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Abstract:The article considers theuse of manufacturing schemes of thermomechanical processing for production of various machine parts.
Schemes of machines for wire and the sized steel introduced on the industrial enterprises are given. Machineswere developed by research
teamheaded by Professor Oleg .1. Shavrin at Kalashnikov 1zhevsk State Technical University. Comparison of the reached parameters for the
developed technologies with basis technologies of thermal processing (typical for the given details) was presented.
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1. Introduction

Development of nanotechnologies in the world practice as
innovative activity of scientists has become a new trend.
Elaboration and development of nanotechnologies in manufacturing
engineering is the most relevant and complex in implementation
among various innovations in the sphere of nanoscale technology.

At Kalashnikov lzhevsk State Technical University the
advantage of nanotechnologies for manufacturing engineering
products is based on implementation of forming substructure
principles in structural steels in the result of thermomechanical
processing (TMP)!. TMP is a well-known method of strain-stress
and performance characteristics improvement due to forming
submicrocrystalline (SMC) or ultra-fine grain structure in structural
steels. A wide range of structures from dislocation structures of hot-
cold work or polygonization to partially recrystallized structures can
be formed when forming alloy structure with increased density and
corresponding distribution of structural irregularities resulting from
plastic strains and its conditions. This range of structure variations
ensures a set of improved steel properties, which depends on
numerous factors affecting substructure dimensional parameters,
and, consequently, the strength level.

2. Background and problem solution methods

During study the effect of subgrains on strength it was
found that empirical dependence of Hall-Petch grain boundary
strengthening valid for pure metal grain sizes without substructure
is also valid for metals with developed substructure for subgrain
sizes ranging from 0.05 pum (50 nm) to 70 um and subgrain size is
used in the formula instead of grain size (D*?). The same was
shown in works of Mark L. Berstein and other scientists when
studying substructure forming in the process of HTMT for pattern
alloys that retain austenitic state with characteristic of fine structure
formed in the result of high temperature strain after cooling to room
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temperature [1, 2]. The results of these researches showed that
polygonal subgrain boundaries could significantly contribute
strengthening that exceeds strengthening due to grain boundaries
and extra effect caused by subgrains surrounded by low-angle
subgrain  boundaries performing as obstacles to moving
dislocations. Low-angle subgrain boundaries increase resistance to
dislocation movements inside the crystal without corresponding
changes in grain size.

The effect of grain and subgrain boundaries on strength
cannot be univocal. It will differ for brittle and ductile steel states,
and for characteristics of small and large plastic strain resistance. In
works of Alexander G. Rahshtadt it was decisively presented that
resistance to small plastic strains (Teasic) 1S defined by subgrain
sizes.

Being subjected to working stresses below yield limit under
cyclic loading, subgrains benefit to a more uniform implementation
of microslip systems in metal while small-angle subgrain
boundaries become a more effective obstacle to dislocation
movement. These conditions reduce the hazard of critical clustering
in the grain boundaries resulting in fatigue crack initiation.

3. Resultsanddiscussion

Research team headed by Dr.Sc., Professor Oleg I. Shavrin
at Kalashnikov Izhevsk State Technical University developed
experimental-industrial machines, matured technology and launched
manufacturing of hardened spring wire 2.5 ... 4.0 mm in diameter
and sized rolled metal 15 ... 26 mm in diameter made of low-alloy
structural steel on the basis of research findings [3].

The developed typical technological process of TMP
involves the following operations (manufacturing scheme): surface
preparation of initial material, pre-strain induction heating higher
than Acs, strain holding, progressing cooling (quenching) and
tempering.

Hot shaping is performed: for wire — by drawing, for rolled
metal by cross-helical drafting in deforming head. Designs of
experimental-industrial machines for TMP accepted in production
factories, given in Fig. 1 and Fig. 2.

Machine represented in Fig.1 works as follows.

A workpiece-rod 1 is progressively fed by charged rollers 2
through induction coil 3 to deforming head 4. The deforming head
grips the rod due to self-tightening in deforming rollers thus
performing plastic strain to a required size (sizing). The sized part
of the rod goes into sprayer 5 for cooling (to fix the structure).
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Fig. 1. Design scheme of sized steel TMP machine

1-workpiece, 2-chargedrollers, 3-induction coil, 4-deforming head, 5-sprayer, 6-axial movement drive.
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Fig.2.Design scheme of industrial wire TMP machine

Moving further the rod is gripped by axial movement drive
6 that prevents the sized rod that comes out of the charged rollers
from rotation and, when the rod leaves the sprayer, passes it into
conveyer (the device is not shown on the design scheme) on for
further operation.

Industrial machine shown in Fig. 2 consists of draw bench

1, two induction coils 11 and 7 connected to loading circuit blocks
10 and 8 of high-frequency units, die-box 5 with sprayer cooling
device 4, wire heating induction coil 2 connected to high-frequency
transformer 3, heat insulator 9, ingoing straightening unit 12 and
drum 13. Wire heating temperature is controlled by a
photopyrometer with optic head set right in front of the drawing die.

Die-box and sprayer device are made bodily. Intensive wire

cooling provides reliable (without rupture) wire drawing heated up
to 920 ... 1020°C. Hardened wire can be supplied in two ways: 1)
high-tempered (Tiempering = 600 ... 650°C) with ground or polished
surface; 2) low-tempered without extra surface treatment. Both wire
conditions can be used for spring manufacture under various
technology options.

A number of new results was obtained studying wire TMP

[4]:

- sizes of the obtained structural elements (polygonization,
substructure and carbides) were less 100 nm;

- substructural mechanisms of forming anisotropy in steels
to resist small plastic strains and fabrication conditions
of isotropic properties were determined;

- the influence of part heating rate on strain value that
provides maximum strengthening effect was
determined;
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- the range of strain holdings providing forming of
optimum substructure and stability of wire drawing
without rupture was determined.

TMP as a technology for controlled nanoscale structure

forming in machine parts can be applied for:

- tubular parts;

- coil springs made of hardened by TMP wires and rods;

- coil springs produced by small deformation
thermomechanical processing (SDTMP);

thermal strain strengthening of cold-mill rolls;

- various wear cylindrical parts.

Requirements imposed on rolls of multi-roll mills are: high
and uniform hardness (HRC 60 ... 65) of body surface at a depth of
not less than 3% from the radius, contact strength(cgontact—max),
thermal fatigue strength, geometrical accuracy (cylindricity) and
surface roughness (Ra<0.32).

Characteristic property of TMP manufacturing scheme for
tubular parts is application of deforming tool - a mandrel to shape
required high quality inner surface providing high quality operation
for a specified type of parts.

Manufacturing scheme for coiling springs of hardened wire
and rods by means of TMP applies the inheritance effect and final
thermal processing should not change nanoscale structure.

High temperature hardening strain for TMP spring
manufacturing is a rod bending strain when making a spring coil.
Strain values (up to 20 %) in the surface layers of a spring coil are
enough to form nanoscale-polygonised substructure. Nanoscale
dimensions of substructure was determined by means of electron
microscopic investigations. This process was called small
deformation  thermomechanical  processing (SDTMP)  [5].
Comparison of elastic components manufactured by SDTMP
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produced by hot coiling technology with the aid of software
ANSYS is presented in publication [6].

Comparison of the achieved parameters for the developed
technologies with basic ways of thermal processing (conventional
ones for the chosen parts) is shown in Table 1.

Table 1. Comparison of the achieved parameters for the developed
technologies with basic thermal processing technology

Technology/parameter Proposed
technology

High
strengthening and

Basic
technology
[+ ional heat
treatment

Parameter
change, % (times)
30%

Wire, rod
(strength characteristics)

Tubular parts (strength) C
treatment
Conventional heat
treatment

30%

I heat | High-tempy

Tubular parts (wear resistance) High-temperature [Eli8
™P

SDTMP

Conventional heat
treatment, hot
coiling
Conventional heat

Coil springs (durability) Increase up to 10 times

Cold mill rolls (durability) High-tem perature
™P

Figh-temperature

Up to 2 times
treatment
hafts [wear resi T d

Crankshafts and I heat

Upto3 times

surface treatment

4, Conclusion

Presented materials on application of TMP manufacturing
schemes to produce machine parts and the results achieved allow
making a conclusion about effective method to improve material
properties.
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The way of TMP application for nanoscale structure
forming of machine parts proved its viability and showed
considerable improvement of parameters in comparison with
conventional technologies.

It is possible to produce different types of machine parts
by application various TMP schemes.
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