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SCIENTIFIC AND TECHNICAL 

SPACE TECHNOLOGIES ON THE THRESHOLD 
OF THE THIRD MILLENIUM 

B.E. PATON 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABSTRACT 
Promising trends in development of space technologies in the next decades are discussed. Special attention is 
given to comprehensive material science research. 

Key words: industrialisation of space, space technolo­
gies, material science, international integration. 

Yury Gagarin's flight into space in April, 1961, 
has certainly become one of the major events of 
the elapsing mi llcnnium, which actually marked 
the start of the era of the man mastering the ncar­
the-earth space. Going beyond the limits of gravity 
pull was due not only to the desire to learn the 
unknown inherent to man, but also to the search 
for new additional energy resources, as well as the 
ability to usc the specific conditions of space for a 
successful solution of various applied and scientific 
problems. By the start of the 1970s some practical 
tasks had already been solved, namely production 
of the pictures of atmospheric phenomena, perfor­
mance of diagnostics of mineral deposits, estab­
lishment of satellite communications, etc. More 
over , the results of medico-biological experiments 
in numerous manned flights confirmed the possi­
bility of human activity in space. With the start 
of functioning of <1Salyut~ and <<Sky lab>> space sta­
tions in the near-the-earth orbit, it became possible 
to conduct systematic studies of the ncar space at­
mosphere, space and process experiments under 
zero-gravity conditions, as well as monitor the sur­
face of the Earth, etc. Solving quite a number of 
problems related to human activity in space, was 
required simultaneously: 

erection of large-sized structures in orbit; 
construction of long-endurance space stations 

and providing them with power resources; 
performance of exstravehicular activity (EVA) 

by the cosmonauts when servicing the space ob­
jects; 

use of I unar resources in the interests of the 
national economy; 

industrialization of space, in particular, taking 
environmentally polluting productions into orbit; 

lighting of northern regions, creation of addi­
tional sources of energy, satellite communications, 
etc.; 
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usc of ncar-the-earth orbit as the starting orbit 
in interplanetary flights; 

solving the <~space debris~ problem. 
This will certainly require several decades and 

depends not only on the level of technical deve­
lopment of the space industry, its creative poten­
tial, but also on financial support of the scientific 
and technical programs being developed. Despite 
the fact that the combination of these factors was 
not always favourable over the past years, cos­
monautics has still achieved considerable success. 
Expansion of the programs related to construction 
in space of long-endurance orbital space stations 
( OSS) and of large-sized structures, necessitated 
the implementation of concrete highly specialized 
technologies in orbit (assembly, mounting, weld­
ing, cutting, brazing, etc.). The very first welding 
experiment conducted in space in 1969, initiated a 
new trend in the field of process development, 
namely space technologies. 

The range of technological processes conducted 
in orbit has become much wider since then, while 
space technology formed its own areas of biotech­
nology, agrotcchnology, etc., whose number will 
increase, as the problems facing the researchers be­
come more profound and broader. However, sig­
nificant achievements of the production aspect of 
space technology can already be noted. The main 
spectrum of processing operations in this area which 
have been conducted in near-the-earth orbit over 
the last 30 years and have found concrete imple­
mentation in the hardware, is given in the Figure. 

The systemic approach to solving the priority 
problems of the space industry, allowed the <1Mir~ 
orbital complex to be created in a short time by 
the start of the 1980s through the efforts of the 
leading experts. The long-term operation of this 
complex was a prerequisite for a successful per­
formance of process experiments and research in 
the field of material science, fundamental physics, 
astronomy, etc. 

The unique properties of space (microgravity, 
supcrpure dynamic vacuum, low and high tempera­
tures, unusual radiation situation) opened up great 
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Space technologies I 
(material science and construction) I 

I 
Heat-treatment Production 

of structural of new 
materials materials 

H Heating rl Melting and 
solidification 

H H Crystal 
Cutting growing 

H Welding H Evaporation and 
condensation 

H Brazing 

H Coating Production of com-
application L- posite materials 

(reinforced, etc.) 

y Surface 

I cleaning 

prospects for production of materials with a more 
perfect than on the Earth, structure and better 
physico-chemical and mechanical properties. 
Therefore, it is natural t hat the attention of space 
material science in the initial period of research 
performance is focused on investigat ion the phe­
nomena which obviously depend on gravity and 
have been quite well studied on the Earth, namely 
heat and mass transfer, diffusion, surface tension 
and wettability, capillary phenomena, phases for­
mation , melting and solidification, growth of sin­
gle-crystals, etc. The result of this fundamental 
research was determination of the possibility of 
production of materials with unique properties 
difficult to achieve (or even unachievable) on 
the Earth. Among the main kinds of products 
whose fabrication under the space conditions can 
be rational and cost effective, the following 
should be named: 

structurally-perfect semi-conductor single-crys­
tals of a high purity and large dimensions ; 

eutectic alloys consisting of two components 
differing in their composition and properties, with 
unlimited mutual solubility in the molten state and 
insignificant solubility in the solid state; 

high-strength high-temperature foam materials 
with a low specific weight; 

superhard metal alloys with greatly different 
densities of their components; 

optically transparent materials; 
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I 
Construction Maintenance 
of large-sized of space 

structures objects 

H Assembled rod rl Tools 
structures 

H Hinged deployable- H Robots and 
foldable structures manipulators 

H Transformable 
Diagnostics and 

f- non-destructive 
structures testing 

Kinematic Scheduled 
L- structures L- maintenance and 

(mirrors, sails, etc.) emergency repair 

metal alloys having an area of immiscibility in 
the liquid state or alloys with non-uniform nuclea­
tion; 

composite materials of the type of metal-metal , 
metal-metal oxide, ceramic and organic substances 
which do not mix on the Earth; 

various coatings for the optical and electronic 
industry. 

Improvement of the properties of materials 
(electrical resistance, magnetic susceptibility, me­
chanical strength, permeance , structural perfec­
tion, etc.) produced in space, is due to reduction 
of convection and mass transfer, higher dispersion 
of the phases, absence of sedimentation, presence 
of the diffusion mechanism of melt homogenizing 
in solidification, uniform mixing of gases with me­
tals and of components immiscible on the Earth , 
possibility of conducting cruciblelcss melting in a 
cleaner vacuum atmosphere. Intensive development 
of space material science in the new millennium is 
only possible if perfect equipment and advanced 
research procedures are used, such as, for instance, 
displays of nucleation, growth and coalescence in 
immiscible alloys, using X-ray devices, monitoring 
the growth rate with fluxmeters, temperature sta­
bilization using thermal tubes, temperature and 
convection monitoring in infrared radiation, vari­
ous methods of levitation of liquid volumes, etc. 

The long-term (approximately 25 to 30 years) 
operation of OSS involving inevitable damage of 
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the structure and failures of equipment, implies the 
ability of conducting effective and safe EVA by 
the cosmonauts. The programs of planning and en­
gineering-technical preparation for EVA include 
OSS maintenance and repair, assembly-mounting 
work and provision of normal functioning of the 
scientific hardware located on the outer surface of 
the space station. When the above operations arc 
performed in raw space, robots, automatic and con­
trollable manipulators, various devices for cosmo­
nauts' movement outside the station, can be used. 

The current stage of development of cosmonau­
tics is associated with the era of space optimization. 
An intensive process of international integration 
and organizing joint space programs is observed 
against the background of the world crisis pheno­
mena. The already started construction of the In­
ternational Space Station is an example of inter­
national cooperation in the space industry. Crea­
tion of large scientific-technological laboratories 
in orbit wi II expand the prospects for study of new 
states of the matter (ultra-microparticlcs , plasma­
crystals, etc.), which is only possible at micro­
gravity. Further progress of those areas of cos­
monautics which already now yield real profit , wi 11 
lead to creation of global networks of communica­
tion, TV, information, weather forecasting , navi­
gation, Earth's nature monitoring, etc. Close is the 
time when large-scale productions vitally impor­
tant for humanity, will be deployed in ncar-the­
earth orbits. Powerful space energy generation sys­
tems, namely space solar power stations which will 

4 

make a significant contribution to power generation 
on the Earth, should become the necessary basis 
for space industrialization. It is intended to perform 
power transmission through the radio beam which 
casi ly passes through the atmosphere and is gu ided 
to the terrestrial receiving aerial by special means. 
Perfection ofthe means of payload del ivcry to orbit, 
creation of an ergonomic system of transportation 
in orbit proper, will allow setting up permanent 
lunar outposts and using its resources for the needs 
of terrestrial production. Mastering of principally 
new flying vehicles (for instance, solar sail, etc.) 
for reaching the velocity required for leaving t he 
Solar system, will be a prerequisite for a successful 
exploration of the planets in other galaxies. 

The progress made by mankind in space ex­
ploration is certainly great, and the pace of de­
velopment of various areas of space technology 
will only be increasing in the future, thus con­
firming its revolutionary impact. Commercializa­
tion which has become very explicit recently, this 
leading to narrowing of the research programs, 
certainly raises concern. One still can be sure, 
however, that through the efforts of international 
cooperation in the space area, it will be possible 
to implem ent more than one grandiose project on 
study of the fundamental space phenomena, con­
struction of industrial facilities in the terrestrial 
orbit, of lunar outposts, making flights to other 
planets and that the world experience of space 
technology gained over the past years, will be 
used in all these developments. 
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WELDABILITY OF HIGH-STRENGTH ALLOYS 
OF Al-Zn-Mg--(Cu) SYSTEM (Review) 

A.Ya. ISHCHENKO and V.O.CHAPOR 
The E.O . Paton Electric Welding Institute , NASU , Kyiv, Ukraine 

ABSTRACT 

The problems of welding high-strength alloys of Al - Zn-Mg- (Cu) system are considered. The effect of chemical 
composition of alloys and filler material on the weldability characteristics is analyzed. Causes of defect formation 
in the welded joint are described. The problems of weldability and degree of metal weakening under the action 
of a thermal cycle depending on the method of welding are outlined. The further investigations for improving 
weldability of alloys of Al- Zn- Mg and Al-Zn- Mg- ( Cu) systems are predicted. 

Key words: uxlding, heat treatment, aluminium al­
loys, zinc, magnesium, copper, scandium, weldability, 
welded joints, strength, toughness, hot cracks, porosity, cor­
rosion cracking, service properties. 

In modern industry the aluminium high-strength 
alloys which arc characterized by a low specific 
density and good corrosion resistance are widely 
used for manufacture of welded structures. In spite 
of using good-weldable aluminium alloys of such 
systems of alloying as Al - Mg (AMg6 , 1570), Al­
Mg-Si (AD31, AD33, AD35, 6013), AI - Cu-Mn 
(1201), the alloys of system Al - Zn- Mg- (Cu) at­
tract continuously the interest of the designers and 
researchers l1 - 6]. 

The a] loys of Al-Zn-Mg system arc featured 
by a preserving of oversaturated solid solution at 
comparatively low rates of air cooling from high 
temperatures (self-quenching) and by the ability 
to be hardened in the process of a natural ageing. 
Due to this the welded joints have a high strength 
without a repeated quenching, as the air cooling 
after welding is quite sufficient to produce an over­
saturated solid solution in weld metal and HAZ, 
and, consequently, the hardening at the expense 
of a next natural ageing 17 - 101. 

In addition, alloys of Al-Zn-Mg system are 
characterized by a high adaptability to manufac­
ture, in particular a high deformability at plastic 
metal working. The outflow rate in pressing is only 
inferior to that of alloys Al-Mg-Si (AD31) and 
much higher than that of alloys of system Al - Cu­
Mg (D16) and Al-Mg (AMg6, 1570), especially 
in alloys with a lithium, characterized by a complex 
technology of production 111 - 15j. 

Alloys of system Al-Zn- Mg- Cu are most high­
strength 18, 11, 16, 171. The mean ultimate rupture 
strength after artificial ageing is about 650 MPa, 
and the increase in a total percent of alloying ( 10 % 
Zn, 4.0- 4.5 % Mg, 1.5 - 2.0 % Cu) can provide 
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the strength level above 800 MPa. They are sub­
jected to the plastic metal working under the con­
ventional conditions and some of them can be de­
formed under the conditions of supcrplasticity that 
makes them attractive from the technological point 
of view for manufacture of sheet and other prefab­
rications [ 181. 

The negative characteristic ofthe alloys, alloyed 
with zinc and magnesium, is an increased suscep­
tibility to the corrosion cracking and stress corro­
sion. It is most clearly expressed in case of the 
material ageing for a maximum strength, i.e. in 
reaching the condition T1 (Russia) or T6 (USA) 
[5, 8, 17, 19, 20]. In this connection, the alloys as 
a rule are used in an overagcd condition, in which 
they are characterized by a good corrosion resis­
tance in combination with mean values of strength 
characteristics . 

Taking into account these peculiarities of al­
loys of the mentioned system of alloying the fol­
lowing alloys, which contain a small total amount 
of zinc and magnesium (5 - 7 %) , found a wide 
application for welded structures: 1911, V92Ts, 
1915 (Russia); 7039, 7005 (USA); AlZnMg1 
(Germany); AZ5G (France); GA6950 (Sweden); 
A7N01 (Japan) (Table 1 ). In addition, their sus­
ceptibility to the intercrystalline corrosion is at 
the level of this parameter of alloys of Al-Mg 
system. It is considered that at this total content 
of zinc and magnesium within the ranges from 
5.5 to 6.5 % the alloys of the mentioned system 
arc characterized by a low susceptibility to the 
stress corrosion cracking. Optimum zinc-to-mag­
nesium ratio which provides the mentioned prop­
erties is approximately 0.8 [7 , 15, 21, 22]. 
Strength characteristics of alloys of system Al­
Zn-Mg arc given in Table 2. 

Addition of 2 - 3 %of copper improves remark­
ably the corrosion properties of alloys of Al-Zn- Mg 
system. However, in this case the sensitivity to the 
rate of cooling in quenching is increased signifi -

5 
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Table 1. Chemical composition of alloys of Al-Zn-Mg system, % 

All~ 
gra e Country Zn Mg Mn Cr Zr Ti Cu Fe Si 

7046 USA 6.6-7.6 1.00 - 1.60 ,; 0.3 ,; 0.2 0.10-0.18 :S G.25 ,; 0.40 ,; 0.20 

7039 3.5- 4.5 2.30 - 3.30 0.1- 0.4 0.15 - 0.25 ,; 0.1 0 $0.10 $0.40 $0 .30 

7005 4.0- 4.5 1.00 - 1.80 0.2- 0.7 0.06 - 0.20 0.08- 0.20 $ 0.10 $0.40 $0.35 

1911 Russia 3.8- 4.4 1.60- 2.10 0.2 - 0.5 0.07 - 0.25 0.13- 0.22 0,10-0.20 so .30 $0.20 

1915 3.4 - 4.0 1.30 - 1.80 0.2- 0.6 0.08- 0.20 0.10-0.20 $0.10 $0. 10 $0.40 $0.30 

V92Ts 2.9- 3.6 3.90-4.60 0.6- 1.0 0.06- 0.20 0.01 -0.66 $0 .50 $0.35 S0.35 

AIZnMg1 Germany 4.0-5.0 1.00 - 1.40 0.1 - 0.5 0.10-0.25 - 0.01 -0.20 $0. 10 $ 0.50 $0.50 

AZ5G France 4.1-4.9 0.90 - 1.40 $0.3 0.15- 0.35 0.05-0.25 0.01 - 0.20 ,; 0.10 $ 0.40 $0.30 

ZK60 Japan 6.0 0.75 0.2 -

A7N01 4.5 1.40 0.4 0.10 

GA6950 Sweden 4.8 1.10 0.25 0.20 

cantly, i.e. the effect of <<self-quenching, is elimi­
nated. 

The level of strength of traditionally weldable 
alloys of Al-Zn-Mg system does not exceed 

500 MPa, here crf' is approximately 400 MPa. Sus­
ceptibility to bot cracking in fusion welding is 
mainly suppressed by additions of titanium, zirco­
nium and cerium. 

Some works on investigation of weldability of 
alloys of this system were devoted to the study of 
effect of welding stresses on the fracture resistance 
of joints. It is stated that limitation of the period 
of time between welding and beginning of the ar­
tificial ageing of welded joints up to two days can 
preserve the value of a specific energy of propaga­
tion of cracks the same as in the parent metal [23, 
24, 8 J. In addition, usc of such technological pro­
cesses as the removal ofburn-tbroughs, metal thick­
ening for welding increases significantly the level 
of safe stresses [ 25]. 

Welded structures from alloys of Al- Zn-Mg 
system are used mainly without postweld heat 
treatment. Moreover, welded joints, owing to the 
effect of <.<self-quenching>-> and subsequent natural 
ageing possess high enough characteristics of 
strength and toughness, but their total corrosion 
resistance is low. The use of a repeated artificial 

Table 2. Mechanical properties of alloys of Al- Zn- Mg system 
at room temperature · 

Alloy . 
grade . Kmd of. a,, Cio. 2• 8, 

( condition) prefabncatwn MPa MPa % 

1911 (T2) Rolled 430 360 11 .0 

1911 (T2) Pressed 450 400 10.0 

1915 (T1) Rolled 350 300 10.0 

1915 (T1) Pressed 435 383 14.2 

V92Ts (T1) Rolled 400 300 10.0 

V92Ts (T1) Pressed 450 350 10.0 

7005 (T53) '> 392 345 15.0 

7005 (T6) Rolled 324 262 10.0 

7039 (T64) Pressed 450 380 13.0 

ZK60 >> 360 320 

6 

0.16 $0.10 $0.30 $0.20 

0.15 

$0.20 

ageing after welding can increase the structure re­
sistance to corrosion, but the welded joints become 
more susceptible to a delayed fracture. The ageing 
of a finished welded structure causes difficulties in 
the manufacturing technology . 

In works devoted to the study of weldability 
of alloys of Al-Zn-Mg-Cu system (V95, V96Ts 
(Russia); ESD (Japan); A-Z8GV (France); Z74S 
(Germany); DTD 5150 (UK); 7178, 7475, 7075, 
7175 (USA) showed that during welding these 
alloys are characterized by a high sensitivity to 
the formation of hot cracks and also possess un­
satisfactory toughness of the welded joints. There­
fore, the high-strength alloys did not find wide 
application in the welded structures. The absence 
of optimized conditions of beat-treatment which 
could provide high strength and toughness and a 
good resistance to the stress corros ion cracking 
made their application in industry much less com­
mon. As a result, during long time in aerospace 
and other industries the traditional medium­
strength alloys were used l26- 29]. 

Over the recent time the investigations of alloys 
of Al-Zn-Mg-( Cu) system were continued to im­
prove their strength characteristics , to increase the 
resistance to the stress corrosion at high charac­
teristics of weldability. 

Comprehensive investigations were made on al­
loying using transition and rare-earth metals . One 
of the most important resul ts of these works was 
the development of composi tions of industrial al­
loys additionally alloyed with scandium additions, 
for example, alloys of grades 1970 (Al-5 .2 Zn- 2.0 
Mg-0.4 Cu-0.2 Sc-0.1 Zr) and 1975 (Al-5.2 Zn-
2.0 Mg-0.3 Cu-0.07 Sc- 0.1 Zr). 

Ultimate rupture strength of alloy of t he 1970 
grade reaches 470 :-.1Pa. :·ield strength 410 MPa 
for plates , while for sheets they are 560 and 
521 MPa, respectiwly. AdJi;:i ns of ~0 . 2 % scan­
dium provide high characte:-J.stics o• strength, make 
alloy superplastic and im':':-' ·~e ~he adaptability to 
manufacture of shee~ and o;:ber prefabrications 
made of them. In addi;:ion. ;:he ;:ests showed that 
alloys are charac;:erized by a wry low degree of 
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Table 3. Chemical composit ion of alloys of system AI-Zn-Mg- Cu, % 
Alloy Country Zn Mg Cu Mn grade 

7075 USA 5.1- 6.1 2.1-2.9 1. 2 - 2.0 $0.30 

7475 5.2- 6.2 1.9 - 2.6 1.2-1.9 $0.06 

7050 5.7-6.7 1.9 - 2.6 2.0- 2.6 $0.10 

7150 5.9- 6.9 2.0- 2.7 1.9 - 2.5 $0.10 

7178 6.3-7.3 2.4 -3.1 1.6- 2.4 $0.30 

7055 7.6 1.8 - 2.3 2.0 - 2.6 $0.05 

V95 Russia 5.0- 7.0 1.8- 2.8 1.4 - 2.0 0.20- 0.60 

1963 6.0- 7.0 2.5-3.1 1.6 - 2.0 

V96 7.6-8.9 2.5- 3.2 2.2 - 2.8 0.20-0.50 

V96Ts 8.0- 9.0 2.3- 3.0 2.0 - 2.6 0.10 

anisotropy of properties and high characteristics of 
crack resistance. Effectiveness of scandium use in 
alloys of Al-Zn- Mg system is explained by the 
fact that none of main alloying elements forms in­
termetallic compounds with it [30, 31 ]. 

To improve the properties, it is recommended 
to alloy the alloys with combined additions of scan­
dium and zirconium. This saves an expensive scan­
dium and intensifies greatly its positive action [30 , 
32]. 

Welded joints of alloy of grades 1970 and 1975 
without a special heat treatment (three months of 
postweld natural ageing) have 450 MPA ultimate 
rupture strength. The safe level of stresses of 
welded joints characterizing the resistance to stress 
corrosion to a delayed fracture is rather high, i .c. 
225 and 200 N/ mm2, respectively [30]. 

At present the alloys of Al-Zn- Mg-Sc system 
are most high-strength and possess a good weld­
ability . It is evident that this alloying with rare­
earth metals will become one of the most promising 
trends in the development of high-strength alloys 
of series 7XXX with good strength, service cha­
racteristics and weldability. 

In references [33 - 35] there is information 
about the positive effect of small additions of lan­
thanum on the mechanical properties of alloys of 
Al-Zn-Mg- Cu system. In addition, it is noted that 
it can decrease the susceptibility of alloys to crack­
ing. 

The investigations carried out on alloying with 
small additions of silver showed that in this case 
the resistance to stress corrosion is increased, but 
the weldability is noticeably deteriorated r15, 36]. 
However, the latter circumstance did not prevent 
the Japanese researchers to develop a group of high­
strength alloys containing additions of silver. 
Chemical composition of these alloys is as follows, 
%: 5-8 Zn; 1.2- 4.0 Mg; 1.5- 4.0 Cu; 0.03-
1.00 Ag; 0.01 - 1.00 Fe; 0.005- 0.200 Ti; 0.01 -
0.20 V. It also includes one of the following ele­
ments, %: 0.01 - 1.50 Mn ; 0.01 - 0.60 Cr; 0.01 -
0.25 Zr; 0.0001 - 0.0800 B; 0.03- 0.50 Moor com­
bination of several mentioned elements. Here, it is 
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Cr Zr Ti Fe Si 

0.18- 0.24 $ 0.20 $0.50 $ 0.40 

0.18- 0.25 $ 0.06 $0.12 $ 0.10 

$0.04 0.08 - 0.15 $ 0.06 $0.15 $ 0.12 

$0.04 0.80 - 0.15 $0.06 $0.15 $ 0.12 

0.18- 0.28 $0.20 $0.50 $0.40 

$0.04 0.05- 0.25 $0.06 $0.15 $0.10 

0.10- 0.25 $0.50 $0.50 

0.14-0.18 0.12-0.18 $0.30 $0.15 

0.10- 0.25 $0.50 $ 0.30 

0.10 0.10- 0.20 < 0.40 < 0.30 

also noted that these alloys are differed from others 
by a high level of resistance to stress corrosion 
cracking [37, 38]. 

A remarkable progress in the development and 
application of high-strength alloys of Al-Zn­
Mg-( Cu) during recent decades is due to the 
research works directed to the development of 
special conditions of heat treatment (to improve 
the corrosion resistance at high level of strength 
characteristics). As a result of these works, a 
phenomenon of a retrogression, known for alu­
minium alloys since the 1930s, began to be used 
in the conditions of heat treatment of prefabri­
cations. Conditions RRA (Retrogression and 
Reageing), known as T77, inc! ude heat treatment 
for a maximum strength (quenching+ artificial 
ageing), retrogression and reageing for a maxi­
mum strength. As a result, the products of alloys 
of 7075 grade reach maximum strength and high 
characteristic of resistance to corrosion cracking 
and layer corrosion both in condition T1 (Russia) 
and condition T3 (Russia) [39- 49j. 

This resulted in the feasibility of application 
of high-strength alloys in structures of new air­
crafts, etc. [50, 51]. The use of plates from alloys 
of grades 7150 (T7751) and 7055 (T7751) in the 
design of aircraft % Boeing-777» could reduce its 
mass for 1450 kg. Chemical composition and 
main mechanical properties of alloys of system 
Al- Zn-Mg-Cu, used in industry [52, 53 I, are 
given in Tables 3 and 4. 

Welded structures of alloys of Al-Zn- Mg-Cu 
system are used after repeated artificial ageing that 
can increase their ultimate rupture strength to 
0.8 crt of the parent metal. 

There are no data in references about the weld­
ability of these alloys treated by the condition T77. 
It is evident that examination of their weldability 
in this condition or with a subsequent heat treat­
ment of welded joints including RRA is a challeng­
ing trend [54, 55]. 

The study of parameters of weldability of alloys 
of grade 1963 (Al-6- 7 Zn-2.5 - 3.1 Mg-1.6-
2.0 Cu-0.14 - 0.18 Cr-0.12- 0.18 Zr, < 0.3 Fe, 
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Table 4. Mechanical properties of alloys of system Al- Zn-
Mg-Cu at room temperature 

All ':Fe Type of CJo.2' li, gra e (Jb 

(condition) prefabrication MPa MPa % 

V95 (T1) Rolled 530 480 11 
V95 (T1) Pressed 580 550 8 
V95 (T2) >> 550 500 10 
V96Ts (T1) >> 650 630 6 
7050 (T73) Plate 510 455 11 
7075(T6) Rolled 538 470 8 
7178 (T6) Pressed 605 540 11 
7475 (T6) Rolled 552 496 12 

< 0.15 Si), etc., showed that the optimum filler 
for alloys of series 7XXX is the wire from alloys 
of Al-Mg system. Sensitivity to cracking in weld­
ing with wire Sv-AMg6 is twice lower than that 
in welding with wire close in composition to the 
parent material (Al-Zn-Mg-Cu). Here, the tough­
ness of welded joints made with Al-Mg wire two 
times exceeds the toughness of joints welded with 
wire of Al-Zn-Mg-Cu system [18, 56, 57]. 

According to results of investigations [ 18], the 
most effective filler in welding alloys of 1963 grade 
in comparison with wire Sv-AMg6 is the material 
of alloy of 1557 grade. For welding alloys of grades 
7072, 7075, A7N01 with a consumable electrode, 
the wire which contains an increased amount of 
magnesium (to 9 %) using additions of zinc, tita­
nium, manganese, chromium as modifiers, was sug­
gested. Increase in magnesium content in weld me­
tal promotes the decrease in susceptibility to hot 
cracking. Here, the presence of manganese and 
chromium reduces effectively the susceptibility to 
stress corrosion cracking [58 - 61]. Strength of 
welded joints is at the level of 0. 7 crt of the parent 
metal. 

Research works, carried out at the PWI, con­
firmed the rationality of using new filler materials 
on Al-Mg base in welding alloys of series 7XXX. 
Addition of scandium to the weld metal in welding 
alloys of Al-Zn-Mg system reduces significantly 
the susceptibility to hot cracking, increases the 
strength characteristics of welded joints. In weld­
ing alloys, which contain 2- 3% copper, the ad­
dition of scandium is less effective. 

There is still no a single opinion concerning the 
effect of scandium on characteristics of weldability 
of copper-containing alloys . From the one hand, 
the addition of scandium into the alloy of grade 
1933 (Al-6.8 Zn-1.9 Mg-1.0 Cu-0.2 Sc-0.1 Zr) 
contributes to the increase in strength charac­
teristics, the decrease in anisotropy of properties 
and sensitivity to cracking [33]. The works of other 
researchers state that the alloying of aluminium 
copper-containing alloys with scandium does not 
always lead to the refining of crystalline structure 
of the weld metals and to the improvement of their 

strength characteristics. This is explained by that 
the scandium and copper can form a chemical com­
pound , such W-phase (ScCu6.6--!.o; Al5 .4-8 o). In 
this case scandium does not participate in the alloy 
hardening and refining of its structure , and the 
increase in a volume fraction of an excessive phases 
leads to the reduction in strength, toughness and 
fracture toughness [ 62]. Therefore , the further 
works are necessary to determine t he rationality of 
alloying the alloys of Al-Zn- Mg-Cu system with 
the scandium. 

The study of effectiveness of different methods 
of fusion welding showed that the electron beam 
welding provides higher strength by 15 - 20 % 
than the argon-arc welding. In alloys with a total 
amount of zinc and magnesium of about 8 % after 
ageing, it amounts to 0.86 % of that of the parent 
metal [ 63] . The improvement of strength charac­
teristics , the reduction of defect quantity in welded 
joints during electron beam welding is provided at 
the expense of a high specific concentration of en­
ergy, favourable conditions of a vacuum protection 
of the molten metal, low value of heat input (4-
5 times lower than in argon-arc welding), small 
HAZ, small volume of the weld pool metal [64-
68] . In addition, double-sided (from the side of 
beam and penetration) evolution of gases and va­
pours of metal from the penetration channel de­
creases the amount of pores and cavities in the weld 
metal [69]. 

From data of [23, 70, 71] the application of 
plasma-arc method for welding alloys of 1963 grade 
was recognized unsuitable . However, the argu­
ments stated are not convincing, as the energy con­
centration in plasma-arc is much higher than in 
argon-arc welding that contributes to the decrease 
in heat input of welding and influence favourably 
the HAZ metal. Probably, the further more pro­
found investigations of this method of fusion weld­
ing are required, as this method was also well-suit­
able for welding other alloys related to series 
7XXX. 

The improvement of properties of welded 
joints in argon arc welding with a non-consum­
able electrode is attained due to using a pulsed 
arc, by decreasing a heat input, formation of fine­
crystalline structure and decrease in amount of 
oxide films in weld metal. The application of a 
pulsed current in welding with consumable elec­
trode stabilizes the electrode metal t ransfer. Re­
placement of argon by helium or use of mixture 
Ar +He can greatly decrease the volume of voids 
in the weld metal [45. 72]. 

It was established from the analysis, that the 
application of high-purity alloys both as a parent 
and filler metal is an optimum condition for pro­
ducing quality welded joints from the alloys of 
Al-Zn-Mg-(Cu) system ''"ith high strength and 
service characteristics. Especially. the level of sa-
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turation with hydrogen is regulated that promotes 
the significant improvement of the welded joint 
quality, and also the application of electron beam 
welding under strictly controlled conditions. In ad­
dition, it is necessary to take into account that zinc 
and magnesium influence positively the penetration 
of alloy (heat input is decreased), but at the same 
time the large losses of zinc and magnesium for 
evaporation are observed during welding. To avoid 
these losses it is recommended to perform welding 
at increased rates of more than 40 m/ h [69, 71]. 

CONCLUSIONS 

During welding the alloys of Al-Zn-Mg-( Cu) sys­
tem are characterized by a low resistance to hot 
crack formation, unsatisfactory level of toughness 
of welded joints , the susceptibility to stress corro­
sion cracking. Therefore, to improve the weldabi­
lity of alloys of Al -Zn-Mg-( Cu) system the fol­
lowing investigations seem to be promising: 

optimizing the chemical composition both of 
parent and filler materials . The further investiga­
tion of effect of scandium, other transition and 
rare-earth metals on strength, service charac­
teristics, of weldability of alloys with an increased 
total content of zinc and magnesium seems to be 
challenging; 

application of effective methods of casting and 
post treatment, which provide favourable metal­
lurgical heredity to improve the weldability, for 
producing parent and filler material; 

development of conditions of heat treatment of 
alloys and also determination of optimum their 
combination with a thermal cycle of welding that 
could preserve high strength properties of the pa­
rent metal, increase the resistance to stress corro­
sion and improve the properties of the welded joints 
as a whole; 

application of highly effective methods of wel­
ding (electron beam~ argon-arc nonconsumable 
electrode welding with a pulsed and constricted 
arc, with a pulsed current in consumable electrode 
welding), due to which the favourable conditions 
for producing quality welded joints with a high 
safety factor are provided. 
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CONTROL OF BEAD FORMATION IN ARC 
SURFACING WITH STRIP ELECTRODE 

A.D. RAZMYSHLYAEV 
Priazov State Technical University, Mariupol, Ukraine 

ABSTRACT 
Electromagnetic nature of a defect in the weld bead in the form of a cavity (saddle) formed in its central portion 
in DC submerged-arc surfacing using strip electrode is described. It is suggested that the controlling magnetic 
fields should be used to compensate for asymmetry of the magnetic field induced in the arc zone by the surfacing 
current flowing through the strip electrode extension. 

Key words: arc surfacing, strip electrode, deposited 
bead, metal formation, electromagnetic forces. 

By the data of our researchers and of study [ 1], in 
submerged-arc surfacing with strip electrode at di­
rect current using glass-type AN-348A flux, the 
bead has a depression (saddle) in the center, if the 
surfacing current value does not exceed 400 to 
500 A. An assumption can be made that the saddle 
forms because of higher pressure on the metal of 
molten slag and the flux above this slag. However, 
the bead saddle forms also in submerged-arc sur­
facing with pumice-like fluxes AN-60, OSTs-45 
which have a bulk mass two times smaller than 
that of AN-348A flux and approximately the same 
thermo-physical properties of the liquid slag (in 
particular, also the surface tension on the liquid 
metal-liquid slag interface). 

In surfacing with all the above fluxes at the 
current of about 700 A (and higher) the bead takes 
a convex shape. This leads to the assumption that 
the bead formation is affected not only by the flux 
properties, but also by the electromagnetic phe­
nomena inherent to the process of surfacing with 
a strip electrode. 

This paper gives the results of a study to estab­
lish the electromagnetic nature of saddle-like defect 
formation in surfacing with a strip electrode and 
to develop devices for their elimination. 

In physical simulation of the process of surfa­
cing with strip electrode made by the procedure of 
[2], no noticeable movement of the molten metal 
is found in the weld pool at up to 400 A surfacing 
current. This was the prerequisite for a more de­
tailed analysis of the weld pool processes in the 
zone in which the welding arc is moving and in 
which the current density and the induction of the 
magnetic field generated as a result of the current 
flowing in the strip electrode stick-out, are maxi­
mal [3]. 
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If the system of co-ordinates in Figure 1, a (Bs 
is strip width, Hs is strip stick-out) is assumed, 
then, as shown in [ 3], the tangential component 
of magnetic field induction Bx in the zone of the 
local current pick-off from the melting tip of the 
strip stick-out (arc) changes its sign. With the same 
distance from the arc axis to the left and to the 
right, for instance, l:!..y = 4 mm, the absolute value 
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3 

Figure f. Calculated diagram of electrode stick-out (a) and de­
pendence of inductance gradient on the arc location at the strip 
tip (b): a - 1 -electrode strip; 2 - arc; 3 - item; I-III­
zones of arc current removal; b - 1 - /1Y = 4; 2 - 8 mm. 
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Figure 2. Diagram for calculation of magnetic field induction. 

of the gradient of induction component IL1Exl de­
pends on the arc position on the strip tip (arc dis­
tance y from strip axis). With the arc displacement 
to strip edge relative to its axis Oz, IL1Exl value 
grows linearly. Assuming b.y = 8 mm, IL1Exl will 
become smaller, but the nature of its dependence 
on the position of the arc on the strip tip will 
remain the same (Figure 1, b). 

With the arc displacement over the tip towards 
the strip edge relative to its longitudinal axis 02 

(Figure 1, a) a growing resultant electromagnetic 
force F proportional to lb.Bxl starts acting on the 
arc in the same direction, i.e. the arc is accelerated 
[ 4]. Under the impact of this force, the arc is main­
tained at the strip edge. Interaction of IL1Exl with 
the vertical component of current density in the 
liquid metal under the arc gives rise to the Lorentz 
electromagnetic force which shifts the metal vo­
lumes located under the arc, from the center to the 
side edges of the weld pool. A characteristic feature 
of the process of surfacing with strip electrode is 
the fact that under the conditions of rapid solidi­
fication the side sections of the pool form a bead 
of greater thickness than in its central part, i.e. a 
saddle-type defect. The use of controlling magnetic 
fields can be recommended to eliminate this defect, 
they levelling the gradient of induction IL1Exl cre­
ated by surfacing current flowing through the strip 
stick-put, and thus eliminating the gradient of in­
duction IL1Exl both in the strip zone and in the liquid 
metal bulk under the arc. This should also eliminate 
the accelerated movement of the arc towards the 
strip electrode edges, which is achieved, if conduc­
tors through which the surfacing current flows, are 
placed at the strip electrode stick-out. 

It is known that in point A the component of 
induction of the magnetic field generated in flowing 
of current of value I through conductors of length 
OM and KO (Figure 2), is calculated by the fol­
lowing formula: 
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Figure 3. Distribution of the component of magnetic field in­
duction along axis Oy: a - 1 - 2 = - 10 mm; 2 - -20 mm; 
3 - -30 mm; 4 - -40 mm; b - 1, 2 - 2 = - 10 mm; 3, 4 -
-15 mm; 2, 4 - presence of an item of a ferromagnetic material. 

J..l.OI-l (cos <p11 - cos <p12 cos <p21 - cos (jl22) 
Bx= -- 1 + , 

~ ~1 ~2 

where )l is the magnetic permeability of the envi­
ronment, )l = 1; )lo is the magnetic constant, )lo = 
= 4n-1o-7 H/m; rot, ro2 is the distance from the 
axes of conductors OM and KO to point A, m, re­
spectively, and <p11o <p12, <p21o <p22 , are angles . 

Calculations showed that Bx in point A (its 
vector is normal to the plane of the drawing, see 
Figure 2) induced by flo wing current I in conduc­
tors KO and OM, practical ly does not depend on 
their length, if KO =OM 2 40 mm . The calculated 
values of induction component at KO = OM= 
= 40 mm and current I = 200 A along axis Oy at 
distance 2 = ( -10 - -40 ) mm are reduced with the 
increase of the distance to the element s with current 
(Figure 3, a) , i. e. there is a gradient of t he magnetic 
field inductance in these directions. If a ferromag­
netic plate (item) is placed at distance h = 20 mm 
from the axis of t he lmwr conductor KO (see Fi­
gure 2) , the tangential component of induction 
measured along a..x.is Ou located on t he level 2 =:o 
= -1 0 mm from -;:he a..xis -oi t~,nductor KO, is reduced 
2 times. and tha;: on leYd : = - 1.) mm (at S mm 
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Figure 4. Device for current supply to the electrode for surfacing by magnetically-impelled arc (for symbols see the text) . 

distance from the item) is reduced 3 to 4 times 
(Figure 3, b) . However, ILVJxl practically does not 
change in the presence of a ferromagnetic item. The 
induction component Ex at the surface of the fer­
romagnetic item can be increased by placing mag­
netic reflectors (from ferromagnetic sheet steel 
more than O.S mm thick and more than 30 mm 
wide) along the surface of element OK, the value 
increasing 2 to 3 times in this case. It is rational 
to use such shields in the devices also in the absence 
of the ferromagnetic item, i.e. in surfacing (weld­
ing) of items of non-magnetic materials. 

In view of the above, a design of the device for 
current supply to the strip electrode has been pro­
posed (Figure 4), consisting of the elements 
through which surfacing current Is is flowing [S]. 
The axes of all the elements of the current conduit 
are located in the plane of the strip electrode (strip 
stick-out). Such distances l and h from axes of 
elements 5 and 6 of the device are optimal, at which 
not only the required induction gradient depending 
on the arc position at the strip tip (LiBx is maximal 
when the arc is at the strip edge) is provided, but 
also a certain level of additional induction for com­
pensation of ILVJxl when the arc is at the strip edge 
(in y = ±0.45 Es position). The upper edges of the 
sections of current conduits 1, 3, 5, 7 are bent 
out-of-plane to such a distance as to provide good 
contact between elements 4 and 8 and insulating 
gasket 14 which is attached to current-conducting 
tab 9. Element 8 is connected to tab 9 by bolt 15. 
The pole of the welding rectifier 13 is connected 
to the vertical section of the current conduit in 
point 16 . The electric circuit is closed to the other 
pole of rectifier 13 through item 12 and arc 11 
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during its arcing at the tip of strip 10. The optimal 
dimensions of the device are: ht = SO - 80 mm; 
h2 = h1 + 30 mm; C = (0.6- 0.8) h1 mm. The op­
timal values of distances l and h are selected from 
the condition of achievement of the required values 
of Ex and ILVJxl with the arc positioned at the strip 
edges. If Ex and ILVJxl are insufficient, they can be 
increased 2 times, applying two frames (two turns) 
instead of one shown in Figure 4, or magnetic 
shields mounted on elements 2, 3 and 5, 6 from the 
inner side of the frames . The above dimensions of 
the current conduit elements and distances l = S -
10 mm, h = 20- 25 mm completely compensate 
ILVJxl in the arc zone at Hs = 40 mm andEs = 40 -
120 mm (Table 1). 

The effectiveness of the proposed device was 
checked by submerged-arc surfacing with strip elec­
trode of 08kp steel 0.2 mm thick and 40- 80 mm 
wide a plate of VMSt.3sp steel under AN-348A 
flux at reverse polarity direct current. The para­
meters of the surfacing modes were as follows: Ua = 
= 31 - 33 V; Vs = 20 m/h (0.556 cm/s). Dimen­
sions of the device were: l = 10 mm; h = 25 mm; 

Table 1. Data on magnetic fie ld simulation in the arc zone in 
surfacing with strip electrode (I = 200 A) 

Bs, 
lt.Bxl in the arc current pick-off zones 

(Figure I, a), mT 
mm 

I II iff 

40 0 0 0 

60 0 0.1 0.1 

so 0 0.2 0.1 

100 0 0.2 0.1 

120 0 0.2 0.1 
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h1 

Bs 

Figure 5. Schematic for determination of the criterion of the 
deposited bead formation quality. 

h
1 

= = SO mm; C = 40 mm; h2 = 70 mm. The crite­
rion of the quality of bead formation is t.h = h1 -

h2 parameter (Figure 5). The data (Table 2) con­
firm that the proposed device allows improvement 
of bead formation. Increase of surfacing current 
(required for wider strip) leads to greater values 
oflt.Bxl formed by surfacing current flowing in the 
strip stick-put, this being completely compensated 
by the adequately increased but having an opposite 
sign values of lt.Bxl formed by surfacing current 
flowing in the device elements. 

CONCLUSIONS 

1. The defect forming as a saddle in the central 
part of the bead in submerged-arc surfacing with 
the strip electrode, is of an electromagnetic nature 
and is connected with accelerated displacement of 
the arc from the center to the edges of the strip 
and displacement of liquid metal volumes to the 
side edges of the weld pool. 

14 

Table 2. Data on the criterion of the deposited bead forma­
tion qua_illy 

Snr(acing B 5, mm 1,, A D.h, mm 

Without the device 40 360-380 -2 .20 

60 420- 440 -2.00 

80 500- 520 -2 .10 

With the device 40 360- 380 - 0.21 

60 420-440 0.00 

80 500- 520 +0.20 

2. Application of controlling magnetic fields 
eliminating the gradient of the magnetic field in­
duction in the arc zone , allows prevention of the 
saddle-type formation defect in the center of the 
bead deposited with the strip electrode. 
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PECULIARITIES OF HEATING PARTS OF LIMITED 
SIZES IN GLOW-DISCHARGE DIFFUSION BONDING 

G.P. BOLOTOV 
Chernigiv Technological Institute, Chernigiv, Ukraine 

ABSTRACT 

Character of distribution of heat flows in parts of limited sizes in glow-discharge heating under conditions of 
d1ffuswn bondmg IS analysed. The expediency of using heat-insulating spacers between a part and a clamp is 
shown. The prec1se and approximate solutions of the problem of temperature distribution in parts, depending 
upon thermal-physical and geometrical characteristics of base materials and spacers, are given. 

Key words: diffusion bonding, glow discharge, finite 
bodzes, heat-znsulatzng spacers, heating, modelling. 

The glow discharge characterized by technological 
flexibility is used to advantage for diffusion bond­
ing of dissimilar materials in mass, small-scale or 
customized production of instrument units, ma­
chine parts, cutting and forming tools [ 1-3]. Fre­
quent change of sizes and types of parts hampers 
control of one of the basic parameters of diffusion 
bonding, i.e. heating temperature, which has a 
dominant effect on the quality of the bonds. 

Temperature measurement in the diffusion 
bonding zone involves certain difficulties. Errors 
in the measurement can amount to 100 K and more 
even in the case where thermocouples are used as 
t he sensors [ 4]. It is suggested in [5] that the errors 
could be reduced by controlling the heating tem­
perature of parts on the basis of the degree of their 
plastic deformation under compression loading. 
Ho_we:~r, because diffusion bonding induces very 
msrgmficant deformations in the parts, this 
method, in addition to the fact that it requires more 
sophisticated equipment, fails to ensure the desi­
rab le accuracy of the measurements. 

In the case of using the glow discharge, this 
problem is aggravated by a very high temperature 
amounting to 1500- 3000 K, which prevents the 
use of the thermocouple sensors within the dis­
charge-affected zone, and by optical interferences 
caused by emission of the plasma and contamination 
of the observation holes due to cathode sputtering 
of the materials of the parts, which limits applica­
tion of the optical control methods (optical and 
photoelectric pyrometers). 

Therefore, instead of direct measurement of the 
temperature within the bonding zone, its thermal 
state in a number of cases is controlled using mathe­
matical models, which relate controlled and ad­
justed parameters of the heat source to the heating 
temperature of the parts joined. However, the 

~ G. P. BOLOTOV, 2000 
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available models [6, 7] were developed on the basis 
of a diagram of heating semi-infinite bodies, which 
limits their application field to items of certain 
~izes and _shapes . At the same time, there are many 
rtems whrch cannot be regarded as unlimited bodies 
because of their geometrical parameters and cha­
racter of distribution of heat flows in them. In 
particular, such items include bonded bimetal hard­
alloy dies, glass-metal connections in RF 
waveguides [8], etc. These items are characterized 
by a large difference in sizes of the parts in a lon­
gitudinal (along the axis of application of the com­
pressive load) direction. Thus, the size ratio of parts 
of the bimetal dies is 1 I 3 - 1 I 4, and while the 
steel holder can be assumed to be a semi-infinite 
body, the cutting hard-alloy part is extended only 
to 0.015-0.030 m (Figure 1). In this case the 
bonding zone 0-0 (the zone affected by the heat 
source) is located in an immediate vicinity to in­
terface I-I between a part and a massive punch of 
the clamping device in contact with a water-cooled 
chamber casing. In the presence of a tight contact 
between them (interface I-I has no thermal resis­
tance) an increased heat flow from part 2 to the 
clamping device makes it necessary to put an ex­
cessive energy into the bonding zone, which leads 
to substantial temperature gradients in this part. 
This situation can be tolerated neither by hard al­
loys nor by non-metallic materials. 

To prevent energy losses at the clamping device 
and equalize temperatures along the length of part 
2, heat-insulating spacers of a low thermal conduc­
tivity material are placed between them. In the 
first approximation such a spacer can be considered 
to be _an adiabatic (conducting no heat) boundary. 
In thrs case the heat flow, propagating from zone 
0-0 of a maximum temperature and reaching inter­
face I-I, will be reflected from it to cause an in­
crease in temperature within the bonding zone 0-0. 
According to recommendations given in [9], this 
reflection can be modelled by adding a heat source 
simulator (of the same power as the basic source) 
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Figure 1. Diagram of glow-discharge heating of parts of diffe­
rent sizes: 1, 2 - parts joined; 3 - anode; 4 - heat-insulating 
spacer; 5 - clamping device punches. 

to affect the other side of interface I-I at a distance 
of f..h from it (interface II-II in Figure 1 ). The 
distance between the bonding zone and the heat 
source simulator is 2yo = 2h. Thickness of the heat­
insulating spacer, being insignificant, is ignored. 

By reducing, according to PJ, the glow-dis­
charge heating to a diagram of heating with a flat 
source acting within the bonding zone 0-0, the 
temperature in this zone can be determined as fol­
lows: 

(1) 

t t 

x [{ ~ exp (- bt) + [ ~ exp (- (2yo)
2 
I 4at- bt)J 

where q is the heat source power; F is the cross 
section area of the parts joined; 'A is the thermal 
conductivity of the material of the parts; cp is the 
material heat capacity by unit volume; b is the 
convective heat transfer; a is the thermal diffusivity 
and t is the heating time. 

The augend in square brackets is an increase in 
temperature in the bonding zone caused by effect 
of the heat source, and the addend is the same 
caused by the heat source simulator. 

Expression ( 1) corresponds to an ideal case, 
where interface I-I arrests the heat flow from the 
bonding zone. Under actual conditions, dehydrated 
mica or ceramics, having a comparatively low ther­
mal conductivity "-1 (0.40- 0.58 for mica and 
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3.00- 5.00 W/(m·K) for ceramics) at 1273 K are 
used as the heat-insulating spacers [1 0]. However, 
such spacers are of a small thickness (8 = 0.0003 -
0.0010 and 0.003- 0.005 m for mica and ceramics, 
respectively), their thermal resistance R1 = 8 / "-1 
has a finite value . Therefore, part of the heat flow 
coming to interface I-I will tend to penetrate 
through it and will be lost at elements of the clamp­
ing device. Under these conditions the heat flow 
reflected from interface I-I will be smaller than 
in the previous case; hence , the temperature within 
the bonding zone 0-0 will be lower than that cal­
culated from expression ( 1 ) . A decrease in the re­
flected heat flow is caused by the fact that the 
adiabatic interface shifts from the bonding zone to 
some distance of f..h to reach the position of!'-!'. 
Conventional shift of the interface is determined 
by capability of the heat-insulating spacer of ar­
resting the heat flow that reaches interface I-I 
(and that preliminarily has passed through material 
of the part h long) and has a certain thermal resis­
tance R2 = h/ 'A, i. e. 

R2 
t1h=-h Rt . 

(2) 

The conventional adiabatic interface !'-!' is at 
the following distance from the bonding zone 

Yt = h + t1h. 

In this case the heat source simulator is in po­
sition II'-II' at a distance of 

2yt = 2 (h + M) (3) 

from the bonding zone 0-0, i.e. expression (1) de­
scribing temperature variations in this zone (at y = 
= 0) and along the part length will have the fol­
lowing form: 

T(0 = q X (4) 
2F '1/ nA.cp 

[
t [ l t [ 2 ]~ dt y2 dt (2yt) 

x f- exp - - - bt + f- exp - -- - bt . 
-{t 4at -{t 4at 

0 0 

The above form of expression ( 4), allowing for 
thermal-physical properties of the spacer, charac­
terized by relationship (2), can be used to describe 
temperature variations in the bonding zone in the 
following cases: 

1. R1 = 0 (no spacer), f..h --7 oo, the integrand 
function in the addend tends to zero, which corre­
sponds to bonding of two semi-infinite bodies. An 
increased heat removal to punches of the clamping 
device leads to a decrease in temperature within 
the bonding zone. 

2. 0 < R1 < oo, heat removal to the clamping 
device decreases, f..h has a finite value. Temperature 
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Figure 2. Values of current temperature of the bonding zone in 
parts of different sizes made from St.3 (a) and 12Kh18N10T 
(b) during glow-discharge heating : 1 - without spacer; 2 -
experiment; 3 - numerical integration of expression (4). 

in the bonding zone depends upon thermal-physical 
properties of the spacer. 

3. Rt ~ = , 1'1h = 0, it is the case of the adiabatic 
interface I-I , which can hardly be achieved under 
actual conditions. The calculated values of the tem ­
perature are substantially higher than the actual 
ones. 

The upper limit of integration, corresponding 
to the duration of heating the parts to a preset 
temperature, is assumed to be equal to th = t - t1, 
where t1 is the t ime of heating through the cross 
sections of the part in their contact zone (after 
which we can assume the flat heat source to be 
formed in this zone). Time t 1 is determined on the 
basis of thickness of the thermal layer (radius of 
the parts r or their half-length ;:,_) : r = --J 6at1 [ 11] . 

Adequacy of the calculation model represented 
by expressions (2) to (4) wa estimated by com­
paring it with results of heating the composite cy­
lindrical samples, 0. 028 m in diameter , of steels -
St.3 and 12Kh18N10T- 12Kh1 • 10T. The com­
ponents of the samples related to each other as 1 
to 4 and the smaller component "·a 0.02 m long. 
Quartz glass 0.003 m thick was wed as the heat­
insulating spacer. Thermal conductivity of the 
quartz glass slightly depend upon the temperature 
and is 2.0- 2.5 W /(m-K) for a temperature range 
of 373 - 1273 K [ 1 0]. The part heated served as 
the cathode and the circular ,,-ire anode wa located 
equidistant to the perimeter of their contact zone 
at a distance of 0.006 m from the -urface of the 
parts. The temperature was controlled with the 
chromel-alumel thermocouple placed at two points 
at the opposite ends of the smaller part. Heating 
was done in nitrogen at a discharge current of 4 A, 
gas pressure of 5.32 kPa and load acting on the 
parts equal to 2 MPa. 
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Figure 3. Schematic of the bonding zone (a) and dependence 
of temperature along the length of the part ( 12Kh18N10T) upon 
the heat-insulating spacer (b): 1 - without spacer; 2 - with 
spacer; 3 - ideal heat-insulating spacer; -- - experiment; 
- - - - - calculation. 

The measurements were made with and without 
the heat-insulating spacer. Experimental values of 
the current temperature of the bonding zone of the 
parts (at y = 0) are given in Figure 2. The Figure 
also shows values of the temperature obtained by 
numerical integration of expression (4) by the 
Simpson method for time intervals of 300, 450 and 
600 s. Conditional shift of the adiabatic interface 
for the St.3 and 12Kh18N10T samples is 0.0087 
and 0.0130 m, respectively. 

Figure 3 shows results of measurements of the 
temperature at the opposite ends of part 2, corres­
ponding to the time interval oft= 300 s. The mea­
surements were made with and without the spacer. 
The results indicate that under the given conditi­
ons, i.e. in heating the parts of steel12Kh18N10T, 
the temperature gradient varies along the length 
of the part 2 from 1. 26 - 1. 29 (at its direct contact 
with the punch of the clamping device) to 1.16 -
1.18 (at the presence of the spacer located between 
them and having the above thermal-physical and 
geometrical characteristics). An increase in thermal 
resistance of the spacer leads to further equalization 
of temperatures in the parts, which is proved by 
results of numerical integration of expression (4) 
for Rt ~=(Figure 3, curve 3). Somewhat higher 
temperature gradients obtained by calculation met­
hods (Figure 3, curves 1 and 2), as compared with 
the actual values, are attributable to modelling the 
glow discharge as surface distributed heat source 
(flat) concentrated in the contact zone of the parts. 

CONCLUSIONS 

1. In glow-discharge bonding of parts of limited 
sizes, sensitive to non-uniform distribution of tem­
perature in the bulk of them, the required tempera­
ture gradients can be achieved by using an appro­
priate heat insulation of the parts from elements 
of clamping devices. For this, it is necessary to 
make allowance for thermal-physical and geomet­
rical characteristics of the spacers, which determine 
their thermal resistance . 

2. Calculations from expression (4) show that 
in joining steel parts, for which distribution of heat 
can be assumed to be unidimensional, i.e. along 
the longitudinal axis (cylinder, parallelepiped and 
other bodies which can be reduced to them), and 
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for their extension in this direction equal to h ::::: 
:::=: 0.04- 0.05 m, th e heat fl ow reflected from the 
boundary opposite to their contact zone has an in ­
significant effect on the temperature of the bonding 
zone . Therefore, these parts can be assumed to be 
semi-infinite bodies , and t he appropriate simplifi ed 
calculation dependencies can be used to evaluate 
the temperature field in them . 

3. The method suggested for determination of 
temperature fie lds in parts of limited sizes can find 
application also for other heat sources, heating with 
which can be reduced to th e di agram of heating 
with a flat heat source, in particular , for induction 
heating with a single-turn induction coil. 
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PILOT PLANT FOR WELDING 
CONSUMABLES TODAY 

INDUSTRIAL ' 

Pilot Plant for Welding Consumables (PPWC), which is a division of the E.O. Paton Electric 
Welding Institute of the National Academy of Sciences of Ukraine, is one of the largest manu­
facturers of welding consumables in Ukraine, both in volumes of production and in ranges of 
products. The Plant was founded in 1977 on the base of electrode production of the Pismennyj 
Metalware Association. That facility had been producing electrodes for manual arc welding 
since 1947. The team formed at the Plant had large experience in manufacturing the most 
common types of welding consumables. There has been a many-year fruitful cooperation 
between specialists of the Plant and a number of leading departments of the PWI , aimed at 
the manufacture of new types and grades of electrodes developed at PWI and intended for 
commercial application in different industries. 

Reconstruction of the Plant in 1959 - 1964 resulted in building of basic facilities for the manu­
facture of electrodes. The workshops were fitted with domestic equipment, which was most 
advanced to date: chipping machine tools PRA-4 and IA0-32, electrode covering presses 
OSZ-3 and AOE-3, conveyer-type drying-baking furnaces OKB-463, etc. The Plant produced 
28 grades of general- and special-application electrodes. The annual output of electrodes 
amounted to 20,000 t. 

During the first years since the foundation of PPWC the challenge was to arrange in the vacated 
and newly built premises the workshops for the manufacture of experimental and commercial 
batches of consumables for mechanized arc welding and hardfacing, such as flux-cored wires, 
fused and ceramic fluxes, solders, etc. This challenge was handled to advantage by the staff 
of the Plant. The workshops were started up with an active technical assistance and direct 
participation by the leading specialists of the PWI, and fitted with the domestic mass-production 
and customized equipment. In parallel with building the new workshops, upgrading was done 
to the existing electrode production . Indoor storehouses were constructed for raw materials 
and finished products, a section for preparation of liquid glass and covering materials for the 
manufacture of special electrodes was reconstructed, the conveyer furnace OKB-463 for the 
manufacture of the 3.0 mm diameter electrodes was re-equipped and the new chamber fur­
naces designed and fabricated at the Plant for baking special electrodes were put into operation. 

Today the Plant has capacities for producing annually 12,000 t of general- and special-appli­
cation electrodes, 500 t of flux-cored wire and 150 t of each of fused and ceramic fluxes. It 
should be noted that by the end of 1990 the Plant produced 32 grades of electrodes, 40 grades 
of f lux-cored wires for welding and hardfacing 
and 25 grades of fused and ceramic fluxes. 

J nfortunately, as a result of a general economy 
decline caused by disintegration of the USSR in 
:ne 1990s, the demand in Ukraine for mecha­
'lized welding consumables drastically de­
creased , which eventually led to a substantial 
reduction in volumes of their production by the 
=>lant. In connection with the expected recovery 
of the economy in Ukraine, there is good reason 
:o hope that the situation will gradually improve, 
:'le demand for consumables will grow and their 
output will increase. Pending these improve­
"lents, the equipment for production of flux­
~ored wires and fluxes is maintained in good 
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working condition. Therefore, the Plant is pre­
pared to resume production of any grades of 
these consumables as soon as it receives or­
ders. 

Despite the current unfavourable economical 
conditions the manual arc welding electrodes 
have remained in demand in the market of 
Ukraine and other CIS countries. Their produc­
tion volumes have also been negatively affected 
by the decline, although the extent of this effect 
turned out to be smaller. Thus, in 1998 the Plant 
produced 10,000 t of electrodes and in 1999 
their output was a bit over 8,000 t. 

To preserve and strengthen its position in the 
market of electrodes and to increase competitiveness of the products, managers and engi­
neering staff of the Plant pay a continual attention to measures aimed at raising the technical 
level of the electrode production, improvement of vendibility and performance of the electrodes 
on condition of keeping the prices at an affordable level. Despite the financial difficulties, the 
Plant managed to retool the electrode production facilities by installing new equipment. 

One of the achievements of the Plant was building of a new workshop for processing raw 
materials . Two new electric drum-type and chamber furnaces for drying components del ivered 
for preparation, jaw crushers SMD-08, ten reversing mills of the in-house design and manu­
facture and mills with continuous screening were installed in the workshop. Each mill is equipped 
with vibrosieve SV-2-06. Owing to the use of the new ball mills, the components have a consistent 
desirable mesh size. Two vibrosieves SV-2-09 are utilized to control classification of materials 
delivered to the Plant in the milled form. One of them is equipped with a device for unpacking 
large bags. Comprehensive measures were taken to prevent ingress to the workshop of harmful 
dust formed during technological operations. Available is a large number of special hermetically 
sealed containers for storage and transportation of crushed materials and finished powders. 
The prepared components are loaded into the special containers for milled materials. Each 
container is inspected at the Quality Control Department, sealed and transferred to the central 
storehouse. When necessary, the materials are delivered to the weighing lines of the electrode 
production workshops. 

Because of the absence in the market of reliable inexpensive straightening-chipping machine 
tools , the Plant periodically upgrades the available straightening-cutting machine tools PRA-4 
and 16220. This allows an improvement in accuracy and qual ity of chipping of welding wire. 
The mechanized line for weighing the charge components has been put into operation at the 

20 

Machine for me:tlanizEd waghing and packing 
of 8 Edrcde:; 

special electrode production workshop to re­
place manual weighing. 

In the last years a great consideration has been 
given to improvement of quality of manual pack­
ing of the electrodes. The Plant is one of the 
first among domestic manufacturers to pack 
stick electrodes into cardboard boxes with the 
Plant trade mark. Special machines designed 
and manufactured at the Plant for the purpose 
are used for gluing the boxes. At the same time, 
the Plant successfully uses the Czech machines 
for mechanized weighing and packing the elec­
trodes 3 and 4 mm in diameter. It is planned 
that by the end of this year all boxes used to 
pack electrodes will be hermetically sealed us­
ing a thermosetting film. 
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The great consideration at the Plant is given to improvement of methods and means for quality 
control of the consumables. The multi-channel quantometer SPM-25 is used to advantage to 
control composition of the deposited metal, raw materials delivered to the Plant and electrode 
charge. 

The Plant has recently expanded the range of new grades of the electrodes developed by 
specialists of the PWI. These electrodes are characterized by high welding -technological pro­
perties, provide the sound weld metal and feature high adaptability for commercial manufacture . 
These are the electrodes of the AN0-27, ANO-TM, ANO-TM60 and ANO-TM/SKh grades. 
Worthy of notice is a joint development of the Plant and the Institute - the AN0-6U grade 
electrodes with an ilmenite covering of the E46 type, which are very popular among customers. 

One of the key factors in improvement of the quality is certification of the Plant products in 
compliance with the UkrSEPRO system. 

The UONI 13/45, UONI 13/55 and AN0-6 grade electrodes have received approval by the Sea 
Register. 

During this year the Plant will focus on completion of development and introduction of the 
electrode manufacture system based on ISO standards, series 9000, which will allow our 
products to be brought to a new quality level. To realize these plans, the Plant pays much 
attention to training its engineering and technical staff in the field of quality assurance . 

We hope that the efforts made by the Plant will allow us to preserve and strengthen our position 
in the market of welding consumables. 

r:J .A. KOSENKO 
:Jirector 
0 PWC of E 0. Paton Electric Welding Institute 

=or more information, please contact: 

2, E.Teligi, 
yiv, 04112, Ukraine 

-el.: (38044) 456 63 69 
=.a.x: (38044) 456 50 01 
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FORMATION OF DEPOSITED METAL 
ON INCLINED AND VERTICAL SURFACES 

I.A. RYABTSEV, Yu.M. KUSKOV and Ya.P. CHERNYAK 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ulu-aine 

ABSTRACT 
The effect of surfacing conditions, compositions of charges of flux-cored wires and fluxes on the formation of a 
horizontal bead on inclined and vertical surfaces is experimentally investigated. It is shown that deposition on 
such surfaces should be done at a minimum possible amperage and maximum speed. The best choice for surfacing 
is the short flux of the AN-15M grade. The CaC0

3
-CaF

2
- Ti0

2 
gas-slag forming system with a component ratio 

of 3:1:1 provides the best results in the manufacture of self-shielded flux-cored wire . 

Key words: surfacing, inclined surface, bead, molten 
pool fluidity, surface tension, bead cross section asymmetry. 

Surfacing of some large-sized parts of complex con­
figurations (casing parts of mining machines, large­
module helical gears, U-shaped tram rails, etc.) 
involves difficulties associated with positioning of 
the surface to be treated to make it convenient for 
treatment. In these cases surfacing has to be done 
on inclined or vertical surfaces. However, this ham­
pers good bead formation, because the deposited 
metal flows down and thus decreases the quality 
of treatment and increases costs of the surfacing 
operations , associated with the necessity of remo­
ving and chipping out large amounts of metal dur­
ing machining. 

In a general case, position of the surface of the 
molten metal pool and, thus, character of the de­
posited bead formation depend upon the following 
forces and the following directions of their action: 
gravity, pressure of the arc column, surface tension, 
electromagnetic force and reaction of the solid walls 
of the molten pool. Under the effect of these forces 
the pool metal flows, tending to take a position 
that would meet the condition of dynamic equi lib­
rium. 

This article considers the effect of some surfac­
ing parameters and compositions of charges of flux­
cored wires and fluxes on fluidity of the molten 

aL_ 

metal pool and, therefore, on character of formation 
of the horizontal beads deposited on inclined and 
vertical surfaces. 

It is practically impossible to evaluate the in­
dividual effect of each of these factors on fluidity 
of the molten metal pool, especially so that this 
fluidity is restricted not only by these factors, but 
also by a rapid loss of mobility of molten metal 
caused by a high solidification rate. Therefore, the 
majority of the available experimental procedures 
allow evaluation of fluidity of the molten metal 
pool as a rule in complex . For the investigations 
we chose a procedure suggested in [ 1] . Its main 
point is that a horizontal bead is deposited on the 
inclined surface (inclination angle 35 - 40°) of a 
sample. Cross section of the bead is asymmetrical, 
which is caused by fluidity of the pool (Figure 1) . 
The ratio of surface areas of the lower and upper 
parts of the bead is y = F 1 I F 2 (with respect to the 
asymmetry axis) and can serve as the characteristic 
of fluidity of the molten pool. 

Analysis shows that, other conditions being 
equal, in deposition of horizontal beads on inclined 
or vertical surfaces the probability of flow down 
of the pool metal is determined by the relationship 
between the gravity and surface tension forces. Be­
sides, as the molten metal pool increases in size, 
its volume and, accordingly, mass increase much 

Figure 1. Schematic of measuring fluidity of the molten metal pool (a) and macrosection of the beads (turned) deposited on the 
inclined surface using different wires (b). 
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faster than its surface. As a result, there comes the ~r/F-"-2-------, 
moment when the surface tension force can no 5 

longer keep the pool and its metal starts flowing ~ 
under gravity. 

4 

1~~0
2 

"- o 
Volume of the molten metal pool depends firstly 

3 ~ 
upon welding (surfacing) conditions. Therefore, 2 

from the beginning it was the effect of the amperage o 

and surfacing speed on fluidity of the pool that o'L__T;;--~~~~~~ 
1 

10 15 20 25 30 35 v5,m/h 300 400 500 15 , A 
was eva uated to select optimal surfacing parame- a b 
ters for conducting the designed experiment . The 
experimental model flux-cored wire of the PP- p-
20KhG grade with a diameter of 2.6 mm \\·as used 
for the experiments. The wire \\·as made in t wo 
\'ersions: for submerged-arc surfacing using the AN-
348A flux and for open-arc urfacing . The surfacing 
-peed was varied from 1 0 to 35 m h at a current 
of 350 A, while the current \\·as varied from 250 
to 450 A at a urfacing peed of 20 m/ h. Results 
of measurement of fluidity of the pool, y, calcu­
lated as a mean ,-alue over not less than five cross 
-ection of the depo ited beads are shown in Fi-
ure 2. Lo\\·er -urfacing speed corresponded to a 

higher pool fluidity . In self-shielded wire surfacing 
~he pnol fluidity was the highest for the entire 
rc:nae of the -peed values (Figure 2, a). At a speed 
or iO m h the pool could not be kept. The experi ­
ment for selection of the optimal value of the elec­
tric current were conducted at a surfacing speed of 
20 m/ h. Certain stabilization of the pool fluidity 
,·as observed at a higher speed value. As might be 

expected , an increase in the electric current was 
accompanied by an increase in the pool mass and 
:luidity (Figure 2, b). The satisfactory bead for­
mation in surfacing using both types of wire (self­
- .ielded and that used for submerged-arc surfacing) 

· -produced at a current of 300 - 350 A, although 
:::~e pool fluidity in self-shielded wire surfacing was 

; her. 
Further experiments to investigate the effect of 

~arges of flux-cored wires and fhixes on fluidity 
t the molten metal pool in deposition of horizontal 

· eads on inclined and vertical surfaces were con­
ducted under the following conditions: current 
300 - 350 A, voltage 26 - 28 V and surfacing 
-peed 20 m/ h . 

The investigations began with evaluation of the 
effect of composition of the gas-slag forming system 
of self-shielded flux-cored wires on fluidity of the 
molten metal pool. The system which is most widely 
used for the manufacture of surfacing self-shielded 
fl ux-cored wires is CaC03-CaF2- Ti02. The fol­
lowing ratios of components (minerals) are recom­
mended: 1:2:3 (marble- fluorspar- rutile) [2, 3] or 
2:5:3 (marble- fluorspar-perovskite) [4, 5]. 

It is a known fact [6] that an increase in the 
Ti02 content causes a decrease in surface tension 
of slags due to the formation of complex anions 
TiOg- with a large radius and a low electric charge, 
which slacken the bond between particles of the 
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Figure 2. Dependence of fluidity of the molten metal pool on 
the surfacing speed (a) and amperage (b): 1 - submerged-arc 
surfacing using flux-cored wire; 2 - same using self-shielded 
wire. 

melt. And vice versa, an increase in the content of 
strong oxides CaO and MgO causes an increase in 
surface tension of the slag melt due to an increase 
in the binding energy of ions as a result of an 
increase in the concentration in the melt of strong 
cat~ons Ca2+ and Mg2+, as well as oxygen anion 
0 2 . With an increase in the concentration of ani­
ons 0 2-, due to a decrease in that of anions F­
the binding energy of ions grows to cause an in~ 
crease in the surface tension force. 

Similarly, Ti02, CaO and MgO affect tension 
between the phases at the metal-slag interface in 
the CaF2 + Ti02 and CaF2 + CaO binary systems 
[7]. Therefore, to increase surface tension and ten­
sion between the phases at the metal - slag interface 
in the CaCOrCaF2-Ti02 system, it is necessary 
to increase the marble content and decrease the 
rutile content. However, as noted in [ 4], in sur­
facing using self-shielded flux-cored wire, an in­
crease in the marble content of the charge causes 
losses of metal for spattering and deterioration of 
melting properties. 

Also, it is necessary to take into account the 
two-sided effect of a third component of the gas­
slag forming system, i.e. fluorides , on operational 
properties of self-shielded flux-cored wires. They 
are added to the wire charge to prevent hydrogen­
induced porosity of the deposited metal. However, 
according to data given in l8], the fluoride content 
of more than 1 % results in degradation of quality 
of the deposited metal formation. 

On this basis and proceeding from the experi­
ments conducted, the ratio of components equal to 
3:1: 1 (at their total content of about 5 % in the 
flux-cored wire charge) was selected for the 
CaCOrCaFrTi02 system, which provided good 
performance of the self-shielded flux-cored wire. 

Experimental verification of fluidity of the mol­
ten pool in surfacing using self-shielded flux-cored 
wire with a gas-slag forming system of the CrC03-
CaFrTi02 type and a rati o of components equal 
to 1:2:2 and 3:1:1 showed that in the first casey= 
= 1.86 and in the second - 1.67. On this basis, it 
can be concluded that for surfacing on inclined and 
vertical surfaces the better choice is to use self­
shielded flux-cored wires with the CaCOrCah-
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Flux-cored Content of elements, w t. % Molten pool 
wire N o. c Si Mn Cr 

1 0.05 0.55 1.02 -

2 0.24 0.46 0.93 -

3 0.47 0.50 0.98 

4 0.46 0.50 0.95 2.62 

5 0.52 0.52 1.00 5.70 

6 0.49 0.49 0.96 9.07 

7 0.48 0.53 0.90 8.50 

8 0.50 0.46 0.97 7.96 

9 0.48 0.50 1.03 8.10 

10 0.51 0.45 0.96 7.85 

11 0.46 0.48 0.96 8.00 

12 0.49 0.47 1.03 8.23 

Ti02 gas-slag forming system and a component ra­
tio of 3:1:1. 

It would be interesting to use this procedure to 
investigate the effect of fluxes, which are most 
commonly applied for surfacing operations, such 
as AN-348A, AN-15M, AN-20 and AN-26, on flu­
idity of the molten metal pool. The model flux­
cored wire of the PP-Np-20KhG grade was utilized 
for the experiments. It was found that the AN-15M 
flux provided the lowest fluidity of the molten 
pool: y = 1.40. The rest of the investigated fluxes 
had the following fluidity characteristics: AN-
26 - 1.53, AN-20 - 1.74 , AN-348A - 1.83. 

As it is known from [9], the fluxes investigated 
have roughly the following melting point ranges, 
OC: AN-15M - 1300- 1350, AN-26 - 1380 -
1430, AN-348A - 1320 - 1380, AN-20 - 1200-
1250. Besides, the AN-15M and AN-20 fluxes are 
short and the AN-26 and AN-348A fluxes are long. 

The lowest fluidity characteristics in sub­
merged-arc surfacing using the AN-15M flux can 
partially be explained by the fact that it is short 
and has a sufficiently high solidification point. In 
addition, it contains a large amount of calcium 
oxide (29- 33 %) which, as indicated above, 
causes an increase in surface tension of the slag 
melt and tension between the phases at the slag­
metal interface . Although the AN-20 flux is also 
short, its flu idity characteristic is rather high. This 
could be explained by the fact that it has a rela­
tively low solidification point. In addition, as com­
pared with the AN-15M flux, in the AN-20 flux 
the content of CaO, which causes an increase in 
surface tension, is several times lower, and the con­
tent of silicon dioxide, which causes a decrease in 
surface tension, is almost twice as high [7]. 

The metal deposited using the AN-348A flux, 
which contains a large amount of silicon dioxide 
and manganese oxide, causing a decrease in surface 
tension of the slag melt and the metal-slag interface 
tension, exhibited the highest fluidity [7]. 
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Mo I' Cu 
fluid it!} 

- 1.40 

- 1.98 

2. 14 

1.67 

1.65 

1.70 

0.55 2.21 

- 0.92 2.35 

1.80 2.42 

1.80 0.10 1.59 

1.96 0.24 1.72 

1.92 0.40 1.95 

The middle place in characteristics of fluidity 
of the molten metal pool is taken by the AN-26 
flux, which belongs to long fluxes but, as compared 
with AN-348A, contains a smaller amount of silicon 
dioxide, causing a decrease in surface tension, and 
a larger amount of magnesium oxide, causing an 
increase in surface tension. 

The procedure accepted was used to investigate 
the effect of carbon, chromium, copper and phos­
phorus on fluidity of the molten metal pool. The 
choice of these elements was based on the following 
factors. Hardness and wear resistance of the depo­
sited metal depend primarily upon carbon and chro­
mium contents. Copper is a promising alloying ele­
ment which provides an improvement in perfor­
mance of the deposited metal. Its addition to pre­
cipitation-hardening steels causes an increase in 
hardness of HRCe 10 - 15 [ 1 0]. Initial experiments 
showed that wear resistance of the deposited metal 
could be increased, avoiding a significant decrease 
in its crack resistance, by adding to it up to 0.5 % 
phosphorus. To eliminate precipita,tion of 
phosphides in the form of low-melting point eutec­
tics along the grain boundaries, the deposited metal 
was alloyed with molybdenum, which promoted 
formation of the globular type of phosphides uni­
formly distributed in the steel structure [11]. 

The investigations were also conducted on sur­
facing using self-shielded flux-cored wires with dif­
ferent chemical compositions, but with the same 
CaCOrCaFTTi02 gas-slag forming system at a 
component ratio of 3:1:1, which ensured the lowest 
fluidity of the molten metal pool (Table) . 

Carbon (wires No. 1 - 3) causes an increase in 
fluidity of the molten metal pool, as it belongs to 
surface-active elements: an increase in its content 
is accompanied by a substantial decrease in surface 
tension [7]. Some effect on fluidity of the pool can 
be exerted by a decrease in the solidification tem­
perature of steel with an increase in the carbon 
content. Over the ranges investigated, chromium 
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(wires No. 4 ~ 6) has almost no effect on fluidity of 
the pool. This seems to be caused by the fact that it 
exerts a very insignificant effect on surface tension 
of steel [ 12 ~ 13]. The additions of copper increase 
fluidity of the pool, although further an increase in 
its content hardly causes an increase in fluidity (wires 
No. 7 ~ 9). Phosphorus is a surface-active element 
[7]. Thus, an increase in its content leads to a decrease 
in surface tension and increase in fluidity of the mol­
ten metal pool (wire No. 10 ~ 12). 

Therefore, formation of the horizontal beads de­
posited on inclined and vertical surfaces can be 
controlled by varying surfacing parameters and 
compositions of charges of the flux-cored wires and 
fluxes . Deposition on such surfaces should be done 
at a minimum possible amperage and maximum 
speed. The best choice for surfacing is to use the 
short AN-15M flux. As to the self-shielded flux­
cored wire, the best results were obtained with the 
CaCO:J~CaF2~Ti02 gas-slag forming system at a 
component ratio of 3: 1:1. 
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STRUCTURE OF WELDED JOINTS 
FROM LOW-ALLOYED HEAT-RESISTk'T 

Cr-Mo-V PEARLITIC STEELS 

V.V. DMITRIK 
Ukrainian Engineering and Pedagogicaf Academy, Kharkiv, Ukraine 

ABSTRACT 

Peculiarities of technology of C0
2 

automatic welding of structures from heat-resistant Cr-~[o--­

are considered. Technology is based on the results of modelling of temperature conditions oi ±e 
and provides structure in welded joints which is close to optimum. 

Key words: arc welding, heat-resistant steels, opti­
mum structure, modelling, temperature conditions. 

To increase the service life of welded structures of 
low-alloyed Cr-Mo- V heat-res istant pearlitic 
steels (including 15Kh1M1F and 12Kh1M1F 
grades) it is actual to provide the formation of their 
optimum initial structure, i. e. structure formed di­
rectly after welding and post heat-treatment , that 
is an aim of the present work. 

It follows from [ 1, 2] that the optimum struc­
ture of the weld metal for the mentioned steels is 
ferritic-pearlitic or bainitic-ferritic with a fine fer­
ritic fringing at the grain boundaries. In accordance 
with [3] the optimum (acceptable) structure of 
steels of 15Kh1M1F and 12Kh1M1F grades is a 
structure which contains 30 % of ferrite and the 
rest is bainite. In opinion of M.V. Pridantsev and 
K.A. Lanskaya [ 4], and also of the author of the 
present article, it is possible to obtain the increase 
in level of a creep resistance and ductility by pro­
viding the minimum sizes of a ferritic grain 
($; 15 11m) in bainite or by imparting the acicular 
form to it. 

Analysis of fractures of welded joints from these 
steels showed that the initiation and beginning of 
crack propagation occur at those regions whose 
structure is differed from optimum (including those 
having a structural inhomogeneity). 

ment data to correspond to the 
However, to obtain the quantit 
perature conditions in welded 
necessary conditions for the i 
initial structure of the meta.l 
only on the basis of modellin-..., 

Opti mum initial structure c: 
if the SD are kept by weldin 
correspond to the data of 
perature conditions in the '·' 
developed by us, for determ; ~ 
ture conditions in the regioP. 
lidifying zone of weld meta. 
the solution of a mating heat p 
vided for the first time the ;,UI 

calculation data for predicti. no·­
ture of the welded joint metaL 

The mathematical mode[ o.: -
included its numerical sol ut i ·: • 
of iterations in the conditions ~X 
(] iquid phase) with a next s : "-"' 
problem in the conditions -~ F1 
phase). Using special basic "unc~ur< 
Galerkin) in the model structu 
decomposition in section of ,,·el 
therms to be obtained wh ich 
gions of liquid and solid phast.."' 
also the regions of HAZ in C(,., ,;di 

As a result of modelling t he ---~-
ditions it was established that ;: 
with a structure, not meeting the-
SD [8-10], can be formed in wei 
even without their violation. The r, 
structures are formed due to on•;: ~ 

It is known that in multipass welding of thick­
walled structures at conventional conditions there 
appears a need in their additional preheating to the 
temperatures recommended by standard documents 
(SD) because of an intensive surface heat dissipa­
tion from the regions of edge preparation. Here, 
due to accumulation of heat in the deposited metal 
the overheating of separate regions of the weld 
metal and HAZ can be observed. During manufac­
ture of welded structures , their temperature con­
ditions are corrected by the thermocouple measure-

deposited and parent metal , i.e. rhey are c-a-:::sed by 
its long duration within the regiun of .:ec::~ra.::~res 
of y-phase, close to the melt ing remper-a:::~-e. The 
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heating intensity and the approp:ia<: 
the metal in an austenitic state ~~· 
inhomogeneity of the austenite. 
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Figure 1. Microstructure of fusion region of HAZ. Mechanized 
welding in C02, steel 15Kh1M1F (x100) (reduced by 0.80). 

It was established t hat due to overheating, for 
example , in t he fusion region (mainly in thick­
walled structures) the local fen·itic interlayers may 
occur (Figure 1). Their revealing, including the 
use of non-destructive methods of control (ult ra­
sonic testing), is not possible because of their small 
size and a local nature. Here, the structural inh o­
mogeneity (presence of soft interlayers) promotes 
t he reduction of characteristics of mechanical pro­
perties (Figure 2) [ 11 J. Value of KCU with a notch 
in the fusion region is 9 - 11 J I cm2

, that is lower 
than the requirements of SD. 

Let us consider another example. In mechanized 
and automatic welding in C02 using the conven­
tional conditions t he overheating of regions re­
vealed by calculations in a multilayer weld metal 
and HAZ (chemical composition is given in Table) 
was approximated across their section (Figures 3 
and 4). 

H)l 
260r---------------------------------~ 

220 

180 

• 
2 3 4 L, mm 

'II/ I I } 
I I I I 

I I I 
1 2 3 4 5 6 j I I 

H~1r 1 7 
/ 

7 /I } 
Figure 2. Microhardness of welded joints: I mechanized 
welding in C02 at conventional conditions; II - automatic 
welding at recommended conditions; 1 - weld metal; 2 -
fusion region; 3 - overheating region; 4 - region of norma­
lizing; 5 - region of partial recrystallization; 6 - region of 
recrystallization; L - length of HAZ . 
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Figure 3. Macrostructure of transverse section of welded joint. 
Automatic welding in C02, steel 15Kh1M1F (x1.1) (reduced 
by 0.50). 

It was determined that the overheating regions 
with ferritic inter layers in the fusion region of HAZ 
of t he mentioned steels can have the length ap­
proximately from 30 !liD to 0.5 mm and consist of 
separate local-grouped grains of the ferrite similar 
to those which are given in Figure 1, displaced 
from the fusion region towards the weld metal. 
Ferritic grains can be of different sizes (from 15 to 
1 SO 11m). The ferritic interlayers have a lower creep 
resistance as compared with that of the weld metal 
and parent metal including the HAZ metal ( w ith­
out taking into account t he metal of the region of 
a partial recrystallization). Post heat treatment 
(for example, tempering at 730 °C, 3 h ) does not 
essentially influence their structure and properties. 

The processing of simulation data showed that 
the structure of the interlayers can change from 
ferr ite to martensite depending on the physical na­
ture of the temperature conditions and chemical 
composition of t he deposited and parent metal. In 

6 

3 

2 

Figure 4. Scheme of transverse section of welded joint (con·e­
sponds to Figure 3): 1- 6 - layers of a multilayer weld metal; 
regions of overheating are hatched. 
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Sampling 
c Si 

Parent metal (steel 15Kh1M1F) 0.14 0.15 

Weld metal 0.10 0.35 

r 12 , 13] the formation of martensit ic interlayers 
relative to welding pearlitic steels with austenitic 
fill er material is grounded. The estimated t esting 
of these grounds taking into account the tempera­
ture conditions and gradients of chemical potentials 
of alloying elements [3, 13 , 14] showed the feas i­
bility of its appli cation under the appropriate con­
ditions and for the Cr-Mo- V steels used by us. 

It was established that the formation of ferritic 
inter layers is promoted by silicon, which <?repels>> 
carbon, and, from our data , vanadium, which <?at­
tracts>> carbon as a strong carbide former available 
in parent metal and absent in the deposited metal . 
The formation of strong VC carbides begins during 
cooling directly from the temperature of y-phase, 
close to the primary crystallization. Similar inter­
layers can be formed also in manual arc welding 
under conventional con ditions, including those 
when vanadium is present in weld metal (for ex­
ample, at V ::::; 0.2 %). 

It is known [ 1 , 12 J that the formation of similar 
interl ayers is controlled by two interrelated factors : 
ch em ical composition and temperature conditions 
of the deposited metal and parent metal (fusion 
region) . In addition, in our opinion, the tempera­
ture conditions, i. e. relative share of interl ayers 
depends on the degree of heat input into the parent 
metal, is a prevaili ng parameter in welded joints 
having parent and weld metal which is similar in 
composition. 

Revealing of sim ilar interlayers in the whole 
geometry of the fusion region, and also their pre­
venti on is effective only clue to the modelling of 
temperature conditi ons in the welded joint. We 
should also note that application of numerical 
methods of finite differences and finite elements 
did not allow the coordinates of similar interlayers 
to be revealed with a sufficient accuracy. 

Figure 5. Microstructure of HAZ fusion zone. Automatic weld­
ing in C02 at recommended conditions, steel15Kh1 M1F (x100) 
(reduced by 0.80). 
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Elements, mass. % 

Mn Cr Mo v 

0.62 1.25 1.0 0.25 

1.22 0.90 0.5 

To prevent the formation of interlayers in the 
region of fus ion, in case when ch em ical composition 
of the parent and weld metal is different. the edges 
of the parent metal should be minimum melted and 
welding should be done under the moderate con­
ditions [ 12]. At such conditions the pr- bability of 
appearance of such defects as lack of fusi .n at the 
gap wall s may increase in thick-v·a::ed welded 
joints. 

It was experimentally establ ished that at auto­
matic C02 welding the bead layout in i - 2 layers 
should be done at heat input of 1.5 :\U :n Ciw = 
= 350 A, Vw = 20 m/ h ; in 3 - ~ la\·ers - at 
1.2 MJ / m U w = 300 A, Vw = 20m ~ : inS - 6 
layers at 1.6 MJ / m U w = 31-~ _\. l 'w = 
= 25 m/ h). 

Homogeneity of structure (Figure 5) proYides 
the correspondence of mechanical properties (Fi­
gure 2) to the requirem ents of SD. \-alues KCU 
with a notch in the fusion region are SS - 56] cm2 

that corresponds to the requirements - f SD . Yalues 
of heat input, coordinated with modelling. can be 
used both for a manual and mechanized u·eldi ng . 

Deviation of heat input values in welding fro m 
the estimated values by an upper :imit (i .e. its 
exceeding) causes not only formatinn of similar 
interlayers at the fusion region and their corre­
sponding increase, but also the formation of a 
coarse-grained structure in the region oi m·erheat­
ing , increase in tendency to weakening the struc­
ture of the region of a partial recrystallization of 
HAZ. 

Figure 6. Microstructure at the region of fracrcre r..:nning on 
<!soft>->interlayer in the fusion region. vVelded buc.: o:' :he steam 
pipeline, steel 12Kh 1M 1 F, manual arc welding a~ rorc'·enrional 
conditions (x100) (reduced by 0.75). 
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For comparison, the width of fusion region in 
welding under the conditions corresponding to the 
data of modelling is approximately 0.1-0.2 mm , 
while in welding under the conventional conditions 
it is by 15- 20% larger. It is known that brittle 
high-temperature fractures in ~soft>> interlayer , in­
cluding that of the fusion region, are the main type 
of failures of welded joints of Cr-Mo-V steels in 
steam power plants (Figure 6) [ 1, 1 0]. Crack re­
sistance is here additionally reduced due to the 
pre-sence of alternating dynamic stresses caused by 
increase in intensity of starts-stops of the power 
equipment. The allowable short-time overheatings 
in service of welded joints , for example of steel 
12Kh 1M 1 F (violation of requirements of SD) are 
characterized by the failure, mainly in the fusion 
region where the ~soft ~? interlayers are located . 
Therefore, the prevention of formation of these in­
terlayers is actual. To reach the goal it is necessary 
to produce an optimum initial structure of the 
welded joints by modelling the temperature con­
ditions using the known data of methodological 
fundamentals. 

The initial structure and properties of metal of 
the regions of overheating and partial recrystalli­
zation of HAZ, pred icted from the results of mo­
delling, should be considered separately. The fur­
ther steps for prediction of producing the optimum 
structure and properties of the welded joints are 
seemed rational taking into account their heat-re­
sistance, thus increasing the service life of the 
welded joints above 200000 h. 

It should be noted in conclusion that the wel­
ding of Cr-Mo-V pearlitic steels with values of 
heat input obtained from data of modelling the 
temperature conditi ons with a keeping of SD re-
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quirements can prevent the formation of local 
~soft» interlayers in weld metal and at the fus ion 
regions of HAZ, and also increase the short-time 
mechanical properties of the welded joints. 
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FEATURES OF THE TECHNOLOGY OF ULTRASONIC 
WELDING OF AXIALLY SYMMETRICAL 

POLYETHYLENE CONTAINERS 
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ABSTRACT 
The influence of modes of ultrasonic welding and methods of introducing mechanical vibrations into the weld 
zone on the quality of welded joints produced in sealing of polyethylene containers is considered. It is shown 
that with the decrease of the static compression force in the forging stage and of welding time the welded joint 
quality is improved at the expense of a more uniform morphology, absence of defects or texture in the weld zone . 
A new welding cycle and the appropriate schematic of dosing the energy of the introduced mechanical \ibrations 
are proposed. Recommendations are issued on industrial use of the developed technology. 

Key words: ultrasonic welding of polyethylene, weld­
ing zone, methods of oscillations application, wave guide, 
wave guide oscillation amplitude, working frequency, piezo­
electric transducer, upsetting, forging , working cycle. 

Ultrasonic welding (USW) of polyethylene is 
widely applied in fabrication of tanks , containers, 
pipes used for sealing the foods or household chemi­
cals, as well as for storage of special-purpose liquid 
and powdered materials [ 1]. Contamination of the 
welding zone and presence of t he product being 
packed into the container, make specific require­
ments of the USW process and, as a rule, lead to 
lowering of t he welded joint quality . 

This study was devoted to investigation of t he 
technological features of pressure USW of parts of 
ax ially symmetrical containers of polyethylene of 
grade 158-10 (GOST 16337- 85) . In this case an 
integrated study was conducted of the influence of 
the wave guide oscillation amplitude, welding force 
and welding time on the welded joint quality, vari­
ants of applying ultrasoni c oscillations (USO) to 

a 

2 

3 

4 

b 

the welding zone were investigated and the optimal 
dimensions and shape of t he surfaces being welded 
have been determined. This was the basis for de­
velopment of an effective schematics of the process 
control. 

The items being welded (Figure 1) consisted on 
a cover and case of 20·1 o-3 m diameter and 4·1 0-3 m 
height with the wall thickness of 1.1·1 0-3 m. The 
containers are designed for storage and further use 
of easi ly inflammable granular substances. The ini­
tial requirements to this item assume its output in 
large quantities, presence of dust on surfaces being 
welded , localisation of the heating zone. weld 
tightness, correspondence of the :"in~shed item to 
strictly specified dimen sions. as ,, e[' a.s safety of 
the assembly process. 

Several types of containers differing in the shape 
and dimensions of the surfaces ~ing welded . have 
been manufactured for performan~e of technologi­
cal work. This permitt ed inwsriga<:ion or the pos­
sibilities of welded joints productiln "ith different 

c d 
Figure 1. Joint geometry in container USW: a - from the side of the cover; b - with a greater protrusion oz :he case; c 
in the near field; d - on the active support; 1 - wave guide; 2 - cover; 3 - case; 4 - support. 
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Figure 2. Zone of container weld in different welding modes: a - A= 40 fliD; F,0 , = 120 N; t" = 0.7 s; tr = 0.5 s; b - A= 
= 35 f.tm; F,0 , = 120 N; t" = 0.5 s; tr = 0.4 s (x40) (reduced by 0 67). 

variants of application of USO to the parts being 
welded: from the side of the cover (Figure 1, a -
c) and from the side of the container casing (Fi­
gure 1, d). In this case the latter variant envisaged 
the possibility of welding both on an active and on 
a passive support. 

Container welding was conducted at fre­
quency f = 20 kHz. The other parameters of the 
welding mode were varied in the following 
ranges: amplitude of wave guide oscillation A = 
= (10- 45)·10-6 m, static compressive force 
Fcom = 100 - 600 N; welding time tw = 0.5-
5.0 s; forging time tf = 0.1 - 3 .0 s. Control of 
the welded joint quality was conducted in two 
stages: visual inspection of the weld and sub­
sequent plastic graphical studies. 

In the first variant (Figure 1, a) the cover and 
the case of the container had a circular protrusion 
of 3·1 o-3 m height. In order to form a semi-circular 
weld, the working surface of the wave guide had 
a circular groove with 2·10-3 m edge radius. The 
results of the conducted process studies showed 
that for this geometry of the edges being welded 
the «welding caterpillar>> can be formed with the 
~ollowir_:g p~ramet~s of the w:_lding mode: A,= 
- 40·10 m, Fcom - 120 N, tw- 0.7 s. However, 
plastic graphical studies pointed to the presence of 
the fusion line in the weld zone (Figure 2, a), this 
being an indication of poor welding, namely low 
strength properties, possibility of cracking, etc. 

Figure 1 , b shows the diagram of USW of a 
container with an increased height of the case col­
lar. Here the height of the case collar was selected 
to be such that after the weld formation the volume 
of the molten polymer did not exceed the volume 
of the circular groove of the wave guide. The weld­
ing process proceeded as follows; switching on 
USO before the moment of the wave guide touching 
the collar; exposing to sound the parts being welded 
at a constant static force Fearn; switching off USO; 
forging at static compressive force Ft = Fcom· At 
A= 30·1 0- 6 m; Fcom = 100 N; tw = 0.9 s; tt = 0.4 s 
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melt splashing beyond the weld formation zone is 
practically absent, and no thinning or deformation 
of the container cover proper, is found. However, 
the zone of the formed bead and the case wall show 
discontinuities arising as a result of the melt over­
heating and subsequent thermal destruction of the 
polymer. As to the values of strength and tightness, 
this weld met the initial requirements, but the di­
mensions of the welded items showed a scatter of 
about 20 %, this going outside the requirements 
made of the finished item. Therefore, in order to 
shorten the welding time and reduce the scatter of 
data on weld geometry, the classical sequence of 
the welding cycle was assumed (compression-sonic 
treatment-forging) [ 1]. Welding was performed in 
the near field with limitation of the residual thick­
ness of the weld. The container cover had the ge­
ometry given in Figure 1, c. In the welded joints 
(Figure 2, b) the weld has a pronounced fusion 
line and a zone filled with the polymer melt splashes 
from the container outer side, and also is of an 
obviously defective nature . Increase of the intensity 
of USW modes improves the joint quality. As 
shown by plastic graphical studies, however, a di­
rected flowing of the melt is found in the weld 
zone in this case, thus somewhat lowering its 
strength properties. More over, a pronounced thin­
ning of the container cover in the heat-affected 
zone did not permit performance of full-scale tests 
of the item as a whole. 

The use of an active support (Figure 1, a) and 
application of USO from the container case side 
did not yield positive results. The welded joints 
produced in different modes, had a great scatter of 
the weld geometry, and burns-through were found 
in the zone of the wave guide contact with the 
container case. 

The performed work on the technology led to 
the following conclusion: the container design 
shown in Figure 1, b, is the optimal one for USW, 
and the compressive force and oscillation amplitude 
should have the values of 100 N and 30·10-6 m, 
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Figure 3. Working cycle of USW of polymer containers . 

respectively. Here, in order to improve the welded 
joint quality at the expense of a more uniform mor­
phology, absence of defects and texture in the in­
terphase zones, the welding cycle should differ from 
the classical one, in particular at the stage of de­
velopment of volume interactions in the weld zone 
and at the forging stage. More over, analysis of the 
derived results shows that the time dependencies 
of electric power Pel= Pel(t) consumed by piezo­
electric transducer during welding and polymer up­
setting adequately represent the temperature and 
rheological processes proceeding in the welding 
zone. So, in particular, stabilisation of Pel corre­
sponds to the start of the polymer transition into 
the plastic state, and the salient point on the ma­
terial deformation curve corresponds to the start 
of an intensive flow of the melt in the welding 
zone. The predominant influence on the intensity 
of the thermomechanical processes is produced by 
the amplitude of the wave guide oscillations, and 
not the static Fcom. this correlating well with the 
conclusions of the theoretical study [2]. Therefore, 
based on the results of the performed work on the 
technology of USW of polyethylene containers, a 
new welding cycle (Figure 3) was proposed whose 
essence is as follows . 

At the moment of the acoustic head lowering 
(t = 0), USO are switched on , thus allowing the 
protruding collar of the container case to be melted 
off from the wave guide side practically just under 
the action of the dynamic forces. When time t1 is 
achieved, this corresponding to complete melting 
of the collar, a static compressive force which is 
determined in advance, is applied to the items. At 
the moment t2 of the start of stabilisation of Pel. 
Fcom = F1 drops to value F2 which is determined 
experimentally . The welding bead forms during 
time t = t3 - t2. At the moment of time t3 corre­
sponding to the end of this process and the start 
of Pel rise, USO arc switched off with a simulta­
neous lowering of the static force to F2 value . Com-
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Figure 4.. Zone of container weld with the following welding 
mode: A= 28 11m; F,om = 100 N; F2 =SO:\ (x40) (reduced by 
0.67). 

plete elimination of Fcom occurs at the mom ent tf 
of the weld zone achieving the assigned dimensions. 

Deformation of the welding zone during the 
entire working cycle is measured and monitored by 
a differential-transformer transducer of linear dis­
placement, while Pel consumed by t he piezoelectric 
transducer during welding , by high-frequency 
wattmeter of A-410 type (Germany ). 

As shown by the performed study. practically 
for all the items from polyolefins with the above 
shape of the edges and the giYen operational se­
quence the following condi tion is sat isfied : F2 = 
= 1/2F1. 

The welded joints produced during performance 
of the above working cycl e, by their parameters 
have a repeatability not lower than 98 °o . Optical 
microscopy of the weld zone (Figure 4) does not 
reveal any fusion line, alth ough a;: the amplitude 
A = 28·1 o-6 m its surface layers can de,·elop small 
cavities not influencing the t igk:ness or strength 
of the joint. 

The following modes are recommended. in order 
to provide the maximal productiYity and the required 
strength and tightness: f = (20 ::: 1.6) kHz; F 1 = 
= 100 N; F 2 =SON with weld upsetting of 2-10-3 m. 
With this method of US\V com:-ol. the \\·elding 
time is determined automatically. in keeping with 
the control criterion proposed aboYe. and is in the 
range of 0.8 to 1.2 s. Therefore. ;:he deYeloped 
USW technology provides tigh: jni~;:s "·ith the 
weld strength not lower than 70 c= ;;i ;:he base 
material strength, with 98 :1-o yield oi sound items . 
In this connection , it has been accep::ed for intro­
duction into pilot producti on. 
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A NEW APPROACH TO DESIGN 
OF THE ELECTRODE WIRE FEED MECHANISM 

V.A. LEBEDEV and V.G. PICHAK 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABSTRACT 
The reduction gear mechanisms of electrode wire feed with roller motors, widely used in mechanized arc welding 
eqmpment, are analyzed. It IS shown that with the increase of the feed roller diameter the values of tractive 
characteristics of the mechanism become higher, service life is extended and losses in the roller feed unit are 
reduced .. A design of the feed roller is given characterized by a unrestrained mounting of the feeding element on 
the dnvmg element. This provides the invariance of the electrode wire feed rate to its diameter, fast mounting 
and d1smantlmg of the feed roller in the case of its replacement. 

Key words: mechanised arc welding, electrode wire, 
feed mechanism, feed rollers, design, dimensions, effective­
ness. 

The mechanisms of electrode wire feed, incorporat­
ing an electric motor, speed-reducing gear, feed 
and pressure rollers, are extensively used in the 
majority of designs of mechanised arc welding 
equipment for various purposes. They must fulfil 
their functions with a high degree of accuracy, 
should be simple in design and adaptable to mass 
production. The propeller of the electrode wire in 
them is the feed roller - pressure roller pair. Such 
a type of propeller is quite versatile in terms of the 
possibilities which can be implemented in it, just 
by changing the profile of the surface interacting 
w1th the fed electrode wire. This concerns the feed 
rollers to a greater degree. 

Study of the patent and technical 1 iterature [ 1, 
2] enables analysis of the engineering solutions in 
terms of design of both the feed and the pressure 
rollers. Their diversity is great and the main ones 
are aimed at solving the following problems: 

maximal adhesion of the rollers to the electrode 
wire with its minimal deformation· 

feed of electrode wires of diffe;ent diameters; 
roller wear resistance; 
fast removal and mounting of the rollers for 

their readjustment or rc;placement. 
These tasks can be fulfilled in different ways, 

namely by special profiling of the rollers by making 
grooves of various shape, making cuts of different 
orientation, making rollers in the form of composite 
elements, synchronising the rotation of the feed 
and pre~sure roller using additional gears or making 
rollers m the form of gears with special profiling 
of the roller contact surface. 

It is obvious that the roller design largely de­
termine~ its pulling characteristics. Detailed analy­
SIS of d1fferent types of rollers is given in [3]. It 
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shows, based on experimental studies of the pulling 
characteristics of rollers of different designs, dif­
ferent types and diameters of electrode wires, as 
well as different rates of their feed, that for any 
conditions the dependence: 

F pul = f (Df.r), 

where F pul is the pulling force of the rollers; Df.r 
~s the diameter of the feed roller, is a rising one, 
t.e. the pulling force increases with the roller di­
ameter. 

In our opinion, this phenomenon has the fol­
lo~ing explanation. Let us consider Figure 1, 
wh1ch shows the relative position of one of the 
rollers and the electrode wire fed by it. The de­
pendence of the contact area length lc on roller 
diameter Dt.r can be determined from the geomet­
rical constructions in this Figure, in the following 
form: 

(1) 

where A is the plastic or elastic deformation of 
electrode wire. 

It follows from equation ( 1) that increase of 
the roller diameter leads to an increase of the con­
tact spot as a result of the above roller deforming 
the electrode wire, and, therefore, to a greater valua 
of the coefficient of their adhesion to each other. 
The result of this process is an increase in the pull­
ing capacity of the feed unit, which is enhanced 
still further by special profiling of the roller, as 
well as by its knurling. This is evident, provided 
the wire deformation A remains constant irrespec­
tive of the roller diameter. Note that in order to 
provide A stability, the force of electrode wire 
pressing should be increased with the roller diame­
ter, in keeping with the data of [ 4] under the con­
dition of elastic deformations: 
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Figure 1. Relative position of the feed roller and the electrode 
wire. 

~ p Rfr + Re 
A = Ct. 2v Rfr Re ' 

(2) 

where Rfr and Re are radii of the feed roller and 
the electrode wire, respectively; P is the pressure 
force; a is the value dependent on Rf.r l Re ratio 
and slightly decreasing with the in crease of the 
above ratio; v is the coefficient allowing for the 
elastic deformations and determ ined in the form of 

£1 £2 
v=--+--

1 - f.l-1 1 - f.l-2' 

where £ 1,£2 and !11, !12 arc the modulus of elasticity 
and Poisson's ratio for the feed roller and the elec­
trode wire, respectively. 

Considering that for the actual values of Dt.r > 
> A > ARe. let us substitute expression (2) into 
equation ( 1) to have the fo ll owing dependence : 

lc = 2~ Dr., a rP!vDe, (3) 

where De is the electrode wire diameter. 
Analysis of equation (3) shows that the length 

of the contact area depends more on the feed roller 
diameter , than on the pressure force or electrode 
wire diameter. This equation gives just an approxi­
mate description of the actual phenomena in the 
contact zone of the electrode wire and the feed 
roller, it, however, can be used for evaluations. 
The above said indicates t hat it is rational to in­
crease the feed roller diameter, in order to improve 
the pulling characteristics of the roller mechanism 
of electrode wire feed with its minimal deforma­
tion. Note that the electrode wire deformation is 
accompanied by certain energy consumption whi ch 
can be attributed to hysteresis losses. These losses 
necessitate an increase in the power of the driving 
electric motor in proportion to the expression given 
in reference book rs 1: 
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(4 ) 

[
f1d + 2{2 2{2 l 

Tr=P D +D- k!k?. 
p.r f.r 

where Tr are the losses in the roller feed unit: Dp r 
is the pressure roller diameter; {1 is t:he frict ion 
coefficient in the pressure roll er bearing: d is the 
average diameter of the bearing; his ::he c~fficient 
of rolling friction of the feed roller ··e: the elec­
t rode wire; k1 and k2 are the coefficier!rs allowing 
for the type and accuracy of the r- Jler manufacture, 
respectively. 

Analysis of equation (4) leads to t:he conclusion 
that losses in the roller feed unit alsu depen d on 
the rollers diameter, these losses becoming smaller 
with the increase of the di ameter oi. ior instance, 
the feed roller. 

Thus, increase of the diameters of rhe feed rol­
lers al lows an essential change in <:he technical and 
service parameters, namely 

improvement of the pull ing chdrac<:eristics; 
reduction of the losses in the roller nnits with 

the appropriate reduction of pO\\er of ;:he driv ing 
electric motor; 

extension of the service life dS result: of elonga­
tion of the roller working surface contacting the 
electrode wire being fed. 

However, it is rather difficulr w implement the 
required increase of the feed f' 'Jer diameter and 
when a great increase is necessa~ . i;: is practicall y 
impossible. The cause for that is the existing ap­
proach to development and desisn oi the reduction 
gear feed units with roller prooel1us oi electrode 
wire. 

Reference [6] gives the procedure oi designing 
reduction gear feed units from which it fo llows 
that with the selected drive electric motor with a 
certain nominal frequency n00m fits shah: rotation, 
as well as with the specified upper ,·alue of the 
electrode wire feed rate Verna."· the reduction gear 
transfer ratio i is determined as 

(5) 

From expression (S) it follows that increase of 
the feed roller diameter in evitabh· leads ro the rise 
of the transfer ratio of the red~c~ioP. gear, thus 
promoting an increase of the number of kinematic 
pairs or of its overall dimensions. or reduction of 
modules of kinematic gear pairs brth individually 
and in different combinations. "-\'1 this is in the 
way of improvement of the redm:~ion gear effi ­
ciency, lowers its reliability or increases the mate­
rial content. W ith different variants of increase of 
the reduction gear transfer ratio. its different draw­
backs can also be manifested. It is e\·ident that 
with such a procedure of design of the roller re­
duction gear feed units, an arbitrary change of the 
feed roller diameter is impossible. ,,.hile being ob­
viously rational. 
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The impossibility of an arbitrary increase of the 
feed roller diameter is due to the fact that the feed 
roller, reduction gear and electric motor are rigidly 
coupled to each other, and with the design values 
of the transfer ratio, any change in the feed roller 
diameter invariably leads to a change in the elec­
trode wire feed rate. This change can be compen­
sated, for instance, by widening th e range of ad­
justment of the feed unit electric drive, this making 
necessary the use of regulators with unjustified 
high values of th e above adjustment range. More 
over, application of regulators with a wide range 
of adjustment does not provide a solution for all 
the problems concerning optimisation of the design 
parameters of the rollers for feeding electrode wires 
of a broad range of diameters, designs and materi­
als , as well as the problems related to extension of 
the roller service life compared to the values given 
in GOST 18130- 79 and being equal to 50 h. 

The Experimental Design Technological Bureau 
of the E.O. Paton Electric Welding Institute sug­
gested a new approach to the problem of design of 
the roller mechanism of electrode wire feed, which 
envisages a division of the feed roll er in terms of 
design, into two main functional objects, namely 
drive roll er mounted on the reduction gear output 
shaft and feed roller freely mounted on the drive 
roller surface. 

The design of the proposed engineering solution 
is schematically shown in Figure 2. Drive roller 1 
made in t he form of a gear is rigidl y mounted on 
the output shaft of the reduction gear. Feed roller 
2 is freely mounted on it , t he roller also made in 
the form of a gear but with the inner gearing which 
moves into engagement with the gearing of roller 
1. Pressure roller 3 presses electrode wire 4 to feed 
roller 2. 

Rotation is transferred from drive roller 1 
through the gearing to feed roller 2 which, being 
clamped between pressure roller 3 and electrode 
wire 4 is also imparted rotation and moves the 
electrode wire. The ax is of rotation of feed roller 
2 does not coincide with the axis of rotation of 
drive roll er 1 and is not mechanically coupled with 
anything, which makes the difference between the 
proposed mechanism and those tradit ionall y used 
with rigid coupling of all the axes of rotation. 

It is obvious that the rate of electrode wire feed 
in the mechanism being considered , is determined 
by the frequency of rotation, diameter of the drive 
roller-gear 1 and is not associated with the feed 
roller diameter 2. The feed roller rotation frequency 
nf.r depends on the ratio of Df.r and Dctr an d is given 
as 

ndiDdr 
nr.r=-D , 

f.r 
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Figure 2. Diagram of a new roller mechanism of electrode wire 
feed. 

Note that with the change of the feed roller 
diameter in the design under consideration, the mo­
ment of resistance to feed, transferred to the drive 
electric motor remains the same and minimal (de­
pendent only on the drive roll er diameter and thick­
ness of th e ring which forms the feed roller). 

In addition to the above advantages of feed rol­
lers of increased diameters, still another one should 
be noted, namely th e ability of a fast removal and 
mounting during replacement. 

The mechanism with th e free feed roller can 
have different designs . So, the feed roller proper 
is made of two main parts, namely gear with inner 
gearing and rigidly coupled to it removable rim 
with the surface suitable for electrode wire feed . 

The possible axial offset of the feed roller can 
be provided by several engineering solutions. The 
simplest one are the limiting washers, another con­
sists in making the gearing with the protrusions 
and recesses, thus providing its self-adjustment and 
self-locking through axial offset of the feed roller. 

The most effectiv e engineering solution is an 
assembly for pulsed feed mechanisms based on a 
quasi-wave transducer 17], where significant acce­
lerations in the pulsed movement arise and a reli­
able t ransfer of the pulling forces from the feed 
roller to the electrode wire is required. 

W hen experimenting with the free feed roll ers , 
their several designs have been made and tested. 
One of the variants of the pair of drive and pressure 
rollers of 24 and 78 mm diameter, respectively, and 
with inner gearing, was mounted in a modified 

RNAL 
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semi -automatic machine PSh 1 07V for feeding flux­
cored and aluminium wires with a certain orienta­
tion of the grooves profiling on the roller feed ele­
ment. In operational trials of such a design the 
rollers ran for more than 240 h, providing a high 
degree of feed reliability. 

CONCLUSIONS 

1. Pulling forces, fatigue life, and losses in roller 
feed unit, essentially depend on the feed roller di­
ameter, besides other design parameters. With the 
increase of the feed roller diameter, its pulling cha­
racteristics and service life are essentially im­
proved, while the losses are reduced. 

2. A design of the feed roller is proposed, freely 
mounted on the drive part, which interacts with it 
by means of a gearing, and provides the in variance 
of the electrode wire feed rate to the diameter of 
the above feed roller. 

3. The new design of the feed roller with the 
free mounting predetermines such procedures of 
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selection and calculation of the roller reduction 
gear feed unit in which just the parameters of the 
roller drive part need to be taken into account. 
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INVESTIGATION OF TIIE INFLUENCE OF GRAVITY 
ON THE COMPOSITION OF COATINGS 

FROM BINARY Ag-cu ALLOYS* 

E.S. LUKASH1
, V.F. SHULYM1

, G.M. GRIGORENK01
, O.D. SMIYAN1 and L.O. NEZNAMOVA2 

1The Paton Electric Welding Institute, NASU, Kyiv, Ukraine 
2RSC Energia, Moscow, Russia 

ABSTRACT 
The method of Auger-spectroscopy was used to study the composition of coatings of Al-Cu alloys produced under 
different gravity conditions. Some features of formation of coatings from binary alloys under zero gravity are 
considered. The results of metallographic investigations of the structure of the alloys remnants after evaporation 
in space and on the Earth are given. 

Key words: alloy. coating, zero gravity, gravity, me­
tallurgical investigations. 

The experiments on deposition in space of thin films 
of braze metals based on Ag-Cu alloys on different 
substrates, conducted in the <dsparitcl:» unit in 
1981 demonstrated , alongside important applied 
results, also some laws which are of essential sci­
entific interest , for instance, the anomalous nature 
of evaporation of binary alloys at microgravity [ 1]. 
During the following years these experiments were 
carried on in 4Isparitel-M:~> unit. Evaporation of 
binary alloys with markedly different vapour pres­
sure of the components on the Earth is accompanied 
by a continuous change of the coating composition 
compared to the initial alloy [2- 4]. Known are 
the theoretical and experimental dependencies of 
the content of components in the coating on the 
time of evaporation of the following alloys: Ag-Cu; 
Sn-Cu; Sn-Pb; Sn-Ag; Ag-Al [5]; Ni-Cr [6]; Al­
Mg [7]. Nonetheless, a number of methods are used 
in the technology of production of coatings from 
binary alloys, which allow making thin films of 
the specified relatively stable composition, namely 
%flash evaporation [8], evaporation from different 
sources [9, 10], from the %solid:» state [11]. How­
ever, the disadvantages inherent to the above meth­
ods often lead to deterioration of the film quality. 
Therefore, the problem of production of coatings 
from binary alloys with preservation of the initial 
material composition is still urgent. 

The paper presents the results of investigation 
of the composition of coatings produced in evapo­
ration of Ag-Cu alloy in space and on theEarth. 
The fact that diffusion is the main mechanism of 
mass transfer at zero gravity, allows the assumption 

to be made that the process of binary alloy evapo­
ration from the molten state in space is similar to 
evaporation from the <<solid:» state on the Earth . 
In the case if this assumption is confirmed, broad 
capabilities would be opened up for production of 
coatings from binary alloys with preservation of 
the initial material composition. This can turn out 
to be especially important for the alloys in which 
one of the components is present in an extremely 
small amount, whereas its vapour pressure is mar­
kedly different from the vapour pressure of the 
main component. 

Space experiments and their ground analogs on 
evaporation of Cu-26 at.% Ag and Cu-10 at.% Ag 
alloys were conducted in the 4Isparitel-M:» unit in 
the spring of 1984 by a procedure described in [12]. 
Glass (25.0 x 25.0 x 0.5 mm) and titanium (60.0 x 
x 80.0 x 0.2 mm) substrates were used. The sub­
strate surface was thoroughly degreased prior to 
coating deposition. It should be noted that the 
evaporation process was of a discrete nature. Coat­
ings were successively deposited from one crucible 
onto 12 substrates mounted on a drum-like sample 
holder. The coating on each of the substrates was 
produced after preheating of the evaporation ma­
terial (with the closed shutter). The exposure was 
from 40 to 180 s in different periods of coating 
deposition. Each of the considered alloys was al­
most completely evaporated from the crucibles. The 
thickness of the produced coatings was measured 
in the interference microscope MII-4. Coatings on 
glass substrates were used for these purposes. The 
deposition rate during the entire process was evalu­
ated by the results of thickness measurement, tak-

Published in: Problems of space technology of metals . Kiev: PWI, 1986, pp. 22- 28. 
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Figure 1. Dependence of silver content in the coating on the 
time of evaporation of Cu-26 at .% Ag alloy: 1 - on the Earth; 
2 - in space. 

ing into account the time of exposure. The coating 
thickness was from 30 up to 200 nm. The compo­
sition of the produced coatings was determined by 
the Auger-spectroscopy method. It is the only suit­
able method from the known compositional analysis 
methods, as it has the information depth of 2 to 
5 nm (depending on the primary electron energy). 
LAS-2000 unit of ~Riber~ company for three-di­
mensional surface analysis with Auger-microprobe 
of cylindrical mirror type was used. Before the start 
of analysis, the sample surface was cleaned from 
adsorbates and surface contamination by a special 
low current CI-10 ion gun (ion energy of 1 kcV, 
etching duration of 10 min) in the pre-chamber. 
During this time 0.5 to 1 nm layer was removed 
from the coating surface. Then t he sample was 
moved into the analysis chamber with the pressure 
of the atmosphere of 1.3·1 0- 7 to 3. 9·1 o-s Pa. The 
coating was etched off using a more powerful CI-40 
ion gun which operated in the scanning mode. 
50 nm layer was etched off in 10 min. Information 
which was derived during investigations was plot­
ted by XY-recorder in the form of the energy spec­
trum. The measurement accuracy was 10 %. Met­
allographic investigations of the remnants after 
evaporation of Cu-26 at.% Ag and Cu-10 at. % Ag 
alloys were conducted in <<Neofot-2>> microscope 
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on mi crosections prepared by the universally ac­
cepted procedures. VUP-4 unit was used to reveal 
the structure in the following mode of cathode etch­
ing: I = 10 rnA; U = S kV; P = 1.3·10- 2 Pa; t = 

= 20 - 35 min. The elemental composition of the 
remnants after the alloys evaporation , was deter­
mined in X-ray microanalyser ~cameca>>. 

Change of silver content (and copper content, 
respectively) in the coatings during evaporation of 
Cu-26 at.% Ag alloy is illustrated by Figure 1. It 
can be seen that in evaporation of Cu-26 at.% Ag 
alloy on the Earth (Figure 1, curve 1) fi rst silver 
intensively evaporates , whose vapour pressure is 
by an order of magnitude higher , than that of the 
copper vapours at the same temperature. Under 
these conditions , the main cause for mass transfer 
is the temperature convection , that is why continu­
ous rather fast enrichment of the surface layer with 
the highly volatile component (sil Yer) takes place. 
During evaporation, as foll ows from the Raoul t 
law , a continuous change of the composition of the 
produced coatings is found . In this case, all the 
si lver which was in the alloy, eYaporated . X-ray 
ana lysis of the remnants of Cu- 26 at . 0 o Ag alloy 
after evaporation on the Earth , showed it to contain 
pure copper. This is confirmed by the results of 
metallographic investigations ( Figure 2, a). 

At zero gravity the process of material evapo­
ration has its special features, as the mass t ransfer 
under these conditions is primarily determ ined by 
the thermocapillary and chemical com·ection , as 
well as diffusion. The first t wo processes have cer­
tain inertia in viscous liquids, their intensity is by 
several orders of magnitude lO\\·er, than that of the 
normal temperature convection. and as t hey arc 
relat ed to surface tension, they are active only in 
the zone immediately adjacent to the interphases. 
Their role in mass transfer at short exposures is so 
small that it can be neglected. The main cause for 
mass transfer in this case is diffusion. although this 
process also has considerabl e inertia. In eYaporation 
of binary alloys at zero gravity. such a state can 
be in place when the evaporation rate of the more 
volati le component and the rate of diffusion of this 
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Figure 2. Microstructure of the remnants of Cu- 26 at. % Ag alloy after evaporation on the Earth (a) (><500) and in space (b) 
(x200) 
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component to the surface, balance each other. A 
steady-state condition will set in, in which the com­
position of the produced coatings will remain un­
changed. This will occur at a certain and constant 
temperature of the alloy being evaporated. It is 
natural that in this case a plateau should be present 
in the plot of the dependence between the all oy 
component content and the evaporation t ime. 

As was already mentioned, in order to solve the 
applied tasks, the duration of the substrates expo­
sure to the vapour flow and the temperature of 
Ag-Cu alloy being evaporated, and, therefore, the 
rate of its evaporation, were varied during the ex­
periments on coatings production in space and on 
the Earth. The alloy temperature in the crucible 
was changed from 1250 up to 1550 °C. That is why 
(Figure 1, curve 2), it has been so far impossible 
to get experimental confirmation of the theoretical 
postulates, except for one short-term section when 
the alloy evaporation proceeded without any 
change in the composition . The influence of the 
discrete nature of the evaporation process on the 
anticipated result, could not be avoided. 

However, analysis of the given results still allows 
tracing certain features of evaporation of the studied 
alloys at zero gravity. So, in determination of the 
layer-by-layer composition by the Auger-spectros­
copy method, the following regularity was found. If 
copper is present in the coating, the surface is enriched 
in copper, and in the coatings produced in space the 
layer enriched with copper, is several times thicker. 
This is confirmed by the run of curves 1 and 2 in 
Figure 1. It can be seen that copper from Cu-26 at.% 
Ag alloy, starts evaporating in space earlier, than on 
the Earth (curve 2 fal ls more abruptly than curve 
1). In each point of curves 1 and 2 corresponding to 
a certain evaporation time, silver content in the space 
coatings is smaller, than in the ground ones, and that 
of copper is greater , respectively. In this connection, 
the results of evaluation of the evaporation rate of 
Cu-26 at.% Ag alloy at the same crucible temperature 
(approximately 1490 oc) in the space and ground 
experiments, are of interest (Figure 3). The form of 
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Figure 3. Change of evaporation rate of Cu-26 at.% Ag alloy 
during its evaporation under the terrestrial ( 1) and space (2) 
conditions in the same modes. 

curves 1 and 2 shows that the less volatile component 
of the alloy , copper, makes a more significant con­
tribution to the change of the evaporation rate in the 
space experiment. In the ground variant the alloy 
evaporation rate is determined by pure silver evapo­
ration rate for a rather long time (see Figure 3, initial 
section of the curve). By absolute value the respective 
evaporation rates (see Figure 3) are higher in space, 
than on the Earth. Therefore, the same amount of 
the initial Cu- 26 at.% Ag alloy evaporated faster in 
space (see Figure 1, curve 2), than on the Earth (see 
Figure 1, curve 1). 

The curves of the dependence of silver content 
(and copper content, respectively) in the coatings 
of Cu-1 0 at. % Ag alloy produced in space and on 
the Earth are, on the whole, similar to the respec­
tive curves for Cu-26 at.% Ag alloy. Because of a 
small content of silver in the initial alloy, however, 
its evaporation rate is determined primarily by the 
low volatile component, that is copper. Therefore, 
in the remnants after evaporation of Cu-1 0 at.% 
Ag alloy in space and on the Earth (total evapo-
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ration time being the same as for Cu-26 at.% Ag 
alloy), the content of silver fractions by weight is 
5 - 7 % (by the data of X -ray microprobe analysis). 
Also significant is the fact that in evaporation of 
Cu-1 0 at.% Ag alloy on the Earth the time of pure 
silver evaporation from it is longer than in a similar 
experiment for Cu-26 at.% Ag alloy . In evaporation 
of these alloys in space, the influence of the low 
volatile component, copper, is manifested in almost 
the same fashion . This results from the fact that 
the cause of mass transfer on the Earth is convection 
and in space it is diffusion. Note also the differences 
in the structure of the remnants after evaporation 
of the above alloys in space and on the Earth. 
Comparison of copper microstructures given in Fi­
gure 2, a, b shows that the structure of the metal 
solidified in space is more perfect. The etching pits 
are easily visible even with 200X magnification . It 
is known [ 13] that in solidification of binary alloys, 
the grains in the structure of the space samples 
have somewhat larger dimensions, compared to the 
structure in the ground samples. Comparison of 
microstructures of the remnants of Cu-10 at. % Ag 
alloy after evaporation on the Earth (Figure 4, a) 
and in space (Figure 4, b) confirms this conclusion. 

In view of the above said, it is possible to make 
the conclusion that despite the preliminary nature 
of the performed investigations , they point to good 
prospects for further study of the influence of zero 
gravity on the process of binary alloy evaporation, 
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both in terms of development of fundamental re­
search and in terms of practi cal application . 
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STRUCTURE OF MARTENSITIC-FERRITIC STEELS 
AFTER SURFACE PLASMA HARDENING 

A.V. TUGOLUKOV1
, O.N. KLYUCHNIK1 and E.D. BUDYUK2 

1Concern Stirol, Artemivsk, Ukraine 
2Ukrainian State Chemical-Technological University, Dnipropetrovsk, Ukraine 

ABSTRACT 
Surface plasma treatment provides a fundamental increase in hardness of steel 20Kh17N2 . This is achieved by 
varymg power of the plasma jet and increasing its concentration. Metallography revealed three characteristic 
regions formed as a result of the plasma jet effect. An increase in the concentration of the heat flow affecting 
the sample surface causes a decrease in the hardened and transition zones, decrease in the amount of carbides in 
the bulk of the main phases and reduction in grain size. 

Key words: surface plasma hardening, plasma jet, 
hardness, martensitic and ferritic phases, cm·bides, hardened 
and transition zones. 

Failure in operation of such parts of chemical en ­
gineering equipment as pump shafts, half-couplings 
and rods is caused primarily by intensive crack ing 
under dynamic and alternating thermomechanical 
loads, accompanied by wear and corrosion. 

It is a known fact that the process of surface 
plasma harden ing provides a substantial increase 
in wear resistance of parts and is characterized by 
a high practicabi lity rn 

The purpose of this work is to investigate prin­
ciples and peculiarities of structurization of marten­
sitic-ferritic steels after plasma heating and quench­
ing, avoiding surface melting. Experiments on 
treatment of steel samples were conducted using a 
plasma heat-hardening machine developed by the 
Ukrainian State Chemical-Technological Univer­
sity in collaboration with the Open Joint-Stock 
Company <<Concern Stirol >>. The machine consists 
of a lathe of the 163 model , plasmatron with a 
vortex stabil ization of the arc, which is equipped 
with rep laceable nozzles to form plasma flows of 
different configurations across the plasma jet sec­
tion , DC power supply (APR404), control panel , 
plasmatron manipulator, water pump, plasma gas 

Specimen 

Section surface 

Figure 1. Schematic of cutting out and preparation of a metal­
lography section . 

© A.V. TUGOLUKOV, O.N. KLYUCIINIK and E. D. BUDYUK, 2000 

4/2000 -------

and water feed systems, ventilation and waste­
water disposal system. 

Plasma treatment was done on round samples 
85 mm in diameter and 350 mm long, made from 
steel 20Kh17N2 (0.20% carbon, 0.52% silicon, 
1.83 % nickel, 0.18 % molybdenum, 0.36 % man­
ganese, 17.03% chromium and 0.01 % titanium). 
The travel speed of the jet relative to the surface 
treated was 7 mm/ s. The plasmatron power con­
sumption (w) was varied from 47.5 to 54.0 kW, 
and the distance (d) from the nozzle exit section 
to the surface treated was varied from 7 to 3 mm. 

Specimens for metallographic investigations 
and evaluation of hardness were cut out as sche­
matically shown in Figure 1. Height of the speci­
mens was 20 mm. Hardness was measured using 
the TK-2M 2140TR hardness meter in compliance 
with GOST 9013-59. The metallography sections 
were prepared and investigated by commonly ac­
cepted procedures using the MIM -8 microscope. 

Figure 2. Structure of the steel 20Kh17N2 sample before har­
dening (x600). 

'RNAL 
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Transition zone 

Figure 3. Microstructure of different zones in sample 1: a - region I (decarburization zone); b - dark spot (hardening zone); 
c - region II (zone of insignificant tempering); d - transition zone (x600) . 

The structure was evaluated in compliance with 
GOST 8233-56. 

It was found that hardness (HRC) of the har­
dened layer varied through the sample thickness 
from 35.3 to 44.0, hardness of the sample in the 
in it ial state being 22 .3. 

The transverse sections for metallography were 
taken from all samples . Etching the sections was 
done by the e 1 ectrol ytic method in a 10 % oxalic 
acid solution. The initial material was martensitic­
ferritic steel with a ferrite (F) content of 15 -
20 vol. %. The martensitic (M) component was 
martensite corresponding to 7 - 8 points with the 
length of the needles equal to Lm = 12- 16 !J.m 
(Figure 2) . All the samples investigated had the 
hardened layer with a heterogeneous structure. 
Three characteristic regions differing in phase 
transformations were revealed in them. The central 
region was a dark spot 4 - 5 mm in diameter. The 
hardened and transition layers can be clearly seen 

42 
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in the sections after etching. All ;:he samples had 
a decarburized subsurface layer 0.1 - 0.2 mm deep, 
which is seen near the section edge. :-.Ietal structure 
of the samples outside the hardening and t ransition 
zones remained unchanged. The length of the har­
dened and transition zones and their phase compo­
sition are shown in Figure 3 and giwn in the Table. 

Plasma hardening was done without surface 
melting, but with subsequent owrlapping the har­
dened zone . The machine was additionally tooled 
with a shut-off and quenching Cfor cooling the re­
gion immediately adjacent to the plasma spot) 
sprayers. The shut-off sprayer is intended to feed 
water for cooling the hardened strip to ensure heat 
insulation of the plasma jet within the heating zone 
from the hardened surface , avoid tempering and 
hardness decrease . Nevertheless, the presence of 
region II is a result of tempering the hardened zone 
by the peripheral part of the plasma jet in mak ing 
the next pass. The dark spot is attributable t o the 
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Structure of different regions in samples of steel 20Kh17N2 after surface plasma treatment 

Regions and 
zones in samples 

(located as 
shown in 
Figure 3) 

Dark spot 
zone 

II 

Transition 
zone 

Length of the 
zones, mn1 

hardened CJ 

transition c2 

w = 47.5 kW, d = 7 mm 

C in the bulk of M and F 
(insignificant) . N , at the 
interface (5 - 6 p .). 
Amount and size of F is 
larger than in the initial 
structure. Fha.·d > F1, 1, and 
makes 25 - 30 % of area. 
Individual precipitates of 
6-F 

F , 6-F and P (granular). 
6-F - up to 40 % of F. 
C along the F boundaries 
(5 - 6 p.) 

C in M and F 
(minimum). F - 25 -
30 % of area. C at M-F 
(3- 4 p ). li-F- 3 - 5 % 
F 

M + F +C. M - fine 
needles (2- 3 p.). L, = 
= 2- 4 )..lm. N , along the 
interface (6 p.). No 6-F 

1.2 

0.9 

Sample No. and characteristic of treatment process 

2 3 

w= 54.0hH1,d = 7mm w = 54. 0 k W, d = 5 mm 

S tructural characteristics 

M + F + C (in the bulk 
of M and F) . C at t he 
M-F interface ( 1 -
2p.) . L,=12-16)..lm. 
M (7- 8 p.). F;,d = 

= F1, 1, . No 6-F 

F + P (granular) . C 
along the boundaries 
(5-6 p.). Flmd = Flnlt· 
No li-F 

M + F + c (in th.e bulk 
of M and F). F- 25 -
30 % of area. C at the 
M-F interface (3 -
4 p.). li-F - individual 
grains. M- F 

M + F +C. M (7 -
8 p.). L, = 12- 16 )..lm. 
C (6 p.). F1,.,-d = F1, 1, . No 
6-F 

0.8 

1.0 

M + F + C (individual 
precipitates in M and F). 
N , at the M-F interface 
(5-6 p.) M (7 - 8 p .) . 
L, = 12 - 16 )..lm . Fhacd = 
= F1, 1, . No 6-F 

F + P (granular). N, at 
F (6 p.). Fhacd < Flnlt· Fhacd 
as li-F 

C in M (insignificant in 
F) . N , (3- 4 p.). Fhmd = 
= F1, 1,. No li-F 

M + F +C. M (8 -
9 p.). L, = 16- 20 )..lm . 
C at the M-F interface 
(6 p.). Fhacci = F;,;t· No 6-F 

0 .5 

0.9 

4 

w =54.0hW,d=7mm 

M + F + C (individual 
inclusions in the bulk of 
M and F). N , at the M-F 
interface (5 - 6 p.). M 
(6- 7 p.). Fha•·d = F;,;t· 
No 6-F 

F + M + P (granular) . 
P - minimum. No C 
along the F boundaries . 
Fhacd = F;,;t· No li-F 

Minimum C in the bulk 
of F and M . No N, . 
Fhanl = Flnlt· No /i-F 

M + F + C. M (5 -
6 p.). Lm = 8- 10 )..lm. 
N , at the M-F interface 
(6 p .). Fhacd = F;,;t· No 6-F 

0.3 

0.4 

Notes: 1. Size of carbide network grains and length of needles of the martensitic component were determined from the scales and 
tables of GOST 8233-56 . 2. Location of carbide inclusions in martensite was attributed to initial martensite needles . 3. Carbide 
network was located at the interface and along the grain boundaries . 4. Granular pearlite (P) is likely to be a product of tempering 
of martensite to temperatures close to A,1 ; F,,,, and Fhacd are the amount and size of ferrite in initial state and after hardening, 
respectfully . 

effect of a maximum temperature on the sample 
surface . The results given show that for region I 
(subsequent passes do not cause its tempering) an 
increase in power input to the plasmatron and a 
decrease in distance to the surface enable size of 
the martensitic component and length of its needles 
to be decreased by preserving the amount and size 
of the ferritic component. Within the zone of the 
dark spot, an increased power concentration results 
in the formation of a structure which is charac­
terized by the absence of the carbide network (Nc) 
along the grain boundary, which can be caused by 
the thermal cycling effect [2]. The increased power 
concentration in region II , which is a region with 
an insignificant tempering by the plasma jet, pro­
vides a minimum content of carbides (C) in the 
bulk of the main phases and grain sizes comparable 
with those in the initial state . Structure of the 
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transition zone in sample 1 (with filling the plasma 
spot) is advantageous in that it is characterized by 
a fine-needle structure of martensite and a maxi­
mum development of the zone with this structure. 

It can be concluded that plasma hardening re­
sults in a substantial increase in hardness of steel 
which is hard to treat by conventional volumetric 
quenching. It is likely that an increase in hardness 
in the region with a maximum temperature and 
plasma jet tempering is caused by redistribution of 
carbon from the carbide phases into martensite [3] . 
The hardened zone in all the samples has the iden­
tical structure, consisting of segments of different 
sizes and a dark spot. The presence of three zones 
is a result of tempering effect of the plasma jet. 
An increase in size and amount of ferrite and indi­
vidual inclusions of o-ferrite (o-F) are seen in some 
regions of the hardened layers, which is associated 
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with overheating of steel. An increase in the heat 
flow and power concentration is accompanied by 
a decrease in length of the hardened and transition 
zones and an increase in hardness, which is likely 
to be assoc iated with crushing of martensite blocks 
and other phenomena related to phase cold-work 
hardening. By selecting the travel speed of the plas­
matron and the value of overlap of a segment , it 
is possible to produce a structure with maximum 
wear and corrosion resistance, whi ch is important 
for operation in aggressive environments. Precipi-

44 

tation of undesirable phases in plasma hardening 
can be prevented by vary ing th e hardening para­
meters and location of the sprayers. 
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DIMENSIONS OF THE ZONE OF BOILER WALLS 
CLEANING FROM SOLIDIFIED PITCH 

IN WELDING UP CRACKS 

A.M. BERESTOVOY 
Priazov State Technical University, Mariupol, Ukraine 

ABSTRACT 
Sizes of the zones to be cleaned from pitch for repair welding of cracks formed during operation in the tank 
boilers were established experimentally using simulation samples. The possibility of avoiding overall cleaning of 
the tank boiler is proved. The technology for repair welding of cracks eliminating inflammation of pitch is 
described . 

Key words: repair welding, welding up cracks, /ow-al­
loyed steel, boiler of tanh car, cleaning from pitch. 

During operation of tank cars with electrical heat­
ing [ 1], which transport high-temperature (80 -
300 oc) solidifying liquids, in particular coal-tar 
pitch and natural sulphur, it was found that in the 
zones of more intensive heating of the lower part 
of the boiler (with heaters located under the 
boiler), the boiler walls are prone to irreversible 
deformations in the form of «buckling>,> outside of 
the boiler , in the presence of a hard refractory pre­
cipitate on them. They are especially often found 
in the zones of active heating in the middle part of 
the boiler lower zone between the legs of its fas­
tening to the frame, as well as between the boiler 
legs and its extreme supports. Buckling areas can 
be more than one square meter , and during th eir 
development, 500 to 600 mm long through-thick­
ness cracks can initiate in them [2] . Process repair 
of such tank cars is rather labour-consuming as it 
requires complete dismantling of the part of the 
tank car above the platform. 

Theoretical and experimental studies [3] were 
conducted, in order to determine the ability tore­
pair the boiler in operation without complete clean­
ing of its internal surface from the liquid solidified 
on its walls and without dismantling the thermal 
insulation or the system of the tank car electric 
heating. In this case the goal was to determine the 
dimensions of the zones of the boiler walls cleaning 
from solidified liquid only in the places of welding 
up the cracks from the boiler inner side. 

Investigation of the degree of cleaning from 
pitch and dimensions of the boiler wall area to be 
cleaned for welding up a crack in tank cars not 
cleaned from the remnants of the pitch, envisages 
determination of the dimensions of a zone clean 
from pitch around the crack, proceeding from the 
admissible temperature of the boil er wall, which 
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eliminates pitch ignition and evolution of harmful 
substances. The ignition temperature of medium­
temperature pitches is equal to 200 to 250 oc [ 4]. 
For investigation purposes the temperature of ig­
nition of the pitches and their precipitates is as­
sumed to be equal to 250 °C. 

Theoretical investigations included calculation 
of the welding modes and establishment of the tem­
perature zones around the weld, and experimental 
studies consisted in welding up cracks in the boiler 
sheet which had a layer of coal-tar pitch. 

In order to determine the minimal zone of clean­
ing the boiler wall from the pitch solidified on it 
or its precipitates, it is necessary to calculate tem­
perature distribution along the weld (along x axis) 
and normal to the direction of welding (along y 
axis) in welding up boiler cracks. In crack welding 
up in one pass with complete penetration, the same 
temperatures across thickness 8 of the plates being 
welded can be assumed. In this case, the electric 
welding arc is a linear heat source distributed across 
the thickness. 

The temperature of the body heating by this 
heat source was determined by the procedure from 
[5]. When a layer of solidifying liquid is present 
on the metal surface, coefficient a of convective 
heat transfer changes, and its value was determined 
by the procedure of [ 6]. If the pitch layer is on one 
side of the plate, the total coefficient a of convec­
tive heat transfer consists of the coefficient Urn of 
heat transfer from the metal surface and coefficient 
<Xp of heat transfer through a layer of pitch. 

Experimental research was performed in order 
to determine the possibility of tank car repair 
(welding up cracks) with partial removal of pitch 
from them. The research was conducted under labo­
ratory conditions at ambient temperature of 18 oc 
on a boiler wall simulator with 5 to 10 mm thick 
layer of pitch from both sides. The simulator was 
a plate of 500x500 mm size of a full thickness of 
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the boiler wall (8 = 12 mm). Plate material was 
low-alloyed 09G2SD steel actually used for manu­
facture of the boiler of a tank car for transportation 
of coal-tar pitch. Three variants of possible defects 
and of their repair by welding were reproduced in 
the simulator, namely weld bead deposition on me­
tal without cracks, simulating welding (in repair) 
to the boiler walls of some parts of its internal 
fixtures (for instance, fasteners of in let-outlet 
pipes); welding up from both sides of a through­
thickness crack which had violated the tightness 
of the internal cavity ofthe tank car boiler; welding 
up from one side of a not through-thickness crack 
on the boiler wall , which developed at the initial 
stage of defect formation or welding up of the end 
sections of the through-thickness crack. 

In the zone of deposition of 25 to 30 mm wide 
weld the simulator metal was cleaned from the 
pitch layer mechanicall y (with scrapers and sand 
paper) to metallic lustre. 

Crack welding up was performed on the entire 
length of the simulator with S mm diameter elec­
trodes of E42A UP-1 I 45 type. Cracks preparation 
for welding and the technology of welding opera­
tions performance were in keeping with the current 
standards on repair by welding of the rolling stock 
of the rail ways [7]. Experimental testing conducted 
in the simulator was assessed visually and the re­
sults were photographed. The graphotopological 
portrait of the welding zone with its temperature 
indices was made [3]. 

The conducted experimental and theoretical in­
vestigations gave rise to the following conclusions: 
in welding up of cracks on the wall of the tank car 
boiler which has a layer of solidified pitch on it, 
the wall should be cleaned from pitch at a distance 
of not less than SO to 75 mm and not more than 
100 mm from the longitudinal axis of the weld, 
this eliminating pitch ignition in cracks welding 
up and preventing the evolution of vapors harmful 
for man from it. In thi s case, however, the zones 
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adjacent to the weld which are not cleaned from 
pitch, should be covered by non-inflammable ma­
terials, for instance, asbestos, or water-impreg­
nated textiles, which protect the uncleaned zones 
with pitch from the molten metal spatter flying 
out in welding. 

The theoretical and experimental investigations 
performed for the case of tank cars for t ransporta­
tion of coal -tar pitch, enabled development of speci­
fications on crack welding up under the conditions 
of service 181. 

The investigation results are used in a centra­
lized depot for repair of tank cars for pitch in the 
Sayanogorsk Aluminium Factory (Krasnoyarsk re­
gion), as well as in the factories of the aluminium 
industry when coal-tar pitch in the molten condi­
tion is transported in tank cars [ 9] . 
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PORTABLE MECHANICAL DEVICES FOR CUTTING 
AND PREPARATION OF PIPES FOR WELDING 

V.D. KOVALYOV, N.M.VASHCHENKO andjA.G.TARASENKO I 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABS'IRACT 

Pneumatic portable metal-cutting machine-tools for cutting pipes of diameter from 20 to 1220 mm in site and 
pipe facing for welding are described. Portable pipe cutting and facing machines can be used in manufacture and 
repair of pipelines. Unique designs of captive non-detachable pipe cutters are given. 

K e y w or d s: repair of pipelines, pipe cutters, facing 
machines, cutting and facing of pipe, boiler construction, 
heat and nuclear power engineering. 

During recent years the portable mechanical cut­
ting devices of an orbital type for pipe cutting, i.e. 
pipe cutters, are widely used in the world practice 
in manufacture and repair of the pipelines. As com­
pared with heat and abrasive methods of pipe cut­
ting the mechanical pipe cutters provide the accu­
racy of a cut and pipe perpendicularity. This con­
tributes to the accuracy in subsequent abutting of 
pipes and 100 % automation of welding, thus pro­
viding its high quality. 

Using pipe cutters, it is possible to cut out the 
areas of pipelines to be repaired in hard-to-reach 
places in all spatial positions. For this , the operator 
has to fasten the pipe cutter on a pipe, and then 
the cutting is performed automatically without his 
participation. The pipe cutters are also used for 
chamfering the pipe ends for welding, for external 
and internal grooving of pipe ends. -

Other mechanical devices, such as facing ma­
chines, are also convenient in operation. They are 
used for pipe end facing for welding in site, in 
repair works, in stationary conditions for the pipe 
preparation for welding. 

In Ukraine the pipe cutting and facing machines 
of both domestic and foreign companies, such as 
<<TRI TOOL>-> and <<Wachs>-> (USA), «Protem>> 
(France), «Babcock\> (UK) and «Siemens>> (Ger­
many) are used. 

The fi elds of application of portable pipe cutters 
and facing machi nes arc very wide: boiler and pipe 
industries, construction and repair of gas and oil 
pipelines, site and repair works in heat and, in 
particular, nuclear stations. 

Below, some design features of domestic pipe 
facing machines will be described . 

Pipe facing machine TT 160 (Figure 1) is a 
portable metal-cutting machine designed for prepa­
ration of ends of position pipes, made from low-al-
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loyed, medium-alloyed and stainless steels, for 
welding. They can also perform inner and external 
grooving of the pipe end for a length of not more 
than 25 mm. Drive of this facing machine, located 
along the pipe axis, is a pneumatic motor with a 
planetary reduction gear. This facing machine is 
centered and clamped on the pipe with the help of 
an inner-pipe unclamping collet with three change­
able wedges. Two cutters , similar in shape to a 
chamfer for welding, are fixed on a rotating face­
plate. 

Pipe facing machine TF 110 has a similar design 
but a pneumatic drive is located normal to the axis 
of the pipe to be faced that it is convenient in 
operation in hard-to-reach places. 

Technical characteristics of the pipe facing ma­
chine are given in Table 1. 

All the pipe cutters have a design which allow 
them to be mounted on an infinite pipe. Drive is 
a pneumatic or hydraulic motor with a planetary 
reduction gear. Two screwed supports with cutter­
holders, in which cutters are fixed, are fastened on 
a rotating faceplate. Sprockets, whose teeth are 
run over the fixed rests, for rotating the support 
screws per a pitch of cutters feeding, are fastened 

Figure 1. Pipe facing machine TT 160. 
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Figure 2. Fastening of a detachable pipe cutter on a pipe to be 
cut. 

at the ends of the screws. Thus, the whole thickness 
of the pipe is cut. 

Pipe cutters are divided, by the method of their 
fastening on the pipe, into detachable and non-de­
tachable. 

The detachable pipe cutters before their setting 
on an infinite pipe should be completely dismantled 
and then assembled on the pipe at the spot of weld­
ing. Screw rests are used for centering the pipe 
cutters on the pipe . Domestic pipe cutters of a series 
TrR 89-820 are given in Table 2, and those of com­
pany <~Wachsl> are shown in Figure 2. 

The drawback of the detachable pipe cutters is 
their assembly which takes much time that is in­
admissible in repair of pipelines at the nuclear sta­
tions. 

Table 2. Technical characteristics of pipe cutters* 

Pipe 
cutter 

TrR 89-820 

TrR 820-1220 

TrN 38-76 

TrN 80-219 

TrTs 57 

RTK 70 

00 of pipes, 
mm 

89, 108, 160, 
219, 325, 
426, 820 

820, 1020, 
1220 

38-76 

80- 219 

57± 1 

56-70 

Wall 
thickness, 

JJWl 

4.0 - 25.0 

4.0- 25.0 

1.0 - 10.0 

3.0 - 18.0 

1.5-10.0 

1.5 - 12.0 

Power of 
pne1unatic 
motor, k1V 

3.00 

3.00 

1.60 

1.60 

1.25 

1.25 

Table 1. Technical characteristics of pipe facing machines 

Range Wall Power of 
Facing of TD, thickness. pneumatic 1\fass, 

machine motor, kg 
llllll mm kW 

TT 160 40- 160 1.5- 12.0 1.60 16.5 

TF 110 20 - 100 1.5 - 9.0 125 10 .6 

'Facing machines of both types have 2 cutters, faceplate rotation 
is 33 rpm, compressed air pressure is 0. 4 - 0.6 MPa, axial 
feeding of cutters is 25 mm. 

This drawback is less pronounced in hinge-open­
ing pipe cutters. These are pipe cutters of company 
<~Wachsl> for large-diameter pipes used mainly for 
transportation of oil and gas and also our domestic 
pipe cutter TrR 820-1220 used in construction and 
repair of main pipelines. To be installed on the pipe 
the two halves of the pipe cutter body are hinge­
open by a screw which has a left-hand and right­
hand thread and interacts with corresponding nuts 
on the body halves. The ends of the pipe cutter 
body are fastened by a screw with a nut located at 
the ends of the body halves. Centering on the pipe 
is performed with four separate run-out screw rests. 
Undoubtedly, this design also requires a compara­
tively much time for fastening and centering of the 
pipe cutter. 

To reduce to maximum the time of installing 
the pipe cutter on the pipe, non-detachable pipe 
cutters TrN 38-76 and TrN 80-219 of a general pur­
pose and special pipe cutters TrTs 57 (Figure 4) 
and RTK 70 (Table 2) which ha\'e no foreign ana­
logues, have been developed. As the bodies and 
faceplates of these pipe cutters are made with a 
side slot they can be put on the pipe from the side 
and clamped with the help of com·erging centering 
prisms. The cutters feeding is also automatic as in 
detachable pipe cutters. 

Cutting 
speed, 
m/ min 

Detachable 

10.2 - 13.8 

13.5 - 20.0 

Pitch of 
cutter 

feeding, 
11t11l 

0.05 - 0.08 

0.08 

Non-detachable 

4.9- 10.0 0.08 

4.9- 10.0 0.07 

6.0 - 13.0 0.08 

6.0- 13.0 0.08 

M ethod 
of clamping 

un pipe 

\[ass, 
. kg 

Screw 36.0 - 234 .0 
rests 

Same 138.0 - 256.0 

Manual, with 28.0 
prisms 

Same 32.0 - 54 .0 

Pneumatic, 11.3 
with levers 

Same 10.2 

·compressed air pressure in all types of pipe cutters is 0.4- 0.6 MPa, number of cutters is 2, frequency of faceplate rotation in 
TrN 38-76 is 33 ± 10 rpm; TrN 80-219 is 46 ± 10 rpm; TrTs 57 is 60 ± 10 rpm ; RTK 70 is 50± 10 rpm. 
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Figure 3. Pipe cutter TrR 820-1220. 

Special non-detachable pipe cutters TrTs 57 and 
RTK 70, first of them was implemented at Cher­
nobyl NPS, can reduce by 10- 15 times the doses 
of personnel radiation at a regular repair for re­
placement of pipings in the under-reactor room. 
They have pneumatic drives of an increased reli­
ability, the cutters are fed automatically and face­
plates are made with side slots. They are featured 
by a unique quick-response air-operated lever-type 
clamp with a mechanical blocking allowing the 
pipe cuter to be attended by one operator and to 
be installed and removed (in the zone of a high 
radiation) for 30 - 40 s. 
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Figure 4. Air-operated pipe cutter TrTs 57. 

Time of automatic cutting of pipe of 57 mm 
diameter, 4.5 mm thickness is not more than 
1.5 min . 

The design of these pipe cutters is unique and 
protected by a patent of Ukraine. 

It should be noted in conclusion that the most 
part of the above-mentioned devices for the prepa­
ration of pipes, developed at the E.O. Paton Elec­
tric Welding Institute, was manufactured and im­
plemented at the power engineering enterprises. 
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