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ES T IMAT I ON OF THE RELIABILITY OF W E LDED J O I NTS.

Cand . of the tech. sciences V. N. Vo lchenko.

Page 33.

Quality and the reliabili ty of welding.  To the questions , bon ded

with an improvement in the quality and re l iabili ty of articles , with

each year is given increasing attention. This is related a lso to

welding. As a result of welding process must be provided prope r

quality of the obtained welded joint . Into concept “ w e l d i n g ” , to

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

we can include /connect entire total i ty of the phenomena , cause d the

technologica l chain /network : equipment is a welding process —

article. R ere enter other , bonded wi th  the realization of this

chain /networ k factors , for exa m ple the condition of w e l d i n g  and

operation , the ini t ial  materials , equipment , et c.

By sh e  qua l i ty  of article or system it is accepte d to cal l  th e

to ta l i ty  of th e properties of article , which determine its

sui tabi l i ty  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 exped ient to

• understand the totality of all phases of its existence, beginning

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

utilization in cons truction, 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 we lde r—opera to r  or

4 au tomat ic  machine  wi th  the reliable work of equ ipment  and e q u i p m e n t ,

the high q u a l i t y  of t he  in i t ia l  mater ia l s , good p r e p a r a t ion  and  the

assembly of joint.

The concept of the quality of welded joint depends substantiall y

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 materia l with special not

easily att a inable  properties, then the  good—qua l i t y  welded jo int  also

turns out to be difficult to achieve. For example , high-st rength

steel of the type VKS have ultimate strength to 200 kg/mm 2 wit h very •

small plasticity. Therefore , in spite of the high quality of all

• stages of she execution of welding, the reliability of welded 1oin~

can be obtained low.

~
J.1
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Page 34.

To at present the metals diffucult to wel d are related some alloy

steels, alloys and nonmetallic materials. Especially compl icatedly

reliable joint of the het erogeneous materials between themselves.

Requirements for quality 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 rel iability 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. Reliabilit y is a functio n of time. Therefor e 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

estimated at the probability of failure—free operat ion, at the rate

F of failures, etc.

Service lif e is a ca pabil ity for the prolonged operat ion of

article during the necessary maintenance. Service life quantitatively

estimated at technical resource/lifetime, operating time to failure

or another limitin g condition.

4
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Fig. 1. Factors which influenee welding quality .

key: (1). Conditions of welding preparation, assembly and so forth.

(2). R e l i a b i li t y  of equ ipmen t . (3) . Q u a l i t y  of the  w e ld ing  process.

(1). Qua lification and the state of welder. (5). Reliability of

• equipment. (6). Quality of the initial materials. (7). Quality of

welded joint. (8). Properties of mater ial. (9). Operating cond itions:

the load, the medium , the temperature .

Page 35.

Maintainability 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 resources for repair

work.

Failure is called the total or partial loss of the wo rk 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 corr~spond 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 wor k of joint, are

considered the separate pores, the undercuts, the small inclusions

and she poor fusions within the limits of the establishc~1/installed

tolerances.

Failu res ar~ divided into sudden and gradual. Dete’iora ion

failures are bonded with a gradual change in the determining

parameters of article as a result of wear , aging, fa~ igue , creep.

Deterioration failures can be foreseen (to forecast) , investigatin g ,

for exampl e, the changing parameters of welds. The rand om failures

ar~ random events, cannot be foreseen the m , but it is possible to

estimate on the basis of theory of probability.

____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _______  ____
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Some concepts of reliability theory. The quantitative

determination of the reliability of articles requires the knowledge

of a series of the initial characteristics , determined by the method s

of mathematical statistic s and designed on the basis of theory of

probability. They include the following:

a) the probability of the failure—free operat ion of art ic les P

(t) — this is the probability of the fact that under specific

conditions of operation within the limits of the mission time of work

t will occur not one failure. Sometime s P (t) are called the funct ion

• of reliability, since it most completely characterizes this property

of articles.

Statist ically the probability of failure—free operation is

characterized by the ratio of rumbet n (t) exactly working to

torque/mom~ nt t of articles (systems) to the total number of articles

N, which are located under observation ; this relation

P v ( t )  -
N

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

the function approaches P (t) so that I~~(/ )~~ P I t )  (with N--~ oo)~

• Page 36.
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b) f a i l u r e  r at e  f (t)  — this ratio of the number of faile d

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

number of tested artic les N:

1(I) ~~~~~

The failure rate actually is the probability densit y of random

number distribution , i.e., operation time between failures TF J ~,

approach ing it wit h an increase of the number of observations.

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

number of failed articles ~n for time ~t after torque /moment t to the

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

• i- (t)~~~ 
‘~‘~

~1n (1)

X ( t )  is the local characteristic of the reliabi.litv , which

determines the reliability of cell/elemen t at each given moment of

time . Numerous experimental data show tha t for the wide circle of

articles the  f u n c t ion  X ( t )  can be broken in to  three  sec t ions  (Fig .

2). On the first of them X (t) has increased values. This is

connected with the fact that in large batch always are art icles with

she concea l ed/latent flaw/defects. These articles get out of order

ra pidly, and period r calls period breakings in. Period ri is called
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the period of normal operation . It is characterized by the cor~ tant

(or approximately constant) va lue of failure rate. Last/latter period

III is a period of aging. The here irreversible physicochemical

phenomena or the wear lead to deterioration in the quality of

• article, and X (t) grow/rises.

-

• Form curved ~. (t) , called sometimes “curved life”, somewhat is

changed depending on the operating mode. The floating mode/conditions

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

The failure rate is the convenient character istic of the

reliability of different articles and easily is determined from

experiment in the process of operation or when conducting special

reliability tests.

• d) t.he mean time of failure—free operation T~ 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 ) . To,, it is the mean time between failures , and for

the unrestorable articles — by ope ration time to the first fail’ire.

For obtaining values T~, with accuracy/precision to 4lOo/o

quantity of observations must he not less than 10.

Page 37.
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The reliability of articles is estimated on the basis of

experiment al 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 laws

(Table 1):

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

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

working un der effect mechanica l and climatic loads. Most

characterist ic are the random failures , A (t) = const. 2.

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

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 =i the law of Weibull

F is obtained exponentially.

The basic formulas , which describe the parameters of the laws of

IIIIhA~~~. - - .~
r_  -— -~- - _—
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the  d is t r ibut ion of r e l i ab i l i t y ,  are given in Table 1. In t e rms  of

greatest s imp l i c i t y  in conduct ing m a t h e m a t i c a l  u n pa c k i n g/ f a c i n g s

d i f f e r s  exponen t i a l  law.  It is appl ied most f r e q u e n t l y ,  especi al ly

dur ing  cal culat ions to the  re l iabi l i ty  of the systems.

Methods of t he  es t imat ion of the re l iab i l i ty  of w e lded  jo in ts .

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 materia l, thereby lowering the

probabilit y of the failure—free operation of atticle P (t) or its

service life To,, .

when evaluating the reliability of the mechanisms , which have

welded joints or constructions, it is necessary to know the

characteri stics of the reliability of the corresponding weld me nts

(joints or constructions). Of three characteristics of reliability to

• evaluate weidments 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

systems.
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A

Fig. 2. De pendence of the  rate of fa i lures  of articles of t i m e  A ( t )

with nominal  H an~ f l oa t ing  P the  ope ra t ing  modes.

Page 38.
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Table 1. Basic ma thema t i ca l  dependences of the theory of r e l i a b i l i t y

t i . 2~.

F (~ ~ Hapa6oTKa
~~~~~ BepoaTiiocm HHTeHcHBH0cTb ua OTK~ 3

~ 6e~o~~a s.iofl IICTOI 3 QTICa3O~ O?K~ 3~Th (A0Jw0Be1-
0 ~ pa6oTbl I4OCTb)

— 
_ — — 

• 
— JJ~L 

Tc1,
P ( t )  — ç ~ (t) dt ~ (1) — 

dl 
A (1) — 

P (1) = P ( 1) dl

— 

I o
P (1)  e A t  

~ (I) = / (1) = r —

~1 
• 

cP
~~~~A

• 

~~~~~~~~~~~~~~~~~~ 

~~~~ ~ 

A~COflS~

P (l )= 7~_ x ~(l) = X X ( l ) = 
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~~ 

T~,,~~I u 2 )
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Note. ~ are standard deviations (dispersion); ~ — the

normalized function of Laplace; ~ the parameter of the reliability

• of Weibull.

Key: (1). Law of reliability. (2). Probability of failure— free

operation. (3). Failure rate. (4). Failur e tate. (5). Mean time

between failures (service life) . (6). Exponential. (7) . and. (8) .
Normal (Ga uss). (9). Weihull.

• Page 39 The quantitative estimation of the reliability of

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

• methods (Pig. 3): a) by the directly full—scale statistical tests of

th~ “absolute” reliability of weldments; b) by the determination of

reliabilit y with the aid of the relative quality coefficients of H

welded -joint in compariso n vith the material of article.

For special tests for “absolute” reliability it is expedient to

subject to welda~’nts in such a case, when are observed the following

• conditions :

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

coefficients — reliability of veidments P~,( I) ;  A~, (t) Or
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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 statistica l tests of the series of

articles are justified by thc~ conditions of their work , by the  mass

character of the issue of articles or by their exceptional

responsibi lity.

Page IsO.

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 appr oach 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 exp lained by technolog ical or

structural strength , density, corrosion resistance etc. (Fig. 4).

- — -

~
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Depending on the danger of one disturbanc e/breakd own or the other of

quality in the process of operation is determined the “predomi nant

failur e” of article.

The predominant (or prevailing) failure — this is the failure ,

wh ich most probable under these operating conditions. As examples of

failures can serve , for example, failure as a result of low

technologica l strength , the failure or the achievement of the

inadmissible amounts of strains as a result of the loss of structural

strength , the disturba nce/breakdow n of densit y 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 exper imental intensity

of the failures

• ) ( f ) ~~ ~~
aln~I) ‘

wher e t is a b e g i n n i n g  of an interval At;fiAn — the  number  of

articles, which failed for time At ffn (t) — the average number of

exact articles in the selected interval.

The probability of failure—free operation for a period of time t

I - • - ~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•
~~~~
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can be determined from the following expression:

N _ V an

N

Depending on the form of the obtained statistics of failures A

(t) it it is possible to approximat e by one either the other

theoretica l curved of the examined above laws reliability (Table 1)

and to calculate then P (t) or ~~~

For the welded joints, which  work , for example , undor conditions

of ag ing ,  in the  agress ive  media unde r  load and  at h igh  t e m p e r a t u r e s ,

the s ta t i s t ic ian  of failures A (t) it has usually wear character.

• This answers the no r mal law of reliabilit y or the laws of Weibull in

the parameter v> !.

Page 41.

For rand om failures A (t) = const reliability P (t) can be calculated

exponentially.

However , the full—scale tests of the complete reliability of

weidments can be completely road, they are always necessary and

feasible; therefor e is proposed the simpler procedure of the
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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 cons t ruc t ion , m a c h i n e  or another  a r t ic le .  If t h er ~ is n o

replacement or the reduction of welded joints due to wear , then is

the common/general/total index ofwelded construct ion — this is the

uniform strength of weld to the base metal.

Work conditions of welded joints are very diverse, and in

concept “u n i f o r m  s t r e n g t h”  can enter  no t  on ly  s t r ic t ly  s t r e n g t h , 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/pre scribed condi t ions  can lead to  f a i l u r e .  By k n o w i n g  the

op erat ing condi t ions  of welded j o in t , i t is possible to select the

most probable combination of the possible failures or one predominant

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

show the wor k of welded joint in compa rison with material for the

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

the full—scale statistical tests of articles and according to the

quality coefficients of specimen/samples.

Key: (1). Estimation of the reliabilit y of welded joints. (2).

?ull—scale statistica l tests of articlc’s bench and operational. (3).

Comparative statistical tests of specimen/samples. (4).

Characteristics of material . (5). Characteristics of welde’i joints or

constructions. (6) . Quality coefficients etc.

Page 42.



- - - •~~-~~~~~~~~~~ ‘~~~~~~“~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ •

nor = 77120201 PAGE

For exampl e, w i t h  f a i l u re p robab i l i t y  as a resul t  of t h e

disturbance/breakdown of the static or vibration strength of

corrosion resistance quality coefficient K we will obtain from the

fo rmulas

K — V— 
‘ — 

‘ =
r v

where a, Ur the strength of material (static and vibration ) ;

• a’, 
~ 

the strenqth of the welded joint , m ade by the

assigned/prescribed welding method;

v,~, v, the rate of the corrosion of the base material (v..

and welded joint vi).

Analogously calculate qua l ity coefficients ir the clongation per

un it len gth or the angle of knee, impact toug hness and other indices.

For determining c~ efficient .s of K can be used the available in the

literature results of statistical weld tests, made on differen t

m a t e r ials ~Tab le  2)

— _
~~

_I_ J —fl .-. — -•• •— —•- 1___.___~
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Table 2. Some quality coefficients of welded butt joints.

I 

~-~ L 
Ko~.44 oIIuHeHrw ICa~tCTIa K

Me-ra ju~ u~ii,ia Caap~,i r K ~_&
B M U  K cmi1,u = ~~~ ~~~~ v

• 111)11 r — I 12 0 0 . H I l l

• f ts3xoyrn e- 5—10 Py~uag 9Jie~crpo-
pO1UICTalT • cBap ka :

cTa.9b 3-3-I 0 ,8—0 ,85 — —

3-42 1 .0—I ,! — —
I 

~ Auio~iaiii ’i t.~ -• cIcag !1oJ~
(;~ 

l~ J!IOC OM 0 ,95— 1 ,2 — —

CTaJ1h 18-8 3—4 A proFIo-J~yroBaH
BOJ1b q)p a MOBbl~ l

I ~J 1eKTpO 1~oM I 0,9— 1 ,0 0 ,85 0 ,45—0 5
BKCI 2
:

3 cl I)  To ~xe 0 ,9—0 ,95 — —

AMr6 5 10 —~ 0 .85 0 ,95 — —
I BT !T 2—3

cKaH flO~ 4~JiiO-

- 
co~ 1 ,1— 1 ,2 — 0 ,65—U 7

3oxrcuA 5—10 ~~~ B 1 ,1— 1 ,0 0 ,65 —

116r 4—6 AI)rono-)~yroI3aIT
soJTb (flpaMo Hbj%f I

9JleKrpO~ oM 1 ,0— 1 ,! 0 , 8—0 ,85 —

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

coeff ic ient  K. (5) . w i t h .  (6). Low—carbon steel. (7 ) .  M a n u a l  e l ec t r i c

weldi ng. (8) . A u t o m a t i c  in f l u x .  (9) . Steel.  (10) . A r g o n — a r c  by

t u n g s t e n  el ec t rode .  ( 1 1 ) .  The same.

LA .Ilh 
—-5- • ---~~~~ —•- 
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Thus, during determination of reliability of the article as a

whole it is necessa r y 4-o consider the relative qualit y of weld ed

joints wi t h the  a id  of coefficient of K, which can be determined for

• 
• simpler specimen/samples and employing less complex procedure , thar

dur ing  t h e  f u l l — s c al e  tests of r e l i ab i l i t y .  I f  is known  f a i l u r e ra te

un der these conditions for a material ?~~, t hen  for weld j o i n t

• (Fig. 3). If K ) 1, then it is accepted as K = 1 and ~~~~~~

since r e l i a b i l i t y  wi l l  be de t e rmined  here by material.

The different flaw/defects of the welded joint, which exceed the

tolerances, which ex ist for this welding method , can additionally

lower the reliability of article. ~y knowing character and the value

of flaw/defects , and also the degree of their effect on one or

another index of quality (vibration and static strength , corrosion

resistance e tc . ) ,  it is possible to determine the  r e l a t i ve  q u a l i t y  of

joint  wi th  t he  flaw/defects: K~~~=0K, where 0 is the coefficien~ ,

wh ich considers the effect of flaw/defect under conditions of the

predominan t failure and determined for the  app ropr i a t e  g r a n h s .

— -5—---— -- - _~~~~ 
I - -

~~~~~~~~ ~~~~~~~~~~~~



— 5-—-— - —--- ,- —5------- — ,—~~ -- --5—

-- —~ — • ---*• ~~~~—‘--- _______

DOC = 7712020 1 PAGE

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 ensure the high quality of the initial materials,

t hen 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 equi pment. 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 .

A
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Fig. 14_ Determination of the predomin ant failure of welded joints.

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

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

• medium , tem perature, etc. (5). Quality control. (6). Structura l

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

life, etc.

4
Page ‘44.
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Th us, we usu~ lly deal with preceding quality control of the initial

materials and with the subsequent inspection of finished articles,

whereupon control can be subjected to all articles ( lOOo/o- control)

or their part (spot check). lOOo/o— the control usually comple tely 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

o p t i m u m  l imits  of a l l  paramete rs of mode/ condit ions ( p r o g r a m m i n g  f r o m

F the  parameters)  ; b) feedback from the  q u a l i t y  of the  ob ta ined  weld to

the parameters of mode/condit ions (tracking in quality). In the

simplest case this control of process is real ize/ accomplished

constantly by welder itself. However, the rates of processes

increase, requirements for quality are increased.

In a number 3f cases operator’s presence is undesirable or even

is impossible due to the special conditions of production (high

tempe rature, the harmful medium and of, etc). Then all the

fluctuations 

TITTII 
mod tions in the w Hing
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process, and also the technological and structural/design

dis turbance/per turba t i ons of welded joint  must  he mas te re d  w i t h  ~he

aid of the control sys tems  and (APU) . The s t ab i l i z ing ,  p rogram and

servo systems must ensure not only the execution of the joints of

high q u a l i t y ,  but because of feedback must  g u a r a n t e e  its c o n s t a n c y .

• 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 expe nsive control are justified only in

su ch 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, jt is

necessary to consider possibility and the ccnsequences of the failure

of we lded 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 re lation ,

wh ich can be named the economic criterion of automation and control

(ek) C~ ” 4 :

— --—S -~~~~~~~~~~~
————--——

~~~~~~~ ~~~~
- • • • • •—~~~— -- - j  ~
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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 valu e 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 paramete rs by pressure to 250 at with temperature

to 500—600°C. The gap of one but t 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 weldinq process,

which 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

— ——5 —5---- —--5-— - —S — — — ——5-— —a —‘--— a —a - - s -- - - 5--
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weld ing  and  operat ion.

2. As the generalized quality coefficient of welding, its

quantitative “scan/development in time ”, can serve the rel iability,

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 methods mathematical

statistici~ ns is calculated the probability of the failure—free

• operation of article P (t), which in the majority of cases can he

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 cond it ions of the  so—called p r e v a i l i ng

fa ilure:

a) according to the results of full—scale statisticti tests with

determination directly A~, (t); P ,~, ( 1) and T,~,, • the

average life); b) with the aid of quality coefficients K, whic h

characterize the relative quality of welded joint in compariso n with

material.

5. The task of the service of the reliability of welding one

• ~~~~~~~ •_ •~~~~ • • - — - a  •~~~~ • —— • • • ~~~~~~~~~~ •——~~~ •~~ • — — — •-—-
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should consider:

a) conduc ting full—scale and comparative weld tests and the

statistical interpretation of the results: the development/det ection

of the laws, which determine the reliability of welding for differ ent

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

• reliabilit y on the basis of the analysis of statistics of failures

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

equipment and equi pment for control.

Page 46.
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~1

EFFECT OP TECHNOLDGICAL DEFECTS ON SERVIC E LIFE AND RELIABILITY OP

WELDED JOINTS.

Cand. of tech,  sciences I. I. Makarov , eng. P. N. Yemel’yanova .

The service life and the reliability of welded constructions in

• operat ion 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 l ayers  during laminated welding, nonfusions on edg~ s,

undercuts, pores, flux contaminations and the connection/i nclusion s

of oxides, and also the defect for m of weld reinforcement .

Such technologica l flaw/thT’fects are encountered fairly often

during the welding of constructions , and therefor e the objerti ve

~s+-imation possibly of their effect on the strength of the loint is

urgent ‘ask during design and inspection of welded construc’ ions.

- 

Some of the enu:er a te fSav/d c~fects (for exa:ple, poor fusions
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are natura l 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 constr uction ,

orientation of flaw/defect , character and for m of b iding,

sensitivity of metal to stress concentration. The sensitivi’- y of

metal to stress concentration (notch) can t~e estimated at testing for

impact bending , for elongation with slant , etc (1J.

However , ~o evaluate the sensitivity of weld material in welded

joint  to w e l d i n g  defec t  (poor fus ion , pores , co n n e c t i o n/ i n c l u s i o n s ,

undercuts) the enumerated methods not always can be used due to the

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

Page 48.

r n t he  p re sen t  w o r k  the  s e n s i t i v i t y  of we ld  in b u t t  j o in t  to  the

poor fusio n and other flaw/defects , which disturb the continuity of

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

q=
a. ~

wh ere a.~~— t h e  desig n l i m i t  of t h e  s t rengt h of b u t t i n g  f l u s h jo in t

of weld wi th  t he  d i f f e r e n t  v a l u e  of f l a w/ d e f e c t ;  ~~~~~ • fL the

real tensi le strength , obtained during testing butting

specimen/samples without strengthening with the different value of

• •~~ -—
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f l aw/defec t (poor f u s i o n )  ~ F,, — the original cross—sectional area of

speci men/sam pie.

~~~~ varies in proportion to a contraction of area of the working

section/cut of specimen/sample from ultimate strength of the sample

without flaw/defect to zero. Wit-h o~ p~~o..ôq~~O- This means that the

weld in butt joint is insensitive to stress concentration

(flaw/defect), i.e., flaw/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 q is applied only with static unidirectiona l tension;

with vibration loads the sc-~nsitivity to stress concentration (poor

fusion) is estimated at the effective coefficient of concentration ~~.

Poor fusion - this is the acute/shar p natura l notch , which has

the form of crack (Fig. 1) with radius of curvature in basis/base

0.001—0. 1 mm (2~. Depending on its arrangement , character and the

form of loading, metal and operating conditions , thF noor fusion can

have a different effect on strength and service life of welded

joints. Wi th st atic elongation of welded butt joints made of

low—carbon steel and steel Kh 1AN1 9T the poor fusion in the wel d root

decreases the strength of joint propor tional to decrease in the

working sect ion/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

~~~
L - - - - - - —-—--.-—-——- - —-—-——.---.---- —-- — - -  - - -
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base metal.

This conclusion is made according to the results of tensi le test

of flat/plane butting specimen/samples without strengthenin-~ by

sec+jon/cut 10 x 20 mm with the different value of the poor fusion of

the weld r oot made of steel Kh18N 9T, welded wire Sv— Kh 1RN 1 9T in the

medium of argon [31 and of specimen/samples made of the low—ca rbon
- 

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

Page 49.

If the yield point ~ç weld material mere o-,- the base m etal ,

and ultimate strength are identical, then the strength of butting

flush joints with the poor fusion of the root of weld 10—150/0 of

thickness of sheet with static elongat ion virtually it doe s no 4

descend. With poor fusion 200/0 ultima te strength to 50/0 it is less

(Fig. 3), than in specimen/samples withou t poor fusion. A

considerable reduction in ~he ultima te strength with the ~bongatio n

of butt joints with poor fusion they are otserved with poor fusion

~25o/o, whereupon strength descencs approximately proportional to

decrease in the working section/cut of specimen/sample (Fig. 3).

These data are acquired in the butting specimen/samples withou t

strengthening, welded made of stee l St. 3 submerged arc weldings

OSTs—45 by wire Sv.08A.

- -  

~~~~~~~~~~~~~~~~~~ 
:~~~~- -- -~~~r~~4~~~~ -
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The yield point of weld metal (in Gaqarin specitnen/~amr l 1 .?s) wi th

the weldini technique indicated by 200/0 hi yher th in the y i - l d  point

of the base metal weld r*~inforcenent with e~ = 125— 1~ 5° -~r d  by h~ ig h~

3O—35o/o of thickness of specimen /sample with ~-he poor fusion of th~-

weld root to 20o/o increases $he sl-rength of joint with st at ic

elongation to the strength of t h e  base metal. With the poor fusion of

the root of weld 25—50o/o of thickness of specime n/s.imple in but t

join~-s wi th weld reinforc ement the strength of the base ~ne1-al is no~
reached ( F i g .  3).

- - —.- -- --~ 
- r

- - -p

Pig. 1. Form of poor fusion in butt joints of the low-carbon steel:

a) x70; h) x150.

Page 50.
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Figures 3 shows several specimen/samples , which exper ience/test

— 
for elongation after they hold out basis of tests ( 2.106 cycles)

with fatigue loading by asymmetric elongation (r = 0.1) withou t

failure. After static elongation in the fractur€ of some

specimen/samples were revea l/detected the fatigue cracks, going from

-. poor fusion. However , static strengt h will not ~e lowered in

comparison wit h the strength of thc-~ specimen/samples, whi ch were not

being subjected to vibration tests. This shows that the poor fusion

and fatigue cracks under these test conditions have an identical

effect on strength.

With the poor fusion of the root of weld ~~15o/o failures of

specimen/samples with strengthening with elongation proc ’eds on the

base metal , while with poor fusion ~20o/o — on weld from poor fusion.

Poor fusion in the middle of butt weld (Fig. 4) has a smaller

effect on the strengt h of the joint , than the pcor fusion of root.

This can be establish/installed during the comparison of the results

of testing specimen /samples wi4h the poor fusion of the root of weld

(Fig. 3) wit h the results, obtained by Ye. K. Orlenkov (MVTP f~
\
~nTv)

— Moscow Higher Technical School) during testing flat/plane butting

specimen/samples without strengthening with poor fusion in 4he middle

of weld on the low—carbon steel, welded in the flux OSTS-45 by wire

Sv.ORA . Welding on technology indicated will make it possible ~o

—~~~~~~~~~~.~~~-- -  L~~~~~~~~~ ,~~~~--- -~ ~~~~
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obtain wel d metal with ~~~ 5O kg/mm 2 an d c~~~30 kg/m m 2 with

the mechanical characteristics of the base metal °‘ ~~° kg/mm 2

and ar~~19 kg/nm 2 .

~~
- - - -- 

~~1~~

I -,-;-
‘ - •Crflo~~X!8H9T/JJ
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~~~~ Cm sfzJ 
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-
~
-

40~~4 \:~-~
-- 

40
-~~ - - - P- - -

~~---t—r- -’ L~~ ~~~ 
-

:~~~~~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C 60
H 10 tO 30 40 50 60 70 7.en OP /~ 

HenpoOop

Pig. 2. Fig. 3.

Fig. 2. Strength of butting flush joints with poor fusion radically

of wel l with static unidirectional tension; 
~~~~~~~~~~~~ ~~~~~~~

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

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

with static unidirectional tension ; a - > a T ;~~,~~~:, -
~~~~ kg / mm 2 .
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Key: (1) . kg /m m 2 . (2) . specimen/ samples  w i t h o u t  s t r e n gt h e n ing. (3) .

specimen/samples with strengthening. (4). specimen/samples with

strengthening and fatigue crack. (5). specimen/samples wit hout

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

Page 51.

With poor fusion to 25o/o static strength wit h elongation it does not

descend; with poor fusion 25—35o/o strength descends to 5-lOo/o (Fig.

4). Poor fusion 45—500/o decreases the strength with static

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

flaw/defec t.

Unlike low—carbon steel, the welded joints of steel 3OkhGSNA and

alloy of D16T [3] have q > 0. The limit s of strength °‘-
~~ butting

flat/plane specimen/samples without strengthening with poor fusion

7—40o/o made of the metals (Fig. 5) considerably lower thmn computed

va l ues todtoattc( a m p ; the coefficient q grow/rises with an

increase in the poor f u s i o n  (Fig. 6) . Ultimate strength of the

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

¶ 3OkhGSNA a =75~~lI5 kg/na 2, but the alloy D16T a,=22 ±32 kg/mm 2,

~~~~~~~~~ 
- — -

~~ 
- -— 5- —~ -~~ 
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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 concent rator (poor fusion) with stat ic loads is explained by the

relationship/ratio between the strength characteristics (~, and 01)

of the base and of weld metal. If a~, and ~~~. weld metal is less rr ,

and ~ -r the base metal , then such joint turns out to be sensit ive to

poor fusion (q > 0), i.e., their strength descend s more sharpl y than

is decreased the working section/cut of specimen/sample. With o~ and o~

weld metal , large or equal to ~. and Or the base metal (q ~ 0), the

welled joints are insensitive to poor fusion.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  -~~~~~~~~
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Fig. $~ s t rength  w i t h  the  s ta t ic  e longat ion of b u t t i ng  f l u s h  j o i n t s

with poor fusion in the middle of weld : automatic welding, flu x 
V

OS?s—~5 EYe. K. Or lenkov) ; a, =40 kg/mm 2; 0T — 1 9  kg/nm 2 ;

a , =50 kg/mm 2 ; 
~

->
~~

-

Key: (1). kg/mn 2. (2). Poor fusion .
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If ~; . and a~ the melted on and base metal are equal , then strength

with an increase in the poor fusion will descend proportiona l t~ 

a 5- - -— - - - C - ----5- .-———
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V decrease in the working section/cut (Fig. 2); if 
- 

a and ~~,- weld

me tal the more appropriate charact erist ics of the base metal, then

the strength with small poor fusions it does not descend , but with an

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

approximately proportional to decrease in the working sect ion/cut

(Fig. 3).

In the joints, which have q > 0 with 08<0 0 and q ( 0 with

V 
- 08 =0 ,, but 0T - > 0 T, the strength of butt joints wit h poor fusion

15.-20o/o w ith  static loads can be raised because of smooth weld

reinforcement. In the joints, insensitive to poor fusion with

(7 8 >0,,an increase in strength of joint with poor fusion to 200/0 of

thickness of sheet because of weld reinforcement is inexpedient ,

V 
since the strength of weld metal is higher than the strength of the

base metal . With poor fusion radically of weld more than 200/0 weld

reinforcement in all cases does not increase the strength of joint

with poor fusion to the strength of the base metal (Fig. 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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Pig. 3. ?ig _ 6.

Pig. 5. Strength with the static elongation of butting flush joints

depending on the value of poor fusion (3): 1 — steel 3OKhGSNA , 3~~-~~~~~ ,- 1 7

kg/mm 2, flux AN - 3, wire 1RK hMA; 2 — alloy D16T, ‘a -t!-~- 4 I

kg / m m 2 , welding in argon by wire AK .

Key: (1). kg/mn 7. (2). Poor fusion.

rig. 6. Sensitivity (qo/o) of butt joints to poor fusion radically of
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weld with static elongation.

Key: (1). Poor fusion.

Page 53.

The stress—strain diagram of butting specimen/samples male of

low—carbon steel they show that already with poor f u- i r -’i n 11-220/0

elongation per unit length on base 70 mm descends 2 times ir~

comparison wit h the elongation per unit length o~ specimen /sample

without strengthening and without the flaw/defect , which fu i led on

the base metal , since ~ r <0~~. With an increase of t h~ r~~ r fusion

from 30 to SOo/o deformabilit y sharply it tails (P u . 1) .

The strain distribution during elongation according to the

working length of specimen/samples withou t strengthening wit h the

different valu e of the poor fusion of the weld root, obtain e-l or

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

The degree of irregularity of the deformation of specimen/sample

along the length can be characterized by the ratio of the absolute

deformations of the individual section s of specimen/sample on

differen t bases to absolute deformation on the base of an entire

hIIi~k~ 
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working length of specimen/sample (70 mm) . This is especia lly

conven ient to evaluate the deformability of weld material in joint. -

With poor fusion more tha n 200/0 base metal virtually is not.

strained and entire/all deformation of specimen/sample occurs beca use

- 

I of weld ( ~~~~~~~~~ = 72—800/0; see Table 1).

-~~~~ 

V

28 - 1)

2 7 4 6 8 10 17 14 16 18 ~0 2? 24 26 28 30 ~ V

7 2 -

Fig. 7. Failure diagram s with the elongation of butt joi nts with the -

poor fusion of the weld root made of l cw—ca r bon steel ( f l u x OST S— 14 5,

wir e cin~l~~ —08A ; a , 42 kg/m m 2; ~~~~- -l9 kg/nm 2; ar~~~

kg/nm 2 : n~~=24 kg/mm ’): 1 — the base metal; 2 — poor fusion

15—220 /0 wi th  s t rengthenin g ; 3 — the same, without strengthening; is -

poor fusion 2 7—3 8o/ o with strengthening: 5 — the same, without

strengthening; ~ — poor fusion is3— 148o/o with strengthening: 7 — the

same, without strengthening; 8 — flush weld and withou t flaw/defects. 
V

~~ 

-

_  -~~ - 5 -  - 
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Local elongation s on the base of grid 0.5 mm in the presence of

concentrator descend almost 3 times wit.h respect to the st rains of

the base metal, the value of elongation per unit length on the base

of grid barely depen -lina on s-he den~ h of pr-or fusion , a~ 1 j t  l e~~~n ’~ ;

mainly on its shirpness. Thus, for instance , s-he elon—~i~~ion p’~r un it

length of the base metal ~~~= H U °~ , and melted on in

specimen/sampl~ s with poor fusion 11—1180/0 deep eos=53-~--4 4 %

respectivel y (Table 1). Wi th decrease in the sharpnøss of

concentrator the a mount of local plastic dcforma tions is increased .

In plate mad e of low—carbon stee l with round hole ~.5 mm ir. radius

the maximum olongation per unit lengt h in the zone of hole on base

0.5 mm s- he m a x i m u m  e longa t ion  per u n i t  l e n g t h  in  t h e  zone of ho le  on

base 0.5 mm composes 2000/0 , with elli ptical hole wis- h s-he rotch

whos~ radius 0.5 m m , ~o.s~r I 5 0 % .  Wi th  poo r tusion in the middl e of

weld wit h radius in the basis/base of poo : fusion 0.01—0.1 mm the

maximum elongation per unit length is equal s-o ~~~ 85-~-90% (Ye.

K. Orlenkow ) , while with the poor fusion of the root of we ld ~~~ -~ -~-60~ -:

~~~~~~~ -
~~~~ ~~~~~~~~~~~~~~~~~~ —‘-~~~~~~~ - — V - ~~~~~~~~~ -~~~~~~~~~~
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[ 2] ,  which w i l l  agree with data by Table 1 for a relative

d e f o r m at i o n  on base 0.5 mm (E o ,s=53+44%).

With alternating loads the effect of poor fusion on the strength

(service life) of welded joints is developed to larger degree than

with static. V

_ _ _ _ _ _ _  _ _ _ _ _ _ _  

ia-V 5- 
- —~~~— ‘ -
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Table 1. D i s t r i b u t i o n  of the  m a x i m u m  de f o r m a t i o n s .  St. 3, flux

O STs—is 5 , wire Sv.08A, the widt h of weld 15— 18 mm.

(.2) Y 1. i I IHeHo e Ha 6a3ax 
- 

?~~~ 7r,’n e n b  uep sI~~~/ —_______ _______ __________- _________— M~~ IIIOCTI4 ~ e 4 o pV  V/, 1~=7O MM J,~~ &O MM ?~==25 ~ac~si ~~~ 15 WM I~~~O, 5 MM ‘~aLL u H ~ I q i
Htl IpoBJ p - -________ - 5-- —— —_— — -— ___________ —— Me TO P , rYWCHIIB

51,o £ ,~ _
~Loo ~o o  ~~~ a:,. ~~ M0,5 ~~~ ~

_
~)!~L~ _)L!! ~~~B MM B % B M M  B 0,0 B MM B /o B MM B % B MM B ‘, \1-~ \ l ,~ ~l~o

~~OcHoBHo~i Me- 28 , 1 31 18 ,0 36 12 ,9 51 ,6 10 ,3 67 0,65 130 86 59 48 ,~~~ —

• 
~0V I

15 ,6 22 14 ,9 22 ,5 10 ,5 43 8 ,9 60 0, 56w 1l2~ 96 68 57 110 odnoBHosfy~~~1e-

9) TaJ1 JIv
H —22% 8 ,4 12 6 ,3 12 ,6 4 ,4 17 ,6 3 ,9 26 0, 26 56 75 52 47 flo lully OT II If l p O-

32—38 % 3 ,9 5 ,6 3 ,5 7 ,0 2 ,9 11 ,6 2 ,8 18 ,7 0, 20 4 1 90 75 72 ~~~~ To ~ e
43—48°,~ 3,1 4 ,4 3 ,1 6 ,2 2 ,7 10,8 2 ,5 16 ,7 0 ,22 44 100 87 80 ,

H, If ;~ 4 X C C C ~~ a(V ~~~~~~~ ,~~M ce ~~~I~I i C M  ( , 3 ;Vv I ~~~~HHe liD uBy). 

- - — -

K ey: ( 1 ) .  Poor fus ion . ( 2 ) .  Elongat ion on bases.. (3). Degree of 
V

nonuniformity of ~eforiuation ~~fl 0/0. (4). Position of fracture . (5).

ease meta l .  (6) . On the  base me ta l .  (7) . On wel d  f r o m  poor t u s i o n .

(8). The same.

FOOTNOTE ‘- . Data are acquired in spec imen/samples with the wea kened

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—st rength

steel; for example , steel Kh18N9T , welded butt joint s of which wis-~

t he poor fus ion  of the root of weld  8—25 0/ 0  w i t h  ax i a l

alter nating /variable elongation have a endur ance limit on base N =

5.106 cycles, 4—5 times lower than the endurance limit of f l u s h

joints and without flaw/defect from the base metal. Of welded butt-

joints made of steel 3OKhGSNA (submerged arc welding A N - I by the wire

1RKhNA) under analogous conditions the vibration strength descends

only 1.8—2 times in comparison with the vibrati on st rength of joint

without flaw/defect and 2.5—1 times in comparison with the vibration

strength of s-he base metal.

It is of i n t e rest to compare the weld ed j o i n t s  of l o w — c a r b o n

steel with the joints of steels Kh18N9T and 3OKhGSNA. For this

purpose butting specimen/samples by section/cut 10 x 20 mm ma d e of

low—carbon steel ~(o~~~ 42 kg/mm 2) without weld reinforce ment

with the poor fusion of root 17—500/0 Experience/test with s-he

asymmetric stretching vibration Joads (r = 0. 1) on base 2 .17) 6 cycles

(submerged arc weldin g of OSTs—145 by wire Sv.08A) . The endurance

limit 0ç specimen/sampl es will he lowered (Fig. 8) in comparison w i h

join ts without defects 4— 10 times respectively (from 22—24 to 6 — 2 

- 
_ _

~~~~~~~~~~~~~~~~~~~~ 
V ~~VV ~ ~~~ V~~~~~V~ V -_ 
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kg/mm ?).

In work [3] the testing for fatigue is manufactur~ ’1 by constant

minimum stress of cycle On i = 2 , ) kg/an 2, 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 increas~ i n

the coefficient of asymm etry of the cycle of loading. Increase in t!’e

coefficient of asymmetry of the cycle of loading. An increase in the

coefficient of asymmetry, in accor dance with the diagram of limiting :1
cycles, leads to an increase in the endurance limit. The endurance

lim: t f bu tt- joints of steel Kh1BN9T withou s- strerg~ h e n i n g  wi th poor

fusion 8—250/0 is obtained by the author [3] with the characteristic

of cycles r = 0.42—0.5; during the weld s-est of low—carbon ‘~tee1 th~

cha rac t e r i s t i c  of cyc le  in all  cases r e m a i n s  cons t an t , 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

alt-ernating /variable elongation is vir s-ually identical (with poor

fusions to 35o/o) and higher than the sensitivity of s-he welded

loins-s of steel 3OKhGSNA (Fig. 9).

Figure 9 values of enduranc e limits gives on l-~i~3e 2.106 cycles

for all metals indica ted , includi ng for the aluminum alloy D16T ,

which , as steel IOKhG SNA , is sensitive to stress concentra s-ion with
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static loads (Fig. 5 and 6).
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I Pig. 8. flurability of butting flush joints with poor fusion radically

of weld with the asy mmetric tension: 1 — the base metal and flush

weld and without flaw/defects ; 2 — poor fusion 17-20o/o ; 3 — poor
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I I
fusion 26—310/0: 4 — poor fusion 44—490/0.

[ ~

6,- M r/MM ’
~ I

~ 25~~~—I- ~~~ 
V

,~~ ~~~~~~~~~~~~ I

I~~~~ _ _ _ _

-

~

~~

o OC~~
M,’I7IL ~~

V 
V

‘0 20 30 40 SO Y.

I 
~,, Henpo 8ap

Fig. 9. Effect of poor fusion radically of weld on the endurance

limit of welded butting flush joints : 1 — steel 3OKhG SNA , flux AN— 3,

wire 18!ch~~A , r = 0.2—0.3; 2 — steel Kh 1 8N9T, argo n , wire Kh 18N 9T, r =

0.2—0.5; 3 — alloy D16T argon , wire Mc, r = 0.3—0.8; 4 — low —carbon

- steel, flux OSTs—l$ 5, wire Sv—08A , r = 0.1.

Key: (1). kg/mm 2. (2). Based met al. (3). Apparitor of durab ility.

- 
- 

(4). Poor fusion.
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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

stee l 3O~ h GSN A and a l l o y  D 16T is less tha n the welded jo in t s  of

low—carbon steel and steel Kh18N9T. However , wh en evaluating material

one should consider data given in Table 3, which show that the

metals, insensitive to stress concentration with static loads (St. 3,

!chlRNgT) , have relatively high endurance limit in comparison with the

metals , sensitive to stress concentrat ion with static loads

(3OKhGSNA , D16T).

-~~~~~~~~~~ -— --
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Table 2. The effective stress concentration factors see

V Fig. = a , of the basic meta]i)/ ~ sçecimen/sa.ple wit h

flaw/defec t 0/0.

“1) (2) 
— _________________

Mei~Jj i MeTOA cB ap M u 0% 0% 7—22 % 2 7—3 5% 50°~

~HH3Koyr.ne- ~~~~ ~~j ijoc OCU,-45;
pojuicia~ flpOBOJlOKa Ci~-O8A . - - I — 4 4 ,5 V

cTaJl b - V
CraJI b £1

~ ABTOMaTH4eCKan cuapka I

X I~ U9T ii cpe~e aprona; 
I

flI)0110J10I~ CB-XI 8H9T 1 ,22 3 ,7 4 ,4 — —

l~~ CraJIb (‘?)ARTo~IwTn IlecKaa cBapKa; I -
3OXiC!- I.-~ ~~iuoc ~\l- 1-3 , npo li wtoxa I

~~~~ Cu-I 8 XMA 1 , 4 2 , 5 3 , 3 3 3  - — I

~~AJnoMiuHue- V
4

~ 
~.K ToMaTHqecKaM caap ~ a

IthI Cfl.laB B cpe~ e apron a;
,T1j6T npOBOJlOKa Cil-AK - . . . 1 ,4 2 , 2 - — 3 ,7

~ey: (1) . metal . (2). Weldin g method. (3) . Low—carbon steel. (4).
C’

Flux OSts—45 : wire ~.aft44-~~—08A. (5). St- eel. (6). Automatic welding in

the medium of argon; the wire Sv—Kh18N9T. (7). Automatic wel~ ing:

flux AN— 3, s-he wire Sv—18K hMA. (8). Aluminum alloy D16T. (q).

Automatic welding in the medium of argon; wire ce.m&1.k—ak.

_ _ _  _ _ _
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Note. Specime n/samples by section/cut 10 x 20 mm experience/t est

V with elongation on base 2.106 cycles with the characteristic of cycle

r 0.1—0.’?.

-
V 

key: (1). Metal. (2). in kg/mm 2. (3). Low—carbon steel. 



-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ,  - - - V  -,,V VV~V- V,,VV~,r~ ~ :~W!~f l flVVV_-V~

_
~_ ~~ ~~~~~~~ -‘- V ir~~

- -’~
- - ‘- — 

- -

DOC = 771202 PAGE .~2’

Page 58.

To the sensitivity of welded joints tc stress concent rators with

vibration loads an essential effect has the orientation of

concentrator (flaw/defect) in the section/cut CL weld with respect to

the acting loads and the fcrm Cf lcadin~. with poor fusion in the

middle of weld 200/0 of thickness of specimen/samp le the limit ct the

fatigue (durability) of h~itt joints of low—carkcn steel with the

V elon gat ion ~ .~==12 kg/mm 2 and with poor penetration of the root

.~~ 
= 6 kg/mm ? ( F i g .  10). The same relationship/ratio of

the endurance limits of butt joints with poor fusion in midd le and

radica lly of weld is obtained on lcw—ca rboxi steel for other values of

poor fusio n (Fig. 11). Slight difference in the characteristics of

cycles (r = 0.1—0.2), with which was ccnducted testing

Specimen/samples (Fig. h a ) , must not significantly change these

relationship/ratios..

With symmetrical bending the poor fusion in the middle of weld

to 25o/o fatigue strength does not lower; with ~oor fusion 400,0

endurance limit descends to 8o~o, with poor fusion SOo/o — tc 300/c.

With the same values of the poor fusion , arrange/located rad ically of

wel d, the limit of the fatigue of butt joints with bending descends

2-2.5 times (Pig. hib)- .

_  _ _
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Fig.. 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 in the middle of weld; 2 — poor fusion
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radically of weld.

Icey: (1). kg/mm ?.

Page 59.

Thus, by estimating the sensitivity of welded joints to co ncentrat ors

(poor fusions) , it is necessary to consider  t h e  o r i e n t a t i o n  of çoor

V fusion in weld and the character of loading.

When evaluating the effect of the reinforcement of weld in butt

joints with static loads it was shown , that the weld reinforc€~~et,t in

F the welded joints, sensitive to stress concentration , with certain

determined value of poor fusion increases the strength of joint to

the strength of the base metal.

With vibration loads the reinforcement of weld lowers tat ique
V 

strength of butt joints without flaw/defect [L4. 5). In this case th~

V degree of a reduct ion in the fatigue lim it depends on the height of

weld reinforcement (Fig. 1 2) .  A change in altitude ot rein forc€m ent

of 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 couplin- 4 ~

weld metal a by ba sic (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 V

reinforcement is 1 5—30o/o of thickness of the sheets to be welded. In

th is case the effect ive coe f f icien ts of co n ce n t ration ~, calc u l a t e d

with respect to joints without flaw/defects and without

strengthen ing, will have values, given in Table 4.

Weld reinforcement has an identical effect on vibration tensi 1—~

strength of butt joints withcut flaw/defects made of low—carbon steel

and steels 3OKhGSNA (without heat aftertreatm€nt) , ~ 1.6-1.7. W i t h

symmetrica l bendin g the sensitivity is somewhat above (~ 2). nit h

decrease in the thickness of the continable sheets the effec t at wel .~

r e i n f o r c em e n t  is d e v e l o p e d  to a lesser degree  (~ = 1.4 1.5). 

----- ------ --_ _- - — -  --~~~ ---—
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Fi g. 11. Effect of positicn and value cf pccr fusion in the crcss

sections of weld on the endurance limit of welded butt joi nts at

asymmetric elongation (a) and symmetrical tending (b) 1 — poo r

fus ion  in th e  middle o f  w e l d;  2 — poor fusion radically of weld.

Key: (1). kg/mn 2. (2). Endurance limit. (3). Pocr fusion.
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Key: (1). Metal. (2). Welding method. (3). lest conditions. (4).

Eadurance limit of butt joints with gocd penetration in kg/mm 2 . (5).

w i t h o u t  r e i n f o r c e m e n t .  (6). with strengthening. (7). Effec~-ive

coefficient .~’(8). Source. (9). Flux AN—3; wire. (10). Elongation.

(11). Low—carbon steel. (12). thickness.. ( 1 3 ) . The same. (14). Flux

OSTs—45; wire cand les~ ( 1 5 ) .  the secticn/cut of specimen/samp le.

(16). The authors. (17). Steel. (18). manual welding. (19). Bending.
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?ig. 12. A l t i t ude  ef fec t  of weld r e in fo rcement  on the e n d u r a n c e l imi t

cf butt joints: steel low— carbcn; submerged arc welding N = 2.106

cycles ; r = 0.1; elongation; the thickness of metal 10 mm.

Key: (1). kg/mm 2. (2). Endurance limit. (3). Heig ht of strengt hening.

~ , Mr/N 

u (~~~~~~~~~‘~~~~~~~~~
- - 

16: -—- - — — -

O h  ~C

~ 
- 

Q V _  

20 30 40 59 0/

\/-lenpaöap

Fig. 13. Effec t of the depth of the poor fu sion of the weld root on

the fatigue limit of butt jcints with asymm etric elongation (N =

2.10’, r = 0.1) ; 1 — with strengthening 3Ocjo; — w i thout

strengthen ing.

~ey : (1). kg / mm 2 . (2). Endurance limit. (3). Pocr fusion.

- - - 
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Fig. 14. Durability of butt joints with poor fusion radically cf weld

and with strengthening t y h e i g h t  300/o ~iith asymme tric elon-~a t i on  (r

= 0.1 ; N = 2.106 cycles): 1 — weld without flaw~ defects; 2 
— poor

fusion 13—20o/o ; 3 — poor fusion 300/0; 4 — pocr fusion 42—480/0.

Key: (1). kg/mm 2.
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Fi -.j. 15 charact€- r of the fatigue ta ilure s ci butt joints or

lcw—c arbon steel w i t h  c o n c e n tr a t o r s  w i t h  t~~u aS ym ~r - l - t  r i ’  ~~~~~~~ t i V ~~ri:

a) L u t t i n g  r e i n f o r c ~~1 s e a m  and  roo t  f u s i o n  L e f c r ~ t 4 .~~~~~t i i iV~~~; ~
-) t j i - p

sa m e  a it e r  f a t i g u e  f a i l u r e ;  c) b u t t  w e 1 V ~ w 1 t ~ u ~~CO~~ t~~si : ) n w i t h - ~: 1 ’

-~~ r e n g t h e n i r i i ;  d) b u t t  ~~ ld w i t h o u t  f l a w/ d e t e c t s  w i t h  ~~~~~~~~~~~~~~~~~~
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~~- —-- 

- 
- —



_ _ _ _  
_ _  I

V DOC = 771202 PA~ E ~~~

Pag e 62.

In butt joints with poor fusion , the weld reintorceme nt scaewhat

increases vibration strength , but is in sign i ficant , tha t it i~~

possible to see in Fig. 13 , where are given the results of ratigue

test of butt joints with strengthening (Fig. 14), also, without

strengthenin g (Fig. 8) on low—carbon steel with the poor fusion at

the weld root with asymm etric elongation . 11th poor fusion to 150/0

in l o w — c a r b o n  stee l ( F i g .  13) t h e  we ld  r e i n f o r c e m e n t  i n c re a s e s  t h e

d u r a b i l i t y  of b u t t  j o in t s  w i t h  e lo n g a t i c~ by 2Cc,o. The sa me i r c r e a s e

in the  e n d u r a n c e  l imi t  ( f a t i g u e )  w i t h  poo r t u s i c n  2 0—25 0/ 0 {3J

cccurred in  b u t t  j o i n t s  of steel 3OKhGSNA and Kh18N9T (from 7 to 8 .5

and f r o m  3.5 to 5 kg/ an 2 r e s p e c t i v e l y ). In al l  cases w h e n  s t ress

concentrators are present, (strengthening , ~oor fusion) the fai lure -

of butt joints with vibraticn loads began from concentrator ( F ig .

15).

Conclus ions .

1. The s e n s i t i v i t y  of w e l d e d  b u t t  j o i nt s  tc poor f u s i o n  w i t h

4
V - - , - ~~-- ‘~— — ~~~~- - —~~

- — —. - - —-V

_ _ _ __ _ __ _ __ _ _  V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V
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static loads with unidirectional tension depends on t h e  r a t i o  of t h i - —

strengths of the base and of weld metal and can ~e e s t i m a t e d  b y  t h e

coefficient of sensitivity ç.

2. In welded j o i n t s  m a d e  of steel St. 3 at  stat ic  l o a d i n g  a nd

t he  pos i t ive  t e n p e r a t u r e  the  poor f u s i cn  in  t he  m i d d l e  of we ld  to

0o/ c and t he  poor f u s i c n  of t he  weld  root  to 1~~o/o does n o t  l c wer

the  b ea r ing  ca p a c i t y  of b u t t  j o i n ts , t h e  w e l d  r e i n f o r c e m e n t  w i t h  t h e

p oor  f u s i o n  of root more t h a n  25o/o n o t  i n cr e a s i ng  t h e  s t r e n g th  of

c o m p o u n d  to  the  s t r e n g t h  of the base m€tal .

3. Poor fu s io n s h a r p ly l owers  t he  d e t cr n a b i l i t y  of b u t t  w e l d ;  in

V th i s  case t h e  a m o u n t  of t he  m a x i m u m  local p l a s t i c  d e f o rm a t i o n s  in  t u e

place of r u p t u r e  is decreased 2—3 t i m e s  as c o m p a r e d  w i t h  we ld  w i t h o u t

t l a w/ d e f e c t and  bare l y d e p e n d s  on t h e  v a l u e  of p oor  f u s i o n .

4. W i t h  v i b r a t i o n  loads  t h e  weld r € i n f c r c e m e n t  f o r  a l l  a V e t a l s  is

the stress concentrator , which lowers the durability (fatigue

strength) of butt jcints without flaw/defects , bu t in t he p r e s en c e of

poor fusion the durability ct compound will be determined by poor

t u l i o n , w h e r e u p o n  poor f u s i o n  r ad ica l l y is Lrore danjerous than in the

c e n t e r  of weld .

5. T h e  s e n s i t i v i t y  of w e l d e d  b u t t  j o i r t s  of s tee ls  K h 1 d N 9 T  a n d

- —V— ~~~~~
__

~~~V_  — V~ —— V 

~~~
~V
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R E L I A B I L I T Y OF W E L D E D  CC N S T E U CTI ONS IN hOl~K I N  C0I~k0SIVE

E N V II~CNM EN T S.

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

P age 64.

The basic factors , which determine real strength and the work ot

welded constructions are metal , technolcgy of m a n u f a c ture ,

structural/design form , the stressed state in c cn s t r u c t i o n  and  t h e

e f f e c t  of working envircnment .. Envircnirents can exert corr csior ,

chemica l , ad s o r p t i v e, r a d i a t i o n, c a v i t a t i o n, er c s ive  a n d  o t h e r  f or ~rs

of effect on the metal cf ccnstruction [ 1 ) .  D u r i n g  r e a c t i o n  w i t L

metal , the working envircnm ent can p r o d L c e  r e v e r s i b l e  a n d

irreversib le) for example , with corrcsicn ccrrcsion) the changes i r

metal , which determine the efficiency of desig u .

The corrosion—active media (gases, di fte ten t atmospheric -

conditions, water, the aqueous solutions acids , alkalies, salts , t ht—

fusion/melts of salts etc.) cause the chemi cal either electrocheuiical 

~~~~~~~~~~ V V - 
_ _ _  V
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of st. 3 to the poor fusicn of the weld roc t  w i t h  t he  v i b r at i o n

tensions is approximately identical.

Page 63.
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corrosion, which lowers plasticity, the strength and fatig w-~ limit ,

or corrosion cracking, i.e., failure as a result of the cowbint-~d

action of stresses and corrosive envircnment.

The welded joints, working in the corrcsion—active medi~ ,

potentially the weak place cf construction. This is cause~ by the

larger thermodynamic instability of welded joint in comparison wit L~

the  base m etal.

Page 65.

As a ru le ,

Il 3.~ 1J ~. ~; /7~. ~ > 
I1~

[7 V 17”
- V

“U ~4 11~

S

where “li “I — the bear ing  capacity of the base metal and wtld ~ d

joint withou t the effect of corrosive environment ; fl ,. 11~ , — is a

bearing capacity of the base metal and welded ~cint under the

influence of corrosive environment.
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The properties of welded jcint as coin~~ared  w i t h  t h e  p r o p e r t i e s  
V

cf the base metal under conditions of ccrrcsicn are l ower  t h a n  u n d e r

norm al conditions.

For an increase in work and reliability of welded constructions

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

ccmplex prcb lems , mcst important of which:

- - 1) research on mechanism and special feature/peculiarity of t he-

corrosion of welded j o i n t s ;

2)  the developmen t of the effective prccedures of the study of

the corrosion properties cf welded jciuts ;

3) the study of the corrosion properties of the welded joints or

the determined alloys in connectio n with the specific conditions of

the work of constructions;

14) the development at the methods of an increase in corrosion

resistance of welded joints and woik of welded constructions in

corros ive  e nv i r o n m e n t s .

Let us examine the special feature/peculiarities of the

ele cfroch em ica l corrosion of welded jcints and their stability to
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alloys electrochem ical potentials are different.

V Page 66.

Is d is t inguished  t he  macroe lec t roch emica l  h et er c g e n e it y  ( f o r  e x a m p l e ,

the  corrosion of the hull of ship on w a t e r  l in e , caused by a

difference in the ambient conditions), which leads to the formation

of macrocorrosion cell/elements; the micro electrochemica l

heterogene ity (e.g.. the discontinuity of metal , the presence ci

grain boun daries, pores in protective film , stress concentraticn) ,

which leads to the formation of microcorrosion cell/elements. Ca the

surface of metal there can be the even iine,,’thirner , more

submicroscopic electrochemical heterogeneity, tcnded with the V

unhomogeneit y of surface within the limits of g r O U p s  a n d  e v e n

separate atoms.

With the electrochemical unhomogeneity of metal on its surface

appear anode and cathode sections. Those secticas 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 availa~ le for it arode

sections of the surface of metal. The process cf electrochemical

corrosion occurs according to the follcwing diagram (Fig. 1).

- —
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corrosion c r ack ing ,  and also t h e  m e t h o d s  of an increase in c o r r o s i o n

resistance.

V Ilechanism of electrochemical corrosion. [2. 3]. The corrosion

V 
i n s t ab i l i ty is d e t e r m i n e d  t h e m e s  t h a t  in the li4uid or the gaseous

phase the metallic state is thermodynamically unstable; theref ore the

V majority of metals attempts to change from metallic for ionic state.

Ey the mechanism of the course of corrcsion processes is

V distinguished the corrosion of two types: chemical and

e lec t rochemical .

Chemica l corrosion is s u b o r d i n a t e d  to t h e  f u n d a m e n t a l  l a w s  of V

t h e  chemica l  k ine t ics of h e t e r o g e n e o u s  r e a c t i ca s  and is not

accompanied by the emergence of electric current (for example ,

corrosion in nonelectrolytes or dry gase s ) .  E l ec t r o c h em i c a l co r ro s ion

cbeys the law of electrochemical kinetics and usually is accomp anitd

by the appearance of an electric current (fcr exam p le, the c o r r o s i o n

cf metals in electrolytes). During electrochemical corrosion the

first criterion of corrosion resistance of metal is the standard V

electrode potentia l, which appears during the irsertion of metal into

electrolyte. The lesser the potential , the lesser corrosion

resistance, other  c o n d i t i o n s  be ing  e q u a l , pcssesses meta l .

For the different sections of the corrcsiv€ surface of real

- - ~~~~~~~~~~~~~~~ ~~- V 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~f ~~~~~~~1V~

_
~
V_ V~~_~ ~~~~~~~~~~~~~~ ~~~~~ V — -~~~~~~
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1. Ancdic process, the transition of metal ions to soluticn and

their hydration -

Me -~
- rnH2O -+ Me~ mH9O + ne .

2. Cathode process, the assimilaticn ci electrons by any 
V

containing in solution depolarizer (D), i.e., by atom or the icn , -

cap able  of bei ng r es to red  (to a i s o th  e l e c t r o n s )  on ca thode , V

ne —f - ~~~ —. D.

(j)
I~~ IflCi1i1

Fig. 1. Principle diagram of t he  e l ec t ro chem ica l  cor ros ion:  ~1 ai~
metal ions ; D — depolarizer; e — electrcns; E A — potentia l on t h ~

anode; ~~ is p o t e n t i a l  on ca thode .

Key: (1). metal. (2). Electrolyte.. (3).. Anode. (4). Cathode.

~~~- - ~—V-~

____________
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The most important cathode depolarizing reactions:

a) cathode process with hydrogen depolarization is a cathode

reaction of the reduction of hy drogen ico into the gaseous hydrogen

H~•H2O + e -+ ‘/0H 2 + H~O;

b) cathode process with oxygen depclarization — the cathode

reaction of the reduction cf oxyge n with its t r a n s f o r m a t i o n in t c  t h e

icns of hy droxide

02+2Hfl+4e —.- 401t.

3. overflowin g of electricity. Course cf the current between the

ancdes and the cat hodes in metal — by electron iroticn from anode

sections to cathode (corrcsion current) and in s o l u t i o n  — by t h e

motion of cations from ancde sections tc cathode and by the moti on of

anions f r o m  ca thode  sect ions  to  anode.  F a i l u r e  w i t h  t h i s  m e c h a n i s m

will occur predominantly cn the anode; cn the cathode sections , w h e r e

proceeds the process of depclarization , the perceptible losses of

metal will not be.

______________________________________________________
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Special feature/peculiarities of the electrochemical corrosion

of welded joints. Uneven heating metal during welding lead s to

geometric, chemica l, structural , mechanical unhcm ogeneity and the V

unhomogeneity of the stressed state in the diff erent zones of we lded

joint. Therefore for welde d joint is characteristic the
V 

electroche mical heterogeneity cf all terms: macro— , micro— and

submicroscopic.

Nacro ele c t r o c h em i c a l  u n h o m o g e n e i t y  is c a u s e d  by a p o t e n t i a l

difference in  t h e  d i f f e r e n t  zones of w e l d e d  j c i r t , and  w e l d e d  j o i n t

can be considered as combination of multiel ectrode cell/element wit ii

the macroe lectrodes: weld , the zone of superhea ting,

recrystallization zone , the base metal.

Along with macrocells within the limits at each zone of welded

j o i n t  act m a n y  local m i c r o —  and  s u bm i c r c g a l v a ni c  corros ion

cell,elewents. The rate of work of these ce1l~ elements in the

different zones of welded jcint can be different.

Page 68.

Macrogalvanic corrosion cell/elements welu - t h e  base m e t a l  f o r

the ~Iifferent establish/installed electrochemical potentials it is

possible to divide into three groups:

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1) E w,a~~ Eocu vem~ the po ten t i a l s  of wel d a n d  base  m e t a l  a re

v i r t u a l l y  i d e n t i c a l ;  i n  this case the galvanic cell does not tun ctio~,

and the corrosion processes during welded jcint are determined b y t he

work of inicrogalvanic cell/elements ; the ditfe rence in the rate of

th e corros ion of each zone cf w e l d e d  j c .~~t is de te r m i n e d  b y  t L € -

difference in the rate of wcrk or m icrccorrcsic r pairs in each zone;

2) E woa <E V~~~~~ , V : t h e  m e t a l  p o t e n t i a l  of  w e l d  is more  n e g a t i ve t h ~~
of t he  base m e t a l ;  t h e r e f o L .~ wehi corrcdes more intensely as a result

cf a n o d i c  d i s s o l u t i o n ;

3) E~~ i >E ~,c,~~ em the m e t a l  p o t e n t i a l  of w e l d  m o r e  p o s i t i v e, t h a r ~
the  base m e t a l .  In t h i s  case incre p o w e r f u l l y  f a i l s  i t se l t  t h e  base

m e t a l .

The t o t a l  cor ros ion  e f f e c t  is d e t e r m i n ~~d b y  t he  i n t e n s i t y  of

simultaneous work macro— and microgalvaric corrcsion pairs. Dep endiny

cm the degree of the unhomoqeneity of welded jcint for the structure ,

the chemical composition , etc and corrcsior corditions will

predom inate one or another mechanis m of c o zr o s i c n .

F i g u r e  2 shows c o m m u n i c a t ion /connec t ion be t w ee n the t her m a l

LILA 
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— —

~~~~~~
- ________



r

~~~~~~~~~~~~~~~~~~~~~~~

V!VV

~~~~~~~~~~~~~~

V
. I V  

____ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DOC = 771202 PAGE

welding cycle dnd the prcperties of the welded joint of commercial

titanium VT1’-l . The plate welding with thickness 2 inn was

manufactured butt in the medium of argcn by tne nonfusible tungsten

electrode on copper block/backing and with copper tie plates.. 1Jnev~~r

hea ting  and  cool ing in the process of the fcrma tion of welded joint

leads to the unhomogeneity cf properties, and among other tFin qs

electroche -nical.

V 
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Fi y. 2. The unhomogeneity of the properties of the w e l d e d  joiz t of

commercial titanium VT 1— 1: a) the distribution cf the maximum V

tempera tures in cross secticn at welding h I V~~C r i  — is a zone of

structural transformations) ; b) the distributicn of the lo n y i t u d in a~

r e s i d u a l  w e l d i n g  s tresses 
~~~~~ 

in the cross sEction of welued jcint;

C) t h e  d i s t r i b u t i o n  m e c h a n i c a l  c h a r a c t e r i s t i c s  w i t h  b e n d i n g  (P — peak

loa d in kgf , a — bend angle in deg) ; d) is electrochemical

unhomogene ity of welded joint outing testing in . ~0o/o- to

hydrochlori c acid with room temperature ( E  — stationiry potential in

my , i — anode c u r r e n t dens i t y in j.iA/cm 2).

Key: (1). kg/nun 2. (2). j~A/cin. (3).. mV. ( L i ) .  ~~~~~

Page 69.

It is ~o~;sible to separat-~ ~k~ree basic zones: a) the cast structure

of wel~ , limited by i: ~ u t ~~~ ,i zone; b) the zcne cf structural

transformations , limited by dilution zcne and by zone on the

b o un d a r y/ i n t e r f a c e , w he :e  the base metal did nct undergo struct ura l

t r a n s f o r m a t i o n s. T h e  m a x i m u n  t e m p e r a t u r e  on t h i s  L o u n d a r y / i n t e r t a c c V

comprises, accor d in ~ to i -h e  d a t a  of t h e  o s c i l l c ç ra p h y  of thermal

cycles , for the alloy VT 1—1 830—850°C; C) t h e  base  m e t a l , w h i c h d i d

no t  u n d e r g o  t r a n s f o r m a t i c o s .
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V

In weld and the ad jacent zone appears tne field of elonyatir j

residual w elding stresses, which teycnd the li rits of the zone ,

heated belcu temperatures 300°C, transfer /ccnv€rt to compr~~.~siv~- .

Is c h a r a c t e r i s t i c  the  s h a r p  n o n u n i f o r m i t y  cf m e c h a n i c e l

characteristics in welded jcint durin y testing for static bending ..

Strength is decreased in the zone of structural transformation s in

comparison with the base metal and has a tendency toward u~ crease

with coarsening from the base metal toward weld. A change in the

plas t ici ty ,  determined ben d angle, has note ccmpl ex character. The

weakest zone is a diluticn zone in connection with adverse structure

an d the increased impurity content.

In the s i m p lest case in quest ion is ab s e n t t h e  che m ical  
V

unhomogeneity of w e l d e d  j c i n t , s ince  w e l d i n g  w a s  done in  i ner t —

atmosphere with out additive . The m e a s u r e m e n t  o t  stationary potentials

in differe nt zones showed that weldir g zone and the base metal they

corrode with midpotential, which indicates the prel o .ninant ly

iricrolocalized character of corrosion. In ccnn€ction with the

unho niogeneity of welded Joirt cn structure and the stresse d statt~ t h t ~

V 
rate of work of microcorrosion pairs , charac terized by anode current

L dens it y  i ~.iA/cm
2, is different for different zcnes. The rate of the

_______ - 
-:
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corrosion of weld is con siderably hi-~her than the base metal. ~ih en

the chemical unhom ogeneity cf welded jcint is present , the  p icture

macro— and the microe lectrochemical unhomo geneity becomes more

complex.

V 
Very frequently welded constructicns fail themselves not as a

result of the anodic processes of the disscluticr of metal , b~~t as ~i

result of the loss of strength and plastic properties durin g ca thoV1 V~

processes. Is most dangerous hydrogen atsorpticn in the process of

corrosion (Fig. 3)

Page 70.

Th e process of tne liberation of hydrogen on cathode sections

consists of following stages [3]:

a) d e h y d r a t i o n  of h y d r c g e r ion , sinc e Juring th e dissociation of

electroly te  h y drogen is locatea in solution in the form of the

h y d r a t e d  c h a r g e d  i/os.

11~ n FF 0 i-f -~
- 0;

b)  a t t a c h m e n t  cf a n  e l e c t r o n  to t h e  ion of  h y d r oj e n a n d
V formation of the atomic hydrogen

[Vj

— 
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C)  the joint of hydrogen with the tocmatic n of the molecul es of

the hy d rogen

d) form ation of bubbles tram the molecules of hydrogen;

e) t h e  i s ol a t i o n/ e v clu t i on  of bubbles from the surface of metal .

During corrosion with hydrogen depclar ization t h e  h y d r o g e n  is

found on the corrosive surface in the .icnic , atcoiic and moleculat

states, wh ich lead as a result of sorption prccesscs to the hyirog~~r

abso rp t ion  of m e t a l.  By a c h a r a c t e r i s t i c  e x a m p l e  of t h e  fa i l u r e of

welded joints as a result at the cathode prcceVs s of saturation as

hydrogen can serve the failure of some allcyed titanium alloys -Iuri n 9

corrosion in acid media [5]. The presence of ifartensite t~~~~~[ V C  a]veL~~—

V 
coarse—acicular structure along with the nicre intense work of

microejements in weld and zone of structural transformations leads to

the more intense hydrogen absorption at these zcn.es in com par isci~

wi th the base metal. Hydrogen ahsorpticr sharply decreases the

strength and the plasticity of welded )cint and it produce s crackiny

under conditions of the stressed state.

- 
VVV ~~~~~~~~~~~ 
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In Fig. 4. shown is the effect of welding therm al cycle on

hydrogen absorption and properties of the welded joint of th~
titanium alloy 0T4. Corrosion tests were conducted in 200/c- tc

hydrochloric acid for 1550 h at temperature of 16°C. Analogous uata

were obtai ned during the weld test of steel Kh1~ N9T ~ fl 20o~ o

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

~~~~~~~~ 

—

Fig. 3. The diagra i of electrocheiical cocrcsion with the hydrog en

depolarization : A are anode sections; ~ — cathode sections.
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Key: (1).. Breaking load with bending in kgf. ( 2 ) .  Bend ang le in dey.

(3). Zone of welded joint. (4) . Initial state. (5 ) . k f t e r  c or r c s i ot L .

( 6 ) .  Basic  m e t a l .  ( 7 ) .  Weld ing  seam .

Page 71.

Mechanism of c o r r o s i o n  c r a c k i n g .  In  p r a c t i c e  are most w i d e l y

known two cases of the corrcsion of metal un der stress, w h i c h  is

accompanied by the appearance of the ccrrosio r crackings : a) the

corrosion fatigue, which attacks feast joirt action on t h e  metal ot

cyclic loa d and the corrosive environm ent: b) ccrrosion c r a c k i n V Vj  i.’

the failure, which occurs under the sinultaneou s influence of

corrosive environment and applied or residual vcl tages.
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Pig.. 4. The effect of h ydrogen absorpticn in the process of corros ion

• cm the properties of the welded jo in t  of the alloy 0T4: a) the

V distribution of the maximu m temperatures in the c:.oss sect ion of

welded joint; b) the content of hy drogen in the different zones of

the welded joint: 1 is in the initial as—welded condition , 2. in

central section/cut after ccrrosion tests, 3. at depth 0.1 m m from

the surface of specimen/sample aftercorrosicn tests; C)  mechanical

characteristics with bending; 1 — the initial state ot welding, 2 —

after corrosion tests.

Key: (1). kgf.

Page 72.

To cases of corrosion cracking is related the so—called seasonal

cracking of brasses; the alkali bitterne ss Cf bcil€ r steel ,

intercrystalline corrosion cracking of alum inum alloys and noble

retals; the intracrystalline corrosicn crackiny of magnesium alloys

in the solutions of chlorides; the intracrystalline cracking of

austenit ic stai nless s teels  in the  m e d i a , w h i c h  con ta i n c h l o r i d e  or

hydroxyl ions; the intercrystallir.e corrosicn crackin g of titanium

alloys and their cracking due to hydrogen absorption dV jring

corrosion.
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At present there is no unified theory, which explains the

mechanism of the phenomenon . Corrosicn crac kinç~ is caused by the

joint action ot two main tactoLs: corrosive environm .~nt and tensile

stresses. There are three grou ps of the theories, which explain thc’

rcle of the basic factcrs of corrosion cracking [1 , 6— 11J :

1. Electrochemical theory of corrosion cracking . According to

this theory the main reason for emergence and development of

V corrosion cracking is the process of electrccheuicai. corrosion.

St resses accelerat e t h e  process of e l e c t r o c h em i c a l  co r ros ion  i n  the

ap ex/ve r t ex  of the d e v e l cp in g  c r ack .

2. Mechano—electrochemical theories. According to the se t hecrie~

crack init iation is caused by local electrochemical process; however ,

the main role in the de velopment of crack is a b s t r a c t/ r e m o v e d  to t L e  V

action/effect of stresses..

3. Theories, which consider the adsorptive phenomena during

corrosion. These theories , besides corrosion and mechanical tactors ,

consider the phenomena of the etfect of strength reduction thrc uy h

ad sorption.

_ _  - _----- 
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The f i rst two theor ies  re f lec t  spec ia l  cases of co r ros ion  —

cracking . More genera l  c h a r a c t e r  has  e l e c t r c c h e i r i c a l— a d s o rp t i v€

theory. Ho wever , these thecrie s do not explain the phenomena of

cracking by  cer tai n meta l s  in the  co* rc sior .— a c t i v e  media as a result

cf the absorption of the products of ccrrosion wi th the formaticn Ct

chemical compounds . An example of the cracking cf the weld ed jcints

of the alloyed titanium alloys , caused by the  f c r m a t ion of the

hydride ph ase during h ydrogen absorpticn in the process of corrcsicn V

with hydrogen depolarization , is given in work [5J.

By analogous mechanism is possible the cracking of the

structural hydride—form ing metals — z i r c o n i u m , n iob ium , tantalum —

under conditions of corrosicn with hy drcgen •iepclarization , in

superheated steam, water of supercrVi.tical param eters , with the

radiolysis of water.

Page 73.

The corrosion cracking is determined by the siriultaneous course

cf the electrochem ical , mechanical and sorption p henomena ..

Sorption phenomena cause adsorpticn an~ absorbtive decrease in

the st r e n g t h  a n d  t h e  f a c i l i t a t i o n  of d e t o r a a t i c r ~ wit~. cracking.
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Let us introd uce the concept of the checking factor of coircsion

cracking, in essence which determines emergence and the deve lopir e~~t

of corrosion cracking. Depending on sp€c itic ccnditions (medium ,

material , the value and the form of stresses) ci-ecking it can be any

of the basic factors of corrosion cracking, and , correspon d ingly, tt~e

mechanism of cracking will be differen t.

The role of each of the basic factcrs is changed depending on

the stage of cracking. If the initial stage of the

criginjconception/initiation of crack dcmi n ant role , as a r u l e , p l a y s

electrochemical pr ocess, then in the fina l stage of failure

predominates mechanica l etfect , i.e.., stress.

Affected sect ions of the surface of the icaded metal IV e c or r e

stress concen trators. ~ i th  localization of the process of corrcsion

and deepening of u lcers increases the stress ccncer .tration. Lots with

the maximum stresses (bottom of ulcer) have more negative potential ,

i.e., they are the anodes; therefore corrosion ulcers are deep ened

before initiation of cracks (Fig. 5). I i  t h e  prccess  of eu i e rj e n c e  and

developing crack the stress concentratica causes the failure ot

protective f ilm on the surface of metal , t h e  s t r u c t u r a l

transformations under the acticn/eftect of the local plastic

deform ation and some other pheromena , whic h mi salign potential in the

apex/vertex of crack to disadv antage and they reinforce

-V ~~~~~~~~~~~~~~~~~~~~~~ 
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electroche mical unhomogeneity . Thus, the development of crac k I ] r i r J

the checki ng electrochemical process is caused  by th e  anod ic proc ess,

activated by the action of stresses. Under these conditions the rol—

cf sorption process consists in the superfi cially—adsorpti ve effec t

cf a reduction in strength and facilitation ot tne detormation of

me tal in the apex/vertex of the developing crack.

C~ ~m~~~o

~~~

~~~rnPW~~ 
6m~~~o

Fig. 5.. Diag ram of the development of crack with corrosion cracking.

rage 7~4 .

An example of this mechanism of failure is the corros ion

cracking of titanium alloys in the broaine—~etbanol media and th~

~~~~ 

-
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V 
n j t & i r  icil . Cracking occurs as a result of the selective

aI ~~~. t c m y  V t i ~~~ i i n e  corrosjcn , accelerated ny the action/eftect ot the

i ppli e d  voltages. The analogous mechanism cf V acking is drawn by t h ~

i i  jor it y or the researchers for the expl anation of the phen om ena of

tht corrosion cracking of the stainless steel in chlorides.

An example of corrosicn cracking wit h tne checking sorption

factor is the failure of the welded joints ci the titanium ailcys

during corrosion wi th hydrcgen depclarizaticn in acid m edia [51 (FiV ~~.

6) . In this case the dom inant role in failtre belongs to t~-e

V phenomena of the sorption of hydrogen during cathode processes. The

failure of protective film during e1ectroc~ € m ica l corrosior creates

prerequisi te/premises for the intense adsorpticn of hydrogen by

titanium. The adso rbed hydrogen enters into chemical interaction wi . h

t i t a n i u m , forming hydr ide film. As a result of the diffusicr of

hydrogen through the h y dride film, film in the ~olutne ot metal are

formed hydrides of titanium , wh ich are predominantly on boundaries ot

the grains and slip planes. Localization of electrocheinica l puccess
V 

contributes to localization of h ydro gen abscrption. The forVnaticn Cf

h y d r i d e s  on sur fac e an d  t h e  a d j a c e n t  r e g i o n  l e a d s  to r e d u c t i o n  in  t h e

strength surface conditions , concentration of stresses and t h e

emergence of the initial ruicrocracks under conditions of th~- stressed

state.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - - ~~~~~~~~~~~ V_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V ~~~~~~~ ~~~~~~_



V - - ~~~~~~

V D CC = 7 7 1 2 0 2  PA G E
V 9/

In  t h e  zone of th e  a p e x/ v e r t e x  of st r e ss  ccnc . n~ r a t ~)r — tc t i , —

deve lop ing c r a c k  — the processes of the sor~~ icr o~ li~~~i~~O g r f l  occ u r

most intensely. This is caused by the follc~~iny ~~d :r i s: a ) in the

zcne of crack is separated the increased q u a n t i t y  ot h~~~V~~t )qet ~s a

result of the work of micuocorrosion cel 1/~~lem~~rt 
- ne  b o t 4 om of

crack — wall of cracK; h) stress concentrat1 )n ~n t b a  a~~-~x /V ertex of

crack causes intensified diffusion ot hydro gen into this zone , sin ce

hydrogen it has a tendency to diffuse into the most -~trained r e g i o n s ;

c) as a result of the fcrmation of hy dride s of titanium during tne

intensive diffusion of h ydrcgen appear the seccndary second—order

st r esses, which accelerate the process of diffusion , ie. , process in

occur/flow/lasts autocatalytic. These phe n cm ena 1 C aV VI to an an rup t

V 

c h a n g e  in  th e  p r o p e r t i e s  of me tal a n d  u p o n  r e a c h i n g o f the cr i ti cal

for these conditions (for m and stress level , the structure and the

comp osi t io n of m e t a l  an d , etc) degree ci hyurogen absorption to the

development of crack under the action cf the aip lied volta aes The

stresses contribute to the emergence ot inicrocracks and are the

ener gy condition of developing ma in—line crack , l oca l i ze coriVosion

process as a r e su l t  of stress concentration and reinforce the

processes of the local and common/yeneral/tcta l hydrogen absor~~tion

cf metal.

Page 75.
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The role of electrocheaical process consists in the transport of

hy drogen to the corrosive surface during cathode process, the upon

acceleration of the process of fa i lure  as a result of the ano d ic

dissolution of the apex/vertex of crack.

Th e necessary con dition of emer gen ce and developin g corr osion

cracking is a specific ratio between the rate cf ccmmon/ge nera l/total

corrosion and the rate of the deve lo~ a€nt ct the crack:

kmp >ko. i~~ 
cracking iE ,

k mp~~ko~ cracking no ,

where k mp is velocity of propagat ion of c r a c k;

— the rate of common/genera l/ t c tal  corrosion.

~iiI
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Key (1). Stressed state. (2). Electrocbsaica l ccrrosion. (3) . The

anodic process of dissolution. (4). HydrogEn d€polarization. (5).

Hydrogen sorption.. (6).. liberation of B2 from solution. (7). general

corrosion. (8).. the formation of aicrocracks. (9). Absorpt ions. (10).

Ad sorption (chemical, physical). (11). Stress concentration. (12).

Eatrittleaent 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 str€ss ccncentration. (15).

Emergence aicrocells anode—a pex/ver tex is ~h ich cat hode—wal l  is

which. (16). Reduc tion in the breaking stress cf emergence and

development of crack. (17). Dev e lcEment  of crack.

(18). Energy conduction for spal].ing. (19). Intensification
of the local corrosion process. (20). Intensification of
the processes of general and local h~idrogen absorption . (21).
Cracking.

Fage 76.

If the metal ot struts against corrosion (common/gene ral/total

and local), then corrosion cracking will ~ct b€ .

Special feature/peculiarities of the ccrrosion cracking of

welded joints. The mechanism of the corrosion cracking of welded

j oint~ does not differ in principle frci the mechanis. of the
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corrosion cracking of the base metal. However , welded joints possess

a series of the specific special feature/peculiarities, whic h lowe r

the stability of welded joints against corrcsicn cracking.

In light of the theory of corrosicn cracking as failure, caused

by the simultaneous eff ect cf electrochesica l, mechanical and

sorption factors, b y the special featur e/pecu l i a r ities of welded

joints, which lower the stability of welded jcints against corrosion

crac king, they are: 1) the increased thermcdynamic instability , wh ich

leads to the increased electrochemical heterogeneity in comparison

with the base metal; 2) the more complex and more adverse stressed

sta te;  3) the possibility of the more intensive course of sorption

processes. These special features of welded joints are caused by

thermophysical processes during uneven heating and cooling metal

during welding.

The structural, chemical, geometric unhoacgeneity, caused b y

uneven heating,  lead to the increased electrochemical hete rogeneity

cf welded joint. ThE thermal process during welding determines the

nonuniform distribution of the inherent stresses and the formation of

temperat ure and residual stresses in welded ccnstructions. The

presence of its own residua l stresses ccmpl icates the stressed state

in welded cons truct ion and also increases the electrochenical

heterogeneity of welded j cint s .

Lk.. _
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• Depending on construction and the conditions of exter nal lcading

• in welded joints can appear the different stressed states:

• 1) 0 g ~ 0ocm 0; 2) 01K > 0, ~~~~ 
0;

3) a.~ 0, Ooem > 0; 4) a,,~ > 0, ao~,m > 0,

where a.M are stresses from external load;

— residual welding stresses.

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

dif feren t com bina tions from ex ternal ica d an d r es idual weld in g

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

which wor ks un der pressur e, the biaxial field cf the resid ua l of the

weldin g stresses is combined with biaxial stresses from exte rnal

load.

• Page 77.

In some corrosion—active media the residual the welding stresses,

acting jo in t ly  wi th  ex te rna l  loa d , sharpl y accelerate the process of

cracking especially under conditions two— and cf triaxial stressed

state (13].
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Relative to the  rate  of sor ption p rocesses in welded join ts it

is difficu lt to give unambiguous answer/response. However, in n u m ber

of cases the pre sence of the s t ra ined s t r u c t u r e  of welded j o i n t

• increases the rate of sorption processes, for examp le the more

intense hydrogen absorption of the welded jcints of titanium alloys

in comparison with the base metal.

-

• : To corrosion crac king can hav e an e f fec t  the weld defects .

Connection/inclusions can reinforce electrochexical heterogeneity,

the f law/defects  of the form of weld; for example , poor fusions, as

st ress concentrators, can be the reason for the emer gence of

corrosion cracking.

Nethods of an increase in the stability of the welded

constructions against corrosion damage. To raise the stability Cf

welded constructions against the corrosion failures is possible by

the general method s of the protection of metal constructions from

corrosion and by the special methods, which consider the special

feature/peculiarit ies of welded joint.

At present for the protection of metal constructions from

corrosion they apply :

1) protective coatings on organic basis (organic coating and

_
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highly polymeric lubricants), on inorganic basis (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 inhibitors — the substances,

wh ich re tar d the rate of the corrosion gf meta l , etc.; 3)

electrochemical protection (cathode) with the application/use of

tread/protectors, electrochemical (anode) and protection from stra y

• currents with the application/use of electrodrainage; 14) the

development and the manufacture of the new structural meta ls of

increased corrosion resistance; 5) raticnal cotstruction and the

operat ion of metallic constructions and parts. :1

The rational safety method of metals from corrosion from the

positions of the electrochemical theory of corrcsion is braking the

• checking factor of corrosion [3, 15].

Page 78.

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

cor r osion, depends on four basic factors of the electroche mica l

corrosion: a) E~— E~ — are differences in the initial potentials: the

equilibriu m potential of the cathode depolarizing process E~)~ an d of

the ano de reac tion cf the d issolu tion of me tal E°~ under conditions
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of corrosion ; b) the average cathode polarizability PK; C) the

average anode polarizabi lity PA; d) the ohmic resistance of the

corrosion cell/element H.

These factors are bonded by the expression

pO p0
A~~~ A
± PA + R

The emf of corrosion cell/element E°K —E °4 characterizEs the

degree of the thermodynamic instability of system; the dencminator

characterizes common/general/total kinetic braking system.

The rate of corrosicu can be decreased by a reduction in the

thermodynamic instability of system or increase in kinetic braking

system because of braking cathode P~ and anode PA processes and

increases of the ohmic resistance of system H.

By the basic method of deceleration of the corrosion of welded

joints and increase in the stability tc corrosica failure under

stress is the decrease in their thermodynamic instability, the

decrease macro— and the microelectrochemical heterogeneity bot h the

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

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

the majority of cases is required the chemical composition of weld ,

_ _ _ _  •
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identical for the chemical com position of the base metal;

b) decrease in the structural heterogeneity by the control of

the rmal  cycles dur ing  welding, by chan ge of crystallization

conditions in the process of welding (modification , the “freeziny ” of

Lath , ultr as cnic processing) , by the applicaticn/use of he at,

mechanical and thermomechanica ]. treatment ;

C) decrease in the unhomogeneity of the stressed state of the

first  and secon d gender in welded joint with the aid of heat.

mechanical and the rmom echan ica l  t r e a t m e n t ; im p r c v e m e n t  in the

stressed s ta te  in welded joint  by the ra t ional  cons t ruc t ion  of

weldients; the release of the residual gf the welding stresses by

beat, mechanical or thermomechanical treatment; the creation of the

compressive surface stresses by machining (rolling, shot peening)

~ecrease in the mechanica l and gecmetric unhomogeneit y of welded

joint can be reached because of rational technology of the

preparation of welded joints without stress concentrators.

P age 79.
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Page 80.

E L I M I N A T I O N  OF R E S I D U A L  D E F O R M A T I O N S  D U R I N G  THE WELDING OF SHEET

PANEL CONSTRUCTIONS.

• Cand.  of tech. sciences V. P1. Sagalevich , engineers  I. A. y aks , Yu.

F. Khram ogin .

Dnr ing  the  m a n u f a c t ure of some sheet cons t ruc t ions  wide ly  is

ut i l ized spot w e l d i n g .  The vo lume of spot we ld ing , for ~xa mp le di~r i n g

the  m a n u f a c t u r e  of sheet panels, is 80—90 o/ o of vo lum ~ of a l l  we ld in g

work.  One of t h e  basic problems , which  appear d u r i n g  ‘h e  m a n u f a c t u r e

of panel  const ruct ions, is the s t r a i g h t e n i n g/ t r i m m i ng .  Present

ar t i c le  propose s to  open the  basic reason s for  the  f o r m a t i o n  of

weld ing res idual  l e f o r m a t i o n s  and  to n o n m a r k  some ways  of f i g h t  wi th

them in sheet panels .

Panel c o n s t r u c t i o n s  represent the s h e a t h i n g/ s k i n , con nected by

spot w e l d i n g  w i t h  the  batch  of r ig id  cel l/ e lements .  For a ri g i d i t y

— - • • -~~~~~~~~~~~~~~~~~~ •~~- - .
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apply  the  not connected s t r ingers, p r e l i m i n a r i l y  corruga ’ es she ets

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

prevent ing or decreas ing  d e f o rm a t i o n , does not exist. They assume

tha t  for the preven t ion  of the f o r m a t i o n  of “ pops ” or o t h e r  local

deformat ions  weld ing  one should  conduct  from middle to the edges of

panel. However , t h i s  does not gua :an tee  f r o m  the  common/ gene ra l/ t o t a l

ca rr ier , f r e q u e n t l y  g rea te r  t h a n  b u c k l i n g  d u r i n g  welding i n  a n y

another  sequence.

The basic r e s idua l  d e f o r m a t i o n s  of d i f f e r e n t  panel cons t ruc t ions

are the  l o n g i t u d i n a l , cross and d i agona l  s agg inq/ def lec t i ons  and  the

loss of stability. Loss of stability is extremely rare and appears

only  in the  case 3f e x t r e m e l y  low r ig id i t y of w e l d m e n t .  The

deformations of loss of stability can be removed  by t he  p o s t — w e l d i n g

roll ing of weld zone — by the  method , w i d e l y  used in i n d u s t r y .  True ,

t h e  r oll in g of int er m i t tent w e l d s  has  a se r ies of t h e  ~~ecial

fea ture/pecul ia r i t i es, at which  let us pause.

• Page 81.

The appea r ing  d u r i n g  w e l d i n g  cross s a g g i n g/ d e f l e c t i o n  (Fi~~. 2)

as show m e a s u r e m e n t s , is u n i f o r m  in w i d t h  it can be p r e v e n t e d

d i rec t ly  in the welding process, with the use of the  a t t a c h m e n t s ,

wh ich assign the sagqing/deflection , reverse and equal in magnitud e
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we ld ing  (P ig. 3a) . It is possible also d u r i n g  weld ing  ‘n g i v e  to

panels the  loca l cross sagging/def lect ion (Fig .  3b) , b ut  in  t h i s  cas~

d i f f i c u l t l y  pa r am e te r  d e t e r m i n at i o n  of the  d e f o r m a t i o n , w h i c h

el iminates  the f o r m a t i o n  of pe r manent  def lect ion .

The most s i g n i f i c a n t  and d i f f i c u l t  to  remove are the

long i tud ina l  and d i a g o n a l  d e f o r m at i o n s ,  t h e  s h r i n k ag e  of spot welds

results in reduction in the intermi t ten t  weld a long the l e n g t h .

il ~ iI ’/I/1iI~~ I

~,7/!,’
[ ~i1\

I I I . ~~- 1 -

a)
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Fig. 1. Sheet panels with checkered plate (a) and with stringers (b).

Page 82.

In weld zone appear after welding the residual tensile stresses,

which 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  res idual  stresses are below, when  selecting ro l l ing  schedules

af te r  weld ing it is necessary to be orien ted toward  the  average  value

of the  res idual  stresses in the  cent ra l  section of weld .

The g iven  stress f i e ld  obta ined by ca lcu la t ion  for  f l a t  sheets

can be used for d e t e r m i n i n g  the middle  stress level in the  zone of

roll ing.  The a c t i on/ e f f ec t  of the  residua l stresses in sheet panel

construct ions is e q u i v a l e n t  to the noncent ra l  loa d app l i ca t i on . The

inertia axis of panel is furnished somewhat higher than the axle/axis

of t he  act ion/ e f fec t  of res idual  stresses, as a resu lt of wh ich t he

upper filaments of stringers also prove to be under the action /effect

• of tensile stresses (Fig. ~a). The longitudinal sagging/deflec t ion is

not ident ica l in t h e  d i f f e r e n t  section/cuts of panel even in such a

case , when in each of the  welds  act equal residua l stresses.

L
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Fig. 2. The cross and stretch de fo rma t ion s of the panels , welded on

the hor izontal  t ablet  t ,~- is sagging/ def lec t ion  in t ransverse

d irection; F,.,,- — sagging/deflection lengthwise.

~~
v

~~
cJ
;

2

a) lHb)
Fig. 3. the elimination of cross sagging/defl ection during bench

weld ing, which assign reverse sagging/deflection with the aid of

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

Pa ge A3.
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This is explained by the different rigidity of construction in

di f te ren t  section/cuts in the welding process and by the dependence

of shrinka ge e f f o r t/ f o r c e  on the r i g i d i t y  of sect ion/cut , whic h

grow/rises with  s t i t ch ing .

• The p r o f i lo g r a m  of cy l indr ica l  panel (Fig. Sb) is con structed

accordin g to the resul ts  of direct measurements  a f te r  we ld ing

(sequence of stitching — f rom middle to t h e  edges of p a n e l ) .  For the

larger clar ity t~~ the character of displacements the panel is

conditionally depicted in plane. The shaded sections charact erize the

measured after weldin g deviation of the outline/contour of panel  f r o m  -

•

the  ini t ia l position. The having  com pa ra t ive ly  smal l  r ig id  i ty edges

of this  pa nel d u r i n g  w e l d i n g  from m i d d l e  are s t ra ined con s i d e r a b l y

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 Fig. 5c) , in each of which  in ro ta t ion  a re  appl ied

the welds. The a m o u n t  of the  d e f o r m a ti o n s  of edge , which  appea r f rom

the  imposi t ion of cen t ra l  welds , inverse ly  propor t iona l  to the

rigidity of boundary/edge section/cut. The general amount of

_ _ _  _ _ _ _ _ _ _  _ _ _ _ _  • 
_ • IA



~~~~~iT ~~~~
- -
~ ~~ 

_
~~

DOC = 77120 20 3 PAGE

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.

(I )J,~iqe,~ p ocmamovHo,x • ~
If anp&Vr8HUÜ Hø OCU

w5a

-
- rpo,c~j  30Mb! l1Cf~A-

/ - 
mEMUU paCn7RM~,.,,~ q

Pig. 4. The field of th e longitudin al residual stresses of the

single—row spot weld: ‘r is a ste p/pitch between points; r — the

radius of spot weld.

Key: (1) . Ya lues ~f r esidual stresses on the axis of well. (2) .

Welding line. (3) . Boundary of the zone of ten sile stresses.

I~A 
1~~--~~~
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Page 84.
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Fig. 5. Distribution of residual stresses according to height the

flanges of stringer from the alloy 0T4; by thickness 0.6 + 1.0 mm

(a), the profilogram of the longitudinal sagging of welded panel (b)

with cylindrica l cross section (radius of curvature 1 m, len gt h 3 m)

and rational welding sequence of stringer s (C).

Key: (1). kg/mm 2. (2). stringer.

Page 85.

The portion/fraction of the deformations of edge of the imposition of

the central welds the greater, the  lesser the rig id i ty  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 possi ble to

completely remove the deformations of b u c k l i n g ,  which appear from

shrinkage.

For dealing with residual deformations, in particular for the

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

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

re designing of such mach ines  for a weld ing  w i t h  f o r g i n g  leads to the

new deformation s - technological, whic h in seam we ld ing  ma c h i n e s  are

developed several times more powerful than on pcint . In t h i s  case for

the eliminat ion of deformation it is expedient to apply rolling. The

• w id th  of the  zone of r o l l i ng  can be restricted 1y the diameter of

spot weld.

Is developed procedure for the selection of rolling sched ules.

In t h i s  ca se the spot weld considers as con t inuou s, w i t h  t h e

determined middle level of the longitudinal residual stresses in the

rolled zone. The pressure of rolling is selected according to the

calculations, g iven in wor k (2 ) ;  the res idual  stresses are d e t e r m i n e d  -

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 resid ual stresses in continuous (roller) weld and

it comprises fo r  a n  a l loy  0T4 35 kg /mm 2 fo r  steel St. 3 21 kg/m m 2 . Th e

experimentally determined residual stresses in the specimen/samples,

rolled under  condi t ions, selected in accordance wi th  t h i s  procedure ,

satisfactorily coincide with calculated (Fig. 7) .  The sequence of
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rolling substantially does not affect the process of the elimination

of deformat ions .  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 d i agona l  sagging/ def lec t ion , w h i c h  is t h e

consequence of displacement during the welding of the part s to he

connected (or, which is the same thing , “technological”

deformat ions ) . The special f ea tu re/pecu l i a r i t ies  of the  f o r m a t i o n  of

this type of d e f o r m a t i o n s  are examined  in de ta i l  in work [ 3).
Therefore let us pause only at the r a t i o n a l  methods  of their

elimination in connection with the constructions of average sizes

(long than 2 a) .

Page 86.

Such cons t ruc t ions  d u r i n g  w e l d i n g  can he ro ta ted  in h o r i z o n t a l  plane

with the aid of t i l t e r s, by a p p l y i n g  a n y  r a t i o n a l  o rle r  of the

setting of the points and by furnish nq panel in thc~ necessary

position of the r e l a t i v e  electrodes of w e l d i n g  sets.

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

displacement of electrodes leads to one—sided  bend ing .  The a m o u n t  of

displacement depends neither on the rigidity of parts nor on the
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parameters of welding conditions (
~~1, 

b ut it is deter ain .? i by  ‘he

r e l a t ionsh ip/r a t io  of the  r i g id i t i e s  of the  a r m s  of wel ling set. The

add i t i on  of s h e a r i n g  s t r a i n s  f rom isolated points  leads to t h e

lo n g i t u d i n a l  s agg ing/ de f l ec t ion. If we weld a l l  welds  in one

di rect ion, f r o m  one edge of panel  to a n o t h e r , then appears  d i a g o n a l

sagg ing/ de f l ec t ion .  The a m o u n t  of def lec t ion  of each subsequen t we ld

is equal to  the  sum of its own s agg ing/ de f l ec t ion  and

sa gging/ def lect ion , w h i c h  arose in t he  section/cut in ques t ion  fro m

the  imposi t ion  of all  precedin g/previous  we lds .  Panel  a f t e r  w e l d i n g

is distorted.

The p ro f i l og ram s  of panel made of steel VN S— 2 in d i f f e r e n t  cross

sections (Fig. Ra) testify to considerabl e diagonal

sagging/ deflect ion ; t h e  l o n g i t u d i n a l  sagging/ def lec t ion  v i r t u a l l y  is

ab sen t. It is obvious  that  par t  of the welds must  be welded  in

opposite direct ion. For panel  cons t ruc t ions  it is possible to

recommend the  sequence of welds , p r o v i d i n g  ce r t a in  decrease in the

defo rmat ions  due  t o  s h r i n k a g e  and the e l i m i n a t i o n  of d e f o r m a t i o n ,

called diagonal  sagg ing/ de f l ec t ion  (F ig .  Sc) .

_ _ _ _ __ _ _ _ _ _  - -— ~~~~~~~~~~~~~~~~~~~~~~~
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stresses in single—row spot weld from the relation of step/pitch

towa rd the rad ius  of spot weld.

Ke y: ( 1) .  Al loy . ( 2 ) .  St.

Fig. 7. A verage lon g i t u d i n a l  res idual  stresses in the cross section

of plates fr om the a l loy  0T4 w i t h  a thickness of 1.0 + 1.0 m m , welded

b y the  spo t w e l d i n g :  I and II — the exper im e n t a l  da t a ;  [II —
ca lcu la t ion  da ta  ( I  — m e a s u r e m e n t  a f t e r  w e l d i n g ,  II — measurement

a ft e r  ro l l ing  w i t h  e f f o r t/ f o r c e  950 k g f ) .

Key: (1) . kg/ mm 2. (2) . Weld.

Page 87.

D u r i n g  weld ing  in the  g i v e n  sequence of t h e  d e f o r m a t i o n  of one

direct ion they  are compensated f o r  by sagging/deflection due to

contrary welds. In a number of cases to completely eliminate diagona l

sagging/deflection , since, along with longitudinal displacement ,

occurs the transverse disp lacement of electrodes (rollers) . Therefore

t h e  panels of a v e r a g e  sizes it is e x p e d i e n t  to  w e ld  in spot w e l d e r s ,

divide/marking off all welds  i n t o  equa l  sect ions 1SO— 20 0 m m  long.  In 
I

4~his case occurs the compensation for the technological deformations,
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wh i ch accumula t ed  in s- he f i r s t  section , by t h e  contrary deformations

of the sec on d section and , etc (Fig. 8h). This order of weld ing is

more labor—consuming, bdt gives the smallest residual deformations

and makes it possible to v i r t u a l l y  p reven t  the  fo rma t i o n  of d iago nal

sagging/deflect  ion.

MM

~
fl
~~~~~\ r~~~~ 

C (c2 )

________________ 
~~~~

I 31,4 L,/~ 1% — - - --‘--—P

Pig. 8. The profilogra m of the cross sections of the flat/plane

panel , having diagonal (z) and longitudinal deflections (f) in wel d

zone fro. the d i spl acemen t  of t h e  electrodes : I — shearing strains

are compensated for by welding sequence; II — shearing strains the y

_____  _________- - - -  •- - - -—
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are accumulated during welding in one direction; 1—6 — the  sequence

and direction of welding.

Key : (1) .  Number  of s t r inge r .  (2) . Direct ion of w e l d i n g .

Li tera ture .  -

1. Zolo tarev  B. B., Sagalev ic h V. M. Calculation of t h e  resid ual

stresses in the  z on e  of spot weld , caused by f o r g i n g .  “ w e l d i n g

engineer ing” , 196 5, No 9.

2. Vinokurs V. A. On the rolling of welds for the elimination of

w a r p i n g  ve idments.  “P roceedings of h igher  school. Mach ine - b u i l d i n g

and i n s t r u m e n t  m a n u f a c t u r e ” , 1959, No 10.

3. 7.o lo ta rev  B. B. ,  Sagalevich V. M. R e s i d u a l  d e f o r m a t i o n s

d u r i n g  spot and seam w e l d i n g .  “ w e l d i n g  e n g i n e e r i n g ” , 1964 , N o 11.

Page 99. 

~~~~~~~~ — U.--- - - -~~~~



- -

_i~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

_ _ _ _

DOC = 77120203 PAGE

ELIMINATION OF THE DEFORMATIONS OF LOSS OF STABILITY DURING PLATE

WELDING WITH F R A M E S .

Cand . of tech. sciences V. N . Sagalevich.

The jo in t  of l am i n a e  w i th  r ig id  f r a m e s  f r e q u e n t l y  is e n c o u n t er e d

in practice. To nodes  of such type , i n t e n d e d  fo r  the

h e a v y — d u t y/ c r i t i c a l  cons t ruc t ions, are presented special r e q u i r e m e n t s

w i t h  respect to w e l d i n g  d e f o r m a t i o n s , in p a r t i c u l a r  for  t h e  presence

of t he  d e f o r m a t i o n s of loss of s t ab i l i t y ,  wh ich  are  g e n e r a t e d  a f t e r

the jo in t  of plate  on ou 4 line/ contour  wit h f r a m e .  The e l i m i n a t i o n  of

de fo rma t ions  by k n o w n  methods  ( se t t ing  of technologica l  po ints , t h e

rol l ing of welds a f t e r  w e l d i n g )  l a b o r — c o n s u m i n g  or d i f f i c u l t  t o

achieve in pract ice  ( f o r  example , u n i f o r m  hea t ing  plate to the va lue

of the con t rac t ion , w h i c h  appears  f r o m  w e l d i n g ) .  At the  same  t i m e

left  of t h e  de for . a t ion  of the  loss of s t a b i l i t y  of pla t es w i t h o ut

corr ection i t  s h o u l d  not be due to a reduct ion in the  o p e r a t i n g

characteri st ics of the j o in t  and  due to  t h e  i m p o s s i b i l i t y  of t h e

good—quality execution of some subsequent technological operat ions.

The proposed method of fight with deformations is int ended for

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

preliminary deformation. The scalded on outl i ne/ contour  p l a t e  is

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

compressive forces. Distributed loads in t h e  direct ion of ax le/ axes  X

and Y will be equal (Fig. 1)

p
_I~~

___

~~~~~~~~~~ ~~~ ob±F ~

where P~~ 
— the compressive force of one rect i l inear  w e l d ;

óa , ~b — the  half of the  cross—sectional area of p la te  in the
direction of t h e  ac t ion/ e f f ec t  of s h r i n k a g e  e f fo r t/ f o r c e ;

F~ — area of t h e  section/cut of frame .

In the  ca l cu la t ions  of constr uctions the  solution of the

problems of loss of stability is reduced to the determinat ion of

breaking stresses f i and 2~.

Page 100.

In this case they ar° 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 supercriticaj. stage of

deformation from the compressi ve strains of the edges of plate ,

- --



— 
~~~‘ ~r—~-~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

_-•—. 

~~~~~~~~~~~~~~~ 
-.

~
. —.-—---—-- —- ‘V .__ -

~~ 
-~~--.-- - ~ - - -

~~
- - 

_ _ _ _ _ _ _

DOC = 77120203 PAGE , r/ ,Z.2-

caused by welding.

For the approximation of the symmetrically warped surface of

plate are applied the double trigonometric series:

‘
~ 

‘
~ m,tx ,z iiy

~4rnn COS Cf1S~~~~~~~~~~ .
~~~~~~~~~~~~~~ 2b 2a

If we consider t h a t  the  sagging  of p la te  at point  0 (F i g. 1) is

equal  to f , and th e  rel ationsh ip/ratio of the size/dimensions of

si des a and  b is such, that the loss of stability occurs with the

f o r m a t i o n  of one half—wave of displacements and in direction I, and

in direction Y, t h e n  the  a p p r o x i m a ti o n  for t he  deformed s u r f a c e  of

plate, which sa t i s f i e s  condi t ions  at  ed ges ( w i t h  x = b and y = a w =

0) will b e ( 2 ]
- - fcos —~ — CflS —-~--~

1 
- (ia)— 2b 2a

the compon ents of displacement u and v into the central plane of

plate can be d e t e r m i n e d  in the  f o l l o w i n g  f o r m :

- 811 -
U - L1 S~ fl CE)S — — i’ U; -

a 2b
- (16)

I, - 8X r~,U
b 2a

where C1 and C2 - constants , determined from the condition s of the

- - - - - - - -
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minim u, of the strain energy of plate;

e~ and 
~ 

are deformations of the contract ion, determined from

the character of action/effect and value of shrinkage effort/force.

~~~~~

~~ I A
~~~~~~~~~ II~I lbC5ap.’ioa woB 

~ 
—....1— 

~~~~~~~~~~~~~~~~~~~~~~~~ H H
a) 

~y q11

Fig. 1. Joint of plate with frame framework/bod y (a) and the circuit
of the action/effect of loads after welding (b).

Key: (1). Weld.

- 1
Page 101.

The components of deformations in the central plane of plate we

deter m i n e  by the k n own f ormulas :



~~~~~~~~~
-- 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

- -

~~~ 

- —
~ 

- -.- -
~ 

—

~~ 
—- -

~~~~~
• — 

- ‘-w—”- — - - - 
-

— — - ~~~~~~~~~ - ~~~~~~~~~~~~~~~~ 
—

~ 
---- _

DOC = 77120203 PAGE

1!L I  fJU I (
~~ W 1

- -- 
— +— ——

(~X 2 \ cx

5 ± 4-(f )~; (2)

Txy = + +
- j  j  -~

Strai n energy P calculate in accordance with the expression

p — 
82Qbf2D \2 G!i ~~

~~

X -F- ~ + 2!1E~ 5 -F ÷ (1 — 

~) ~,,1d;.dY, (3)
Eli 3

12 (1 — 
~ ( -

~
-

where h — the thickness of plate.

lttilizing expression s (1) and (2), we solve equation (3) and

• find constant C1 and C , from th. conditions

OP
oC,~~~

i
LA  _ _  

_ _ _ _ _ _ _  __
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Amount of deflection
A
we find from the relationship/ratio

~~~ 2)

where

a 1 \ it¼b / 1 - I 
_ + — t ,  I — — — . I —- ~-- --~- —  -t -

2 , b ‘ a ~) 16 ~cc~
a b ‘ 82 ( 2b 1 _ 3

~~ \-I- P-~~ ~~~~~ + -—- e~) ~ C1 — i- ) -—

~~2 
/ 2a 1— 3 ~ --~~C-.—~ —-F3~~~~

b2 2u

_ _ _ _ _ _ _ _ _ _  
R 

_ _ _ _ _C2 = — - —-------———---- - — - —

(

~~~~~)2 

~~~~ 
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The constructed accord ing to formula s (4) dependert ces (F ig .  2)

for plates with ratio b/a = 1.25 show a change of the

sagging/deflection in point 0 with the identical value of cont raction 4

and ey in both axle/axes. 
- -

From the theory of plates known that with the smallest breaking

stresses loses stability the plate wit h ratio t~,’a, equa l to intege r,

in particular square plate. Therefore we will be restricted

subsequently to the examination of precisely square plate; in this

case
‘ V (5)

_ _ _
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For the analysis of the deformations of rec tangu lar  p l a t e  it is

possible to u t i l ize  re la t ionsh ip/ra t ios  (4 )  and  (5) , o b t a i n e d  for  the

plates of square form, since the disregarded amount of deformation

exceeds the  resis tance to d e f o r m a t i o n  of loss of s t ab i l i t y .  The

amount of crit ical relative compressive strain can be d e t e r m i n e d  f rom

the condit ion of the equ ality of zero numerator of expression (5).

Accepting e~=~ey e, we obta in  c r i t i c a l  compressive s t r a i n:

A l  ht
e~~~-=v ,3i6— —- (u)a

For the selection of the amount of preliminary deformatio n it is

necessary to know the deformations , caused by welding. For some

special cases in specimen/samples is determined the shrinkage

effort/f orce.

--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______
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4, 6 SeW~

Fig. 2. De pendence of the  sagging  of p lat e due to r e l a t ive

compressive strain.

Page 103.

In this case are establish/installed the area of the zone of plast ic
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deformatio ns and the average value of the residua l stresses o~~

in this zone. Welding cor~pressive strain

e~, (1 ..._ IL 2), (7>

where 00cm / nA — the shrinkage effort/force of weld;

ha — the  cross—sect ional  area of p la te  and  f rame.

Specifically, during the welding of steels VNS—2 (nartensite

class) and V N S — 5  (auste n ite— .a rten site class) 1.0—1.0 mm thickness

0ocm~~
33 kgf/c m 2 , a F flA~~ 1OM ~t2 (Fig. 3). For a plate wit h

side 2a = 200 mm the compressive strain from welding e = ~~~~~~~~

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

equal to 0.316.10 k.

In ord’~r to avoid the deformation s of loss of stability, it

suffices evenly to elongate the sheet before welding in the

d irection, opposite to the action/effect of shrinkage eff~ rt/force to

value ~~~~~~ For this can be used the displacement of electrodes

f 3J in spot welders, because of which it is easy to carry out the

necessary interference of sheets with clamp. ~r this case the

relative displacement of elect rodes with clamp must be 2-2.5 times

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

elonqation of plate in entire width with c l a mp  is v i r t u a l l y

- -

~

=-- - —~--—-~~~~~- - - -—--~~~~~~~~ -~~- —
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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 weld ed with

clamp can occupy arbitrary position relative to the arms of spot

welder. Th en they tack/catch opposite edge 2, but in this case nod e

must be a r r a n g e d  between the arms of machine in such a way tha i~ the

disp lacement  of e lec t rodes  would  lead to t h e  i n t e r f e r e n c e  of p l a to .

Fo r t h i s  i t  is nec essary to p r e l i m i n a r i l y  d e t e r m i n e  t h e  i i rec t i o n  of

t h e  displa cement  of elect rodes.

~ 7It MM~
SMC-2

5HC.5~
4
~~
4

~ 
39

.~ - z~,e
I/i -

- 21
1Z5 ,‘

~rELiJ I:
~5#f 7.7 

~5.5 ~~ ~8~2,5 7,ö~4’ (~.d)~w

Fig. 3. !rperi.ental values of the area of the zone of plast ic

defo r m at i o n s  d u r i n g  the  seam w e l d in g  of s tee ls  VN S—2 a n d  V N S — 5 .

Pace 104 .

This can be carri?d out not only by direc t measurement 
f 3), but also

by the indirect—welding of two lamtnae of s•all rigidity, move d 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 he constants, since the amount of the relative displacement of

elect rodes depends only on the relationsh ip/ratio of th~ 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 wit h their feeding in~ o machine in the m anner that it

is shown in Fig. Sa , then the arranqement of weldnent in the

outline/contour of machine rnus t corres pon d to its arrangem ent in Fig.

6a. 8ut if specimen/sample is bent to opposite side (Fig. Sb), then

the node to be weld~ d must be turned in horizontal plane to 180°.

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

pr i n c i p le , as fo r edqe 2.

T1-~~ elongation of plate partially is removed during welding. In

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

stabilit y it will not occur.

Iittø&~uIII. ________________________________________________________ - ___ - - -
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A—A 5-5

( / ) sOapa&xe~p ’i ’nu C~t77

Fig. 1. Sequence of the clamp of plate to the framework/body of

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r 1

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).

Page lOS .

During a change in the rigidity of arms can he changed the amount of

the relative displacement of electrodes, which is important for the

4~i1
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safeguard  for necessary in t e r fe rence  ( 3 ) .  ~ela t ive  disp la c e m e n t ~
leads to  co m p l e t e l y  de t e rmined  sagg ing/ def lec t ion  f of con t ro l

specimen/ samples.  For ach ievement  of t h e  n ecessar y d i s p l a c e m e n t  it is

necessary t h a t  am o u n t  of de f lec t ion w i l l  be 1 . 5 — 2  t imes mor e  t h a n  t h e

value , obtained from the approximation formula

whe re ~ — the relative displacement of electrodes ;

t — the step/pitch bet ween points:

6 — the thickness of one sheet (are welded the specimen/sampl es

cf identical thickness)

ii — a q u a n t i t y  of spot welds, bet w een which it is determined the

sa g g i n g/ d e f l e c t i o n  of spec imen/ sample .

By c h a n g i n g  t h e  r i g i d i t y  of a rms , it is possible to  select t h e

necessary amount  of de f l ec t ion  of spec imen/ sample  f , a n i  r e spec t ive ly

also d i sp lacemen t  ~ a n d , b y a p p l y i n g  t h e  described method , to  avoid

the  f o r m a t i o n  of t h e  d e f o r m at i o n s  of loss of s t a b i l i t y .  H o w e v e r , th e

exaggera ted  i n t e r f e r e n c e  of sheets, ob t a ined  as a resul t  of t h e

rela t ive  d i sp l a c e m e nt , w h i c h  cons ide rab ly  exceed t h e  v a l u e s ,

su f f i c i e n t .  for  the  p r e v e n t i o n  of d e f o r m a t i o n s , is u n d e s i r a b l e , since

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~-~~~~~~~~~~-~~~~~~~~~~~ --- ~— - - - - -- -~~~
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it can lea d to high tensile stresses in sheets on line of weld.

, 

- — -—

— Qi ~~‘~“ ~~~~~~~~~~

P 

-

~ KOHCOAeU

A OH C Q~7b

/ ~b) 
- -

~

Fig. 6. A r r a n g e m e n t  of node wi th  the  clam p of plate to f r a me w i th  the

greater  r i g i d i t y  of the  upper arm (a) and of t h e  sma l l e r  r ig i d it y of

the upper a rm (b) . -

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

arm.

I
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IMPROVEMENT IN THE W E L D A B I L I T Y  OF THE MATERIAL SAP.

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

sciences S. N. Zhiznyakov.

As a result of the wor k, carried out in the MAT! together with

other organizations, it was establish/installed that the material of

saps to be welded can be obtained by carrying out the

high—tempe rature annealing of the blanks of SAP with their subsequent 
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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/remova l
~~ ,j

of the sources of gas (2). The materia l of ~~~~~ manufactured

according to common technology ‘, ca n n o t  be welded by t h e  m e t h o d s  of

fusion welding [1 , 2).

FOOTNOTE 1 • The m aximum temperature of heating blanks during the

m a n u f a c t u r e of common SAP does not exceed 1450—500°C. ENDFOOTNOTE.

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

the added metal is thrown out from bat h, 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

weldabilit y of SAP. During the welding of this material the arc burns

stable and bead 1oin~ is form/shaped n o r m a l l y . However , t h e  st r e n g t h

of we lded lo in ts  t u r n s  out  to be very  low and doe s not exceed

15—250/0 of the strength of material. During a further inc rease in

_ _ _  - - _ - -~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- - - - -~~-— --- - - - - - - _ _
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the temperature of the annealing of the briquettes of SAP the

weldabilit y of material is improved; the relative strength of welded

joints grow/rises (Fig. 1). During the weld ing  of the  sheets ,

m a n u f a c t u r ed from the briquettes of SAP , passed annealing at

temperatur e of 650°C, the relative strength of joints reaches

45—500/0.

As a result of the annealing of briquettes at the melting point

of aluminu m (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, obtain~ ed during the welding of

F the sheets of the SAP, manufact ured from the briquettes, to annealed

at d i f f e r e n t  t e m p e r a t u r e , 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 anneal ing

regularly decreased (Pig. 3). during the comparison of the cur ves of

the relati ve strength (see Fig. 1) and of the total void content-

(Fig. 1) of welded joints it is possible to note that the shape of 
- ]

the curve, especially in the region of the melting point of alum inum ,

considerably differs. Specifically, on curved total void content
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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 con d ucted by us investigations

in the vacuum extraction of aluminum foil shoved that the

crystallization moisture is retained up to the temperature , close to

the melting point of aluminum. For the refinement of the tem perature

of decomposition of the being in SAP moisture of vacuum extraction at

temp~rature of 700°C were subjected the specimen/samp les of SAP ,

manufactured from the briquettes , passed the annealing at temperature

of S90—600, 640, 650, 66O+~, 700 and 750°C.

The volume of the hydrogen , which separated during extraction ,

was determined by the formula

E
1, —San ,

where VH , is a volume of the W i n t e r n a iw  hydrogen , which separated

directly from specimen/sample, in cm 3;

_ _
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— the total volume of the hydrogen , which  separa ted  d u r i n g

extraction, in cm 3 ;

S — the surface of specimen/sample in cm 2;

a,~, -.. the volume of the hydrogen , which separated from the unit

of the surface of specimen/sample , in ml/cm 2.

~~

20

• 
~ 0 L ~~

-2 500 540 580 620 660 700 Cz (~2Jrennepo,nypo ommuw

Fig. 1. The temperature effect of the annealing of briquettes on the

relative strength of the welded joints , obtained during the arg on—arc

weldinq of SAP.

Key: (1). Relative strength. (2). Temperature of annealing.
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Pig. 2. Pores, which are generated in the veld—aeta]. zone near the

we ld , obtained by the argon—arc welding of the SAP, past the

different temperature of the annealing cf briquettes; 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

temperat ure 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 660°C content of gases in material is changed less

sharply and higher than the melting point of aluminum rema ins

constant. This makes it possible to assum e 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 hydroge n,

which is contained in SAP , manufactured from the briquettes, passed

annealing at temperature below 660°C, 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 hydrox ide of

al u .inu m.
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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 vio lent

decomposition of the residue/remainders of moisture and ex pansion

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 indicat ed

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 weakene d communication/connections

between particles.

In SAP , manufactured from the briquettes, passed annealing at

temperat ur e h igher  t h a n  the mel tin g point of a l u m i n u m ,

crys ta l l iza t ion  m o i s t u r e , appa ren t l y ,  is absent  and h y d r o g e n  is

located in vacuu.s 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 volume.
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— ( 1 )
c&/I OOe

~ 
40~~~~-~~~- 

500 540 580 620 560 700 C 0 - 
- _______________

~~ ~~~~~~~~~ om~cu eo 800 640 880 720 e(3)Te,-~nepomj,po oiniiw~o

Pig. 3. Total porosity of joints from SAP during argon—ar: welding in

tempe rature dependence of the annealing of l~riquettes.

Key: ( 1 ) .  Poros ity. (2) . Temperatu re of annealing.

Fig. 4. Quantity of hydrogen , whic h separates during the vacuum

extrac’ion of SAP , in temperature depe ndence of the annealing of

briquettes.

Key: (1). cm 3/100~. (2). Hydrogen. (3). Temperature of annealing.

Page 110.

in connect ion with this during the welding of SAP, manufactured from

the briquettes, to annealed at tempe rature higher than the melting
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point of aluminu m , the formation of strains and “torn ” pores is

eliminated and possibly only the formation of the pores of spherical

form (see Fig. 2c) , not exerting a substantial influence on -he

strength of material. The abrupt increase in the strength of welded

joints from the briquettes , to annealed at temperature hig hcr 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 th~ 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

technologica l weldability, the annealing of briquettes must be

conducted at temperature 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 , materia l with a good technologica l wel -~~bility

was obtained with th~ annealing of briquettes in vacuum at

temperature of 650 + 10°c. This can be explained by the f llowing

reasons. At the temperature of annealing, close to the m olting point

of a luminu m, in material remains a very insignificant quantity of

_____________



- -

~~ 

~~~~~~~~~ -.- -,-~-

DOC 77120203 PAGE -

moist u re , ca pable d u r i n g  p ro longed  reaction w i t h  a l u m i n u m to s’~parate

not more than 0.5-0.6 cm 3/100 g of hydrogen . At the same time a

quantity of dissolved in aluminum matrix/die hydrogen as a result of

its partia l remova l from solution does not exceed —0.3 cm 3/100 g,

i.e., appr oximatel y 2 times is less than its equilibrium

concentration in liquid aluminum (with ¶ = 660°C and PH, — 1 at).

(3) 8pe, - i~ omlc ueo

rig. 5. Stepped mode/conditions of the high—tempera ture annealing of

the cold—pressed briquettes of SAP.

!~ey: (1). Temperature. (2). Cooling. 
(3). Time of annealing.

Page 111.

The generating in the welding process atomic hydroqen can be

dissolvel in liquid alumin um. Part of the hydrcqen , which did not

have t ime to be dissolv’~d , will not be able ~o cause large pressure
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in discontinuities. The probability of the formation of strains and

cracks sharply decreases. With the high—temperature anne -t i ing of

briquettes, especially large size/dimensions , frequently are forme d

the cracks. These cracks affect adversely the stability of ~he

mechanical properties of the semi—finished products of weldabl e SAP.

In the opinion of the authors , by the tasic r3ason for the

appearance of cracks in briquett’~s is too violent a gas ~volution . 
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Mechanical properties of the joints without the removed

strengthening, obtained during the automatic argon—arc welding of

sheets SAP—is butt with the application/use of a filler rod from the

alloy A~g6. -

4 . -~
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Key: (1). Thickness of sheet in mm . (2). Welding. (3). Tempe rature of

tests in °C. (4). Tensile strength in~~k g / m m 2 . (5). Relative strength

in 0/0 . (6). Bend angle in deg. (7). Note. (8). one—sided , by

nonconsumable ele:trode. (9). Bilateral, by nonconsumable electrode.

(10). Structural strength of small reservoirs —24 kg/mm 2. (11) .

Biaxial stress. (12). One—sided , by consumable electrode. (13).

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

removed.

Page 112.

The rate of formation of gases with annealing in its initial sta ge

reaches —120 cm 3/100 g per minute. Considerabl€ deceleration of the

f o r m a t i o n  of gases (to 10 cm 3/100 g per minute) reached by conduct ing

high—tempe rature annealing under the stepped conditions with a

gradual rise of temperature (Fig. 5). On this technology on one of

the enterprises were made the industrial batches of the she~ts of SAP

(SAP-i S, SAP—2S) , of large—size briquettes. Semi—finished prod ucts

from weldable SAP possess high mechanical properties at room and

elevated temperatures , they have high plasticity and contain an

j~sjgnjfjcant quanti t y of gases (less tha n 0.7—0.9 c,3/100 g).

The wea kest section of the welded loints , obtained during the
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welding of SAP , is the section of the zone of material nea r the weld ,

heated during welding to temperature higher than the melting point of

aluminu m [ 21. 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 conduc t in

possibly more a rduous  condit ionss.  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 manuf actured of them

semi—finished prod ucts.

2. The best technologica l weldabilit y possess the semi—finished

products, manufactur ed 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 possibiG to lower

the temperature of the annealing of br iquettes to 650°C ~nd to k~ ep a

___________ —,-——.-—-----------—-,—~~~~~~



- T T ~~~~~
-
~~~~ ~~~~~~~~~~~~~~I1~i T~

DOC = 77120203 PAGE -~~~~~~ /3~~

good technological weldability of material.

4. in order to prevent the cracking of briquettes , it is

expedient to apply the stepped annealing, which makes it possible to

regulate the rate of formation of gases at different temperatures.
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