is sharply improved the weldability of SAP and

the relative strength of the joints, obtained during the welding of

this material, it approaches 85-900/0.

Page 107.

The studies of the welded joints, obtained during the welding of
the sheets of the SAP, manufactured from the briquettes, to annealed
at different temperature, it will make it possible to reveal in the
zone of the vacuum of gas origin (Fig. 2) near the weld. The total
void content with an increase in the temperature of annealing
reqularly decreased (Fig. 3). during the comparison of the curves of
the relative strength (see Fig. 1) and of the total void content
(Fig. 3) of welded joints it is possible to note that the shape of
the curve, especially in the region of the melting point of aluminum,

considerably differs. Specifically, on curved total void cortent

P A L S
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there is no jump at temperature of 660°C. This fact attests to the
fact that the properties of the welded joints, obtained during the

welding of SAP, depend not only on the total volume of the generating

vacuums, but also on a series of other factors.

The basic source of the gases in SAP is the crystallization
moisture of hydrox ide of aluminum, which is contained in material [2,
3). According to the data of some authors [3], this moisture is
retained to temperature of 600°C. The conducted by us investigations
in the vacuum extraction of aluminum foil showed that the
crystallization moisture is retained up to the temperature, close to
the melting point of aluminum. For the refinement of the temperature
of decomposition of the being in SAP moisture of vacuum extraction at
temperature of 700°C were subjected the specimen/samples of SAP,
manufactured from the briquettes, passed the annealing at temperature

of 590-600, 640, 650, 660+%S, 700 and 750°C.

The volume of the hydrogen, which separated during extraction,

was determined by the formula

vy, = Ly, — Sa,, ,

where v, is a volume of the "internal®™ hydrogen, which separated

directly from specimen/sample, in cm3;
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i
i
t
ZH, - the total volume of the hydrogen, which separated during §

extraction, in cm3;

R S reary o YWy

s - the surface of specimen/sample in cm2;

ay, -~ the volume of the hydrogen, which separated from the unit

of the surface of specimen/sample, in ml/cm2.
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Pig. 1. The temperature effect of the annealing of briguettes on the

relative strength of the welded joints, obtained during the argon-arc

welding of SAP.

Key: (7). Relative strength. (2). Temperature of annealing.
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Pig. 2. Pores, vhich are generated in the weld-metal zone near the
veld, obtained by the argon-arc welding of the SAP, past the

di fferent temperature of the annealing cf triquettes; x 70; a).

600°C; b). 650°C; c). 680°C.

Page 109.

From the obtained results (Fig. 4) it follows that the content
of the gases in SAP sharply is decreased with an increase in the
temperature of the annealing of briquettes to 630-640°C. During a
further increase in the temperature of the annealing of briquettes up
to temperature of 6609C content of gases in material is changed less
sharply and higher than the melting point of aluminum remains
constant. This makes it possible to assume that in the process of the
annealing of briquettes at the melting point of aluminum occurs
virtually the full/total/complete decomposition of the
crystallization moisture of hydroxide of aluminum. The hydrogen,
vhich is contained in SAP, manufactured from the briquettes, passed
annealing at temperature below 6609C, is present in the dissolved
state in aluminum matrix/die, in the closed discontinuities and is
located in bound state in the residue/remainders of hydroxide of

aluminum.
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During the welding of this material due to a sharp increase in
the temperature in welding zone (800-900°C) occurs the violent
decomposition of the residue/remainders of moisture and expansion
gas, that is located in discontinuities. This leads to a considerable

increase in the pressure in the closed vacuums. The latter, expand,

destroy metal with the formation of "torn" pores, strains and cracks
(see Fig. 2a and b). To the appearance of the flaw/defects indicated
contributes the fact that the reaction cf moisture with aluminum
especially intensely passes in the places of the accumulation of
hydroxide, i.e., in sections with weakened communication/connections

between particles.

In SAP, manufactured from the briquettes, passed annealing at
temperature higher than the melting point of aluminum,
crystallization moisture, apparently, is absent and hydrogen is
located in vacuums at insignificant pressure as a result of its

dissolution in the process of annealing in liquid aluminum and of an

increase in the vacuums in volunme.
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Fig. 3. Total porosity of joints from SAP during argon-arc welding in

temperature dependence of the annealing of trigquettes.

Key: (1). Porosity. (2). Temperature of annealing.

Fig. 4. Quantity of hydrogen, which separates during the vacuum

extraction of SAP, in temperature dependence of the annealing of

briquettes.

Key: (1). cm3/1003. (2). Hydrogen. (3). Temperature of annealing.
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In connection with this during the welding of SAP, manufactured from

the briquettes, to annealed at temperature higher than the melting
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point of aluminum, the formation of strains and "torn" pores is i

eliminated and possibly only the formation of the pores of spherical
form (see Fig. 2c), not exerting a substantial influence on the |
strength of material. The abrupt increase in the strength of welded
joints from the briquettes, to annealed at temperature higher than
the melting point of aluminum (see Fig. 1), in our opinion,

completely it is possible to explain by the smaller value of the

pressure of hydrogen in the closed discontinuities. It is possible
that an additional improvement in the technological weldability of
materials is connected also with an increase in the metallic bonds
between single aluminum particles, the replacement of the deformed

grains poured and with other factors.

On the basis of the findings it is possible to draw the
conclusion that for obtaining SAP, which possesses a good
technological weldability, the annealing of briquettes must be
conducted at tempsrature higher than the melting point of aluminum
(660-670°C) . The application/use of a vacuum annealing of briquettes
makes it possible to lower the necessary temperature of annealing.
Thus, for instance, material with a good technological weldability
was obtained with the annealing of briquettes in vacuum at
temperature of 650 + 10°C. This can be explained by the following

reasons. At the temperature of annealing, close to the melting point

of aluminum, in material remains a very insignificant quantity of
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moisture, capable during prolonged reaction with aluminum to separate

not more than 0.5-0.6 cm3/100 g of hydrogen. At the same time a
quantity of dissolved in aluminum matrix/die hydrogen as a result of
its partial removal from solution does not exceed ~0.3 cm3/100 g,
i.e., approximately 2 times is less than its equilibriunm

concentration in liquid aluminum (with T = 660°C and pu, =1 at).
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rig. 5. Stepped mode/conditions of the high-temperature annealing of

the cold-pressed briquettes of SAP.

Key: (1). Temperature. (2). Cooling. (3). Time of annealing.
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The generating in the welding process atomic hydrogen can be
dissolved in liquid aluminum. Part of the hydrogen, which did not

have time to be dissolved, will not be able to cause large pressure
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in discontinuities. The probability of the formation of strains and i

cracks sharply decreases. With the high-temperature anneal ing of

)
!
briquettes, especially large size/dimensions, frequently are formed 4
the cracks. These cracks affect adversely the stability of the f

mechanical properties of the semi-finished products of weldable SAP.

In the opinion of the authors, by the tasic reason for the

appearance of cracks in briquettes is too violent a gas evolution.
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Mechanical properties of the joints without the removed

strengthening, obtained during the automatic argon-arc welding of

s a3y

sheets SAP-1S butt with the applicationsuse of a filler rod from the

alloy AMg6. 1
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Key: (1). Thickness of sheet in mm. (2). Welding. (3). Temperature of
tests in °C. (4). Tensile strength i;ikg/unz. (5). Relative strength
in o/o. (6). Bend angle in deg. (7). Note. (B). one-sided, by
nonconsumable electrode. (9). Bilateral, by nonconsumable electrode.
(10) . Structural strength of small reservoirs =24 kg/mm2. (11).
Biaxial stress. (12). One-sided, by consumaktle electrode. (13).

One-sided, with the forced formation of weld. (14). strengthening is

removed.
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The rate of formation of gases with annealing in its initial stage
reaches ~120 cm3/100 g per minute. Considerable deceleration of the
formation of gases (to 10 cm3/100 g per minute) reached by conducting
high-temperature annealing under the stepped conditions with a
gradual rise of tamperature (Fig. 5). On this technology on one of
the enterprises were made the industrial batches of the sheets of SAP
(SAP-1S, SAP-2S), of large-size briquettes. Semi-finished products
from weldable SAP possess high mechanical properties at room and
elevated temperatures, they have high plasticity and contain an

insignificant quantity of gases (less than 0.7-0.9 cm3/100 q).

The weakest section of the welded joints, obtained during the

L4
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welding of SAP, is the section of the zone of material near the weld,
heated during welding to temperature higher than the melting point of
aluminum [ 2). In this section melts the aluminum basis of material
and they manage to pass the processes, which lead to the
coarsening/consolidation of oxide particles. For obtaining welded
joints with the maximum strength the welding one should conduct in
possibly more arduous conditionss. In this case it is desirable that
the cylinder of weld would cover the most weakened section of the

zone of welded joint (see the Table) near the weld.

Conclusions.

1. The temperature of the annealing of briquettes exerts

essential effect on the weldability of the manufactured of them

semi-finished products.

2. The best technological weldability possess the semi-finished

products, manufactured from the briquettes, thrown down *o annealing

at temperatures higher than the melting point of aluminum.

3. The application/use of a vacuum makes it possible to lower

the temperature of the annealing of briquettes to 650°C and to keep a
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good technological weldability of material.

4. In order to prevent the cracking of briquettes, it is
expedient to apply *he stepped annealing, which makes it possible to

requlate the rate of formation of gases at different temperatures.
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