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ABSTRACT

Conventional methods for reducing vibration in engineering designs (ie. by stiffening or
detuning) may be undesirable in conditions where size or weight must be minimized, or where
complex vibration spectra exist. Some alloys with a combination of high damping capacity and
good mechanical properties can provide attractive techanical and economical solutions to problems
involving seismic, shock and vibration isolation. Although several non ferrous damping alloys have
been developed, none of those materials are applied in any industrial factor due largely to high
production cost.” To meet these requirement, we have developed a new Fe-Mn high damping
alloy. In previous studies, we have reported that an Fe-17%Mn alloy exhibits the highest
damping capacity (Specific Damping Capacity:SDC, 30%) among Fe-Mn binary system, and
proposed that the boundaries of various types such as e-martensite variant boundaries, stacking
faults in e-martensite, stacking faults in austenitic and y/e interfaces give rise to a high
damping capacity. The Fe-17%Mn alloy also has advantages of good mechanical properties(T.S.
70 kg/mmz and low cost over other damping alloys(1/4 times the cost of non-ferrous damping
alloy). Thus, the Fe-17%Mn high damping alloy can be widely applied to household appliances,
automobiles, industrial facilities and power plant components. In this paper, the overall properties
of the Fe-17%Mn high damping alloy is introduced, and its applicability to containment spray
pump in the power plant is discussed.
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Table 2 Classification of high damping alloys

Type

Damping mechanism

Alloy system

Example

Natural momposite

Viscous flow (or plastic flow)

across phase boundaries
between matrix and the
second phase

Ferro-magnetic

Magneto-mechanical static

hysteresis due to irreversible

movement of ferromagnetic
domain-walls

Dislocation

Static hysteresis due to the

movement of dislocation loops
breaking away from pinning

points by impurity atoms

Twin-boundary
(or phase boundary)

Movement of internal twin
boundaries in thermoelastic
martensite or movement of
the interface between he
martensite and the high
temperature phase

Fe-C-Si Grey cast iron
Rolled nodular

Al-Zn cast iron

Fe and Ni T.D. Nickel

Fe-Cr 12 % Cr-steel

Fe-Cr-Al Silentalloy

Fe or Ni base Gentalloy
KIXI alloy

Mg : .

Mg-06 % Z

Mg-Mg: Ni

Mn-Cu Sonoston

Mn-Cu-Al IIncramute

Cu-Al-Ni

Cu-Al-Zn

TiNi

Table 3 Mechanical properties of Fe-17 % Mn alloy

Table 4 Example of practical uses

Fe-17 % Mn alloy

Tensile strength

more than 70

(kg/mm?)
Yij}(dg/srt;:;g)th more than 35
Elongation (%) 38
H?ggl:)ss more than 92
e e

Thermal expansion
coefficient ( @)

1.84 x 10°/C

Gravity
(g/cm®)

77

Specific damping
capacity (%)

more than 30

3.4

3.1 AlEERR
Aggr]  ArELe

Board, Pump In Board, Motor

oo

oy

Out
Shim

Basement (Pump
Support,

Plate) N AEA L Asted RS AZsgen, o
2y ngozg ZEAY FAALTGE Ty
o8 RS YWD 2 WWoET 2Y¥T, o
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Field

Example of uses

Flight &
space vehicle

Gyrocompass, engine cover and turbine
blade for rocket, missile, jet plane, etc.

Car-body, diskbrake, rotary part of
engine, transmission, air-cleaner,

Automobile | cylinder-head cover, timing-gear cover
or head cover, floor, dash-panel, roof,
door or door-beam, efc.

Press, chain-guide or gear for

Machinery | chain-conveyer, generator, air-blower,
compressor, etc.

Engineering | Rock drill for a bridge, expansion

& Joint, steel reinforcing and steel frame
construction | for a skyscraper, etc.
Rail, crossing rail, railrcad bridge,
Railroad soundproof wall, structural material
for subway, etc.
Ship Rotary part of engine, screw, etc.
Electronic Air-conditioner, washing machine,
product audio speaker, spring, refrigerator, etc,
autOofnﬁacfion Typewriter, punch, etc,
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ARsE st
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500 kg8 Fe LFBRFEZAA Loy, &3
o] 4L Table 59 2. 3 FH3dq 2 F
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Table 5 Chemical composition of Fe-Mn alloy
(wt. %)

Mn C Si P S Fe

176 0.02 0.08 0.04 0.03 bal.

——Fe—-17%Mn
—eo— Composite Sandwich

SDC (%)

1078 107° 107* 1072
M aximun Surface Strain

Fig. 2 Variation of specific damping capacity with
maximum surface strain in Fe-17%Mn alloy
and composite sandwich
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1. Fixture
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Fig. 3 Schematic diagram of experimental apparatus
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Fig. 4 Schematic diagram of containment spray pump
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T3, Agsr) AFPZE WAL A 558
A8 g ez °i ANEH 7 WEol F3t
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4. MEldn 9 nd

4.1 THE AlE30|M AH

dA AgL7)44H =] Basemene AZE AME
57 e 7ATZEE dure27}H(SC46) 3 Fe-Mn
wAgF o2 7tz A2 ¥ pump out board, motor
support @&l thal FP 2 AYAFo| 7t Tt
AANAE(LDS721 model) S ©l§34 10, 50, 100,
500, 1,000, 1,500 Hz®l Fouldor AFdd e
8.2 mm/secZ 7FAAFIHA A|F& A3}, Table 6
oM o] Fe-Mn WAYSFS @Fo] < 28 A
Table 6 Comparison of vibration level in carbon steel

and Fe-Mn damping alloy with frequency

AZ Y (mm/sec)
$ER | FAEH) oo T s
(SC46) (Fe-Mn)
10 7.9575 45750
50 79425 45225
Out board 100 8.0400 45450
support 500 8.1600 45075
1,000 8.1525 45000
1500 8.1375 45075
10 8.1000 49950
50 8.1000 5.0700
Motor 100 8.2050 5.0625
support 500 8.2575 5.0475
1,000 8.2275 5.0175
1.500 8.1900 49050
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Fig. 6 Comparison of resonant frequency with
changing the support
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Fig. 7 Comparison of displacement with changing the
support in 80 ton load test

Velocity (mm/s)

Fig. 8 Comparison of velocity with changing the
support in 80 ton load test.
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Fig. 9 Comparison of displacement with changing the
support in no-load test
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Fig. 10 Comparison of velocity with changing the
support in no-load test
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