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Abstract

Objectives. The development of technological methods with the purpose of increasing the structural strength of
defense engineering products can be carried out by creating new methods for obtaining and processing parts or
improving traditional methods based on anintegrated (synergistic) approach. The article presents a complex method
for surface treatment of parts and assessment of the hardness and surface roughness of the initial workpiece from
alloys of the AI-Mg system to improve the quality of manufacturing the module cases of the MSP-418K product
related to electronic warfare devices.

Methods. This approach consists in the vision of a metallic material as a system subjected to a chain of
technological impacts in the process of chemical, thermodynamic, and mechanical interaction of its components.
The workpieces were obtained by metal pressure treatment according to various schemes and temperature
conditions Then they were processed with a blade tool using a dynamometer. The resulting cut was examined
using a metallographic method along the entire end face from the outer surface to the center of the sample of
workpieces.

Results. Experiments were carried out for the case of Al-Mg alloys. It made it possible to reveal the relationship
between the parameters of the change in the structure of the material being processed and the stability of the cutting
process, as well as the quality of the surface during finishing turning.

Conclusions. The proposed technological solutions based on a synergistic approach provided a balanced
improvement in material parameters by eliminating the shortcomings of the original semi-finished product. The
obtained experimental data allowed concluding the deformation of workpieces according to complex schemes
at low temperature has a beneficial effect on the machinability of the metal material, ordering the structure and
improving the quality of the surface of the parts. Using a synergistic approach, it became possible to correct
the poor technological heredity of material properties obtained in previous operations: the surface quality of the
workpieces due to the continuity of the processed material and the strength properties of parts for critical and
especially critical purposes were improved. The existing technological process for manufacturing the “petal” part
was changed in practice using an integrated method, which made it possible to improve its technological and
technical characteristics.

Keywords: machinability, annealing, surface quality, cutting tool load, material structure, hot-rolled plates,
extruded bar
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Pe3iome

Llenb. PaspaboTka TEXHONOrMYECKMX MPUEMOB, HANpPaB/IEHHbIX HA MOBbILLUEHWNE KOHCTPYKTMBHOM MPOYHOCTU N3-
nennin 060pOHHOIr0 MaLLIMHOCTPOEHUS, MOXET OCYLLECTBAATLCS C MOMOLLbIO CO34aHNS HOBbIX CNOCOB60B nosyye-
HUS 1 06paboTKN AeTanen Unm ynydeHns TpagnuLMOHHbIX MPYEMOB Ha OCHOBE KOMIMIEKCHOMO (CMHEPreTU4ecko-
ro) nogxopna. B cratbe NnpnBOANTCS KOMMIIEKCHBIN MeTOA 06paboTKM NOBEPXHOCTU AeTanel, OLEHKN TBEPAOCTHU
M LUEPOXOBATOCTN MOBEPXHOCTN MCXOOHOM 3aroTOBKM M3 CNaaBoB cuctemMbl Al-Mg ong yny4yweHns ka4ectsa ns-
roToBfieHust kopnycos moaynen nagenms MCI-418K, oTHocsiwerocs kK npuéopamMm CUCTEM PaaV03/IEKTPOHHOWN
60pbLObLI.

MeTopabl. [JaHHbI NOOX0A 3aK/I0YasCs B BUOSHUM METANNMYECKOro MaTepuana Kak CUCTeMbl, NOABEpraemMon Le-
NMoYKe TEXHOJIOMMYECKMX BO3OENCTBUN B XMMUYECKOM, TEPMOAMHAMNYECKOM U MEXaHNYECKOM B3anMOOeNCTBUN
CBOUWX COCTaBnsoWmMX. 3aroToBKM NoJly4an MeTogomM o6paboTkm MeTania AaBfeHMEM MO Pa3/INYHbIM CXEMaM 1
B PasfiMyHbIX TEMMNEPATYPHbIX PeXMMax, 3aTtemM obpabdaTtbiBany NX NE3BUNAHBIM NUHCTPYMEHTOM C UCMOJIb30BAHMEM
JMHaMOMETpa 1 nccnenoBanu noslydeHHbIn pe3 Metanorpaduyeckm crnocoboM no BCEMY TOPLLY OT HApPY>KHOIo
avamMeTpa K LeHTpy obpasua.

PesynbTaTtbl. Ha npumepe Al-Mg cnnaBoB NpoBefeHbl 9KCMEPMMEHTbI, MO3BOJIMBLUME 0OHAPYXWTb 3aBUCUMOCTb
Mexay napaMmeTpamMu U3MeHeHUs CTPYKTypbl 06pabaTeiBaeMoro Matepuana n ctabunbHOCTbIO Npouecca 06paboT-
K1 pe3aHneM, a Takke Ka4eCTBOM NMOBEPXHOCTU NPU YNCTOBOM TOHEHUM AeTanu.

BoiBoAbl. [1peaioXeHHbIE TEXHOIOMMYECKNE PELLEHMS HA OCHOBE CUHEPreTUyeckoro noaxona obecneynnu cba-
JNIaHCMPOBAHHOE YyyLLEHME NapaMeTPOB MaTepurana 3a CHeT yCTpaHeHMs HEAOCTAaTKOB MCXOAHOMo nonydabpuka-
Ta. Ha ocHOBaHMM NONY4EHHbIX ONbITHLIX JAHHBIX CAEMAH BbIBOA, O TOM, YTO NpoBoavmMas gedopmarms 3aroToBOK no
CNOXHBIM CXeMaMm Mpu NOHMXKEHHOW TemnepaTtype 61aroTBOPHO BNMSET Ha 06pabaTbiBAEMOCTb METANSIMYECKOrO
Marepuana, ynopsao4mBaHne CTPYKTYpPbl 1 NOBbILLAET Ka4eCTBO NOBEPXHOCTM AeTanen. lNpn npuMeHeHnn cuHepre-
TUYECKOro NoAxo4a eCTb BO3MOXHOCTb MCMPABUTb MJI0XYIO TEXHONOMMYECKYI0 HACNeACTBEHHOCTb CBOMCTB MaTepu-
anoB, NOJIYHEHHYIO HA NPeapIayLLMX Onepaumvsax; NOBbICUTb KA4ECTBO MOBEPXHOCTU 3arOTOBOK 3a CHET CMJIOLIHOCTHU
obpabaTbiBaEMOro matepmana; yayyinTb NPOYHOCTHbIE CBOMCTBA AeTaNeli OTBETCTBEHHOIO 1 0COH0 OTBETCTBEH-
HOro HasHayeHusi. bnarogaps NONy4eHHbIM pe3ynbTaTam Ha NMPakTUKe NOABEPrHYT M3MEHEHUIO CYLLECTBYIOLLNIA
TEXHOIOMMYECKNIA NPOLLECC N3rOTOBAEHWSI AETANN «JIENECTOK», KOTOPbIA NO3BOAW YAYYLLUTb €€ TEXHONOrMYeckne
N TEXHNYECKNE XapaKTEPUCTUKN.

KnioueBble cnoea: o6pabaTbiBa€MOCTb, OTXMWI, KA4eCTBO MOBEPXHOCTU, Harpyska Ha PexyLmii UHCTPYMEHT,

CTPYKTypa MaTtepmunana, ropa4ekaTtaHble ninTbl, I'IpeCCOBaHHbII‘/JI MPYyTOK
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npOSpa‘lHOCTb ¢I/IHaHCOBOI7I AedaTesibHOCTU: ABTOp HEe nMmeet CbVIHaHCOBOVI 3anHTEepPeCcoBaHHOCTW B nNpencTaBJieH-

HbIX MaTepunanax nam MmetTogax.

ABTOp 3asBnseT 06 OTCYTCTBUM KOH(DINKTA MHTEPECOB.

INTRODUCTION

Electronic warfare (EW) is an armed struggle
during which an effect of electromagnetic interference
(EMI), also called radio-frequency interference (RFI),
or jamming on the electronic means of enemy control,
communication, and reconnaissance systems. Electronic
warfare products are used to protect electronic equipment
from exposure to powerful electromagnetic and acoustic
radiation, as well as high-precision weapons equipped
with passive homing devices for RFI sources. The use
of selectively directed weapons against radioelectronic
means (REM), as a rule, does not lead to catastrophic
destruction and irreparable losses [1]. Such weapons
deprive electronic devices of the possibility of normal,
regular functioning. One of these products is the small
jamming station MSP-418K (Fig. 1).

FIBER OPTIC WDM
MULTIPLEXERS/DEMULTIPLEXERS
WITH LOW FLEXURAL LOSS FACTOR

The station is designed to equip targets, aviation
decoys, individual and individual-mutual protection
of small-sized aircraft, for example, the MiG29 and
MiG31 by creating deliberate active jamming of

Unit L-281-1.6 (FHS) Radome

Container frame

Unit L-281-1.3

Unit L-281-1.1

Unit L-281-1.3

radioelectronic weapons controls (REWC), included
in antiaircraft missile, antiaircraft artillery and
aviation and missile systems. This station belongs to
the means of radioelectronic countermeasures (REC)
of the fifth generation, as it enables significant
expansion of the combat capabilities of aviation.

The station ensures the simultaneous creation
of deliberate targeted active interference to at
least four REWCs, including homing radio heads
(HRH), with their carrier frequencies separated by
more than 100 MHz. Sensitivity in the operating
frequency range at the input for a pulsed signal is
no more than 51 dB W; for a continuous signal, a
quasi-continuous signal, and a long (pulse) signal—
no more than 68 dB W. The mass of the product is
no more than 170 kg, the operating frequency range
is from 4 to 18 GHz.

The MSP-418K station consists of several units,
two switches PK-/-2, a set of cable assemblies
KKS L-281, a set of low-frequency bundles
KNChZh L-281-1, a set of attenuators Kat L-281-1,
two sets of mounting parts KMCh L-281-1, as well as
KMCh(U) L-281-1.

The product L-281-1 is developed based on digital
signal processing using digital radio frequency memory

Place of radome installation
Unit L-281-1.6 (AHS)

Radome

Unit MSP-02-01
Selector switch PK-1-2

Unit MSP-02-02

Unit L-281-1.7

Place of radome installation

Fig. 1. Design of the small jamming station MSP-418K
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Fig. 2. Case model (a) and frame drawing (b) from steel MD-40

technology and is designed to counteract the REWC,
operating in pulsed, continuous, pulse-Doppler, and
long-pulse modes'. The station units include various
standardized modules, which consist of a body and
electronic filling, as well as typical standardized
microassembly parts (Fig. 2).

These parts belong to the class of critical and
especially critical applications. They provide vacuum
tightness and geometric accuracy over the full-
service life. At the same time, despite many years of
manufacturing practice, a general cause of electrical
breakdown and failure of their electronic filling are
failures of the vacuum sealing of cases and failures of
the geometry of microassembly parts [2].

The housings of microassemblies are made from
hot-rolled plates based on aluminum alloys of the
Al-Mg system (Fig. 3a). Their use is justified by the
simplicity of the technological process® 3. This does
not take into account the high level of internal stresses
in the material obtained during rolling (Fig. 3b),
which are the higher, the greater the thickness of
the plate [2, 3]. In addition, “lines” of intermetallic
phases Mg,Al;, and MgsAl, are formed in the

I Compact JAMMER MSP-418K. Zhurnal oboronno-
promyshlennogo kompleksa. 18.08.2009. URL: http://bastion-
karpenko.ru/compact-jammer-msp-418k/. Accessed November 10,
2021 (in Russ.).

2 GOST 17232-99. Aluminium and aluminium alloys
plates. Specifications. Moscow: Izd. standartov; 2000. 10 p.
(in Russ.).

3 GOST 4784-97. Aluminium and wrought aluminium
alloys. Grades. Moscow: Izd. standartov; 2001. 12 p. Edited (in
Russ.).

structure of hot-rolled plates, and their appearance
is especially pronounced in the zones of localization
of deformations and discontinuity of their rates
(Fig. 3c) [4].

Fig. 3. The process of manufacturing microassembly
cases from hot-rolled aluminum alloys
of the AlI-Mg system (a); result of plate delamination due
to intergranular corrosion (b); a defect in the materials
of the hot-rolled plate (c)

The loss of tightness of microassembly housings,
as industrial practice shows [5], occurs due to “leakage
through the material” of the housing (Fig. 4a),
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(c)

Fig. 4. Types of damage to the surface of the housings due to “leakage through the material” of the housing (a);
delamination of the coating of the base material (b) and “leakage along cracks” (c)

delamination of the coating from the base material
(Fig. 4b) or “leakage along cracks” formed during the
chemical nickel-plating of the body and cover of the
microassembly before soldering (Fig. 4c). A number of
works are devoted to this problem, for example, [6, 7],
but they do not take into account the influence of
the structure and properties of the material of these
cases.

The article [7] considers a method for improving
the quality of finished units’ parts in the MSP-418K
product by introducing an additional technological
operation to optimize the structure of the starting
material in the manufacture of radioelectronic warfare
parts. This makes it possible to exclude the invariance
of hereditary factors obtained in previous technological
operations®.

With an increase in the grain size, the tendency
of the metallic material to destruction increases
due to phase separation and thermal diffusion of
the melt substances that leads to an increase in the
number of defects and impurities displaced from the
volume. Plastic deformation during rolling makes it
possible to resist this process [8]. Workpieces that
have undergone additional deformation are usually
characterized by increased strength properties of
the material. Depending on the requirements for the
material of the workpiece, one of the recommended
forging schemes is assigned and the temperature of
heating the material before forging is selected.

MATERIALS AND METHODS

In the case of aluminum alloys of the Al-Mg
system, experiments on using a complex technological
process for manufacturing electronic warfare parts
were conducted. The technological process includes
forging the original bar workpieces according to
various schemes of the All-Russian Research Institute
of Aviation Materials, VIAM (State Scientific Center

4 Kovka i shtampovka deformiruemykh alyuminievykh
splavov: Proizv. Instruktsiya (Forging and stamping of wrought
aluminum alloys: Prod. Instruction) PI 1.2.085-78. [Approved
VIAM]. 01.09.1978. 17 p. (in Russ.).

of the Russian Federation) [9, 10] and temperature
parameters; stabilizing annealing of three forgings at
320°C in comparison with three forgings carried out at
a temperature of 420°C for 1 h, followed by air cooling
of each batch of forgings; processing of samples on a
screw-cutting lathe; dynamometric and metallographic
studies to measure the hardness and roughness of the
treated surfaces of the samples.

The manufacture of a part under different
temperatures is necessary for increasing the strength
properties of the material [11]. The number of defects
and impurities in the initial material increases with
the increase of grain size. Grain crushing during the
forging process reduces the content of grain boundary
impurities, making the material of the part more uniform
and balanced in properties.

The temperature for stabilized annealing was
chosen in accordance with VIAM recommendations.
The recommended forging temperatures are
350-430°C [12]. However, based on previous studies,
it was decided in the experiment to set the forging
temperature at the upper and lower values: 420°C and
320°C, respectively.

The studies were performed with six forgings
(samples No. 1-6) with dimensions @70 x 140 mm;
the results were compared with the original material
of the workpiece (pressed rod) with dimensions
@70 x 120 mm, (sample No. 0). The permissible
degree of deformation during forging on the
“hammer” of forging and pressing equipment was
50% [11]. In an electric muffle furnace (SNOL),
the workpiece (samples No. 1-3) was heated to a
temperature of 420°C, and samples Nos. 4—6 were
heated to a temperature of 320°C. The draft was up
to 60 mm.

After stabilized annealing, the samples were
machined on a /6K20 screw-cutting lathe using a
dynamometer (Fig. Sa). Figure 5b shows that when
turning along the generatrix (diameter) and along the
end face of experimental samples, the load force on the
cutting tool (cutter) is distributed over three coordinates:
P_ is the feed force, Py is the radial force, and P, is the
cutting force [7].
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(5) (b)

Fig. 5. General view of the 16K20 screw-cutting
lathe with an automated dynamometer UDM 600 (a);
schematic description of the distribution
of the load force on the cutter during the processing
of samples on a screw-cutting lathe (b)
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RESULTS AND DISCUSSION

The dynamometric method of research showed that
the distribution of load forces in the cutting tool (cutter)
during the treatment of samples in three coordinates
corresponds to their classical relationship: the value
of the feed force P_ varies from ' to %, and the radial
force P —from % to ’2 of the cutting, P_. Comparison
of experimental, mechanically turned samples (Fig. 6a)
with the original bar (Fig. 6b) showed that when
machined samples with the same oriented structure in
the material are obtained by forging operations, it is
possible to ensure the lowest roughness of the machined
surface. This is because a more effective dynamic
damping of vibrations during cutting is achieved by a
large dissipative resistance force of the material of the
workpiece with a texture of the deformed metal oriented
in different directions.

Sample 2, cylinder

60.0

55.0
50.0

—T—~ L ] \

45.0
40.0

35.0

30.0 -
25.0 -

Cutting force, kG

20.0

15.0

/
/
/
10.0

5.0 7 r i

|
N

0.0 7 :
0 061218 24 3.0 36 4248 546.06.6 7.27.88.49.09610.210.8
Time, s

—_z
(a)

—Y

X

Original material, cylinder

70.0

65.0 +—
60.0 r

L ~TNA

55.0 |
[

50.0 '
45.0

40.0

35.0

30.0 +—

Cutting force, kG

25.0
20.0

15.0 1 f\

10.0 +— /

50 7~
0.0

|
cCoN®mITOON®T
Or—r—ANOMS W0
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and the original billet (b)
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A comparison of the microstructure and roughness
(texture) of the surface of the original workpiece
showed that the coincidence of the grain size and the
magnitude of the force of removal and feed of the tool
leads to tearing in the material of the original workpiece
and sticking of the material to the cutter (Fig. 7a). In
this case, pull-out usually occurs at the triple junctions
of grains, where there are places of accumulation of
impurity phases [13].

Fig. 7. The surface of the original workpiece
with material tearing out during turning and machining
and chips on its surface (a); the surface obtained after
forging with interlayers of inclusions (b)

At the same time, an increase in the density and
hardness of the material of workpieces facilitates chip
flow and improves the quality of their surface after
turning (Fig. 7b). Elongated non-metallic inclusions
located along the cut boundaries are weakly bound to the
metal matrix or differ sharply from it in terms of elastic
characteristics. Microscopic metal discontinuities near
the boundaries of non-metallic inclusions are located
differently in relation to the external force applied
during the turning process. All these imperfections
(interlayers of inclusions) enhance the dissipation of
vibration energy during the turning and machining of
experimental samples after forging.

We can draw some conclusions analyzing the
magnitude and nature of the loads on the cutter during
turning along the generatrix and along the end of the
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CONCLUSIONS

The paper presents a complex method for
improving the quality of manufacturing electronic
warfare parts based on alloys of the AI-Mg system.
Machining the workpiece under conditions providing
its uniform deformation makes it possible to obtain a
balanced set of technological and special properties.
Good machinability and surface quality of workpieces
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Manufacturing the microassembly body from a
workpiece obtained according to the complex forging
scheme ensures uniform deposition of a nickel coating
with a minimum level of tensile stresses formed in the
surface layer of the workpiece material.
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