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Effect of Reinforcement Content on Damping Capacities for
Castable Aluminum Matrix Composites Reinforced with SiC
and Graphite Particles
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ABSTRACT

Loss factors of A356, Mn-Cu alloy and aluminum matrix composites reinforced with SiC, and Ni-

coated graphite particles at various contents have been investigated using clamped-free cantilever beam
method. The loss factors of half-power bandwidth of the specimens were measured over a wide range
of frequencies from 50 to 3300Hz. Among the specimens, Al-10%SiC,~10%C, showed the highest loss
factor at the mode I, while Mn-Cu alloy showed the highest loss factors at the modes II and IIL
Consequently, at the mode I the Al-10%SiC,-10%C, showed the loss factor of 0.00093, which is 2.64
and 1.58 times higher than those of A356 and Mn-Cu alloy, respectively.
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[Z 1] Compositions for A356, AIMCs and Mn—-Cu
alloy

dE

| HEluy (vol%)

S (Mg {Fe |Mn|cu| N | A |sc s

GrA-Ni| 92 {058 (016{010(019| - |Bal| 10 | 4

F3s208| 97 {039 t081|039| - | - {Ba| 20 | -
Mn-Cul |50 |sa05{370| 15 |425| - | -
alloy

A356 | 70 10351015]005) 01| - |Bal| - | -




[Z 2] Mechanical properties for A356, AMCs and

Mn—Cu alloy
A | F3S{GA-
36 | 208 | Ni Mn—Cu alloy
UTS (MPa) | 262 | 317 | 275 586
Yield Strength 275
(MPa, 02% | 185 | 310 | 260 | (0.1% proof
offset) stress)
Elongation, % | 50 | 04 | 055 25
Hardness 150
(HRB) SO (Brinell)
Density
(g/em) 268 | 277 | 273 6.92
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[ 1] SEM micrograph of Ni-coated graphite
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AIMC FZA] AHEHE stir-castingdAL £3&

[Z 3] Reinforcement contents(vol.%) and casting
condition for each specimen

No Specimens SiC, | £ | &sllz=A
1 A356 - - | YR AR
2 | AlI-10%SiCp-4%C, | 10 | 4 |9 A&
2% AlHo|
3 | AI-10%SiC,-10%C, | 10 | 10 | Ni-zg¥
ZAH7L
4 | Al-20%SiCo-0%C, | 20 | - | 9E AL
4 Al
5 | Al-20%SiC,-4%C, | 20 | 4 | Ni-zZ®®
58371
6 Mn-Cu alloy - - ~4-3)
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[2% 2] Damping measurement system
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(d)
(2% 3] SEM micrographs for (@) Al-10%SiCo~4%C,
{b) AI-10%SiCpo—10%Cp,
(c) Al-20%SIC—0%Cs, (d} AF20%SICo-4%C,
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[23 4] SEM micrograph and EDS analysis resuit
conducted on AN of Al=10%SiCy—~10%C,
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(328 5] Frequency response spectrum for A356, AIMCs and Mn—Cu alloy excited with broadband white noise
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[28] 7] Loss factors for A356, AIMCs and Mn-Cu
alloy
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[38 8] Loss factors for A356, A-10%SiC-4%Cy,
Al-10%SiCy-10%C, and Mn—-Cu alloy
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[23 10] Loss factors for A356, A-20%SiCy—0%C,
Al-20%SiCy-4%Cp and Mn-Cu alloy
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(28 12] Variations of loss factors with SiC, content.

100 100
oo W —a Al 4 90
N —e&— incorporated SiC —
sor —A— Mode | : 1% %
0 ~a— Mode Il 17
60 - —&— Mode Il Jeo
. 9F ™ 450
T wk \l 1o =
-5 20F ® F20 §
g 2
10 10 =
-k A z
a . -
ol &7 ’ v o
A356  AI-10%SIC 4%C, Al-20°%8IC_4%C,

[3% 131 Variation of loss factors with SiC, and Al
contents

10vol%%} 20vol %2 F7H 4% H4s mode I
2 A9sm 243 o)= Aghajanian et ol
Zhang et al'e] AIMCAAM SiCe 32710 B2
et SAAT} YA|gH

Aghajanian et al-& SiC, Z71 wet 7245e
z7)de 7RI olF ZAsita Hisigon
ol SiCy9] vol%7t F71el wet Al 71X\ 3
Zasl B0 & Aolgln Btk 1y 139
A EDSEAZAT SiC7t 371l weh AlZIR 3%
o] ZAgE IS

324 gx2|7} sl olxle ¥E
Al-10%SiCy-4%Cpt Al-10%SiC,-10%C, A1)
el 2 F¢ TezAANAM A F9 T45Hs}
g 2AIgeH 1 23497} a1 1400 vehd 9
ot 2% 149 Z2RE T FE T AH| sy
T6zANA AT Foll 7850l e ¢ +
ick.

4.4 E

SiC,ot Ni ZRE ZAYAE A7He ofe] 249
AIMCE FZ3l A356, Mn-Cul ¥a8 7454

A3 mode I9A AIMC7} 71&9] 1

7 AsE °L347“ Mn-CuA Tarch 7354
o] $58499 mode 1%} MM+ Mn-CuAl
] 540l AIMCRY 94319t} ©]y
g A%= mode 19} I Mn-CuAl 39
74471791 A A (twin boundaries)d] ©]EA 7}

H2FALTE71%818)7) A7E A1E0043 39)/ 55



MO
~
N
2
i

I8
A

8 [C_1AMOSKC,-4C As-Cast
N A 1os»c 4c 6
S~ Th
©
2
6} -
X
st 4
5
=L ]
1
8
2 3 -
@
22r 1
Q
0 ]
Mode | Mode It Mode i
10
[ 3AK OSiC'-1 DC' As-Cast
~ sl M AI-10SiC -10C T6
o
—
X sp .
£
54 ]
3
=
2 2} 1
Q
i 1
[+]
Mode | Mode ¥ Mode i

[2% 14] Variation of loss factors after as-casted
and T6

H) 732 anti-ferromagnetic)d) 913 74 aabr}
AMCE Z7|7RG H ERHoE 257
2 AeE AlsdTh

2. 10vol.% SiC,Z2 A713 AIMCES 3718 344
219) ekl whel ZHafeo] FUKHAAT, 20vol.%
9 SiC,E H7IF AIMCES Ni 22" 3o
LSRR Al-20%SiC,-0%Cooll BlE Ni
gE 30| A7lE Al-20%SiCo-4%Cpe] 74
o] o Wttt

Y

ofr

56 | @A IE A ATE A150043 3Y)

3 SIC, e wE 7 AR A3
20vol. % SiGE  H7iRE AIMCA  HlsiA
10vol %9 SIGE  #H7IE AIMCS  #2%9]
mode I3} MMM £} £, T6xdAMY] &
A7k AMCY ZH4l5S 717 e S8t

o
Jjm

A

o

-

REFERENCES

{1] B. Taylor, New Scientist, Jan., 14. 1989, p4l.

[2] H. Kolsky, Mechanics and Mechanisms of
Material Damping, ASTM, Philadelphia, PA.,
1992, pp.4~27.

[3] J. Zhang, R. J. Perez, C. R. Wong and E. J.
Lavernia, “Effects of Secondary Phases on the
Damping Behavior of Metals, Alloys, and
Metal Matrix Composites”, Mater. Sci. Eng.,
VolR13, 1994, pp.325~389.

[4] I. G. Ritchie, K. W. Sprungmann and M.
Sahoo, “A High Damping Mn/Cu-Based Alloy
for Marine Propeller Applications”, J. de
Physique, Vol46, 1935, pp.C10-409~C10-412.

[5] L A. Ibrahim, F. A. Mohamed and E. ]J.
Lavernia, “Particulate reinforced metal matrix
composites-a review”, J. Mater. Sci, Vol.26,
1991, pp.1137~1156.

[6] ]. Kim, S. K. Lee and E. ]. Jun, “F&53A)
&7, Bull. of Kor. Inst. Met., Vol.3, No.2, 1990,
pp.130~141.

[71 C. R. Wong and S. Holcomb, Mechanics and
Mechanisms of Material Damping, ASTM,
Philadelphia, PA., 1992, pp.76~93.



[8] B. C. Pai, P. K Rohatgi and S. Venkatesh,
“Wear Resistance of Cast Graphite Aluminum
Alloys”, Wear, Vol.30, 1974, pp.117~125.

9D H Chen and A. T. Alpas, “Wear of
Aluminum Matrix Composites Reinforced
with Nickel-Coated Carbon Fibers”, Wear,
Vol.192, 1996, pp.186~198.

[10] M. K. Aghajanian, C. A. Andersson, R. J.

and B. R Rossing, “High

Metal  Matrix
Composites for Automotive Applications”,
SAE  Technical Paper Series 950263,
International ~ Congress  and
Detroit, Michigan, Feb, 27 Mar. 2, 1995, p.1.

[11] S. Boulton and R. Whitaker, “Performance
Characteristics of Al MMC Rotor Materials”,
SAE  Technical Paper Series 973025,

International ~ Congress  and

Wilener,

Reinforcement  content

Exposition

Exposition
Detroit, Michigan, Feb, 27 Mar. 2, 1995,
p.63.

[12] P. K. Rohatgi, D. Nath, S. S. Singh and B.
N. Keshavaram, “Factors Affecting the
Damping Capacity of Cast Aluminum-Matrix
Composites”, J. Mater. Sci, Vol29, 1994,
p.5975.

[13] M. Taya and R. J. Arsenault. Metal Matrix
Composites, Pergamon Press, Oxford, 1989,
pSL

[14] J. Zhang, R. J. Perez and E. ]. Lavernia,
“Effect of SiIC and Graphite Particulates on
the Damping Behavior of Metal Matrix
Composites”, Acta Metall. Mater., Vol.42,

No.2, 1994, pp.395~409.

[15] A. Wolfenden and J. M. Wolla, “Metal
Matrix Composite:
Properties”, Academic Press, Boston, 1991,
pp.287~328.

[16] P. K Rohatgi, R. Asthana, and A, Kumar,
“Damping Capacity of Aluminum Alloy
Matrix  Composites”, World  Materials
Congress, 1988, p.375.

[171 W. Wu and J. Beech, “The Production of
Aluminum-Graphite Particle Composites by
Using the Full Mold Process”, The
Foundryman, Feb., 1990, p.83.

(18] T. P. D. Rajan, R. M. Pillai, B. C. Paj,

Reinforcement

Mechanism and

Coatings  and
Interfaces in  Aluminium Metal Matrix
Composites”, J. Mat. Sci, Vol. 33, 1998,
p.3491.

(19] S. W. Ip, R. Sridhar, ]J. M. Toguri, T. F.
Stephenson, and A E. M Wamer,
“Wettability of Nickel Coated Graphite by
Aluminum”, Mater. Sci. Eng., Vol.A244, 1993,
p3l.

[20] D. G. Lee, S. H. Ko, S. S. Kim and S. H.
Lee, “Al-SiAl #ZEgARY ATHH T v
A ZEdAel 9%, J. Kor. Inst. Met. &
Mater., Vol40, No.9, 2002, pp.970~975.

(211 S. P. Rawal, J. H Armstrong and M. S.

Misra, “Damping Characteristics of Cast

“Review

Graphite-Magnesium Composites”, Ceram.
Eng. Sci. Proc.,, Vol9, No[7-8], 1983 pp.1001
~1008.

Al |3 A] ATE A1EQ004d 39)/ 57



r
HO
~
N
=
i
&

[22] Y. S. Choi, S. S. Kim and T. U. Hur, “A Undersea Defense Technology, Nexus Media,
Comparative Study on Propulsor Materials Cheju, Korea, 2002.

for Underwater Weapons”, Proceedings of

58 | =FAHE71&83 A ATA A1F2004d 39)



