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Pulse diffusion welding of female joints
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Abstract: Special feature of operation of electrovacuum tubes, in particular the cathode assembly, is constant heating
due to bombardment of its surface with electrons. Stable characteristics and durability of the cathode assembly depend on
high-quality connection (welding) of the core surfaces with the emitter over the entire area of the overlapped conjugation.
The use of diffusion welding for joining a cathode assembly made of dissimilar materials is not possible due to the occur-
rence of poor welding fusion due to the presence of gaps in the ring sectors of the equipment, and, consequently, a de-
crease in the service life of the cathode assembly. The authors proposed to implement the process by combining magnetic
pulse welding with diffusion welding. The originality of the work is the possibility of remote action on the joint through
a dielectric quartz cup, which is a part of the technological vacuum chamber. The inductor system is outside the quartz
cup, which allows heating the assembled unit without heating the tool — an inductor made of dissimilar materials — to
a temperature of 700 °C and higher. The authors determined the main parameters of the process of pulse diffusion welding
in vacuum: pressure in the working chamber is B=0.66-10Pa (5-10° mm Hg); preheating temperature is 7=700—
1250 °C; magnetic field pulse energy is W=5+17 kJ; operating frequency of current pulse discharge is /,=5—15 kHz; mag-
netic pressure is P,>-10" N/m> In this way, cathode assemblies of a wide range of metal pair combinations with a base
diameter of d=20 mm and a sample length of =40 mm were produced. The proposed technology has been successfully
implemented and introduced at Tantal (Open Joint Stock company). The economic effect consists in reducing labor inten-

sity and obtaining joints of stable quality.
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INTRODUCTION

In the production of electrovacuum tubes (EVT), emitter
materials based on platinum-barium, palladium-barium,
iridium-lanthanum, etc. alloys are widely used. The con-
nection of the emitter with the cathode core is a typical fe-
male design. The emitter should be welded to the core sur-
face in the solid phase without mixing the materials. Fig. 1
shows typical representatives of cathode assemblies. A spe-
cific performance feature of the cathode assembly is its
constant heating due to the bombardment of its surface with
electrons. To ensure stable operational properties and dura-
bility of devices, it is necessary to ensure high quality of
welding of the core surfaces with the emitter over
the entire area of the overlapped conjugation.

Classical diffusion welding in a protective environment
with a static load ensures the production of high-quality
connections, which guarantees the required service life of
the units. Examples and parameters of diffusion welding
modes for metals in homogeneous and heterogeneous com-
binations are shown in more detail in [1]. Moreover, replac-

ing the factory laser welding technology with diffusion
welding allows increasing the productivity of the welding
technology up to 75 % [1].

Despite the significant advantages of diffusion welding,
if its technology is violated or there is no long-term testing
of the resulting joints under various loading conditions
(thermal, thermomechanical), defects such as poor welding
fusion occur during the production process, and cracks oc-
cur during operation, which is unacceptable in EVT.
The relationship between defects and the causes of their
occurrence, which must be taken into account when deve-
loping the technology, as applied to the design of
the welded parts is described in [2].

To expand the capabilities of diffusion welding and
produce defect-free welded joints, it is possible to use in-
termediate layers that have sufficient affinity for a pair of
metals that are difficult to weld together. It has been proven
that the use of intermediate layers allows reducing the tem-
perature of the diffusion welding process to 350-750 °C
when welding ARMCO iron with a high-purity nickel alloy [3].
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Fig. 1. Design of cathode assemblies:
a —welding on a cylindrical surface; b —welding on a developed surface.
1 — core; 2 — emitter; d — assembly diameter; o, | — emitter thickness and width; r — surface curvature
Puc. 1. Koncmpyxyus kamooHbIxX y3108:
a — ceapka no yuruHoOpuyeckou nosepxuocmu,; b — ceapka no pazeumotii nosepxnocmu.
1 — kepH; 2 — amummep; d — ouamemp y3na; o, | — monwuHa u WUpUHa IMUMmepa, 1 — KPUSU3HA NOBEPXHOCIU

The authors of [4] used an intermediate Ni layer to re-
duce the likelihood of intermetallic compound formation
and to obtain Mo—Ni and Cu—Ni solid solutions during dif-
fusion welding of Mo—Cu. The paper [5] showed that
the use of an intermediate Zn layer facilitates the formation
of a strong bond between Al and Cu during a short period
of time and at a low temperature of the process between Zn,
Cu and Al. When using Ag as an intermediate component
[6] and increasing the process temperature to 700 °C,
the formation of Ag—Ti intermetallic compounds and an Ag
solid solution instead of Cu-Ti intermetallic compounds
was identified in the welded joint. The use of CoCrFeMnNi
alloy as an intermediate layer during diffusion welding of
Cu-Ti or 0Cr18Ni9 allows reducing the brittleness of Cu/Ti
joints due to the formation of solid solutions at a process
temperature of 800 °C [7; 8]

In the absence of intermediate materials, diffusion weld-
ing of Cu and Ti was carried out at temperatures of 800—
900 °C. The shear strength of the joints was about 28 MPa.
A number of brittle intermetallic compounds, such
as B-CuyTi, Cu,Ti and Cu;Ti formed at the joint boundary,
were found [9].

When implementing the process of diffusion welding
at high temperatures, significant thermal stresses were
detected in the joint, the grain size of the weld, the near-
weld zone and the base metal increased [10]. The authors
[10] note that with increasing temperature, the diffusion
component of the process increases. Thus, diffusion
processes were identified when studying the phase-
structural components at a temperature of 830 °C,
a pressure of 15 MPa, and even at 550~580 °C and a pres-
sure of 30~40 MPa.

As a result of studies of diffusion welding of dissimi-
lar metals, it was found that it must be carried out at
the lowest possible melting temperatures and a short
process duration. The intermediate metal must have
the lowest melting temperature in relation to the welded
parts and have the greatest affinity in crystalline struc-
ture [11].

The author of the work [12] presented the results of
studies of the possibility of producing bimetallic joints

of the AlMn alloy with kovar (29NK alloy) and nickel
(NP2 alloy) by the method of diffusion welding in
a vacuum with subsequent fabrication of parts from
them. The products were hollow cylindrical blanks of
the AIMn alloy, into which the 29NK or NP2 alloy in
the form of a cylindrical blank of solid cross-section was
pressed with a force of 7000 N at a temperature of
610 °C. Analysis of the resulting joints under these
welding conditions showed uniform distribution of ele-
ments across the thickness of the transition layer
(up to 30 um wide) and mutual diffusion achieved at
a given temperature and welding force. Intermetallic
compounds were not detected.

Analysis of literary sources showed that all welded
joints were produced with an initial parallel arrangement of
the welded surfaces relative to each other. The arrangement
of the welded surfaces at an angle during diffusion welding
was not carried out [13]. Despite the wide range of perma-
nent joints obtained by researchers using diffusion welding,
the literature does not contain any information on produc-
ing joints from copper-nickel alloy with platinum, TP 439
alloy, MPVF molybdenum (pure molybdenum manufac-
tured by vacuum fusion) or nickel-vanadium alloy with
PtBa alloy.

At the Don State Technical University, together
with the Microengineering Research Institute, a number
of magnetic pulse welding (MPW) processes have been
developed that make it possible to abandon glancing
collision and clean the surfaces to be joined by electri-
cal erosion or vacuum heat treatment. The authors of
the paper propose to carry out diffusion welding by
means of pulsed magnetic fields, which provide radial
pressure on the welded unit according to the “crimping”
scheme [13].

As with classical diffusion welding, in this work it is
proposed to heat the unit assembled for welding in
a vacuum, which leads to a decrease in the resistance of
materials, deformation and acceleration of stress re-
laxation in the joint zone, and helps to clean the sur-
faces being joined from adsorbed inclusions and other
contaminants.
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The development of the equipment was based on si-
milar units from dissimilar connections during magnetic-
pulse assembly, diffusion welding [14-16]. Fig. 2 shows
the equipment for welding facing emission coatings on
cylindrical surfaces of cores. The design allows pressing
the welded elements during welding due to the diffe-
rence in the thermal coefficients of linear expansion
(TCLE) of its parts. The casing element is usually made
of molybdenum, kovar or materials with low TCLE, and
the ring sectors of the equipment are made of TP 439
steel with high TCLE.

Due to the presence of gaps in the ring sectors of
the equipment, such defects as poor welding fusion occur
during diffusion welding of the emitter with the core. With
prolonged isothermal action on the processed unit, interme-
tallic phases often occur in the zone of conjugation of
the welded surfaces.

To produce joints of dissimilar materials while main-
taining an organized structure, pulse welding methods are
widely used. The mechanism for cleaning the welded sur-
faces is realized due to the glancing collision of
the thrown elements, the conjugated surfaces are cleaned
with a cumulative jet and the subsequent joint deformation
of the materials and, as a result, a connection in the solid
phase occurs by analogy with explosion welding.
The principle of glancing collision is also used in classi-
cal MPW. The energy carrier changes: instead of
the action of an explosive substance, the ponderomotive
force is used — magnetic pressure, which allows using
the MPW technology to weld small-sized units in work-
shop conditions with increased requirements for process
hygiene [17; 18].

For MPW, depending on the design of the assembled
parts for welding, various types of inductor systems have
been developed and studied, which are characterized by
inductive resistance, magnetic induction in the working
area, and durability during operation [13—15; 19-21].

The purpose of this work is to study the process of pulse
welding in a controlled environment, which allows reduc-
ing the duration of producing a joint in the solid phase from
dissimilar materials.

METHODS

In electrovacuum tubes, cathode assemblies with a dia-
meter of d=(5-100)-10" m are used. To implement pulse
diffusion welding (PDW) in a vacuum, the process is car-
ried out using copper shells — satellites [22]. The wall
thickness of the copper bushings was selected so that
the penetration depth of the magnetic field H through
the satellite material — the deformable bushing — did not
exceed the thickness of its wall. To produce joints from
refractory materials, the satellite material was replaced by
nickel or molybdenum with a wall thickness of
tm,:O.2~1073 m. When welding on developed surfaces,
the heated satellite behaves like an elastic punch.

Fig. 3 shows the proposed scheme for implementing
PDW. The process is carried out as follows. The core (1)
with the lining (2), heating element (3) and satellite (4)
are installed in the vacuum chamber and placed in
the working area of the magnetic-pulse tool — inductor (6).
The air in the vacuum chamber is rarefied to a pressure
of 0.66:102Pa. The heating element increases
the temperature of the assembly to 700-1250 °C.
The pulse current generator (5) is discharged onto
the inductor (6) causing the discharge current I, (7) to
flow through the inductor. In this case, the magnetic
flow H (8) induces induced currents in the satellite 7; (9).
The magnetic interaction force P, (10) arises. The sa-
tellite (4) is deformed (compressed), and the lining (2)
and the core (1) are welded in the solid phase. The du-
ration of the process with isothermal holding does not
exceed 100-200 ps. When calculating the process cha-
racteristics, the following parameters were taken as

s

q

Fig. 2. Equipment for diffusion welding of a cathode assembly:
1 — core; 2 — emitter; 3 — ring sectors of the equipment,; 4 — casing element; o — preliminary gap
Puc. 2. Ocnacmra 015 ougpghy3uonnoii ceapku kKamoonoeo ysia 6 coope:
1 — kepn; 2 — omummep; 3 — KobYedble CEKMOPbl OCHACMKU, 4 — KOPNYCHOU d1emenm,; 0 — npedsapumenbHulil 3a30p
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Fig. 3. Structure diagram of a device for pulse diffusion welding in a vacuum:
1 — base (core); 2 — lining (emitter); 3 — heating element;
4 — satellite; 5 — pulse current generator PCG; 6 — inductor; 7 — discharge current (Iy); 8 — magnetic flow (H);
9 —induced current (1,); 10— magnetic interaction force (Pyy); 11 — dielectric cup;
12 —vacuum seal; 13 — vacuum chamber base;
PS — power source; VS — vacuum system; h — gap between the emitter and the satellite;
A — gap between the inductor and the satellite; |;— length of the inductor working zone
Puc. 3. Cxema ycmpoiicmea umnyascHoll Ough@y3uonHoll ceapxu  axKyyme:
1 — ocnoeanue (kepn); 2 — obauyoska (amummep); 3 — HAZPEBAMENbHBLL DIEMEHM,

4 — cnymuux; 5 — eenepamop umnyavchvix moxos PCG; 6 — unoykmop, 7 — mok paspsioa (1y); 8 — maecnummuwiti nomox (H);
9 — unoyyuposannwiii mox (I); 10 — cuna maecnumuozo é3aumooeticmsus (Pyy); 11 — ousnekmpuyeckuii cmaxka;
12 — eakyymmuwiil yniomuumens, 13 — ocnosanue 8aKyymMHot kamepul,

PS — ucmounuk numanus; VS — eaxyymuas cucmema; h — 3a30p mexncoy sMummepom u CHYMHUKOM,

A — 3a30p MmedxHcOy UHOYKMOPOM U CHYMHUKOM, I; — Onuna paboyeti 30Hbl UHOYKMOPA

constants: the number of inductor turns #»=6, the inductor
diameter D;=30-10" m, the length of the inductor work-
ing zone /=45-10" m, the capacity of the installlation
storage tank C=1500-10°F, and the voltage on
the storage tank U;=5-10" V.

The optimal parameters of the PDW process were de-
termined in accordance with the conditions for producing
high-quality welded joints given in the literature [23].
The first and second conditions are the time parameters of
the process: the MPW implementation should be completed
in ' of the current discharge period, including the time of
contact melting, electroexplosive cleaning, shaping and
welding. The third condition states that the values of
the induced current density for welding each material must
be provided in the range 7,,;,—[,.... The fourth condition de-
scribes the time relationships of solid-phase interaction:
the duration of contact stresses in the joint zone should be

longer than the time of deformation activation of
the contact surface and the relaxation time (relaxation cha-
racteristics of the blank and temperature in the interaction
zone). The fifth condition consists in determining
the specific impulse of the first half-wave of magnetic pres-
sure, taking into account the tool parameters — the inductor,
the operating voltage and inductance of the pulse current
generator (PCQG), the value of which will allow determining
the magnitude of the relative deformation €& to level
the initial gap between the inductor and the satellite wall.
The presented limitations for the operating frequency of
the process allow determining the frequency characteristics
of the magnetic-pulse equipment, taking into account
the low penetration of the magnetic flow into the gap be-
tween the inductor and the satellite to ensure cleaning of
the welded surfaces — this is the sixth condition of high-
quality processing.
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Diffusion welding modes were tested in controlled envi-
ronments on the Impulse-BM magnetic-pulse processing unit
manufactured at Microengineering Research Institute (Ros-
tov-on-Don, Russia) [24]. The same equipment is used to
implement the technology of pressing, sintering and welding
of facing coatings from powder compositions.

The quality of the welded joints produced by pulse dif-
fusion welding was determined based on the test results:
leak testing with a TI1-50 helium leakage detector (Russia),
GOST 3242-79, mechanical shear testing on a UMM-10
machine (Russia), GOST 6996-66, metallographic analysis
of the produced joints using a PMT-3 microhardness tester
(Russia), GOST 9450-76, multiple cyclic heating in
a vacuum by electron bombardment and tenfold heating to
a temperature of 1000 °C with holding for 1 h and gradual
cooling. The heating and cooling time did not exceed 1 h,
which should ensure a vacuum level of at least 0.66:10 > Pa
during testing.

RESULTS

From the dependences of the welded joint shear strength
T on the process temperature 7T for two values of the input
energy of 10 and 12 kJ, it is evident that with an increase in
the input energy, the shear strength increases (Fig. 4). At
the same time, with an increase in the process temperature,
the strength indicators also increase. The highest strength
indicators of the samples were found in the temperature
range of 500—-1000 °C.

Table 1 presents the results of tests for the tightness and
mechanical strength of joints of MOb copper with Pt ob-
tained at different degrees of vacuum (pressure). From
the obtained data, it follows that with an increase in
the degree of vacuum from 1-107 to 5-10* Pa, the quality
of the welded joints improves due to the cleaning of

the joint zone from contaminants, solid-phase interaction
occurs over the entire area of impact of the welded surfaces
with a clear boundary of the joint zone.

Fig. 5 illustrates the reduced calculated dependences of
the inductance L;, and active resistance R;, of the in-
ductor-blank system, the operating frequency f,, the ma-
gnetic interaction force P,,, the specific impulse of the first
half-wave of the magnetic pressure J,, the mean time be-
tween failures of the inductor N; on the gap between
the inductor and the copper satellite A. The gap value A
depends on the manufacturing accuracy of the satellite it-
self. The air gap is necessary for feasibility cleaning from
contaminants, oxide films under the radial action of
ponderomotive forces arising from the interaction of
the inductor magnetic flow with induced currents in
the satellite wall. The obtained dependences of the quality
of the welded joint are conventionally divided into 4 zones:
1) a gap of (0-2.1)-10° m — it is impossible in terms of de-
sign to assemble the unit in the inductor; 2) a gap of (2.2—
3.5)-10° m is characterized by low performance characteris-
tics and service life of the cathode assembly; 3) an initial
gap of (3.6-6.1)-10° m allows producing high-quality weld-
ed joints characterized by long service life; 4) a gap of more
than 6.1:10° m — the efficiency of magnetic pulse action
decreases, such defects as poor welding fusion are possible
in welded joints.

If the conditions for high-quality material processing
are met [23], PDW made it possible to produce perma-
nent joints from the following metals and alloys used
when manufacturing electronic products. Base material:
MOb alloy, Ni, TP 439 steel, copper-nickel alloy, 29NK
alloy, MPVF molybdenum (pure molybdenum manufac-
tured by vacuum fusion), nickel-vanadium alloy. Lining
material: Al-Ba, Ni, Pt, Pt-Ba, Ir-La.

1,107
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Fig. 4. Dependence of shear strength t of the Pt + MPVF joint
on the preheating temperature T and pulse energy W
Puc. 4. 3a6ucumocmo npournocmu coedunenuss Ha cpe3 t coeounenus Pt + MUYBII (moaubden)
om memnepamypul npeosapumenviozo pasoepesa T u dsnepeuu umnyirvca W
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Table 1. Results of tests for tightness, mechanical strength of joints of MOb copper with Pt

obtained at different degrees of vacuum (pressure) in the process chamber

Tabnuya 1. Pe3ynomamul uChulmanuii Ha 2epMemuiHOCb, MEXAHUYECKYI0 npoYHOCmb coedunenuti meou MO0 c Pt,
NONYYEHHBIX NPU PA3TULHOU CeneHU paspedicenus (0asieHul) 6 mexHoI02U4eckoll Kamepe

No Pressure, Results of metallographic analysis Shear streng7th, Leakage,
' Pa after thermal testing T N/m*10 m*-Pa/s
1 110 Buckle 5.0 110
2 5107 Buckle 7.5 1107
3 5107 Pockets and laminations 11.5 4107
4 1-107* Discontinuous poor welding fusion 13.5 1-1077
5 5107 No pockets and laminations 14.5 510"
6 1-107 No pockets and laminations, clear joint boundary 15.0 5107
7 5107 No pockets and laminations, clear joint boundary 15.0 1-107"
Rip107, Ly107°, Frl0, P10, Jye10°,
InN Ohm H Hz N/m>  ms/m’
@
N N Y
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Fig. 5. Calculated dependencies: A of the inductance L, , and active resistance R, of the inductor-blank system,
the operating frequency f,, the magnetic interaction force P,, the specific impulse of the first half-wave of magnetic pressure J,,
and the mean time between failures of the inductor N; on the gap between the inductor and the satellite A
Puc. 5. Pacuemnvie 3asucumocmu: A undykmusnocmu Ly, u axmusnoeo conpomusienust R;_, cucmemvt «UuHOYKMOp — 3a20Mo6Kay,
pabouetl yacmomul f,, CUIbl MACHUMHO2O0 83aumooeticmeus P, yOenrbHo2o umMnyivea nepeotl nory8oIHbl MAZHUMHO20 0asiieHus Jy,
u Hapabomxku Ha omxas undykmopa N; om 3a30pa mencoy uHOYKmMOpoM U CHYMHUKOM A

Geometric dimensions of the joints: base diameter
d=20 mm, sample length L=40 mm. Fig. 6 shows
the obtained PDW units consisting of a molybdenum
core (pos. 1) with Pt—Ba emitters (pos. 2).

The optimal parameters of the PDW processes for
the following cathodes of ultra-high-frequency electrovacuum
tubes were determined and experimentally confirmed by
calculation [23].

1. Base: core — copper-nickel alloy, diameter is 12 mm,;
lining: emitter — Pt, thickness is 0.1 mm, length is 20 mm.

PDW mode: operating temperature is 7=700 °C, input en-
ergy is W=6 kJ, magnetic pressure is P,=10.2:10" N/m’,

2. Base: core — TP 439 high-alloyed steel, diameter is
12 mm; lining: emitter — PtBa alloy, wall thickness is
0.2 mm, length is 20 mm. PDW mode: operating tem-
perature is 7=700 °C, input energy is W=8.67 kJ, magnetic
pressure is P,=12.0-10" N/m”.

3. Base: core — MPVF molybdenum (pure molybdenum
manufactured by vacuum fusion), diameter is 17 mm,;
lining: emitter — PtBa alloy, thickness is 0.1:107° mm,
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Fig. 6. Cathode assemblies produced by pulse diffusion welding: molybdenum core (1) with Pt—Ba emitter (2)
Puc. 6. Kamoomnuvie y3nvl, nonyuenuvie UJC: monuboenoswiii kepr (1) ¢ amummepom Pt—Ba (2)

length is 30 mm. PDW mode: operating temperature is
7=900 °C, input energy is W=10.26 kJ, magnetic pressure is
P,=14.22-10" N/m’.

4. Base: core — nickel-vanadium alloy, diameter is
18 mm; lining: emitter — PtBa alloy, thickness is 0.15 mm,
length is 40 mm. PDW mode: operating temperature is
T=1000 °C, input energy is W=13.23 kJ, magnetic pressure
is P,=18.33-10" N/m’.

DISCUSSION

The analyzed results of using diffusion welding to join
dissimilar metal pairs showed that their diversity is small:
Al-Cu, Cu-Ti, AIMn—29NK. As a rule, to reduce
the likelihood of intermetallic compounds, an intermediate
metal is used that has good adhesion to the welded metals
and a low melting point. The results of studies of joints
made by diffusion welding of metal pairs — copper-nickel
alloy + Pt, TP 439 steel + PtBa, MPVF molybdenum +
+ PtBa, nickel-vanadium alloy + PtBa — were not found in
the literature.

Researchers have shown that at temperatures above
700 °C, intermetallic compounds are formed during diffu-
sion welding. At temperatures of 350—700 °C, solid solu-
tions of the welded metals with an intermediate one often
appear [17-21]. The process scheme proposed by the au-
thors is implemented in the temperature range of 700—
1250 °C, which should initiate the formation of intermetal-
lic phases, but due to the short duration of
the magnetic-pulse action process of 100-200 us, their
presence in the structure was not detected.

Magnetic pulse welding is mainly used to produce dis-
similar joints with high electrical and thermal conductivity,
usually Al+Cu. Cleaning during MPW is implemented due
to the cumulative jet, which occurs during glancing colli-
sion of metals. During magnetic pulse welding of female
structures, the cumulative jet is obtained due to the conical
shape of one of the welded parts. The developed designs of
inductor systems allow concentrating ponderomotive forces
in the magnetic-pulse action zone with a magnetic induc-
tion value of up to 100 T [13—15; 17-21]. However, the use
of composite inductors has a significant drawback —
the presence of an uneven magnetic field at the junction of
the component elements of the inductor sector, which re-

duces the quality of the welded joint. The twisted inductors
used by the authors of the paper have a shorter service life
under normal atmospheric pressure compared to sectional
inductors; however, this is justified by the fact that they
have a uniform distribution of the magnetic field. More-
over, the durability of twisted inductors is compensated by
heating the welded products before welding in a vacuum to
temperatures of 700—1250 °C, which reduces the amount of
input energy, as well as their location outside the heating
zone (separated by a heat-resistant, vacuum-tight dielectric
(quartz or ceramic) glass), which has not been used by re-
searchers before. This design scheme allows welding of
facing joints in a high vacuum with heating of the assembly
to a temperature above 700 °C without destruction of
the insulation of the tool — the inductor to produce perma-
nent joints from dissimilar pairs of metals of a wider range.

At the same time, as the authors of works on PDW note,
the presence of a gap between the inductor and the welded
parts reduces the efficiency of magnetic-pulse action [19—
21]. Thus, with magnetic-pulse action through a quartz
glass on a unit placed in a vacuum (Fig. 5), the greatest
efficiency of the Pt + MPVF joint is achieved at tempera-
tures of 500—-1000 °C, for other pairs of metals, the tempe-
rature can reach 1200 °C. At lower temperatures in the joint
zone, poor welding fusion is observed, at a temperature
above 1000 °C, melting and destruction of the copper satel-
lite occurs.

The analysis of the calculated data allowed determining
the non-conductive gap zone A equal to (4+6)-10° m,
which is feasible in terms of design and ensures reliable
operation of the tool located in the atmosphere, and
the corresponding parameters of the process, equipment and
inductor tool: L; », R; , fo, P> Ju, and N..

The analysis of welded joints produced in optimal modes
showed the presence of a clear boundary of the materials
being joined, the absence of common grains, increased
microhardness in the joint zone, which is typical for various
types of solid-phase welding [13] using the example of ca-
thode pairs of pure molybdenum manufactured by vacuum
fusion and nickel-vanadium alloy with PtBa alloy.

Visual inspection did not reveal any buckles of
the emitter, i.e. no poor welding fusion was detected.
In the absence of a high-quality solid-phase connection
between the emitter and the core, the latter melts during
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operation at the site of poor welding fusion. The analysis of
welded joints showed that the formation of the joint occurs
in the solid phase, which reduces the probability of
the presence of intermetallic inclusions in the joint zone,
thereby increasing the service life of the products.

The technology of pulse diffraction welding of cathodes
of electrovacuum tube devices was developed at the Micro-
engineering Research Institute together with Don State
Technical University and implemented at Tantal (Open
Joint Stock company). As a result of developing
the new process, it was possible to reduce the labor intensi-
ty of welding cathode assemblies by 10 times.

CONCLUSIONS

Analysis of the produced welded joints showed that the joint
is formed in the solid phase, which reduces the probability of
the presence of intermetallic phases in the joint zone, thereby
increasing the service life of electronic equipment.

A design scheme of special technological equipment for
pulse diffusion welding with an inductor in the atmosphere
and a heated welded unit in a vacuum was developed and
implemented, which made it possible to ensure the ne-
cessary operability of the equipment and reduce the labor
intensity of producing secondary-emission cathode assem-
blies of ultra-high-frequency electrovacuum tubes.
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Annomayusn: OCOOCHHOCTBIO IKCILTYaTAIUH JICKTPOBAKYYMHBIX MPUOOPOB, B YACTHOCTH KATOIHOTO y3Ja, SBJISETCS
MIOCTOSIHHBIN HarpeB 3a c4eT 60MOapAUPOBKU €T0 MOBEPXHOCTH AIeKTpoHaMU. CTaOuIbHBIE XapaKTEepUCTUKH U CTOMKOCTh
KaTOJHOTO y3JIa 3aBHCAT OT KaueCTBEHHOT'O COEIMHEHHs (CBAapKM) MOBEPXHOCTEH KE€pHA C IMUTTEPOM IO BCeH IIIOIaIU
HaXJIECTOYHOTO COMpspKeHus. Mcnonp3oBanne nudy3nOHHON CBapKH ISl COEAMHEHHS KaTOAHOTO y37a U3 Pa3HOPOIHBIX
MaTepuagoB He MPEJCTaBISETCS BO3MOXKHBIM 110 IPUYMHE BOSHUKHOBEHHUS HETIPOBAPOB M3-32 HAJIUYHS 3a30pOB B KOJIbIIE-
BBIX CEKTOPaxX OCHACTKH, a CIIEJ0BATEIbHO, CHIKEHHS CPOKA CIIY>KOBI KaTOIHOTO y3J1a. ABTOPAMH TPEUIOKEHO Pean30-
BaTh MPOIIECC ITyTEM COBMEIIECHHUSI MarHUTHO-UMITYJILCHOW cBapku ¢ an¢dy3noHHOH. OpHIHHAIBHOCTE PabOTHI 3aKIII09a-
eTcsl B BOBMOXHOCTH JMCTAaHIIMOHHOTO BO3JICHCTBHS HAa COCAMHEHHE 4Yepe3 IUIIEKTPUUECKUH KBaplLEeBbIi cTakaH, KOTO-
PBIil BXOJUT B COCTaB TEXHOJIOTMYECKOW BaKyyMHOH Kamepbl. MHIyKTOpHAs cMcTeMa HaXOIUTCS CHAPYXKU KBapLEBOTO
CTaKaHa, YTO IT03BOJISIET OCYIIECTBIATL HArpeB COOPaHHOTO y311a 06e3 HarpeBa HHCTPYMEHTA — HHIYKTOPA U3 Pa3sHOPOJHBIX
marepuanoB — 1o Temneparypsl 700 °C u Beiire. OrnpesiesieHbl OCHOBHBIE ITapaMeTphl Ipoliecca UMITYJIbCHOM Auhdy3HoH-
HOIf CBApKH B BAKyyMe: [aBJIeHHe B paboueii kamepe B=0,66-10""ITa (5-10° MM pT. CT.); TeMIepaTypa npeaBapHTeIbHO-
ro pasorpesa 7=700—1250 °C; sueprusi UMITyJibca MarHUTHOTO 1moJisi W=>5+17 kJ[x; pabodas gactora pa3psiaa UMIYIbCOB
ToKa f,=5—15 k['l;; MarHUTHOE JaBICHHE P,>10" H/M*. Takum 0Gpa3oM ObLIH TOTyHEHbI KATOJHBIE Y3/Ibl LIMPOKOH HO-
MEHKJIATYpHl COYETaHWH Map METAUIOB C JHaMeTpoM OCHOBaHMA d=20 MM U JummHOH o6pasua L=40 mm. IIpemnoxxennas
TEXHOJIOTHSI YCIIEIIHO peanu3oBaHa u BHeapeHa Ha OAO «TaHrtam». DkoHOMUYECKUH 3G (DEKT 3aKIF0YaeTCS B CHIDKCHUH
TPYIOEMKOCTH U MTOJTYYEHUN COeTMHEHUH CTabMIBHOTO Ka4ecTBa.

Kniwouegvie cnosa: nvmiynbcHast tudQy3noHHas cBapKa; CBapKa OXBaTHIBAIOIINX COCIUHEHHH; MarHUTHO-UMITYJIbCHAs
CBapKa; MHIyKTOp; MarHUTHOE JaBJICHNE; BBOAUMAs SHEPTHSL; Pa3HOPOAHBIC CILUIABHI.

bnazooapuocmu: ABTOpPHI CTaTbU BBIpaXarT OnarogapHocTh cotpyaaukaM HUU «Mukporexuauka» u JJoHCKOMY TO-
CyJapCTBEHHOMY TE€XHMYECKOMY YHUBEPCUTETY 3a COACHCTBHE B BBINOIHEHUU HAyYHO-UCCIEAOBATEIbCKON M OINBITHO-
KOHCTPYKTOPCKOH PaOOTHI.
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