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A DECATRON PROGRAMMING UNIT
B.Ye. Paton, V.S. Gavrish and Yu.S. Grodetskiy
(Order of the Red Banner of Labor Electric Welding
Institute imeni Ye.O. Paton, Acad. Sci. UkrSSR)
A new programming unit with the program recorded on a fixed
punch card has been developed. The time sweep 1s ﬁccomplished with

decatrons.

A unlversal device for programming regimes of fast processes of
resistance welding was described in [1]. Tests unéer laboratory and
working conaitions showed that the unit enables us to increase the
quality of the welded Joints and to expand the technological possi-

bilities of resistance welding.

> . While 1t has a series of advantages,
» ad the universal programming unit also haa
14
3 - uuv certaln drawbacks: the necessity of using
- s ad

mechanical elements for the program input;

FPig. 1. Block diagram
of programming unit.
SU) Readout unit;
BRP) program time-sweep
. unit; D) decoder, 1;
SU; 2) BRP; 3) D; 4

U

pr

start-synchronization hole); comparatively large numbers of electron

the impossibility of quick program repe-
titlon after completion of the preceding
cycle, since the program starts from a

certain place on a perforated disk (the

tubes and thyratrons. The above drawbacks are completely eliminated
in a new, simpler and more reliable model.
Working principle of unit. The welding conditions (the duration
-1-
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of the welding-current pulse and

BUANARAL
BUL LU the break and shape of the current

curve) are assigned on the program

carrier in binary code [1]. A block
Fig. 2. Punch card.

diagram of the prograrming unit is
shown in Fig. 1. The program is entered on a punch card (Fig. 2) by
punching holes at the appropriate places. The readoff uriit is a set of
contacts which are closed or opened (depending on the presence or ab-
sence of perforations in the punch card). The recorded information is
time-separated discretely by commutator decatrons. The time count 15
made by the decatrons in strict synchron;sm with the: power voltage. The
maximum duration of a complete cycle 1s dependent upon the number of
decatrons participating in program scanning. Further information enters
a decoder, where 1t 1s converted into-é stepped voltage by a clipper
amplifier circuit. In addition to an output control voltage, the de-
coder issues various auxilliary commands, as well as a pressure program.
The program of auxiliary operations and pressure is recorded on the
same punch card.

Program-setting unit. The readoff unit consists of two contact

panels in which spring contacts are mounted. The information recorded
on a punch card may be presented in the form of a kind of matrix:

Gy 83 Gy ... Biep lu—g' 81y
Gn Gy ... Oy O O
Gy G 8 ... Oa-3 O L

'Qndl Gnis Gacis .o Omin-g Cpined - . Gamia

'H ‘d “ 0‘.. .*. h’ { I h .
where'aik is a number that may assume only the value O or 1, in ace
cordance with the presence or absence of a perforat-on on the program

carrier. The value of n is determined from the formula
-2 -
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where T = er/w, and tts is the time of the welding cycle. The number
m is determined from the formula m = (k + 1) + q. The quantity k 1is
founnld from the expression
-
V=3 o> (1)
The value of g corresponds to the number of supplementary busbars used

v0 program the auxiliary operations.
Proceeding from technological requirements, we assign the smallest
permissible increment of the welding current for one period to deter-

mine N. Let (12 - 11)/1 100% = I V5 S 100%

= 7%. Hence N 18 easily found and the value of k 1s then readily deter-
mined from Expresaion (1).

The following numbers were selected for the present model: k = 3,
q = 2 and, accordingly, m = 6.

Readéff of the information on an entire column 1s accomplished
discretely at each moment n. Further conversion of the program is ac-
complished in the decoder, at the output of which the voltage takes a

stepped form.

Time-scan circult. The informatlion time-scan circuit 1s construc-

ted around Type A-101 commutator decatrons (Fig. 3). The cathodes of
these decatrons have individual outputs which are not electrically
connected with one another; therefore, at each moment of time n = t/7,
current will flow through only one of the cathodes. The discrete time
count, which 1s kept in synchronism with the power system, enables us
to set the program cycles with absolute accuracy. .

A triggering circuit which is connected to series of interlocks
and auxiliary'units is hooked up appropriately in accordance with the

-3-
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Fig. 3. Circuit of programming unit. 1) Triggering
circult; 2) readoff unit; 3) to decoder; 4) GI;
5) Ky, 6) Dy; 7) Dy; 8) Dy 9) Dk; 10) KDK.

Fig. 4. Oscillogram of program output voltage.

purpose of the programming unit (for spot or seam welding).

At the moment the circuit 1s triggered, all the switches K2... Kk.
except for Kl are closed. Counting pulses with a frequency of 100 cps,
which are shaped by the special generator GI, pass through switch Kl
into the input circult of the first decatron‘Dl. The discharge in the
decatron, which 1s set up 1nitially on a neutral cathode, begins to
transfer through the subcathodes with the frequency of the triggering
pulses onto the cathode row. At each moment of time Ny a discharge
is set up on only one cathode and the voltage drop across the cathode
resistor is fed into the readoff unit. After the discharge reaches the
ninth cathode, the voltage pulse is used to transfer the discharge of
the commutator decatron DK to the second cathode. The voltage picked
off the cathodes of the commutator decatron controls the switches.
Kl... Kk. On establishment of the discharge at the second cathode,
the switch K, 1s opened and K, closed. Reading pulses from the generator
GI begin to proceed to the second decatron Da, The reading continues

-4 -
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in the same manner. On completion of the welding cycle, the last im-
pulse sets the commutator decatron DK to its initial state and in this
way prepares the circuit for the next cycle.

In seam welding, the cycle is repeated automatically, and both
manual and automatic control are provided for spot welding.

The readoff unit distributés the incoming signal from the deca-
trons in accordance with the program recorded on the punch card among
the busbars m, each of which corresponds to a number ak120, ak121,
ak122,..., ak12k. The coefficlents aki acquire the values O or 1 de-
pending on whether there is.a hole in the punch card.

Decoder circuit. The voltage taken from the cathodes of the deca-

trons 1s fed through the reading unit to the .decoder. In the decoder,
the recorded code 1s converted into a step voltage which is the main
output of the apparatus. The shape of the output voltage 1s shown on
the oscillogram (Fig. 4).

The decoder 1s a device which consists of a row of trarnsistorized
clipper amplifiers (their number depends on N). The c.rrent proceeding
from each clipper amplifier through the common resistor Ro is an

algebraic sum of the form
s

Sin=li+h4lyt...41s
(25 ) (2)
where I1 1s the current from the 1th clipper amplifier, and S is the
" Aty
number of clipper amplifiers, which 1s determined fromN= ¥ g2
A=d

as S = k + 1.

The voltage drop across the resistor Ro is the output voltage
and thereafter controls the operation of the phase rotator.

The programming unit developed, like the one described in [1],
may be used to set the electrode-pressure program in spot welding and

in certain auxiliary operations.
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The design and compilation of the program are not difficult and
are accomplished by a production engineer on the basis of correspond-
ing tables [i] without using computing machines.

CONCLUSIONS

1. An apparatus was developed which enables us to record a pro-
gram on a fixed punch card and thereby obviates the use of movable
~lements for program reading. '

2. The application of decatrons enables us to count time more
reliably and to repeat a program immedlately after completion of a
glven cycle.

3. The circuit developed has a smaller number of tubes and differs

from earlier circuits in having a simpler design.

REFEﬁENCES
1. B.Ye. Paton, V.S. Gavrish .and Yu.S Grodetskly, Unilversal 'noye
programiruyushcheye ustroystvo [Universal Programming Device],
Avtomaticheskaya svarka [Automatic Welding), No. 7, 1961.
Submitted 19 January 1962

Manu-
script - [11st of Transliterated Symbols)
Page
No.
1 CY = SU = schityvayushcheye ustroystvo = readout unit
1 EPI1 = BRP = blok razvertki programmy = program scan unit
1 I = D = deshifrator = decoder
l np = pr = programm = program
3 U = ts = tsikl = cyecle
y K = K = klyuch = switch
4 I = D = dekatron = decatron
4 'l = GI = generator impul'sov = pulse generator
4 IK = DK = dekatron, kommutatornyy = commutator decatron
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WELDABILITY OF 30KhSNVFA HARDENING SHEET STEEL IN DOUBLE
AND SINGLE-SIDED, DOUBLE-PASS ARGON-SHIELDED ARC WELDING

S.L. andel'verz and V.G. Gordonnyy
(Order of the Red Banner of Labor
Electric Welding Inctitute Imeni Ye.0. Paton,
Acad. Sc1 UKrSSR)

This report presents the results of a comparatlive investigation
of double-sided welding and a new technique of double-pass, one-side
argon-shielded welding of type 30KhSNVFA steel in thicknesses of 1.5,
2.2 and 4.0 mm. '

High-strength Type 30KhSNVFA hardening sheet steel, llke other
steels of thils type, 1s usually welded in an argon medium wlth a non-
consumable tungsten electrode. The procedure of single-pass welding
on copper backing with welding wire of composition close to the base
metal fed into the arc zone had come into preferred use. Thls proce-
dure is afflicted with serious drawbacks and in mary cases does not
guarantee a welded Jtoint of the required quality. Two-:-lded welding
using a nonconsumable electrode without filler wire gave better re-
sults. However, even this procedure often falls to guarantee the
necessary crack resistance in the welded joints. A further disadvan-
tage of the procedure is the increased amount of labor required.

The purpose of the present work was to make a comparative inves-
tigation of the known double-sided welding'procedure and the new
double-pass argon-shielded welding procedure on type 30KhSNVFA steel.
In the new procedure [1], the seam consists of two layers (Fig. 1).
The second layer completely covers the first, but the depth of its
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penetration does not exceed 60-70% of the thickness

] §§5; ff - of the welded sheets. To impart this shape to the

- L

Fig. 1. Double penetration for the second layer when welding metal

pass single-

less than 2.0-2.2 mm thick, a tungsten electrode is
side seam,

moved across the seam with a certain frequency and
amplitude.
In the investigation, a set of specimens of the type of steel

indicated above with thicknesses of 1.5, 2.2 and 4.0 mm were welded

TABLE 1

Conditions of Double-Pass Single-Side and Double-
Side Argon-Shielded Welding of Type 30KhSNVFA Steel

1 b |3 a3 | 4|3 |BEa] £8] ik 107
Bepuser vezes ad g il = { !‘ )
arus coapus ii ! . - ' gg ‘ g: %..’
e 4 -e S' )“ ‘! >. ‘ l“
11 s 21l olw|—| | 8| -~
T IHHEBEHE
Oanocroporias | 22 -1 - -
e BB e
Yl 2]20) 10|22 |28[10] -] -
12 151 ~] 9| 8| u]—| =] 8] =] -
aial I =R F I - Bl ) O B

Notes: 1) Welding was accomplished with a tungsten
electrode with a diameter o1 3 mm. 2) The double-
sided seams were welded under the same conditions
from the inside and outside,. :

1) Variant of welding procedure; 2) thickness of
metal, mm; 3) layer No.; 4) Ugs V; S) Vgys m/hour;

6) diameter of filler wire, mm; 7) Vp o m/hour;
8) argon input, liters/min; 9) vibration frequency

of electrode in seconds; 10) vibration amplitude of
electrode, mm; 11) single-side double-pass; 12)
double-gided; 13) Ig,» amp.
with double-sided and double-pass single-sided seams. The conditions
under which the specimens were welded are given in Table 1.
The mechanical properties, the structure of the welded joints
and the composition of the seam metal were investigated. Cfack re-

-8 -
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sistance was studlied with the use of special specimens and on macro-
sections. It was established that the seam-metal ccmposition differed
from that of the base metal by having 0,02-0.03% less carbor. and
0.01-0.02% less of other elements.

The mechanical properties of the Joints were determined after
heat treatment of the welded specimens (hardening and temperirg or
isothermal hardening and tenperiﬁg) by testing flat tensile specimens
and impact-bending specimens with notches alorig the seams. The speci-
mens were prepared in ccor.f:rmity with GOST 6996-54 (Type IX and Type
VII). For comparison, base-r.etal specimens of the came size were sub-
Jected to the shock-benaing test.

The tests showedthat fallure occurred in the base metal in all
cases with the variants of the procedure that we compared. The 1mpact
strength of the seam metal was equal to or somewhat greater than that
of the base metal.

In tensile testing a second series of flat specimens, on which
the small reinforcements resulting frcm the argon-shlelded welding
were completely ground down, fallure occurred in the base metal far
from the seam as in the tests wilth the reinforcements unground.

These results showed that 1n splite of a certaln reduction in the
content of hardening admixtures, the seam metal had a higher strength
than the base metal. We should assume that 1in the present case, the
strength increases due to the structural characteristics of the seam
metal and ‘its high purity, which is attalned as a result of remelting
of the metal during welding in the argon medium. Submerged-arc weld-
1ng [2) and molten-slag arcless electric remelting of metal with con-
sumable electrodes [3] produced similar results.

The causes of the increase in the strength of the remelted metal
and the improvement of its other properties are the subjects of an in-

-9-
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dependent investigation.

Metallographic investigatlons showed that subsequent to heat
treatment, the seam metal and the metal around the weld zone have a
troostite structure which differs little from that of the base metal.

Various types of special rigid specimen: are .sed [4] to evalu-
ate the craci resistance of the seam metal and the metal around
the weld zone in alloy steels. Most of them can be used only to inves-
tigate the weldability of metal In ccmparatlvely large thicknesses,
The familiar H specimens (Fig. 2), as well as those in which stresses
of varylng magnitude are created by varying the rigidity of the specl-
men mount (Fig. 3), were the most suitable for metal with the thick-
nesses (1.5-4 mm) that we were investigating. These specimens simulate
the highly unfavorable conditions prevailing in weldlng of real Joints
(closed contours and intersections of welds).

The H specimens were welded from steel plates with thicknesses
~of 1.5, 2.2 and 4.0 mm. The auxiliary fastening seams which are keyed
1 and 3 in Fig. 2 were welded in two layers (double-pass single-sided
welding) or on two sides (double-sided welding). The control seam 2,
the welding resultc of which were used to evaluate crack resistance,
was made by the version of procedure that we were invectigating after
complete cooling of the fastening seams. The penetration shape of the
control seams that were made under fhe conditions indicated in Table
1 is shown in Fig. 4. The control seam was welded from the back side
or with a second layer only in cases where visual examination turned
up no cracks in the seam 24 hours after the first layer was weided.

The results of comparative evaluation of the steel's crack re-
sistance based on welding of the H-shaped specimens are given in
Table 2, from which it is apparent that a much higher crack res;stance
in the metal is guaranteed with single-sided double-pass welding.

- 10 -
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Cracks did not form in the specimens produced by double-pass single-
sided welding where steel with thicknesses of 1.5 and 2.2 mm was
welded. At the sahe time, cracks formed immedlately after welding 1h
the single-sided seam of a double-pass Jjoint in steel with a thickness
of 2.2 mm. They were detected in steel specimens 1.5 mm thick only on
macrosections. In welds in metal 4.0 mm thick, the high crack resis-
tance after single-sided double-pass welding 1s apparent from the fact
that with this pgocedure, cracks form 30 to 50 minutes after welding,

while they form in 1 to 2 minutes where double-pass welding 1s used.

b

l ? 1 $ 4

2 ! o a

1 ) !
0 N .

Fig. 2. H-shaped Fig. 3. Specimen used Fig. 4. Shape of

specimen used to to determine crack re- first seam. a)

determine crack sistance; different With double-sided

resistance of rigidities obtained by welding; b) with

seam, varying size of side single-sided

tack welds. 1) b = 4, double-pass weld-
ing.

To confirm the data obtained, the crack resistance in metal with
a thickness ot 4.0 mm was checked on the specimens shown in Fig., 3 by
the following method. Txo plates with the dimensions 4 x 100 x 250 mm
were placed on a steel slab with a thickness of 30 mm. The edges 1-1
(Fig. 3) which were welded in conformity with the procedure under
study were fitted tightly to one another. The plates were welded to
the slab manually along the edges 2-2. To create stgesses of different
magnitudes, the lateral seams 3-3 were laid ménually in varying lengths
(10, 20, 30, 40 mm and so forth). After preparation, the specimens were
joined by the double-pass or double-sided welding procedure (Table 1).
During the welding process and for the next 24 hours, the specimens

- 11 -



were subjected to systematic examination. A total of 12 specimens were
welded. Cracks formed along the center of the seam in the six speci-
mens made by doublé-pass welding where the length of the lateral

tack welds were 50 to 60 mm. Cracks appeared in the seams made by

double-sided welding even in the absence cf lateral tack welds,

TABLE 2

Results of Determination of Seam Metal Resistance
to Cracking (H-shaped specimens)

J 2 T ‘ N - Tremem o wenp -sswden
:-n:: Bapmswy rexwanerny | Xorawcrse ! Nyowe or oxcwweee il opliinitdnn
wore we- coapnp bt olbprinl s s j
reAm, as Bpazios | 1)-rinn 8 nereow S99 1 pasgencres € vpe-

| r msedue messug
i% 10 14
18 Reyxcrchuan 12 ! Her rpeam ° Her
t31hyxc'r¢:|mmm 12 | ’ ] ¢
22 | dayxcrohues \ 12 | Her spewm N S,
HAeyztroposmina 12 | Tprmm vepes 1 - -
. ’ ' 30—50 cex, 14
40 Hsyxcrohngn 6 Tpemuma wepes _ —
OANCCTOpIRNAR 0—50 sem, 11
Ouyxcropcmmas 6 T,:;-lm;vu wepes 4 -— -
—2 wnn.

Notes: 1) Cracks formed along the center of the
seam. 2) In cases where cracks were detected on
visual examlnation, macrosections were not prepared.
3) Metal specimens of a given thickness were pre-
pared from steel of the same melt for the double-
sided and double-pass single-sided seams.

1) Thickness of welded metal, mm; 2) variant of
welding procedure; 3) number of specimens welded;

4) time from completion of welding to formation of
cracks in first seam; 5) cracks in macrosections
after welding of second layer; 6) number of sections;
73 sections with cracks; 8) double-pass single-sided;
9) double-sided; 10) no cracks; 11) cracks after
30-50 seconds; 12) cracks after 30-50 minutes; 13)
cracks over period of 1-2 minutes; 14) none.

Additional experiments were conducted welding H-shaped specimens
at the same welding'speed with double-sided and single-sided double-
pass seams . fhesé experiments again showed that much higher crack re-
sistance 1; guaranfeed in Joints with double-pass single-sided seams.

The experiments“conducted enable us to draw the conclusion that

- 12 -




double-pass single-sided welding of type 30KhSNVFA steel in thicknesses
of 1.5 to 4.5 mm guarantees a higher crack resistance in the metal than
1s attained with double-sided welding. The reason for this, in our
opinion, consists in the fact that an unpenetrated zcne (Filg. 4)

which plays the role of a stress concentrator 1s retained in a double-
sided Joint after welding of the first seam. In addition to this, on
welding, the section of such a seam 1s smaller than that of the first
layer of a double-pass single-sided ‘oint. Therefore, such seams are

less resistant to cracking.

REFERENCES
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ALLOYING OF HEAT-RESISTING AUSTENITIC STEELS,
ALLOYS AND WELDED SEAMS WITH BORON IN THE 0.3-1.5% RANGE

B.I. Medovar, L.V. Chekotllo, V.A. Lutsyuk-Khudin,
N.I. Pinchuk and L.G. Puzrin

{Order of the Red Banner of Labor Electric-
Welding Institute imeni Ye.0Q. Paton, Acad. Sci. UKrSSR)

It 1s shown that boron-alloyed austenitic heat-resisting steels
and alloys, having a two-phase structure — austenite and a boride
component of eutectic origin —, are characterized by high long-term
strength and plasticity. The presence of the two-phase structure pre-
determines the absence 6? around-the-weld hot (crys;allization) cracks
and the elevated resistance of welded joints to local failure along
the interface between the Base metal and seam during operation or
heat treatment.

Alloying of seam metal with boron renders the metal resistant to

the formation of crystallization cracks and sharply increases the heat
resistance without loss of long-term plasticity.
‘ 1. Until recently, boron was introduced into the composition of
austenitic steels and alloys in small quantities, generally measured
in hundredths of a percent, for the purpose of achleving some improve-
ment in the technological properties and heat resistance of these
materials [1, 2, 3, and other sources]. The development of atomic
industry and power engineering has brought with it the development of
a new group of stainless austenitic steels containing up to 1.5-2.0%
B [4 and other sources].

Austenitic steels alloyed with boron are used, as a rule, at
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temperatures below 350-aoo°, 1.e., they are essentlally heat-resisting
structural materials. Meanwhile, 1t 1s reported [5,(] that ncn-corrosive
boron steels have been subjected to precipitation hardening at rather
high temperatures — approximately 800°. Thus, for example, after four
hours of aging at this temperature, the hardness of an austenitic
steel with 1.14% B increased from 250 to 450 HB and remained at this
level under prolonged aging.
The high precipitation temperzfure of the hardening phase — in
thls case, the borlide phase - predetermires the feasibllity of using
high-boron stalnless steels as heat-reﬁisting materials.
In spite of this, insufficlent attention 1s gilven to tre problems
of 1lncreasing the heat resistance of austenitic steels with the aid of
boron employed as an alloying element. We may riote among the studles
in this fleld that are known to us the bapers of the Japanese {20,
22) investigators who established the possibility of increacing the
heat resistance of type Khi8N12 steel by introduction of 0.17% B. To-
gether with this, data of English investigators, which would indicate
a reduction in the effectiveness of the influence of toron on heat
resistance where its concentration in steel is abcve 0.16-0.15% are
given in Reference [1). Similar conclusions were also drawn in the
USSR ten years ago [6]. In connectlion with this, particular interest
is attracted to the data of Kraft ani Flinn [8], which were published
in the USA and mentioned in a paper by German investigators [7), relat-
ing to a substantial increase in the heat resistance of austenitic
cast steels containing up to 5% B at temperatures right up to 815°. ‘
It is noted in a number of reports that boron ‘and silicon [20, 21) . :;
maintain the hlgh-temperature corrosion resistance and plasticity of |‘
steels and alloys with a simultaneous increase in heat resistance. "
2. The particular interest of welders in boron as an alloying ‘
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eiement rather than a minor additive is explained by the following.

It is known that when heat-resisting austenitic steels and alloys
are welded, we risk the appearance of hot (cfystallization) cracks
not only in the seam metal, but also in the around-the-weld zone [9,
10]. '

It 1s possible to counter hot cracks in austenitic seams by
active intervention in the primary crystallization process of the
welding pool [10 ana other sources), and occasionally even with the
nature of the.force rield [11]).

It 15 considerably more.complex to prevent the formation of
around-the-weld intergranular cracks. In Reference [12]), we showed
that the principle role in the solution of this problem belongs to the
metallurgists, although welders occasionally Succeed in eliminating
around-the-weld cracks. Here‘we refer, for example, to healing of
these cracks by the relatively low-melting me£a1 of the welding pool
[13]. As was established in weldiné of nickel, we may use a zirconium
[9])- or boron-rich eutectic component as the low-melting liquid. The
boride phase acts rather effectively, healing around-the-weld cracks
even in welding of austenitic steels and alloys (Fig. 1).

It has been established that a radical means of preventing hot
cracks 1n austenitic seams is to change the seam composition in such a
way as to form a two-phase primary structure [10). As applied to
heat-resisting steels, the use of 6-ferrlte as the second phase is
undesirable in view of the danger of embrittling the metal as a result
of the 6 - ¢ transformation in mofe or less long-term operation.

Hot cracks in seam metal are effectively prevented, for example,
by a phosphide or sulfide eutectic present in the metal in sufficient
quantity [14]. But such seams are naturally not permissible in heat-
resistant designs due to the low melting point of the second phase,
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The boride phase 13 interesting to
welders precisely for the reason
that, while having the characteris-
tic ability of all eutectic phases
to prevent cracks in seams, the

boride phase is further distin-

culched firstly by a relatively

2 AR

high melting point and, secondly, it
Fig. 1. Around-the-weld crack

healed by boride eutectic. is not subjéct to a transformation
1Khl4N18V2BR (EI726) steel
0.17% B 1n seam (600X). capable of causlng metal embrittle-

ment in the process ot prolonged Joint interaction of operating
temperatures and loads. As ﬁe see, for these reasons alone we should
have begun long ago to glve attention to the boride phase and résort
to alloying austenitic seams with boron.

It has been shown repeatedly in a series of studies by Soviet and
forelign investigators that boron should be considereda harmful — from
fhe welding standpoint — impurity in varlous steels, including the
austenitic steels [10, 15, 16 and other sources). At first glance,
therefore, the recommendation that boron be used as a means of prevent-
ing cracks when welding austenitlc steels may seem strange. There 1is,
however, no contradiction in this. Crystallization cracks form in the
presence of small quantities of the low-melting liquid on the bounda-
ries of the crystals and db not form where there 1s a rather high
eutectic content [14]. For melts classified as so0lid solutions with
limited solubility, the curve of seam hot-shortness versus the con-
centration of the low-melting phase always has a maximum. On either
side of Fhe maximum, i1.e., when there 18 a very small or, on the other

hand, a rather high content of a given phase or element, there is no

danger of the appearance of hot cracks.
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Fig. 2. Prevention of hot (crystallization)
cracks in austenitic seams (7OX§. a) Seam with-
out beron on 1Khl5H35VST (EI725) alloy, cracks
present; b) same, 0.51% B in seam, no cracks;
¢) seam without boron on 1Khl18N11B (E1402)
steel, crecks; d) same, 0.53% B in seam, no

r . cracks. .

Thus, boron in large concentrations can increase the resistance
of austenitic seams to hot cracks (Fig. 2) considerébly. In addition
to thls, the introduction of boron is helpful for the purpose of pre-
venting around-the-weld cracks. Boron not only heals cracks, as has
already been mentioned, but it also contributes to the formation of
a two-phase structure in the around-the-weld zone (Fig. 3). Here, we
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Fig. 3. Absence of around-the-weld cracks in
welding two-phase austenitic Khl8N15M3BR
steel with 0.45% B (120X).

should recall that the presence of the two-phase (Y + &) structure in
the arcund-the-weld zone 1s one of the most effective methods of pre-
venting cracks in metal directly at the Jjunction line [17].

3. Recently, apart from the problems under consideration (the
prevention of hot cracks in and arcund seams), another no less serious
problem has arisen without correct solution of which further progress
in the creation of reliably performing weld designs from austenitic
heat-resisting steels and alloys 1s impossible. We refer here to the
so-~called local fallure of welded austenitic steel Joints which occurs
in the around-the-weld zone at a distance of one or several grains
from the interface between the base metal and ceam. This problem is
analyzed in the paper of B.I. Medovar and V.A. Lutsyuk-Khudin [18].

The common nature of the causes of the tendency of austenitic :
steels to knife corrosion and local fallure was established in the
first stage of the investigations. It was suggested on this basis

that we resort to the same means which were proven effective in pre-

venting knife corrosion [18] in order to prevent local failure in !
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austenitic 3teels. Subsequent experiments enabled us to broaden our
ideas concerning this dangerous phenomenon. It was found that inter-
crystalline cracks which develop in the vicinity of the 'unction line
over a period of many hundreds and thousands of hours of operation
often originate in those zones of the austenite-grain boundaries
which were partially melted in the very welding process. A comparative-
ly large quantity of boron in steel (for example, 0.015-0.020%) leads
to local flashing off of the grain boundaries (F#g. 4a) and to forma-
tlon ot hot cracks which may become the seats of the ensuing local
breakdown. A similar phenomenon is also observed in the ayound-the-
weld zone on welding high-nickel steels and alloys alloyed with
titanium (Fig. 4b and c; in this case, apparently a niékel—titanium
eutectic may form on the grain boundaries).

It was natural to assume that welded Jolnts of austenitic steel
alloyed with boron should not be susceptible to local fallure. The
following considerations speak in favor of this assumption: rirsfly,
the absence of the seats ot ensulng brgakdown in the form of hot
(crystallization) around-the-weld cracks; secondly, the absence of
carbide hérdening of' the grain boundaries 1in bofon austenific steel
znd hence the constancy of the carbilde-phase composition through the
temperature-force disturbance imposed by the welding heat cycle in
the overheated region of the around-the-weld zone [18].

Our hypotheses were fully confirmed when composite specimens
were welded for quick evaluation of the tendency of austenitic steels
to local fallure in the around-the-weld zone: none of the tested boron
austenitic steels containing more than 0.35% B was found subject to
this type of failure (Table 1, Fig. 5).

Thus, it is also desirable to resort to the use of boron as an
alloying element in heat-resisting austenitic steels for the purpose
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Fig. 4. Local flashing off of boundaries of
austenitic grains in welding of austenitic
heat-resisting steels. a) EI726 steel with
0.020% B, boride eutectic (1200X); b) EI696
steel with 0.015% B and 3.07% Ti, titanium-rich
phase (1000X); c) EI725 with 0.005% B and 1.36%
Ti, titanium-rich phase (1000X).

of preventing local brittle fallure of welded joints.

4., We have already stated that the high-temperature precipita-
tion hardening of boron austenitic steels governs the possibility of
increasing the heat resistance of austenitic steels with the use of
high boron concentrations. The correspond;ng'data of the authors are
given in Table 2; for comparison, the same fible gives the data

obligingly provided to us by Professor (.V. Estulin and engineer

L.Ye. Ivanova,
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TABLE 1

Influence of Boron on Tendency of Heat-Re-
sisting Austenitic Steels to Local Breakdown
(tested by accelerated method)

Ms| Y
| 1 Ten cvess 2,,:,'.' usa, % ;.,,., 5 Npawewun

‘ IX14H1882B 6 | 3u6ss 1 © Her]T Orcyrcrane paspywems
- 1] JoOyCROBAENO BMICOKNM
! — . coutnowensen Ni:C
1X14H18B26P . 3uT6.F 0015 Ecnl ] Jloxarsnce paspyweume
~ 10 o0yCAGBACHOD NEAOCTS
1X18H11B & SHi2y O » | Towo suroxuu cootwe-
1X)18H} 16P o , 0,40 Herv I  weune Nb :C
argn 027 Eenl | Puc 5. &
X18H1s 10 037 | Her)7
053 »
069 > |PREs 6
X18HISM3BP] | 036 »

1) Type of steel; 2) brand of steel; 3) boron
content, %; 4) tendency to local failure; 5
remarks; 6) 1Khl14N18V2B; 7) 1Khl4N1EV2ER; 8
1Kh18N11B; 9) 1Kh18N11BR; 10) Khl8N15; 11)
Kh18N15M3BR1; 12) EI695; 13) EIT26; 14) EI402;
15) experimental; 16) EI846; 17) none; 18) some;
19) absence of failure due to high Nb:C ratio;
20) local failure due to inadequate Nb:C ratio;
21) Fig. 5a; 22) Fig. 5b.

Fig. 5. Prevention of local failure in around-the-weld
zone in welding austenitic heat-resisting steels (70X).
a) Steel with 0.27% B, local failure; b) steel with
0.69% B, no local failure.

It was found that boron sharply increases the heat resistance of
welded seams (Table 3). Thus, for example, the introduction of 0.41%
B into a Khl8N11B seam enables us to nearly double its hundred-hour
strength at 650° (from 20 to 36 kgr/hma) or to increase the time to
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TABLE 2 _
Influence of Boron on Heat Resistance of Austenitic

Steels
1 T8 -!3 4 |85 - 6
Tan werstas mas gj s d ! H i’ L] [ Npnwewnse
li ~ i,‘r 9 d
2o | EP8S) 315 | 32
IX18H1S 7 0 650 10 2% | 16 | 141 | Bewase
1X18HISP 8 05 e | 32 4 I. B. 3¢
1X18H15P1 08 1387 | 337 | <08 13Rann n
1X18H15P2 ;8 20 6728 | 540 | 512 .E. Hao
1X18H1S 0 800 3 335 | 104 | 132 nosold
1X18Hi5P 8 05 544 | 248 | 292
e, | 58 A AN
X16H1S 11 | 045 | 600 24 130 | 337 | 811 | Mswnseld
X16HISP1 15 | 050 260 | 263 | 39 a370pod

1) Type of seam metal; 2) boron content, %; 3) test

terporature, icgorees; 4) Stress, kg, mmo; 5) time
to failure, hours; 6) remar:s; 7) 1Khl8N15; 8)
1Kn18N15R; 9) 1Khl1EN15R1; 10) 1Kh18N15R2; 11)

Kh16N15; 12) Khl6N15Rl; 13) data of G.V. Estulin
and L.Ye. Ivanova; 14) data of authors.

TABLE 3

Influence of Boron on Heat Resistance of Austenitic
Welded Seams

1 Z§ |sd 3| % 8] 8445 ' 6
Ton wersam mee r‘,} 5553 501 igf 0% | 0% | Npeneasn
Sis [2E38| 285 Bif '
IXISHIIB 7 o |eo| 2 - = :
IX18H115P § 041 | 650 | 20 ,;gg. - = Tsw
26 | 919 82| a3
‘ | B | sel=s
IXIBHIBPL 9 | 09 |60 | 20 | eop| )3
2% | 1055 63| 190
g m) e
1XISHISI7B3T o | s
xxnsmsnam%(l) os |80 | 6| 4o M|
misasrenar12 | o |so | 7| o | 33! B4
0 | 214 | 187 463
IXISHISI7BIMITPIL _‘:( 13 j800] 7 z.';' .E'
. No pac 10 417 | 103 |
T ) 12 142 g’.ﬁ

Note: 1) Intact after test. g , .
1) Type of seam metal; 2) boron content, %; 3) test

temperature, degrees; ) stress, kgf‘/mma; 5) time
to failure, hours; 6). remarks; 7) 1Kh18N11B; 8).
1Kh18N11BR; 9) 1Kh18N11BR1; 10) 1Kh15N35G7V3T;
11) 1Khl15N35G7V3TR; 12) 1Kh15N35G7VTM3T; 13
1Kh15N35G7V7M3TR1; 14) (from calculation); 15) on
basis of technical specifications.
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failure at this terperature and a stress c¢f 20 kgf‘/mm2 from 100 to
1000 hours, 1.e., by a factor cf ten. We also obtalned similar data
when testing Type Khl15N35 welded seams.

Qur attention 1s drawn to the fact that the sharp increase in
heat resistance 1s acccrpanled by a striking increacse in long-term
plastiqity: ’

5. The welding of austenitic.boron steels that contaln up to
0.2~ 1.C% B and belong to thre clasc of hypoeutectic steels does not
cause difficulty. In weldilng cteels with a larger éuantlty of boron,
the danéer of the formation of cold cracks, which result from reduced
plasticity due to the significant quantity of the eutectic phase, 1s
increased. Austenitic steels of this type, particularly in rigid de-
signs or assemblies, must be welded hot, with retarded cooling, to
avoid cold cracks. The composite specimens (Fig. 6) had, for example,
to be welded in a furnace heated to 800° with subsequent cooling to
room temperature over a perlod of 12 hours. In passing, we should
note that the presence of 104 B in the seam metal reduces the danger

of damage by hot cracks which originate from the spaces between the

"piano keys" (Fig. 7).

6. Alloying with boron increases the long-term plasticity of
austenitic steels, but 1s accompanied by a noticeable reduction in
the plastic properties of the metal, and in the impact strength in
particular. In the hot state, boron steels do not deform as well as
those without boron. The manufacture of seamless plpes from éteels
alloyed with boron and occasionally even the preparation of rolled

sheet are linked with certain difficultles. Here, a new means of

increasing the plasticity, particularly the hot plasticity of aus-
tenitic steels — molten-slag arcless electric remelting of consumable
electrodes in a metallic water-cooled crystallizer — has been of
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Fig. €. Composite specimen used
to evaluate tendency of welded

seam to form hot cracks origi-

nating from spaces between

"keys." 1) Welding. .
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Fig. 7. Influence of boron on foriation of hot
cracks originating from spacec (EIE68 alloy) (70X).
a) No boron in seam, crack; b) 1.04 B in seam, crack
did not develop.

help [19].
CONCLUSIONS
1. The alloying of austenitic steels and seams welded on these
steels with boron (over 0.3-0.u%)'enab1es us to solve the following
most important problems: to increase the resistance of the seam metal
to the formation of hot (crystallization) cracks sharply; to elihinate
- 25 -



almost entirely the danger of the appearance of around-the-weld hot
cracks on welding; to guarantee extremely high reliability in welded
Joints, which operate for long perlods under conditlons of the Joint
influcnce of temperatures and loads due tu the elimination of factors
capable of giving rise to local brittle failure in the around-the-
weld zone.

2. The above problem:z are solved with a cubstantlial simultaneous
ircrease in the heat resistance of the austenitlic steels and welded

seams.
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SPECIAL FEATURES OF ELECTRONIC HEATING IN WELDING
N.A. Ol 'shanskly

(Moscow Power Engineering Institute)

The essentlal nature of the heating process in electron-beam
welding, which enables us to explaln the special heatling character-
isties in welding of aluminum and its alloys, is theoreticaily sub-
stantlated. The sequence of events in jJoint formation in welding of

large thicknesses 1s pointed out.

Recently, the effect of heating by electron bombardment has been

used in varilous technologlcal processes assoclated with thermal action

upon the metal (smelting of metal, welding, heat treatment, drilling
and milling). This has considerably broadened the field cf applica-
tion of the electron beam.

Welding with an electron beam 1s a progrescsive method by which
we may successfully Joln refractory and chemically active metals and
nonmetallic materials which are'impossible to weld bty cther methods.

Welding with an electron beam may guarantee a number ot advan-
tages 1n fabricating designs from widely applied metals: the seam
metal is refined considerably, deformation 1s feduced, the welding of
seams is accomplished in places that are 1nac9essib1e to ordinary
methods and so forth [1, 2, 3].

Broad prospects for the use of the electron beam in welding
have been mapped out as a result of the many advantages'of this
method. Here, 1t is 1mportént to know the conditions and characteris-
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tics of the heating and formation of the foints that are produced by
an electron beam. The high specific energy density and electron
velocities are the reasons for certalin characteristics of heating with
thé electron beam.

investigations of recent years have established that electrons
which possess a certain energy can penetrate matter. The layer thick-
ness of materlal on passage through which an electron completely loses
its cpeed determines the path of the electron. ‘

The paths of comparatively low-energy (10-82~kv) electrons in
metals were carefully studied by B.Schonland [4). According to Schon-
land, the electron path ls expressed by the relationship

6=2,I-IO"’%‘- [cm], (1)

where &6 1s the path in cm; U is the accelerating voltage 1in volts
and p 1s the density of the material in g/cm3.

Figure 1 shows a diagram of the theoretical paths of electrons
in certain materlals at higher voltages.

It follows from theoretical and experimental data that the .
length of the electron path 1n a material 1s a linear function of the
energy at high accelerating voltages; in regions of lower energy, it
is proportional to the square of the initlal energy.

Calculations made on the basis of Formula (1) indicate that the
electrons may penetrate to a depth of several tens and even hundreds
of mlcrons as a function of the accelerating voltage and the proper-
ties ot the metal. The depth of electron penetration into metal is
small, but on taking it into account, we may explain certain effects
which are assoclated with the characteristics‘of electronic heating
in welding. . .

It is also important to know the rate of energy loss by the elec-
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tron over 1its path.

Study of absorption of a monochromatic electron flux [5, 6, 7]
shows that an electron penetrating into a substance undergoes so-
called multiple scattering and does not give up its energy immediate-
ly, but as a result of numerous collisions with the nuclei of the
atoms and the electrons of the lattice. As a result of these colll-
sions, the velocitles and directions of the electrons which pene-
trate into the substance are changed.

As computations [8, 9] showed, the angle of probable deviation
@ may be linked with the energy of electrons of atomic number z and

with the thickness of the material x by the relation

= R VAR VA (2)

where v = (E/b + 1), p 1s the density of the material, A 1is the atomic

weight, x 1s the thickness of the material and u ='mOV2 (where is

Mo
the mass of the electron and V is its velocity).
It 1s apparent from this expression that the angle of probable

deviation ¢ increases with increasing thickness of the material which
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is traversed by an electron. The deviations increase rather sharply
with decreasing electron veloclty u. Therefore, it follows that the
path of an electron in a material is not rectilinear, but, as a re-~
sult of collisions with the nuclel of the atoms and the electrons of
the lattice, it assumes a tortuous zigzag form (Fig. 2).

The enlargement cf the angle of deviation as the electron energy
declines results in the electron's losing the major part of its energy
on the terminal leg of the path. An important conclusion follows from
this: an electron gives up kinetlc energylirregularly in the direc-
tion of its path.

Thus, in contrast to the usual widely-applied sources of heat,
which effect heating by transmitting heat through the metal's sur-
face, electronic heating 1s accomplished in the material 1tself; the
most intensive liberation of heat is observed at a certain depth.

Certain characteristics of electron heating which 1s assoclated
with the liberation of heat ip a layer of material may be determined
by analyzing the differential equation of heat conduction with the
source of heat in the material itself: .

o (x, %) #(xt) 1
——a‘ - g a‘. +c°—w“-‘)v . (3)

where t is the temperature of the medium in degrees, x 1s the dis-
tance from the surface of the metal in mm, 1 1s the time in seconds,
a = k/Cp (where X 1s the thermal-conductivity coefficient of the metal
in cal/cm-sec®C, C is the heat capacity of the metal in cal/g°C, p 1s
the density of the metal in g/bm3) and W(x, 1) is the intensity of
the source — the quantity of heat liberated in a unit time in a unit
volume at - a given point in the metal.

The change in the magnitude of an electron's energy loss, com-

puted per unit length of its path, can be described in the form of
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. the curve reproduced in Fig. 3. It follows from the diagram that the
magnitude of the energy loss by electrons has a maximum at a certailn
distance from the surface of the metal. On the basis of this curve,
the quantity of energy liberated by an electron at a distance x from

the surface may be approximated by the relationship

W(‘)a——d-(a-‘ng)—-c;’l. (u)

where n is the number of electrons passing through a unit cross sec-
tion of the anode surface in 1 second, E 1s the average electron
energy at a given point, c0 is a constant and k iz a coefficient
which characterizes the absorption of energy in the metal.

Then, the differential equation of heating of the surface layer
of the metal by the electron beam will take the following form:

of(x. %) _ #t(x,x) , C
& CfTar tet (5)

A similar problem has been solved by G.A. Titova [12], who in-
vestigated the effect ot a high-power pulse discharge onto the anti-

cathode metal of pulse tubes. Mathematical investigation of the solu-

tion of the equation shows that with increasing duration of the pulse,

the layer of maximum temperature shifts toward the surface of the
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metal as a result of heat conduction (Fig. 4) and that w1§h a certain
pulse duration, the maximum temperature will be’on the surface of the
metal. .

The loss of a large quantity of e;ectron energy under the surface
of the metal in the pulsed heating regimes of electron beams explains
the characteristics of the welding process of aluminum and 1its alloys. .

It 1s known that the presence of refractory surface 6x1de'f;lms,
the thickness @f which reach 30 A [13], makes 1t hard to get good
Joints on such metals.

It has been established experimentally [14 and 15) that these
metals may be welded with an electron beam only when 1t acts for brief
periods — in the impulse regime.'Coalescence of the edges does not
take place on welding in a steady regime.

The positive effect of the pulsé regime consists in the foliowing:
on welding, a large quantity of heat 1s liberated (almost instantly)
in the inner layers of the metal under the surface layer of .oxides as
a result ot which the internal layers melt instantly and are partially
vaporized. Thils process acts llke an explosion -~ the metai oxide films :
are destroyed and a high-quality welded Jjoint is formed. i

This proposition is confirmed by the work of Lange and Brach [6].
The authors were first to observe vaporization ot the internal layer
of metal under the influence of a high-power electron beam.

The distinctive chéracteristic of welding with an electron beam
at high voltages is the possibility of obtaining a narrow, deep zone of
penetration. In welding with an electron-beam with a high specific
vnergy density, the molten zone generally takes the form of an elong- '3
ated cone with a seam-width-to-penetration ratio that approaches 10- = !
15 (Fig. 5). | .

Figure 6 shows the microstructure of a pehetration zone formed |
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with an electron beam; & distinct cast structure is evident. In the
center of the molten zone, the grains are equiaxial and elonéated
toward the edges. The cﬁaracteristic peculiarity of such penetration
is the almost complete léck of a zone of thermal influence. The sharp
transition from the molten to the base metal 1s apparent in the illus-
tration.

The properties of the seam metal dit'fer only slightly from those
of the base metal; for example, the microhardness of the metal in the
molten zone was 325 kgf/mma, while the hardness of the base metal was
332 kef/mm°. | |

Observation of the process and certain theoretical considerations
glve the following conception of electron-beam welding with deep pene-
tration.

Welding with an electron beam that has a high specific energy
density proceeds in the following manner. At the outset of the process,
the area of the heated spot 1s equal to that of the beam's cross sec-
tion. As a result of the liberation of a large quantity of heat in
metal whose thickness 1s equal to the path of the-electrons in the
material, the metal-in the heated spot vaporizes rapidly at the first
moment of electron beam activity. As a result, 2 depression is formed
in the shape of a cone whose lateral surface is larger than the base
area by a factor of approximately e/R.

During formation of the conical depression, the specific beam
energy density on the lateral face is decreased in approximately the
same ratio. The angle at the peak of the cone 1s determined by the
initial specific density of the energy in the beam and the thermo-
physical properties of the metal being welded (Fig. 7):

. gmgesing; - (6)
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where 99 is the specific power of the energy 1in the beam and q is the
specific power of the energy on the lateral face of the penetration

cone,

Fig. 5. Macro- Fig. 6. Micro-
structure of structure of
molten zone ob- penetration zone
tained in weld- formed with elec-
ing with high- tron beam (340X;
energy electron reduced by half).

beam on stainless
steel (70X; re-
duced by half). -

The specific energy density on the lateral face of the penetra-
tion cone, as computed from experimental data cited in a study based
on the welding of zircalloy [17], 1s 25-30 watts/mn°, while sin a =
= 0.3. o

The atéady-atité specific density of the energy on the lateral
face of the cone ot fusion should be of a magnitude such that inten-

sive vaporization of the metal occurs.
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The penetration cone is a stable formation, because when even
part of it is filled with molten metal, the amount of energy absorbed
by the surface increases sharply; this leads to bbiling and vaporiza-
tion of the metal from the filled portion of the cone and to restora-
tion of its previous form. |

Observations of the stable process of electron-beam welding show
that melting of metal occurs on the front wall of the cone, after
which the molten metal is displaced toward the rear wall of the cone,

which 1s unheated by the electron beam (Fig. 8).

sl £~

J 2
Fig. 7. Change Fig. 8. Diagram
of density of : of welding with
beam energy deep fusion. 1)
during forma- Direction of weld;
tion of pene- 2) zone of vigor-
tration cone. ous heating with

electron beam; 3)
cooling and crys-
tallization zone;
4) movement of
molten metal.

The molten metal may be displaced from the electron beam's zone
of influence into the crystallization zone under the pressure of the
electron flux. In the welding process, the electron flux presses the
molten metal with a force that may be computed from the formula [18]

P = amgV, (8)
where my is the mass of the electron at rest, V is the velocity of the

electrons in the beam in m/sec, n is the number ot electrons in the

beam, and _
N = —Iﬂ -___Q/U.
“ b’ (9)
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The velocity of an elect:on 1s determined by the expression

v/ Eu o

where Il is the beam current in amp, q is the specific power in the
spot in watts/hm ) & i1s the charge of the electron in coulombs and
U i1s the accelerating voltage in volts.

Proceeding from the values of (9) and °
(10), Formula (8) may be written

2m,
plal) ==la. (11)

Jt i1s apparent from this expression

Fig. 9. Emergence of
electron beam at face

that the electron pressure 1s proportional
of specimen (4X).

to the beam current and to the square root
of the accelerating voltage.

The absolute magnitude of the electron pressure 1s reckoned in
tenths of a gram per square millimeter and 15 dependent upon the
specific energy of the beam.

Thus, in the process of welding with an electron beam, the
electron flux presses on the molten metal at the front wall of the
» -netration cone, while the metal at the rear wall does not experience
this pressure. Therefore, as a result of the pressure difference, the
molten metal is displaced from the heated zone into the zone of crys-
tallization.

Figure 9 shows the point.of exlt of the electron beam on the
butt of a specimen. It is apparent on the photograph that the beam
melts a narrow zone in the metal from which the moltén metal is dis-
placed in the direction opposite to the pressure of the beam. The
significant depression of the molten zone into the metal and th§ ab-

sence of a noticeable zone of thermal 1nfluence attest to the fact
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that in beam welding, a éharper temperature gradient is observed than
in arc welding. This contributes to an increase in the fraction of the
heat expeﬁded on melting metal, improving the quality of the metal 1in
welded Joints, and increasing the technical-economic indices of the

welding process,
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INVESTIGATION OF DIFFUSION WELDING
~PPLIC./BLE TO ELECTRCVACUUM APPARATUS

I.V. Afanas'yev and A.F. Khudyshev
(Mczcow)

The operating condltions of electronic apparatus, which have re-
cently come into widespread use, reij.ire high dependabllity of thelr
velded Joints beth from the ctandpolints of static and dynamic strength
ard as regards the conductlivity, high-temperature corrosion resistance
and vacuum-tightness of the welded seam.

In the production of electrovacuum devices, such methods of
Joining components as arc weldirng in a protective medium, resistance
roller welding, spot and prolection welding and cold-pressure welding
are used; the ultrasonic method and electron-beam welding in vacuo
are also taking root.

A promising method of Jjoining metals 1s diffusion welding {1].

present, r=thods are belng develcped for obtalning vacu.m-tight,
liigh-temperature corrosion-resistant and vibration-resistant welded
Joints in the apparatus components by the use of diffusion welding
in vacuo, where it is necessary to unite metals over a large contact
surface with high finish and precision (0.02 to 0.05 mm); for Joining
components made of metals and alloys argon-shielded we;éins of which
doez not guarantee a vacuum-tight and high-temperature corrosion-
resistant Joint (titanium and MB copper, titanium and kovar, titanium
and nickel and so forth); for producing a vacuum-tight, high-femperl-

ture corrosion-resistant and vibration-resistant metal-ceramic Joint
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in cerametallic assemblies (in place of soldering).

We should also note a number of positive qualities of diffusion
welding in vacuo:.

in the welding process, the vacuum heating of detalls proceeds
under continuous evacuation; this makes 1t possible to remove the gases
and oxide films f}om the parts to be welded bé}ore the sq.eezing
force 1s applied to them;

‘the parts being welded are 'olned at a temperature equal to 60-
80% of the melting point of the metal; this makes 1t possible to avold
warping of the parts and substantial changes in thelr properties in
the weld-metal 2zone;

unlike metals may be united by this method;

the necessity of using gas envelopes, solders, electrodes, fluxes
and so forth is dispensed with;

the application of a certain squeezing force to the parts being
welded and the required assembly accuracy guarantee formation of weld-
ed units of high dimensional precision.

Equipment used for diffusion welding. Two semi-industrial plants

have been designed and put in operation for experimental work to study

the possibility of applying diffusion welding in the production of

wer o ars b | 1

electronic apparatus and to develop a welding procedure for various
metals used in electronics.

One of the installations (Fig. 1) enables us to weld components
with diameters to 40 mm and lengths to 100 mm. The operating chamber

consists of a quartz cylinder and a top cover and plate by means of

which the chamber is hermetically sealed. The top cover has a side
connection through which air is evacuated from the chamber. The plate
has a bellows-and-rod assembly with which pressure is transmitted from

the press to the component that we are welding. An inductor is situated ? |
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Fig. 1. Apparatus for diffusion welding of small
parts in vacuo. 1) Vacuum chamber with volume of

1.7 dm3; 2) type TsVL-100 oil-vapor pump; 3) type
VN-461 mechanical pump; 4) 4-ton hydraulic press;
5) type MPShchPr-5 gillivoltmeter for measuring
temperatures to 1300°; 6) type VIT-1 vacuum gauge;
7) type 1060°012, 8-kw high-frequency generator.

v . N .
L.‘. . P e e T o L h

outside the quartz cylinder. A thermocouple 1s 1lnserted into the cham-

ber to measure the heating temperature of the components, The pieces

are cooled in the chamber by feeding water into the workholding mandrel.

Figure 2 shows the second apparatus for diffusion welding, which
enables us to weld components with diameters to 150 mm and lengths to
200 mm. The operating vacuum chamber is a steel cylinder which is set
up at the base of the press. There 1s an inspectioh hole in the front
of the chamber; the latgral faces have winaows with flanges to which ot
are connected, on the left and right respectively, the vacuum system
and the high-frequency coaxial input to the 1nductor which 1s placed
inside the chamber,

The input (Fig. 3) 1s a coaxial design which provides vacuum-
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Fig. 2. Apparatus for diffusion welding of large
parts. 1) Vacuum chamber with volume of 30

ams; 2) type VA-0.5-1 high-vacuum unit; 3) type
VN-1 mechanical pump; 4) motor-operated 10-ton
hydraulic press; 5) type MPShchPr-54 millivolt-
meter for measuring temperatures to 1100"; 6)
type VIT-1 vacuum gauge; 7) 20-kv high-frequency
generator. :

tightness, water cooling for the inductor,

the high-frequency energy supply and insula-

tion of the positive leadin terminal with

respect to the grounded housing of the order
* ot 5-7 kv.

The input consists of the.following

members. A socket with a tapered sleeve is

soldered to a copper cylinder with a dla-

meter of 80 mm. A ceramic insulator at the

’ . end of which is soldered a fitting of the
Flg. 3. Coaxial in- : . : : :
put. 1) POS-30 solder; copper supply pipe which terminates at one
2) debur seam. :
end in a connecting pipe for the water supply

and on the other by a nipple for connecting the inductor is soldered
to the tapered sleeve. A sleeve is soldered onto the connecting pipe
-5 - '




and fitted with a copper collar to connect the busbar of the high-
.frequency generator. ) .

A steel ‘flange with six holes for bolting the flange to the cham-
ber by means of a copper packing spacer 1s soldered to the copper
cylinder. A second supply line, which 1s terminated at one end by a
nipple and at the other by & connectlng plpe, is passed through the
flange. It 1s possible to connect inductors with different diameters
and numbers of turns to this Input as a f.nction of the.dimensions
of the components thai we are welding.

The dimensions of the vacuum charber permit the.use of inductors
with 3 to 12 turns and diameters to 140 mm. Therefore, components with
dlameters not more than 120 mm and [lengths] not greater than 200 mm
.ma& be welded in this chamber.

An energy concentrator made from MB copper with a ceitain in-
ternal surface configuration and water cooling 1s placed in the in-
ductor. The surface configuration of the concentrator depénds on the
type of welded Joint.

The chamber 1s closed at the top by the cover, which has a
beiiows assembly with a rod for transmission ot pressure from the
press siide onto the component that we are welding. The compressive
force on the components being Jolned iIs measured by a dynamometer
which 1s situated between the chamber rod and the press slide and
enables us to determine the compressive force accurately within the
range from 100-1000 kgf; forces greater than 1000 kgf are established

and monitored with a manometer.

.

To reduce dissipation of heagiinto the chamber casing, ihe com-
ponents to Sé welded must be set up on a ceramic base and ceramic
disks laid over them.

The heating temperature of the welded components is measured with
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the use of a thermocouple installed inside the press mandrel. The
thermocouple 1s connected to a measuring device (millivoltmeter)
through special ceramic inputs, which are connected, in turn, to the
chamber Sy flanged Jolnts with metalllc packing spacers.

Certalin working problems encountered in diffusion welding in vacuo.

The essential problem 1in operation with apparatus for diffusion welding
in vacuo ls that of railsing their efficiency. This is at;ained by "in-
tensifying” the‘process, i.e., by reducing the duration or the prelim-
inary and terminating operatlons, by accelerating the processes ot
evacuation, heating and subsequent Eooling of the components,'and by
creating a semi-automatic multiposition system for diffusion welding.

The nature of the Qariation in the residual pressure in the
operating chamber and the heating temperature in the diffuslon welding
process (Figs. 4 and 5) were investigated for this purpose.

It i1s apparent from Fig. 4 that 10-12 minutes are consumed in
creating a high vacuum in the chamber. Then heating of the components
leads to the inevitable liberation of gases adsorbed in them, the
quantity of which 1s dependent upon the composition of the metal
and the dimensions of the components tha£ we are Joining. Tbe lidbera-
tion rate of gases 1is dependent upon the heating rate, Here the
pressure in the chamber 15 increased (line bc). The segment cd char-
acterizes the steady pressure in the chamber during the evacuation of
" the gases. This process may be accelerated by 1ncfeasing the heating
temperature, using a more powerful pumping system. Otherwise, the .
pressure increase to 10’3 mm Hg may cause ionization of the gases and
sparkover (short-circuiting between the coils of the inductor). After
‘evacuation of thé gases, the residual pressure in the chamber is re-
duced to 10’“ mm Hg (line de), after which the necessary squeezing
force 1s applied to the pleces. _
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residual pressure ture variation in diffu.
variation in diffu- sion weldi of metals.
sion welding of 1) Kovar; 2) copper. A)
metals. 1) Residual Temperature; B) T, minutes;
pressure in chamber; . C) heating; D) welding;
2) T, minutes; 3) E) pressure.

SR bn ) heattng;
6) pressure; 7) weld-
ing; 8) cooling.

The segment em of the curve characterizes a direct welding
process with a duration of 15-20 minutes. When this time has elapsed,
heating 1s discontinued and the pressure of the residual gases drops
in the chamber.

The squeezing force 1s not removed until the components cool to
a temperature of 80-1500. In the case of welding of unlike metals, a
premature pressure drop leads to rupture along the butt-joint line,
and when welding like metals, the ultimate strength of the welded
seam 1s reduced.

‘The curve of the residual pressure variation in the working cham-
ber was recorded in welding components of oxygen-free copper and the
character of the curve was retain?d when components of other metals
were welded. ‘ ' . )

It is apparent from Fig. 5, which was obtained in welding compo-
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Fig. 6. Dependence of welded-Joint

strength upon fundamental para-

meters of diffusicn welding of .
kovar to kovar (1) and MB copper

to MB copper (2). a) P = 2.0

kgf/mm2 = const, T = 20 minutes

const (1); P = 0.7 kgf/mm2 =
const, T = 20 pinutes = const
(2); b) t = 1000° = const, P =

1.0 kgf/mm® = const (1); t =

850° = const, F-= 0.7 ggf‘/mm2 =
const (2); cs t = 1000° = const,
= 15 minutes = const (1); t =
850" = const, T = 20 minutes =

const (2). 1) S kgf/mmz; 2) o,
kgf/mme; 3) op = r(t°); 4) o0 =
= £(P): 5) o = (T minutes); 6)
T, minutes; 7) P, kgr/mmz.

fll =30 n

nents made of MB copper and kovar, that to heat tc the optimum tem-
perature, at which welding takes place, it 1s necessary first to

raise the temperature somewhat above optimum (by 50-700), since on

application of pressure to the components that we are welding, some

of the heat 1s driven, due to enlargement of the contact, into the
pressing apparatus and is partially expended on diffusion of parti-
cles of one metal into the other.

After completion of heating, the obJects being welded should be
cooled to a specified temperature which should not exceed 150° for
componénts composed of ferrous metals and 80° for nonferrous metals
to avoid oxidation in air.
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Certain results of investigation of vacuum diffusion welding

procedure with metals employed in elec;rovacuum production. To

finalize a procedure for vacuum diffusion welding of the metals and
alloys which are employed most frequently in the preparation of elec-
trovacuum apparatus, we studlied the dependence of the strength,
vacuum-tightness and high-temperature corrosion resistance of the
welded Joint upon the fundamental parameters of the process, 1i.e.,
the cpecific pressure P (kgf/mmz), the heating temperature t (°c) and
the heating time T (minutes) in welding of certain metals (copper,
kovar, nickel, steel 10, titanium and others).

As an example, Fig. 6 shows the dependenée of the strength of the
welded ‘oint upon the fundamental parameters of diffusion welding for

copper and kovar. The optimum welding conditions are given in the

table.

q
Caspunaenne mevanss {4, ped P. al'just LA

I 1 -

exn MB ¢ meamo MB 800:850 | 0507 15--20
Kosap ¢ xomspom 10001100 | 1,520 20428

1) Metals welded; 2) t, degrees; 3)

P, kgr/mma; 4) T, minutes; 5) MB
copper; 6) kovar to kovar.

It was established that essentlal influence on the quality of
Joints formed by diffusion welding is exerted by the machining finish
and preparation of the surface of the components. Good results were
obtained when the surface was machined with a lathe tool to a finish
of' not less than V7 with subsequent annealing in a hydrogen medium.
When the components were ground, the strength of the jJoint was reduced
by 15-20%; this apparently 1s.explained by working of abrasive parti-
cles into the surfaces of the obJects.

It 1s necessary to subject the components to surface etching
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prior to welding, with subsequent rinsirg
with alcohol or chemically pure acetone.

Experiments were conducted with hy-

drogen admitted into the chamber when

The components to be welded were heated

to 800°, the chamber filled with purified

hydrogen and the hydrogen evacuated over

Fig. 7. General appear-
ance of unit and micro-
section of Jjoint between
MB copper and aluminum
foll.

a period of 10-20C minutes, after which
welding was performed. The hydrogen con-
tributed to recduction of the oxides on
the surfaces of' the components to be welded.

Figure 7 shows the general appearance and microsection of the
welded Joint of a cup made from MB copper 1.5 mm thick with aluminum
foil 0.018 mm thick. The Joint was vaéuum—tight and strong when welded
under the following conditions: t = 520°, P = 1.0 kgf/mm2 and T = 10
minutes,

Metallographic 1nvestigations showed that two diffusion layers
formed between the metals that were being welded: the first, with a
thickness of 2-4 1, which adjoined the aluminur foil, was rich in
copper and had a fine-disperse structure — a eutectic; the second
layer, 4-16 u in thickness, which adjoined the copper, was a solid
solution of aluminum in copper f an a-solid solution.

A procedure of vacuum diffusion welding of" ferrous metals was
also developed; Armco iron to Steel 10, Steel 45 to KhvG steel, Steel
3 to Steel 10, molybdenum to EI437B alloy, VT3 titanium to 1Kh18N9T.
and other héﬁals. At present, a welding procedure is being elaborated
for unlike nonferrous metals, whose Jjoints are curreitly impossible to
prbduce with other welding and soldering methods,
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An important problem is the creation of an improved semiautomatic
industrial system with programmed control for diffusion welding ot
metallic and cerametallic electrovacuum apparatus in vacuo. '

' ' CONCLUSIONS

1. T™wo semi-industrial installations were bullt for vacuum diffu-
sion welding of metals and ceramics to ﬁetal.

2. A procedure was developed for diffusion welding of certain
metals employed in the design of electrovacuum apparatus.

3. The dependence of the strength, vacuum-tightness and high-
tenperature corrosion resistance of welded Jéints.upon the fundamental
parameters of diffusion welding for MB copper, kovar and other metals

was investigated.

Manu—
script [List of Transliterated Symbols)
Page
No.
- 35 a2 =1= luch = beam
4y a6c = abs = absolyutnyy = absolute
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MOLTEN-SLAG ARCLESS ELECTRIC WELDING
OF VT5-1 TITANIUM ALLOY

S.M. Gurevich and V.P Didkovskly

(Order of the Red Banner of Labor Electric Welding
Institute irenl Ye.0. Paton, Acaa. Sci. UkrSSR)

N.N. Tikhov
(Moscow)

The formable VT5-1 titanium alloy belongs to the titanium-
aluminum-tin system. At norral temperature, the alloy is single-
phased (a-phase) as a result of which 1t welds satisfactorily. As
compared with other titanium alloys, particularly those alloyed with
B-stabllizing elements, the VI5-1 alloy possesses elevated strength
under long-term loading at temperatures to 500o and under shock
heating to 900°.

The high-temperature strength éf the type of alloy under con-
sideration is considerably irproved as a result of complex alloying
of the titanium with aluminum and tin [1, 2]. The VI5-1 type alloy,
owing to its satisfactory weldability, is widely used in the produc-
tion of welded thin-sheet designs.

Significant interest is attracted to the feasibility of welding
large-section detalls made of this alloy. A positive solution of
this problem would make it possible to broaden the field of applica-
tion of the alloy.

In the present paper, the results of investigations made on the

introduction of molten-slag arcless electric welding to series pro-
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duction of objects made from the VIS-1 titamium alloy are cited.
The ctudy was conducted in two directions: welded jJoints made

from forged pleces and extruded profiles were investigated. In fabri-
cation of components of comparatively small section (approximately

60 X 60 mm), the use of pressed blanks 1s extremely promising. fhe
weldirg was conducted with plate electrodes on an A-550 apparatus;
power i'ror 2 cingie-phase TThC-3C00-1 transformer had a “"hard"
characteristic [3). AN-T2 flux was uced and the slag pool was shielded
with pure Composition Cne argon. |

Welding 6f forged pleces. The chemical composition and mechanical

properties of the VIS5-1 alloy are acsembled in Table 1. The certifi-

.cate characteristics of the alloy alsc appear in this table.

TABLE 1
..1 e wewren, ¥/, see. 3 o, .
Ae d aljuas 8% L ou, atest
Al [
Toxorka O 88.2—-90.4 | 104—112 | 248-38 | s6-35.
0x60 um ., . 452 252 593 108 018 ) 13 )
Nascrmmaruld
saex — —
Ty 20 |210 80.9l 823 lO.'ll 'IS.O 2456-308 SHC
Cns BTB), 7 ' al
RACRODTHAIS AR~ . . '
e, . ... .| 4=85] 23 7598 812 _H 49 |

1) Metal; 2) element content, % by weight; 3) Cp»
kgf/mma; 4) ap, kg-m/cma; 5) 60 X 60 mm forged’

plece; 6) 12 X 60 mm plate electrode; 7) VT5-1
alloy, certificate data.

The following optimum conditions were selected for welding

forged pleces: I, = 1600 to 1800 amp, Uy = 14 to 16 volts, the

]
argon feed for protection of the slag bath was 8.0 liters/min, the
gap between the edges of the pleces that were being welded was 26 mm‘
and the weight of the flux supplied was 130 g. The above regime
guaranteed a full and rather uniform penetration of the edges, sta-
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bility of the molten-slag arcless electric process and good Jjoint
shaping.

Figure 1 shows the macrostructure of a welded joint of forgings
of the VI5-1 alloy, which was prodﬁced by the molten-slag arcless

electric method, while Flg. 2 shows its microstructure.

It 1s apparent from the photographs

structure of the seam metal and around-

i *{ ' % shown that the macrocrystalline struc-
Lviif llé ture usually observed with molten-slag
g& :5 arcless electric welding is characteris-
f - {;g tic of the seam metal. The acicular

|

the-weld zone, as well as the forged

A

| TP

- [}
Fig. 1. Macrostructure of base metal, signifies a B a' martensite

ielded Joint produced be-
tween forgings of VT5-1 transformation on cooling.
titanlium alloy, by molten-
slag arcless electric
method. Etching with re-
agent of following compo-
sition: 30% MHF, 30% HN03,
Loz H20.

As we know, in the presence of these
structures, it is particularly inmportant
to provide reliable protecticr. for the
titanium alloy that we are ' :ating to
high temperatures from contamination by harmful gaseous admixtures
(nitrogen, oxygen and hydrogen). Only under thils condition may we ob-
tain high plasticity and toughness 1h the metal. The results of the
investigations show that molten-slag arcless electric welding using
the oxygen;rree AN-T2 fluoride flux and argon shielding fully satis-
fles these requirements. As an example, the impurity content in a
metal seam between forgings with a 60 X 60 mm section is given in
Table 2. For comparison, the results of analysis of the base metal
are given in the same table.

The nitrogen concentration was determined chemically, the 1.
oxygen and hydrogen concentrations by the method of vacuum melting in
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Fig. 2. Microstructure of different sections of
welded Joint between VT5-1 titanium alloy forgings
(300X). a) Base metal; b) seam metal; c) around-
the-weld 2zone.
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TABLE 2.
1 =4 Crarpaanne npawsced, ¢/, sec.
Mevaan
N, o, ' H, , [ 4 $i l ]
]
We..3...... 008 | 003 | o008 | 023 | o008 | o010
Ocworwoh .44 . . . .. 0.050 0.03 0.008 0.20 0.09 0.08
m&tmwgmrpu 0,036 0.026 | 0.006 022 0.06 0.10

1) Metal; 2) impurity content, % by weight; 3)

seam; 4) base; 5) plate electrode.
an apparatus used for gas analysis, and the carbon, silicon and iron
ccncentrations by the spectral method.

It follows from the table that the impurity content, including
that of the gases, 1s practically the same in the seam metal and in
the original metal. The hardness curves of the different structural
portions of the welded Joint (Fig. 3) also attest to the absence of
additional seam contamination by harmful admixtures in the wel&ins Pt

process. As we see from the diagram, the ‘hardness of the seam does

not differ from those of the base metal and around-the-weld zone.

Cracks, pores and other defects were absent in the welded Joints.

Test results for the mechanical properties of welded seams (Table 3)
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TABLE 3

1 2 Fu. lalest
gl oo | wn | e [TEITeE=

B repucotpe- § 202855 | 84-92 | 190-220 | 5160 | ss—s8

Gorxn 85 | es 710 13 (%]
Ormnr nypu 8002 8).4-—86,1 79-100 | 196~230 | 49-59 | 5659
%l (X 218 ¥ 1)

1) Heat treatment; 2) °b; kg/mmz; 3) a, kg-m/cmz;
4) seam metal; 5) around-the-weld zgne; 6) without

heat treatment; 7) annealing at 800",
showed that the Jjoints were equally as strong as the base metal and
had satisfactory plasticity and toughness.

Annealing at 800° produced no noticeable change in the mechanical
properties of the welded seam. The same phenomenon 1s observed in an
a-alloy based on titanium, whose strength, plasticity and tqughness
change negligibly after heat treatment below the critical temperature
region of the a — £ transformation.

The investigations carried out enabled us to conclude satisfac-
tory weldability of the VT5-1 titanium alloy in large thicknesses;
this is confirmed 1n series production of welded articles with thick-
nesses to 70 mm.

Welding of extruded sections. The Jjoint between blanks with

rectilinear sections from 40 X 42 to 55 X 64 mm was taken as an
example of molten-slag arcless electric welding of extruded sections
prepared from the VT5-1 alloy. The blanks were welded under the

following conditions: I_. = 1400-1800 amp, U = 13.8-17 volts, argon

sv
feed for the protection of the slag'bath 6-8 1iters/min, and electrode
formed by a plate 8 mm in thickness.

Figure 4 shows a joint welded between extruded blanks with a
42 X 47 mm section, by the molten-slag arcless electric method.

The results of the investigations showgd that the quality of the
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extruded sections was inconsistent. Together with rather high plas-
ticity and toughness indices (& = 12-13%, a, = 5kg'm/cm2 ard greater),

blanks having 6 < 7% and a_ < 3 kg°m/cm2 were encountered.

n
As a result of this, the application of extruded strips (frorged

or milled to a thickness of 8 mn) ac plate electrodes falled to pro-

duce positive results. As mechanical-property tests on the welded .

Joints* showed, the seam metal in thls case possessed arn extremely

high strength which exceeded 100 kg?/nxe, with low placticity and im-

pact strength (the elongation per urit length was reduced to 4_5% and

the impact strength to 1.5 kgf-m/cm2); This was indiicative of the ele-

vated content of gas admixture in thre criginal metal — the extruded

blanks and plate electrodes.

Fig. 3. Hardness of seam

welded between fcrged

plieces by molten-slag

arcless electric method; Fig. 4. Welded

butt Joint. 1) Average. Joint between ex-
' truded blanks.

The plasticity of the seam metal increased considerably as a
result of using plate electrodes made from unailoyed commercial type
VTI-1 titanium. It is apparent from Table 4 that a seam welded with
such an electrode possesses reduced strength with a higher plasticity
than when welded with an alloyed electrode. _ - .

In the case of welding with an unalloyed titanium electrode, how-
ever, we also falled to avoid a change in the plasticity of the seam

metal as & result of instability in the composition and properties of

the base metal. Thus, for example, when 42 standard specimens with a
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TABLE 4

1 e , S
- Crmmaren | o ofun &%, - oy, falst
622628 13,4152 25298 398,
3x86 -3 7Y 3 '8 3
a7t u.o'-ss.: 19.2-208 as.z-oc; 4,05—4,18
58364 61,0612 12.0-172 35,4374 4,18-478
[{N) 58 "3

1) Blank section, mm; 2) Op» kg/mma; 3) ap, kg'm/cma.

. . notch on the axis of the seam that
) - 205
L .,_ﬁ'ﬁ ) had been cut from 'oints between ex-
Y -;;&i:-'-:-::::i:.:-. truded sections of different lots
. i E ?g were tested for 1mpact.bending, the
1)
! = ﬁ o following results were obtained: 15
-t pr AT TSN ‘
I M specimens had impact strengths below
i 4 i :
i Y 1} I 3 kgf-m/cmz, 25 specimens from 3 to
sz_ﬁ;h 5 kgf-m/cm2 and two specimens had im-
Fig. 5. Copper chill mold pact strengths above 5 kgf-m/cme. The
for molten-slag arcless
electric seam welding. mechanical properties of the base

metal also varied in the same manner.

Thus, by using an unalloyed filler metal in molten-slag arcless

electric welding on the VI5-1 titanium alloy, it is impossible to ob-

Fig. 6. Welded joint between extruded sec-
tions, with inserts.

tain a Joint equal in strength to the base metal. In such a procedm,
the use of which may be regarded only as .a forced measure of eliminat-
ing the brittle properties of welded seams where the plasticity of
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the base metal 1s reduced, the strength of the seam metal 1s reduced

by 15-2C% as compared with the base metal. Occasionally, this reduction
in the ctrength of the welded joint 1s permissible. Nevertheless, equal
strength of the welded Joints and base metal is highly desirable. This
may also be attained with a jolnt between components prepared from
precscd cections by increasing thelr quélity and property stability.

In thic cace, we may use an electrode of the same conposition as that
of the bLzce metal and avold a decresse in ctrength while retaining
sufficlznt plasticity of the seam metal.

Injurtrial use of molten-slag arclecs -lectrlc welding of rings

from VI5-1 @llcy. Rings of varlous dlamclerc were acsembled from two

halves of forged or forge-rolled extruded blanks with.sections to 60 X
X 70 mm. Thic process was accomplished on a turntable in two water-
cooled copp«r r.olds (Fig. 5). The blowdown of argon from the baffle
plates above the slag bath.is well executed in this design. To fit the
blanks tightly to the walls of the mold, the faces of the half-rings
are machinei over a length of 30-40 mr. to a rectangular section on a
milling machine. In welding angle-stock or other extruded sections,
the sectlions are reduced to rectangular cshrape with the .se of incerts
rade from an zlloy of similar composition (Fig. 6) to prepare the com-
ponents for welding. The general appearance of the welding apparatus
and table with a ring mounted on it is shown in Fig. 7.

An automatic weldling procedure developed for the rings guarantees
high process efficlency. The welding time for a single Joint does not
exceed 4-5 minutes.

The welded ring Jjoints are quality-controlled by x-ray beams.
Tight seams are obtained without defects. Nor can defects be detected
in the seams after the rings are machined. ,

An AN-T2 flux which is melted down in graphite crucibles with a
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Fig. 7. General appearance of appara-
tus with turntable for molten-slag
arcless electric welding of rings.

high:frequency apparatus is employed in serles production. Immediately
before welding, the flux is roasted for 1.5-2 hours at a temperature of
250-300°.

CONCLUSIONS

1. Large-sectioh components prepared from the VIS5-1 titanium
alloy can be welded sﬁccessrully by the molten-slag arcless electric
welding method, using AN-T2 flux.

2. In welding forged pieces with plate electrodes prepared from
the VI5-1 alloy, the wel&ed Joints are equally as strong as those of
the base metal, with satisfactory plasticity and toughness of the .
Joints. -

3. For the purpose of improving the quality of welded Jjoints pre-
pared from extruded sections of VI5-1 alloy, it 1s necessary to in-
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crease the plasticity and toughriess of the blanks.

4, Molten-slag arcless electric welding of different size rings

from the VI5-1 titanium alloy was introduced into batch production.
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PRESS HEﬁDING OF ROLLED SECTIONS OF ALUMINUM-MAGNESIUM ALLOYS
A.I. Shestakov and A.A. Rossoshinskly

(Institute of Electrical Engineering of the Acad. Sci. USSR)

A procedure for press wefhing rolled sections of type AMg
aluminum-magnesium alloys with sections of 6060 mm2 and greater has
been developed and introduced to industry by the Institute of Elec-
trical Engineering of the Academy of Sclences of the USSR Jointly with
machine-bullding concerns under the direction of Academician K.K.
Khrenova of the Academy of Sciences of the USSR. To cur kr.cwledge,
the:re hac. been no information relating to press welding of detailg of

this section published in the domestic and foreign literature.

Fig. 1. Diagram of press wel: -
ing. a) Initial welding per: .§;
b) final welding period..1)
Gripping device; 2) components
to be welded; 3) flash.

Vast experimental and theoretical investigations which were con-
ducted both in laboratories and under industrial conditions'preceded
development of the procedure. A procedurg fqr butt ﬁelding rectangular
sections was developed and introduced in 1960 and laboratory experi-
ments which produced positive results were conducted on the basis of
butt welding of a section with a developed shape.

A diagram of the press welding process is shown in Fig. 1. The

- 59 -




components 'to be welded are placed in special gripping devices, heated
to the temperature at which the given metal becomes soft, and squeezed
together. Under the influence of the force P, the metal in the zone o!
the butt Joint flows plastically, the surfaceé that we are Joining are
drawn together to a distance which is comparable to the dimensions of
atomic radii, the interatomic bonding forces come into play and & mono-
lithic Joint 1s formed. The surface films, impurities and inclusions
which inhibit the work of the interatomic bonds are forced out into a
flash. We should take into consideration thaf the press welding pro-
cess is accompanied by diffusion and recrystallization as a result of
heating.

The scheme of press welding 1s simple; however, when developing
a welding procedure for various alloys and components, it was necessary
to solve a series of problems, including the rollowingi to find the
optimum heating temperatures of the components to be welded and to de-
termine the quality and method of preparation, the squeezing force,
the overhang of the components and so forth, not to mention the design
of the jigs for press welding.

Laboratory investigations and practical experiments showed that
t..2 optimum heating temperature of components for press welding 1is de-
pendent upon the chemical composition of the alloy and lies within a
range which somewhat exceeds the critical points Ac3. To prevent under-
cooling in the components during the time reguired to transfer them
from the furnace, fasten them in the gripping devices, clean the sur-
faces and so forth, the actual heating prior to welding should be 20-
3% h;gher. Moreover, to prevent ovgrheating, weé are also brohibited
from subjecting the metal to excessive hegting. Table 1 gives the
optimum heating temperatures of certain aluminum-magnesium alloys and
the specific pressures on welding.
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.TABLE 1l Subszequent to heating, the surfaces

&i. Jﬂuﬂr o:ﬂ . that are to be butted should dbe cleaned
;gu&PJ
h degreased wire brush (wi th -
amrs. 5] aoo—a0] so; f." with a ge§ (wire thick
i il ness 0.2-0.3 mm). In addition to this, we
AQNay
AMESB) ~180S /s should also clean the lateral faces which
AMrS ¢ 450—480 -

project from the grips.

1) Alloy; 2) heating

temperature, de rees;
upsettin% AM33,

ANg5VM;

80% upsetting, this

corresponds to a spe-

cific pressure ~150

kg f/mn=.

The length of the pro'ecting ends of

the corpcnents to be welded 1s selected so

welded 1s doubled on full upsetting. In
this case, according to the stability con-
ditions of the process, the length of the profile overhangs should

be minimal, and~upse£t1ng carried out in several stages. This 1is ex.
tremely important in order that the lateral faces are not deformed by
the gripping devices in the welding process. For this reason, the sur-
faces of the gripping deQices must be developed so that in the welding
process, the component will be restrained by friction.

Figure 2 shows a specimen of a Joint made 1n ‘aluminum-magnesium
alloy that was welded at the butt; Fig. 3 shows the macrosection of
this joint. There are no defects in the zone of the butt weld; a line
of demarcation is indiscernable. The results of mechanical tests on
Joints produced by press welding are assembled in Table 2; data re-
lating to the base metal are also assembled in the same table.

The bending angle of specimens cut from th; seam was somewhat
smaller than that of specimens cut from the base metal. The latter,
however, 1s explained by the fact that the direction of the fiber in
a welded butt Jjoint coincides with the direction of the force applied
to bend the specimens. As we know, the aluminum-magnesium alloys
possess significant anisotropy of properties. The strength of the
- 61 -
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TABLE 2
ou}au "l ° ?r/u . ;‘ np:ﬁl.
SOcuosuot | 200—226 | 180—100
MeT RS AMr 3 -_ilr- l—-‘r
6 amrss | 205=304 | 120160
Yvacrox 1K) 1) 9
CBapKH 19.5—255 | 102-180 Paspus mo
AMrd —ug ! m:
2 amrsB | 260—300 | 80-140 l

1) Specimen; 2)

Cp? kgf/mm2;

3) a, degrees; 4) remarks; 5

AMg3 base metal;
welding section of AMg3;

6) AMg

585)7;

AMg5V; 9) break through base

metal.

metal is greater in the direction of
the grain than it is across the
grain,

The impact étrength of specimens
taken from a section of a butt Joint
was 50% lower than that of the base
metal and was 2-2.5 kgf-m/cm2 on the
average !cr the AMZ3 alloy. This may
be explained by the same factors
which influence the bending angle.

The latter 15 confirmed by the fact

that the bending angles and 1impact strengths of specimens cu. .om the

base metal perpendicular to the texture of the rolled stock did not

differ from the same properties of the specimens cut from the zone

of the butt Jjoint, In all cases, the specimen strengths of the joints

23058780 vnpansennany
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Fig. 2. Joint produced by press welding at butt of
shaped rolled section of aluminum magnesium alloy.

formed by press'welding were 10-154 above those of seams formed manu-

ally by -argon-shielded welding even though the plasticities and impact

strengths were the same.
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Fig. 3. Macrostructure of Jjoint pro-
duced by press welding at butt.

Metaliographic investigations showed that the metal structure in
the zone or‘a Joint produced by préss welding 1s fine-grained; there
is no superheated zone. The structure in.the zone of the butt joint,
as a rule, 1s double-phase and conslsts basically of a solid-solution
phase (magnesium in aluminum) and an insignificant quantity of the B-
phase. The hardness of the metal in the seam zone was 10% above that
of the base metal.

The high plasticity and strength of a welded Jjoint, in spite of
the fact that the metél in the welding zone 1s subjected to consider-
able plastic deformation, may be explalned by various factors. Thus,
we should assume that at the 1lnitial moment of welding, when the
metal flows freely, a considerable number of dislocations form.
Accumulations of vacancles which may act as embryonic macrocracks

appear at the intersections of the dislocations and their concentra-

tions, which form subboundaries. Therefore, if the welding process 1is

terminated before the free flow of metal is discontinued in the zone of

the butt Joint, a large number of fine-structure defects will be re-

tained in the welding zone, and this will reduce the mechanical

properties of the welded joint, or a monolithic Jjoint will not be pro-
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duced at all; this was also confirmed experimentally. When the welding
process continues to cessatlion of free flow, the metal in the welding
zone exgperiences hydrostatic contraction and the rise in the number of
dislocations is stopped. The metal having the mgiimum~number of de- .j
fects 1s extruded into a flash. As a result of the hfgh mobllity of thé
atoms in the welding zone, the vacant points are filled by atoms which
diffuse into the zone of the surfaces that we are butting; the inter-
face between these surfaces disappears; These, processes may be studied
adequately by metallographic investigation of microsections (at mag-
nifications of 1500-2000) of specimens cut from sections being welded
at various stages in welding. _

The dislocations and microdefects are ceen rather well on micro-
sectlons subjJected to electrolytic polishing and electrolytlic etching.
CONCLUSIONS
1. The fundamental possibllity of press welding of components

composed of aluminum-magnesium alloys at the butt was established.
.2. Investigations disclosed the high quality of loints produced
by press welding.
3. The method of press-butt-welding aluminun-alloy components
..th sections to 10,000 mma, as developed in the Institute of Elec-
trical Englineering of the Acad. Scl. UkrSSR and introduced to several

heavy machinery concerns, can be recommended for broader application.
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