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Abstract: Damping alloys can dissipate vibration energy into thermal energy through defective motion with
high mechanical properties and functional characteristics, which have a great significance in the
development and research of aerospace and military fields. There are differences in microstucture between
different alloy systems. The types of defects that play a dominant role in damping are different, and the
properties of structureal defect (type, density, and movability) are the key factors affecting the damping
performance of alloys. The types and characteristics of damping source for different damping alloys systems
were summarized from the perspective of defects (plane defects, line defects, and point defects). The
relationship between damping capacity, mechanical properties, and functional properties (corrosion
resistance, casting performance, etc. ) was reviewed, the development status of various damping alloys
was summarized, and then the development laws and differences of damping alloys were concluded.
Finally, the research direction of damping alloys is prospected. The single type of damping source will
seriously limit the improvement of the material damping capacity. While the design concepts of composite
materials and high-entropy alloys allow for the coexistence of multiple damping sources, which produces
the coupling effect of multiple damping mechanisms that can realize the two-dimensional expansion of
damping capacity, and improve mechanical properties and functionalities. The design concepts will play a
significant guide to enhance comprehensive performance of damping alloys.

Key words:damping alloy;defect;high-entropy alloy ; multi-damping mechanism
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Table 1 Summary of the advantages and disadvantages of each type of damping alloys

Type of damping source  Alloy system Advantage

Disadvantage

Plane defect Fe-Cr/Gd High damping performance less affected by Static loads and applied magnetic fields will
temperature and good corrosion resistance worsen the damping capacity
Zn-Al Good casting performance and strong resistance It is easy to creep above 100 °C and has poor
to electromagnetic interference corrosion resistance
ADI Good casting performance and low cost Low tensile strength and poor corrosion
resistance
Mn-Cu High damping performance and high strength Poor corrosion resistance and low service
temperature (<<TY)
Line defect Mg-Zr Excellent damping capacity, low density,and high Low strength and poor corrosion resistance
electromagnetic shielding
Fe-Mn High damping performance and high strength Poor corrosion resistance, and low service
temperature (<ZAg)
Point defect Ti-Nb-O High damping performance at high temperature, Poor damping performance at room

excellent mechanical properties, and good corrosion

resistance

temperature or high frequency

1.1 H#EABEREEE
Bk RIBH JE A 4 DL Fe-Cr,Fe-Gd & 4 Mt #E X

KRG 4 BA MBS T RE | K4 6 i b 1 0 BEL T8 1
FasE Mk, 78 —70 CE| JE LR (=700 “C) i [F N HBH
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Fig.1 Magnetic domain structure in ferromagnetic damping alloys(a) and the effect of static stress on MDW (b)"*!
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Fig.3 Schematic diagram of the G-L dislocation model'
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Fig.4 Schematic diagram of damping performance with strain
amplitude for Mg alloys and Fe-Mn alloys, and the microstructures

of AZ61"°" and Fe-17Mn'"" alloys
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Fig.5 Schematic diagram of the Snoek-type damping mechanism
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Fig. 7 Comparison of the effect of single damping mechanism and

multi-damping mechanism coupling on damping performance
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Table 2 Damping properties of various typical damping alloys

Damping alloy series Typical alloy € T/K (Q '=tang)
Ferromagnetic damping alloy Fe-13Cr-4Al1-0. 5Mo'" 1X10 *-3x10* RT 0.021-0. 070
Fe-13Cr-4A1" 1X10 *-3x10 * RT 0.030-0. 057
Fe-18Gd™" 2X10 4-2%10° RT 0.010-0. 025
Multiphase damping alloy Zn-22A1(ZA22)'% 5x10°* RT 0.061
Austempered ductile iron'%" 6x10* RT 0.025
Twin-boundary damping alloy Mn-46. 92Cu-1. 53A1°° 1X10*-1x107° RT 0.017-0. 054
Mn-26Cu-2Ni-2Fe-2Zn-3A1*" 2.5X10 7-2.5X 10 * RT 0.023-0. 055
Mn-20Cu-5Ni-2Fe(M2052) %) 1.2x10°" 175-450 0.010-0. 100
Dislocation damping alloy Mg-0. 6% 1X107*-1x10"° RT 0.010-0. 031
Mg-4.61Zn-4. 74Y-0. 617" 1Xx10°° RT 0.013
Mg-4Y -2Er-27n-0. 6Zr'*") 1x10°° RT 0.010
Fe-17. 5Mn-0. 022C"! 1X10 *-7x10 ¢ RT 0.010-0. 048
Fe-26Mn-4Si %! 5%x10 * RT 0.016
Snoek damping alloy Ti-25Nb-1. 50! 1.2x10°* 300-625 0.010-0. 033
Ti-25Nb-3. 00! 1.2x10* 300-625 0.010-0. 075
(Ta, ;Nby sHIZrT1) g0, 2X10 * 665-835 0.010-0.019
Multi-damping mechanisms damping alloy Fe-21Cr-4A1-2Gd" 1X10 *-8x10* RT 0.017-0.072
(MDW and D)
Fe,Cr,NiCuAl, , ™ 1X10*-8x10"* RT 0.024-0. 056
(MDW and PB)
Fe,sMny,CrysCoy ™! 2X10 %-1x10° RT 0.010-0. 060
(MDW, PB, SD and TB)
FegoMny,CrysCog ! 1X10 *-1x10° RT 0.043-0.076

(MDW and D)

Note:The frequency used is 1 Hz;RT means room temperature
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