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Improvement of Damping Capacity and Adhesion of Vibration-damping
Steel Sheets by Polymer Alloy Technique
Yukichi WATANABE, Yasushi Fuiil and Akihiko NISHIMOTO
Synopsis : ‘

The relationship between damping capacity of vibration-damping steel sheets (VDS) and viscoelasticity,
measured by dynamic test, of damping resins as been investigated by using polymer and polymer alloy.
Damping capacity has a tendency to be proportionally increased not only to tand (mechanical loss tangent),
as predicted by the formula proposed by CREME et al, but also dynamic modulus of damping resins. Damping
capacity caluculated by KerwiN's formula is in good agreement with observed value on high frequency range.
The relationship between tensile shear strength of VDS and dynamic modulus of damping resins has been
also investigated. Tensile shear strength is increased by using damping resins of high dynamic modulus.
Polymer is difficult to achieve high tand and high dynamic modulus. On the other hand, polymer alloy
which is mixture of a high tandresin and a resin of high dynamic modulus possesses these two properties,
and VDS used this polymer alloy as damping resin can be achieved high damping capacity and high tensile

shear strength.

Key words : vibration-damping steel sheet ; damping capasity ; tensile shear strength ; polymer alloy ; tand';

dynamic modulus ; viscoelasticity.
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Table 1. Melting point of damping resins.
Damping Resins Melting point (°C)
EAA* 110
EAA/AE*? 95
Pol PVA*? 80
olymer Polystyrene 150
Polyethylene 125
Polypropylene 160
Polymer alloy 150

* Ethylene acrylic acid copolymer
*2 Ethylene acrylic acid acrylate copolymer
*3 Poly vinyl acetate
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Fig. 1. Experimental apparatus for determination
of loss factor.
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Fig. 2. Complex dynamic modulus and mechanical
loss tangent of EAA film as a fanction of tempera-
ture.
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Fig. 3. Loss factor of VDS with EAA film as
damping resin.
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Fig. 4. Relation between complex dynamic
modulus and tensile shear strength.
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Fig. 5. Comparison of loss factor by KErwiN's
formula with observed value.
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Fig. 8. Dynamic modulus of polymer alloy film by
polypropylene and acrylic resin mixture.
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Fig. 9. Mechanical loss tangent of polymer alloy
film by polypropylene and acrylic resin mixture.
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Fig. 10. Loss factor of VDS with polymer alloy
film as damping resin.

Table 2. Viscoelastic modulus of polymer alloy
and loss factor of VDS with polymer alloy film as
damping resin.

Acryric resins tand. Eat tand,,,, Nmax Nmazx

content (wt%) max (dyn/cm?) observed [calculated
75 1.26 4.8x108 0.50 0.33
60 0.78 1.5x10? 0.42 0.23
50 0.30 4.4%10° 0.40 0.098
40 0.20 7.6%10? 0.33 0.066
25 0.13 9.0x10° 0.17 0.043

HLTwA, TR LT, BREBEORKEI /NS
BRI K EVIGE (25 wt%), FTREIZENEIC
K HR_PRY/NEBETHY), MEIKELESHS.
PEo X iz, shesgRskEL e &, (3)RTX
BHEHEEAS, EREIC L 2h o BB E LT, RO
ZENEZONS, Thbb, CReMe SO OL L &
7%, KerwiN & OEFT X, T4 > 3—8g 0 BitEAs
W TS, HHERFAREO D OOMITFREIEEI:, 3L A
CHEBEG A BVWILERIRELAZDOTHE. —H,
IR O B TR IC B JIF TR & v S —BHgo Y ~
YROFBIZOVTHNL, FEHY oWEICLhiE,
S o X—BIED Y ¥ EHs, 108dyn/em?® LA EIC %
e, BITHMEZEZS 2HOMR s ELRELELO
FOREL A ENHEHENTVS, 5T, Table
2WRT X, EET ) NVARBIEORARESD 75
wt% DAL, EFREMEEENEICIZIEEF-FH LTSS
ZhiE, Y rEH 4, 8 X10%dyn/em? & A EER L
TeR) 2 —7O04 D, TERGEL, HIFEEICBX
ETHRE Y - BIRDOY v rROPEILENL R

— 257 —



1672 $ & WM 754 (1989) £ 9T

200

150F

100}

[3;]
()
T

O Polymer

® Polymer alloy
] L9

o 1 A
.03 .05 0.1 .2 .3 .5 1.0
Loss factor, n,

Tensile shear strength ( kgf/cm?)

Fig. 11. Relation between loss factor and tensile
shear strength.

PollzbbZEibhb, TRIZHLT, 25wt%h D3
i3, FHEMEREEIC B T/RSWATThIE, ¥
TR 9 X10%yn/em® MO TR E L, @TEIE~
DEBFERTELRLL LY, BIWEHErOANLD L
Eiohb,
4.5 BERFHESIRY EAMEEMRS

40T - 7-BETIC & D, BRI BT, TR
vS—BHIE OB EEMEE B X BRI, FlERD €
ABTHEETR S ICHE 2 B XIFT 213 TR, BERERELE
FICHIRMEE R RET A, BELZRTTH A2 L 7HH
L7z, SFICHE S v s—BHIRIC, BEREHEITKRE LS »D
BIREERN K E L O RFRAT A LICXD, K&k
HEREE b OHRMM L BH Z EATTES.

EIAHT, BHTBEOSEE, —RRICHEEXIERE (=
E"/E) B 1UTOLDONEEAELTHY, fto THEE
WHE (E=VE*+E™® ) L BHHEER (E) 31312R
LfEE 5. #-C, MEBEL T LOTHERMEL VSIS
ORI, BEAREBIEREEOKE 2BEIZ, £
BEmITE 2B ERITE O K & 2851, & hZnpties B
LizRYw—70a4i, GHREW OS> —HiE &
LTRBETHLEEZ NS, BE, SEOBRFTTHED
NEF—¥%b &z, Fig. 1112, 23°C o B 55158D
HAWEER S EHEEARBORKE L OBRLRT S,
R)w—T70A %h Y v S—BIRICER L2 RIEHK
Tk, K&E2BEERRHE, BUIBRDCAMEERS ©
WA LTW5,

LA L%dS, SEMET LR v —T70a(i3, B
PRSI ALDTH Y, BIIFEAEOBMIHO,

12 108% Thotz. Z07:20, HBIIWNTS
BRESES<, ERLICEIHENSS. WM ED %
ik, REETEETI LA EEZLON, 5D
BEIRETH 5.

5. #&

BAHZBIEBLIOR) v —70( 2 FH LT, HIEH
ROBRESEMESSME &, FIRMAMR L L 7o & & DEKRER
BLUFRD & AMESER S L OBRICO W TRE 21T
v, UToOKREE/-.

(1) $EFHE & BERK L 3I3ITHBIBGECHD,
CreME HDR EIFIFT—HTH I LDRBOSLNI. 51
BREBE, BETREFRLMETH, BHEEEROKE
GEIEEHEHTAILICKDKREL 2D I LPEDHLN
7.

(2) ghtytsEtt o 57— 4 2 Hvy, Kerwin 5056
HBERBEEE L 25, SRR COREME,
FERMEIZIZIT L 225, EEEBIRICB W TiE, Efll
fEVZ R D/ RhiEE & 57z,

(3) HEELIEE L BIERIM L 2, RSB S eHFAE
Ry —TuA ks o BIEIC R L - RS
Wi, KELEREREE, BUWIIRDEANEEMRS &
FRL7

il

X [y

1) H OBERrsT, K. FRANKENFELD: Acustica, 2 (1952),
p. 181
2) E. M. KErwIN, Jr.: J. Acoustical Soc. of America,
31 (1958), p. 952
3) D. K. Rao: J. Mechanical Engineering Science, 20
(1978), p. 271
4) BHHAES: ¥ & T, 26 (1985), p. 394
5) F#z, BEIFL, EO#HE: geH, 74 (1983),
p. 551
6 ) H)IBBAES: LA+ oY —8 21 (1978), p. 218 [Eike®E]
7) ANEFAHESG: VAT Y—FERR (1973), p. 164 [HEHEIE]
8) BMEES 11 M (BBE F#E) (1978), p. 17 [EB4TFHIAT
]
9 ) D.Ross, E. E. UNGAR and E. M. KERWIN: Structural
Damping (1959)[ Amer. Soc. Mech. Engrs. ]
10) E. E. UNGAR: J. Acoustical Soc. of America, 34 (1962),

p. 1082

11) G. KURTZ: J. Acoustical Soc. of America, 31 (1959),
p. 1183

12) R. A. DiTARaNTO: J. Applied Mechanics, 32 (1965),
p. 881

13) L. CREME, M. HEcKL and E. E. UNGAR: Structure Borne
Sound (1973), p. 228 [Springer-Verleg]

14) E. E. UNGAR and E. M. KERWIN, Jr.: J. Acoustical Soc. of
America, 34 (1962), p. 954

15) HHA: 5 18 BN THEFTEHERRCE (1987),
p. 175

— 258 —



