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Development of High Damping Alloys for Reduction of Noise and Vibration
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ABSTRACT

Conventional methods for reducing vibration in engineering designs (i.e. by stiffening or detuning) may be undesirable or
inadequate in conditions where size or weight must be minimized or where complex vibration spectra exist. Alloys which
combine high damping capacity with good mechanical properties can provide attractive technical and economic solutions to
problems involving seismic, shock and vibration isolation.

To meet these trends, we have developed a new high damping Fe-17%Mn alloys. Also, the alloy has advantages of
good mechanical properties and more economical than any other known damping alloys(1/4 times as cost of non-ferrous
damping alloy). Thus, the high damping Fe-17%Mn alloy can be widely applied to household appliances, automobiles,
industrial facilities and power plant components with its excellent damping capacity(SDC,30%) and mechanical property(T.S
700MPa). It is the purpose of this paper to introduce the characterization of the high damping Fe-17%Mn alloy and the
results of retrofit several such applications.
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Fig 1. Tensile Strength and Specific
Capacity of various alloys.
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Type Damping Mechanism Alloy System Example
Viscous flow (or plastic flow) Fe-C-Si Grey cast iron
Natural across phase Rolled nodular
Composite  boundaries between matrix  Al-Zn cast iron
and the second phase
Magneto-mechanical  static Fe and Ni T.D. Nickel
Ferro- hysteresis due to imeversible Fe-Cr 12%Cr-steel
magnetic  movement of ferromagnetic Fe-Cr-Al Silentalioy
domain-walls Fe or Ni base Gentalloy
Static hysteresis due to
the movement of dislocation Mg KIXI alloy
' ! . Mg-0.6%Zr
Dislocation  loops breaking away from Mg-MaoNi
pinning points by impurity
atoms
Movement of intemal twin Mn-Cu Sonoston
Twin- boundaries in thermoelastic Mn-Cu-Al Incramute
boundary  martensite or movement Cu-Al-Ni
{or phase  of the interface between Cu-Al-Zn
boundary)  the martensite and the TiNi

high temperature phase

Table 1. Classification of high damping alloys.
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Table 2. Mechanical properties of Fe-17%Mn alloy.

Field Example of Uses
Flight & Space | Gyrocompass, Engine cover and Turbine blade for
Vehicle Rocket, Missile, Jet plane, elc.
Car-body, Diskbrake, Rotary pat of engine,
! Transmission, ~ Air-cleaner, Cylinder-head  cover,
Automobile )
Timing-gear cover or head cover, Floor,
Dash-panel, Roof, Door or door-beam, efc.
lachinery Press, Chain-guide or gear for chain—conveyer,

Generator, Air-blower, Compressor, etc.

Engineering & | Rock drill for a bridge, Expansion Joint, Steel

Construction | reinforcing and steel frame for a skyscraper, etc.
. Rail, Crossing Rail, Railroad bridge, Soundproof wall,
Railroad .
Structural material for subway, etc.
Ship Rotary part of engine, Screw, etc.
Electronic Air—conditioner, Washing machine, Audio Speaker,
Product Spring, Refrigerator, efc.
Office .
Automation Typewriter, punch, etc.

Table 3. Example of practical uses.
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Fig.2 Variation of specific damping capacity with
maximum surface strain in Fe-17%Mn alloy and

Composite Sandwich.

-568-



4. 2E

B Q7olAE Fe-Mn 287 29 /A4 54 2
S4S FHNI7) Adtel AR FIUA 2 AZ
2 A%e 43 e 2L BEE AYh

D 44 ol AL A2A B 119 7
AH 43, NFE, DERAEA, 71A7HEA

AR A FRAA FARSLE ABE QT A4
o) oo} Ao,

2) b 3 A7ARE &8 Fhoje 257
sol At He nFe uH, BTEE, 29 2
A7) Sof AM Fob, g A, A 4Ar &,
A, Fx olgn) Axw, e A7), 4=
T =4 Bof Ay ¥ 1A § o8 Zofd A&
A ‘%40}% = AT A WA 2FE A
st AAANEE Fa ASIFAEAE sefdtnt
iges '

S
2 Qye Berlere 2/ARATANRL) e

19& wol ojFojzg 2w KISTEP #AA i« E£AA
= =gy

N

it}
]
o
re

(1) Rde Batist, 1983, “High Damping Materials :
Mechanism and Application”, Journal de Physique, 44,
pp.c9-39 ~¢H-50.

(2) A.SNowick, 1977, “Anelasticity : An Introduction”,
Vol.6, Part A, pp.1~28,

Q) PefApEs, R, 1984, “B5% - EEERGURET |
# &8 70, pp.166~171,

(4) t2h#E—, 1974, "B &80, 14, 127,

(5) JIlBiig, RF0GE, 1980, “HARSBEEIL", 44, 776.
(6) X.W.Wang, 1989, “Scripta Metallurgica”, 23, 507.
(7) AV.Siefert and F.T Warrell, 1951, “The Rale of
Tetragonal Twins in the Internal Friction of Copper
-Mangnaese Alloys”, J. Appl. Phys,, Vol.22,

pp.1257~1259. _

(8) K.Sugimoto, 1981, “Internal Friction Phenomena
Associated with Diffusionless Phase Transformation in
Alloys”, Journal de Physique, 42, c-971.

(9) BASEHSLGH, 1994, “NKK SERENA, #HLw #
#F4&4". Cat., No.131-031

(10) 1.B.Kekalo, 1986 “Encyclopedia of Materials

Science and Engineering”, VolL3, Pergamon Press, pp.
2127 ~2131.

(11) O.Mercier, K.N.Melton and Y.de Preville, 1973,
“Low-Frequency Internal Friction Peaks Associated with
the Martensite Phase Transformaton of NiTi", Acta
Metall,, 27, pp.1467~1475. ‘

(12) C.S.Choi and Woojin OSK Corp., 1992, “Korea Pat.,
No. 057437", “U.S. Pat,No.5290372"

(13) SHBaik, 1995, “Effects of carbon content on
Damping Capacities and Mechanical Properties of
Fe-17wt%Mn Martensitic Alloy”, CAMP-ISI] Vol8,
pp.690.

(14) C.5.Choi, J.D.Kim, THCho, SHBaik and GHRyuy,
1992, “Damping capacities in Fe-X%Mn Martensitic
Alloys”, Proc. of ICOMAT-92, pp.509~514.

(15) W&, eBH, 2B, HFE, 199%, "Fe-17%Mn
-X%C PIEHAIE g9 AT e ALY
38, ddz4813817), Vol34, Nob

(16) S.HBaik, J.C.Kim, K.K Jee, MC.Shin and C.S. Choi,
1995, “Fffects of carbon content and cold working on
damping capacity and mechanical property of Fe-17%Mn
martensitic alloy”, JOURNAL DE PHYSIQUE 1V,
Volume 5, C8-391~ C8-3%

(17) W43k 1995, “Development and Application of high
Mn Damping Alloy”, 32583 EAZRRE AL,
pp.63.

(18) Wad, PE, AF7, ABE, HFE, 19%
“Fe-1Twt%Mn §59 A5HHed nAE g4Y EEeE
A7ty B, @A2F e A, Vol9, No.l, pp53.

(19) B4, 1RB, ART, AFE, 196, "AHNATH
A", Vol8, No.2, July, pp.113~119,

(20) W&, 2PE, APy, AP, AFE, 19%6, "4
383", Vol8, No.3, pp.197~204.

(21) A. W. Cochardt, 1956, “High Damping Ferro
-magnetic Alloys”, Trans. ABME, Oct., pp. 1295~ 1296.

-569-



