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PRODUCTION OF DISSIPATIVE ALLOYS WITH MINIMUM ALLOY

Abstract. The paper provides a literature review on the mechanisms of damping in alloys. The goal of
the authors was to obtain the maximum damping with the minimum alloying. Samples of alloys in cast,
annealed and quenched form were investigated. According to the research findings, the characteristics of the
damping properties of the alloys are provided and the possible reasons for the high values of the damping
parameters are explained. An analysis of the nature of non-metallic inclusions shows that very small non-
metallic inclusions do not result in high damping. A very high content of medium-sized non-metallic
inclusions leads to low sound emission. High alloying with elements such as Mn, Ni, Nb, Al, one percent
each, 1.5% Cr, 1.5% V, 0.5% Mo, 0.5% Ti, 0.5% Cu, does not always provide increased damping properties.

Keywords: alloying, damping properties, microstructure of the alloy, sound emission, non-metallic
inclusion.

Introduction. The authors set the goal of obtaining maximum damping with minimum
alloying [1]. The authors investigated alloys 133, 134, 172, 174, 132, 137, 126, 135 in cast,
annealed and quenched forms. Figure 10 shows the microstructure of alloy 133. Damping properties
of alloy 133 La = 83,6 1BA, Vs = 700 aBA/C, §=3-102. The alloy is complex alloyed (1,5% Mn;
1,0% Ni; 1,5% Cr; 1,5% V; 0,5% Nb; 0,5% Mo; 0,5% Ti; 1,0% Al; 0,5% B; 0,5% Cu).

Methods. Samples for the study of damping properties were cut from forged strips. The
surface finish after machining corresponded to class 5. Forged samples were milled, planed, cut,
and polished. The deviations of the specified dimensions (50x50x5 mm) did not exceed 0.2 mm.
The acoustic (sound level, sound pressure levels) and vibration properties (the level of vibration
acceleration and the level of vibration velocity) were determined after forging, then the same
samples were subjected to annealing, normalization, quenching, and low tempering. Annealing
mode — heating up to Asz + 50°C, holding for 0.5 hours, furnace cooling. Normalization was
carried out according to the following regime: heating to Asz + 50°C, holding for 0.5 hours, air
cooling. Quenching was carried out according to the following regime: heating to Asz + 50°C,
holding for 0.5 hours, water cooling. At low heating tempering, the hardened steel was up to 200-
250°C and cooled in water. Heating and holding during quenching, normalization and annealing
were carried out in quartz ampoules in vacuum with a discharge of 10 atm.

Results. Figure 1 shows that in the as-cast condition, the structure is ferrite with pearlite.
Complete annealing of the cast sample leads to grain refinement, Figure 10 (b), since
recrystallization has occurred. A new grain has formed. Due to the refinement of the pearlite-ferrite
grain, the damping properties decreased. After quenching (heating up to Asz + 50°C, cooling in oil)
the structure of the alloy is trostomartensite.

Building of this alloy with manganese (1.5%), nickel (1.0%), chromium (1.5%) provided high
values of the decay rate and logarithmic decrement. But the sound emission (La) of this alloy is
very high — 83.6 dBA, which suggests that alloying with manganese, nickel, chromium, vanadium
in the selected proportions does not guarantee a low-noise alloy.

Alloy 134 contains a small amount of alloying elements (Si, Ni, V, Nb, Ti, B), with 2.04%
Mn; 1.92% Cr; 1.07% Mo; -1.0% Al; 1.5% Ca; 1.5% La. This structure provided the lowest LA
value (72.1 dBA) and the average Vsz and & values. The low value of sound emission is caused by
the presence of large non-metallic inclusions [1].
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Microstructure of alloy 133 in cast (a), annealed (b) and quenched (c) conditions. x250 [1]

Alloy 172 contains 1.10% Si; 1.33% Mn; 0.75% Ni; 1.11% Cr; 0.92% V; 0.34% Mo; 0.93%
Ti; 1.5% Al; 1.0% La. The alloy is characterized by very high damping properties (sound decay
rate, logarithmic decrement), but the sound emission is 82.8 dBA, which does not classify this alloy
as low-noise.

The reason for the high damping properties of the alloy is the high content of non-metallic
inclusions 9.796x10-2.

Alloy 174 (0.10% C; 1.05% Si; 1.0% Nb; 1.5% Al1; 0.7% La) is characterized by the
following damping properties: La = 84.3 dBA; Vszz = 140 dBA/s, 6 = 0.0116. The content of
nonmetallic inclusions in the alloy is very high (7,593x107?), but analysis of the nature of these
inclusions shows that these are mainly very small nonmetallic inclusions that do not provide high
damping [1].

Alloy 132 (2.26% Mn; 1.78% Mo; 1.0% Al) is characterized by the following properties: La
= 74.3 dBA; Vszz = 628 dBA/s, 6 = 0.0228. The content of non-metallic inclusions is very high
(7,273x10%), which guarantees low sound emission (non-metallic inclusions of medium size).

Alloy 137 (one percent Mn, Ni, Nb, Al, 1.5% Cr, 1.5% V, 0.5% Mo, 0.5% Ti, 0.5% Cu) is
complex alloyed, but damping properties it is not high (La = 83.7 dBA, 6 = 0.013, Vsz = 261
dBA/s). The findings of the study of this alloy show that high alloying with the indicated scarce
elements does not always provide an increase in damping properties [1].

Alloy 126 (1.0% Nb; 0.72% Mo; 0.73% Ti; 1.5% Al; 1.0% Ca; 0.5% La; 0.76% Cr; 0.58% Ni ;
0.73% V) is characterized by the following damping properties: La = 80.7 dBA, 6 = 0.026, Vcz = 533.3
dBA/s. The content of non-metallic inclusions is average (4.526 - 10-%). The structure of the alloy consists
of a mixture of ferrite and pearlite with some content of non-metallic inclusions.

Discussion. Scientists and specialists have already proven that varying the chemical composition
can significantly affect the vibro-acoustic properties of metallic materials [2-17].

The composition and structure of metallic ferromagnetic materials play a decisive role in the
magneto-mechanical damping of MMD mechanical vibrations [18]. Methods of metallographic analysis,
powder figures, a torsion pendulum, X-ray diffraction analysis were used to study the effect of crystal and
magnetic structures on the magneto-mechanical damping (MMD) of Fe alloys of various compositions.
The effect on the MMD of the grain size, the clarity of the powder figures on the sample surface (the
energy density of the domain boundaries), and the degree of crystalline anisotropy was demonstrated. The
features of the crystal and magnetic structures for Fe alloys with a high MMD are reviewed. The
assumption about the connection of the maximum of the MMD on its dependence on the amplitude of
deformation with the transformation of the magnetic structure of the A B type [19].

The features of the formation of a high-damping state of a-solid solutions of the Fe-16Cr type have
been investigated by the methods of thermal neutron refraction, magnetometry, X-ray diffraction, electron
microscopy, amplitude-dependent internal friction and small-angle neutron scattering. It was demonstrated
that the high-damping condition of the investigated materials is characterized by both an optimal
combination of internal stress levels, reversal magnetization losses, coercive force, and the formation of a
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specific fine domain structure, characterized by an increased fraction of 900 magnetic domains
neighborhoods. The dependence of the damping capacity on the average size of the domain hg is described
by a smooth curve with a maximum in the region of hg 7-9 um [20].

Mn-Cu binary alloys quenched from the high-temperature y-region with a content C,» >80%

have a complex of unique physical and mechanical properties: high damping [21]. This is a
consequence of the occurrence in them of a low-temperature fcc-fct transition of the martensitic
type, which is closely correlated with the antiferromagnetic ordering of the atomic magnetic

moments of manganese. Aging at300° <T <500°, due to the presence of a metastable region of
separation into two isomorphic y-solid solutions of different concentrations, has a significant effect
on the course of this process in Mn-Cu alloys.

In [22], the structure and damping properties of Mn-Cu alloys with 50-85% Mn in the state
quenched from the homogeneity region of the y-phase and annealed to metastable equilibrium at
400 and 4500 C. Features of the fine structure of the martensite of these alloys, caused by the
spinodal character of the decomposition. A structural mechanism of the formation of a high-
damping state in Mn-Cu alloys is proposed.

The propagation of acoustic waves in polycrystals is accompanied by the effects of amplitude-
dependent internal friction (ADIF). This phenomenon leads to a dependence of the attenuation and
propagation velocity of an acoustic wave on its amplitude and in many cases is due to the motion of
dislocations. The author in [23] presents the results of experimental and theoretical studies of
nonlinear acoustic effects of internal friction in rods made of technical lead: amplitude-dependent
losses and resonance frequency shift, nonlinear sound decay on sound and nonlinear limitation of
the wave amplitude. The discovered effects are described within the framework of
phenomenological equations of state containing elastic and dissipative nonlinearities.

Conclusion. Among the investigated alloys 133, 134, 172, 174, 132, 137, 126, 135 with the
best damping indices, there was alloy 132 (2.26% Mn; 1.78% Mo; 1.0% Al), which is characterized
by the following properties: La = 74.3 dBA; Vszz = 628 dBA/s, 6 = 0.0228. Here, the content of
non-metallic inclusions of medium size is very high (7,273x107?), which guarantees a low sound
emission.

It was also revealed that according to the results of the study of alloy 137 (one percent of Mn,
Ni, Nb, Al, 1.5% Cr, 1.5% V, 0.5% Mo, 0.5% Ti, 0.5% Cu), which is complexly alloyed, its
damping properties are low (La = 83.7 dBA, 6 = 0.013, Vcz = 261 dBA/s). This shows that high
alloying with the indicated deficient elements does not always provide an increase in damping
properties.
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KIHITTPIM JIET'TPJIEY KE3IHAE IUCCUITATHUBTI KOPBITITAJIAPIBI AJTY

Anparna. Makanaga KopeITHaIapaarsl aemMidepiey Mexanu3maepi OOoMbIHIIIA oeOu 0Ty OTKI31IIi.
Makasa aBTOpJapbIHBIH MaKCcaThl KOPBITIAHBI a3 FaHa JIETipiey apKbUIBI MaKCHUMAIBI AeMIepiey dCepiH
aimy Oomeim TaObIanpl. KyHBUIFaH, JKACBHITBUIFAH JKOHE IIBIHAAIFAH KOPBITHAIAPABIH YATUIEP] 3epTTEIIi.
3epTTey HOTWXKeNepi OOWBIHINA KOPHITHATAPABIH AeMIdepieyIn KacueTTepiHe cumarragap Oepiiami >KoHe
XKOFapel Jemmdepiey mapaMeTpiepiHiH MYMKiH mnaiima Ooxy cebenrtepi TyciHmipingi. beiimerann
KOCBUIBICTAP/IbIH CHITATBIH TAJJIay OT€ YCaK OelMeTalll KOCBUIBICTAp JKOFaphl JeMI(epieyal KaMTaMachl3
eTneiTiHiH KopceTTi. OpTa emmemal 6elMeTamT KOCBUIBICTAPABIH KOFaphl KypamMbl TOMEH JBIOBIC IITBIFapyFa
anbeIn keneni. bip maiiei3 keneminge Mn, Ni, Nb, Al snementrepimen, 1,5% Cr, 1,5% V, 0,5% Mo, 0,5% Ti,
0,5% Cu sneMeHTTepMEH >KOFaphl JIETipiey KOoFapbl AeMIdepieyii KacCHeTTepAl apAaiibiM KaMTaMachl3 eTe
anMaiapl.

Heri3ri ce3umep: neripiey, aemmdeprieyil KacHeTTep, KOPBITHAHBIH MHKPOKYPBLIBIMBI, JBIOBIC
HIBIFapy, OeiMeTarm KOChUIBIC.
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HOJYYEHUE JUCCHUITATUBHbBIX CIIJIABOB TP MUHUMAJIBHOM JIETUPOBAHUH

AnHoTauMs. B cratbe mpoBeneH JIUTEpaTypHBIA 0030p 0 MEXaHU3MaM AeMII(HUPOBAHMS B CIUIaBaX.
Llenpro aBTOPOB SBISIIOCH MOMYyYEHHE MAKCHMAILHOTO AEMII()UPOBAHUS NMPH MUHUMAIBFHOM JIETHPOBAHHUU
crutaBoB. MccienoBanuch 0Opasibl CIUTABOB B JIMTOM, OTOXKEHHOM M 3aKaliecHHOM Buje. [lo pesynbpratam
WCCIIEIOBAHNASA TPEJOCTABICHBl XapaKTePUCTHKH JEMII(PHUPYIOMNUX CBOMCTB CIUIABOB U  OOBACHEHBI
BO3MOXKHBIE€ TIPUYHHBI BBICOKMX 3HA4YeHWH MapaMeTpoB JeMI(pHUpOBaHWS. AHAJIN3  Xapakrepa
HEMETAJUIMUECKUX BKJIOYCHUN TMOKA3bIBACT, YTO OYECHb MEJKHEC HEMETAIUIMUYECKUE BKIIOYCHHS HE
o0ecrneunBaroT BBICOKOE aemrdupoBanne. OYeHb BBICOKOE COACPKAHUE HEMETAJUTMUSCKUX BKIFOUYCHUH
CPeIHero paMepa BeJeT K HU3KOMY 3BYKOHM3ITy4eHHI0. BhICOKOE JIernpoBanre TaKUMH JIeMeHTaM# Kak Mn,
Ni, Nb, Al, mo ogromy niponenty, 1,5% Cr, 1,5% V, 0,5% Mo, 0,5% Ti, 0,5% Cu, ue Bceraa obecnieunBaer
MOBBIIIICHHUE ASMIT(PUPYIONIUX CBOMCTB.

KialoueBble cJjioBa: JerupoBaHue, AeMI(UPYIOUINE CBOWCTBA, MHKPOCTPYKTypa CILIaBa,
3BYKOM3JIyUCHHE, HEMETAJUINIECKOE BKITIOUCHHE.
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