
 

 

 

Abstract —The work is dedicated to development and research of 

low-alloyed steels with good damping capacity. The results of study 

on acoustic and damping characteristics of conventional steels and 

advanced alloys, which are taken experimentally, on a facility to 

measure the characteristics of sound radiation, are presented.  
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I. INTRODUCTION 

NCREASED noise level in industrial plants is one of the 

most common factors of production, with an adverse impact 

on the human body [1]. 

Impact-origin noise, arising from the collision of machine 

parts and tools in during its work process, is a characteristic 

feature of the metallurgical equipment functioning, machinery, 

vehicles and other structures exposed to intense impulsive 

loads [2]. 

The highest level of noise occurs in the cold heading (101-

105 dB), nailing, stamping and forging manufactory (104-110 

dB). In woodworking machine tool department workshops 

noise levels are 90-97 dB with a maximum of acoustic energy 

at low (320- 350 Hz) and high (1600-9000 Hz) frequencies 

[3]. 

Most of the details for mechanisms and machines used in 

these industries are made of standard steel 15HF, 18HG, 

20HF, 20HN et al. However, these steels have low damping 

capacity. Therefore, the problem of developing analogs of 

these alloys, which are not inferior to standard steel in terms 

of mechanical properties, would have higher damping capacity 

is still actual [4, 5]. From this viewpoint, more preferable 

steels are of martensitic or ferritic-pearlitic structure, which 

due to dissipation of sound and vibration energy of collision 

generate noise and vibration at lower levels. 

The paper objective was achieved by additional micro 

alloying of standard steels with chromium, nickel and 

vanadium. The advantage of this approach is the ability to 

maintain high functional properties of new steels at the same 
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level with the standard ones and adding them high damping 

capacity [6-8]. 

II.  SUBJECT AND METHODS OF RESEARCH 

The standard (GOST 10702-78) alloyed structural steel 

12HN, 20HGR, 40HMFA grades and experimental alloys AM1, 

AM2 and AM3 were considered as the object of the study 

(Table 1). Experimental ones were additionally alloyed with 

chromium, nickel and vanadium. These elements were chosen 

for their ability to increase damping properties. In addition, 

they strengthen the steel by additional ferrite alloying. 
 

TABLE I 

PROPERTIES CHEMICAL COMPOSITION OF THE INVESTIGATED STEEL 

Steel 

grades 

 

Controlled element content, % of mass concentration 

С 

 

Si 

 

Mn 

 

Cr 

 

V Other 

elements 

12HN 0.09 – 

0.15 

0.17 – 

0.37 

0.30 – 

0.60 

0.40 – 

0.70 

– 
≤0.035 S; 

≤0.035 P; 

≤0.30 Cu; 

≤0.3 Ni; 

 

20HGR 0.18 – 

0.24 

0.17 – 

0.37 

0.70 –

1.00 

0.75 – 

1.05 

– 

40HMFA 0.37 – 
0.44 

0.17 – 
0.37 

0.40  – 
0.70 

0.80 – 
1.10 

0,1–
0,18 

АМ1 0.25 0.24 0.55 1.15 0,37 0.035 S; 

0.035 P; 
0.35 Cu; 

0.4 Ni 

АМ2 0.22 0.32 0.62 1.22 0,38 

АМ3 0.31 0.29 0.64 1.33 0,41 
 

Investigated steels are hypoeutectoid, the carbon content 

therein ranges from 0.09 to 0.44%, and the content of alloying 

elements in experimental alloys varied within the following 

limits: silicon - from 0.24 to 0.32%, manganese - from 0.55 to 

0.64%, chromium - from 1.15 to 1.33%, vanadium - from 0.37 

to 0.41% (see Table I). 

Experimental alloys were melted in a crucible induction 

furnace with a basic lining with a capacity of 12 kg. As the 

main component of the charge scrap steel sheet 10 was used. 

The steel alloying was executed with metal produced 

manganese (97.6% Mn), ferrosilicon (77.5% Si) and vanadium 

metal (99.98% V). Carbonaceous additive was a synthetic iron 

with a carbon content of 3.9%. Steel was poured into the metal 

mold to obtain cast billets of 210x115x115 mm dimensions. 

Cast billets were exposed to hot forging. For this purpose, 

they were heated in a laboratory oven temperature of 1200°C, 

kept at this temperature for 30 minutes and then was forged 

using a forging hammer to obtain a strip with 700x90x10(12) 

mm dimensions. Forging was carried out in several stages 

with intermediate heating. The temperature of the plastic end 

deformation was 900-950 ° C. Then the billets were cooled in 

the air. 
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Microstructural analysis revealed that all the samples passed 

the recrystallization process with the formation of typically 

fine grains (8 points). 

Samples for the study of acoustic and physical and 

mechanical properties were cut from the forged bars. The 

surface roughness after machining corresponded to 7
th

 class. 

Deviation to set the size did not exceed 0.1 mm. 

The mechanical properties of steel were determined in the 

normalized (temperatures up to Ac3 + 50 ° C, holding for 0.5 

hours and air cooling) state. In this tensile test to determine the 

ultimate stress value σU, elongation δ5 and reduction of area ψ 

were produced in accordance with GOST 1497-84 on samples 

of type III. Toughness KCU was determined in accordance 

with GOST 9454-78. The results are shown in Table II. 
 

TABLE II 
MECHANICAL PROPERTIES OF THE STEELS STUDIED 

Steel grades 
U, 

MPa 
5 ,% ,% 

KCU, 

J/cm2 

12HN 800 14 50 80 

20HGR 880 10 40 - 

40HMFA 930 13 50 80 
АМ1 650±18 15±2 42±1,5 72±5 

АМ2 740±15 12±1,6 39±1,3 77±7 

АМ3 850±25 16±1,8 44±1,4 73±6 
 

Acoustic and damping properties of steels were investigated 

after two types of heat treatment: normalization and 

carburizing with follow-up hardening and low tempering. 

Normalization was performed by heating the steel up to a 

temperature of Ac3+50°C, dwell time of 1 hour and air 

cooling. 

Gas carburizing was performed at 930°C for 8.5 hours 

followed by cooling in the furnace to 400-500°C. For 

hardening steel samples were heated up to a temperature of 

Ac3+ 50°C, kept at this temperature for 0.5 hour and then 

cooled in oil. Low temperature tempering was produced by 

heating up to 200°C, 0.5 hour soaking in the water and 

cooling. 

Heating of the samples was carried out in a laboratory 

muffle furnace in quartz ampoules under vacuum at a residual 

pressure of 0.1 Pa. 

Acoustic and damping properties test of the samples were 

carried out at the facility (see Fig. 1), which simulates the 

blow of the ball on a plate of steel studied [9, 10]. 

III. RESULTS AND DISCUSSION 

Experimental results have shown that carburizing and 

tempering does not lead to a reduction of sound level. At the 

same time, forging results in an increase of the damping 

properties of the steel, due to formation of a martensitic 

structure, which provides high damping due to the high 

density of its dislocations. 

Table III shows the values of grain and noise levels of 

standard and advanced steels. A steel condition is normalized. 

As can be seen, the grain size ranges from 1 to 8 points on the 

G scale. AM1 and AM2 alloys are presented as a pure ferrite 

grain size of 5-8 points. During the analysis of alloy 

microstructure AM3 allocation of free carbon in the form of 

graphite surrounded by fine-grained ferrite has been founded. 

 

 
Fig. 1 Facility for measuring the characteristics of sound emission 

of colliding ball and plate: 

1) table; 2)  electromagnet; 3) catcher balls; 4) stands; 5) capron 

thread; 6) sample (plate); 7) noise meter; 8) oscillograph; 9) 

microphone; 10) ball (striker); 11) load; 12) stand or tripod; 13) 

self-recorder; 14) frequency meter; 15) pulse generator. 

 
TABLE III 

THE GRAIN SIZE AND NOISE LEVELS EXPERIENCED IN STEELS 

Steel Grain size, 
mm2 

Grain 

diameter, 

mm 

Grain number on 

the scale of G 

(GOST 5639-82) 

Sound 

levels, 

dBA 

12HN 0,04000 0,200 2 (coarse-grained) 113 

20HGR 0,01210 0,110 3 (fine-grained) 117 

40HMFA 0,11560 0,340 0 (coarse-grained) 114 

АМ1 0,00073 0,027 8 (fine-grained) 105 

АМ2 0,00300 0,055 5 (fine-grained) 108 

АМ3 0,00168 0,041 6 (fine-grained) 101 

 

As it is shown in the Table III, all the experimental steels 

have better damping capability compared with conventional 

counterparts. They provide a reduction in sound level with 

113-117 dBA to 101-108 dBA. At the same time among 

experienced steels best damping capacity differs for AM3 

steel, which has different coarse-grained structure and 

provides ceteris paribus reduction in sound level to101 dBA. 

  The reason for the increased level of sound damping energy 

of coarse-grained structure is that at high frequencies 4-16 

kHz which defines the total sound pressure level, the length of 

the bending of a sound wave has minimal dimensions, 

commensurate with the size of coarse-grained structure. 

So if at frequencies of 0.250 kHz flexural wave length is 

31.6 - 15.8 cm, at frequencies of 4-16 kHz, its length is 11.2 - 

5.9 cm. This behavior of alloys is easily explained due to the 

complexity of many of the processes occurring directly in the 

hot plastic deformation and subsequent cooling from the end 

temperature of hot forging. During hot deformation two 

competing processes take place within the metal - hardening 

and softening. The hardening of the alloy was caused by an 

increase in dislocation density as well as their reaction with 

the formation of the dislocation complex plexus varying 

degree of mobility and stability. 

There is a correlation of the sound wave with the grain size, 

because the sound radiation of sheet metal material is caused 

mainly by flexural vibrations.  

For plate with thicknesses up to 5mm flexural wave velocity 

C  m /s can be approximately determined by the formula 
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dfС 210 , 

where d – width of sheet metal, 0.005 m; 

       f – frequency, kHz. 
 

TABLE IV 
SPEED OF FLEXURAL WAVES, RELATIONS BETWEEN THE GRAIN SIZE AND 

THE LENGTH OF THE FLEXURAL ACOUSTIC WAVE 

 

Table 4 shows that, in the audio frequency range, coarse-

grained structure provides increased damping characteristics at 

frequencies of 4, 8 and 16 kHz, in comparison with the fine-

grained structure, i.e. in conditions 0010,0/02,0  D .  In 

the frequency range of 0.5-2 kHz and in conditions of 

00035,0/00071,0  D , damping properties of the coarse-

grained structure is lower than the fine-grained structure. 

IV. CONCLUSION 

The possibility of improving the damping properties of 

structural steels by alloying with chromium and vanadium 

were studied. The test results showed that the developed alloys 

AM1, AM2, AM3 and AM4 in its damping properties superior 

to standard steel 12HN, 20HGR and 40HMFA and provide 

noise reduction in shock interaction with the 113-117 to 101-

108 dB. In this case, steel AM4 with a coarse-grained 

structure, has the best damping capacity (%: 0.38 C; 0.33 Si; 

0,49 Mn; 1,47 Cr; 0,55 V).  
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Structural and acoustic  
characteristics 

Octave band center frequencies, Hz 

1000 2000 4000 8000 16000 

Flexural wave velocity,

C , m/s 
200 283 400 566 800 

Flexural wave length,   
mm 

224 1418 100 70 50 

Average grain diameter, 

D, mm 
0,1 0,1 0,1 0,1 0,1 

The ratio of grain 

diameter to the length of 

bending waves , /D  

45∙10-5 71∙10-5 1∙10-2 1,4∙10-2 2∙10-2 

Reduction of sound 
pressure level (dB)  

alloy АМ1 

alloy  АМ2 
alloy АМ3 
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