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Adhesion Durability in Composite-type Vibration~damping Steel Sheets

Masatoshi SHINOZAKI, Yoshihiro MATSUMOTO, Kozo TSUNOYAMA and Shunichi TSUGAWA

Synopsis:

In composite-type vibration-damping steel sheets, surface pre-treatment for the skin steel sheets has been
exarhined and discussed for cold-rolled steel sheets, chromate-treated steel sheets, and electro-galvanized
steel sheets (EG). The evaluation was based on the bond interface durability produced during salt spray
testing up to 1000h. Chromate treatment was confirmed to be the best surface pre-treatment for skin
sheets, because it improves the primary (pre salt-spray-test) adhesion strength and prevents decreased
secondary (post salt-spray) adhesion strength. EG has no ability to suppress the decrement of secondary
adhesion strength, because Zn dissolves in water and edge-creep goes on. The failure mode in T-peel test
changes from cohesive to inteface failure with decreasing secondary adhesion strength and with the

occurrence of edge-creep.
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DERIC G2 5D, Ax VK & LT Bt & 21iE
Zn DOEXWMREFERTE I VL E S - ET
BLEAHTHD.

BlEDz &% &I B &, HHREMIROBEE AT X
FET /R A— UEE Zn Do DHEY, HAEER
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Bz v A — MUET 22 L, REOEERAMY b
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KB Lo 4 oA Table | oiRd. HEK
h A& HSRR (EDDQ) i, Table 2 1R 44T
7v A — MLEAYEB L. 7 v 4 — + OfETFEL
B BB ABE LY. 7 e 2 —  UWUEENIER T
Cr3+ : Cr+ 2% 0.65 0% Fiu . Cr offEEIT
20 mg/m2, 50 mg/m?, ¥ L * 85mg/m?2 D 3 KUEL L
oo AR v 2 — VUBO-EHE LT, BFrr 2
— MALEESRAE (LA TFS X509) @R LA. 2ok
o Cr fFF BT 100 mg/m? TH Dz,

COERNCRIGE 7 v A - B ERKLCER Zn o
DEMM(EG) & A+ vERIE UC 3FEFEH L7 (Table
. Zn HftE12 20g/m? L 40g/m? o 2 k¥ L 1,
FIEBORE 7 v 2 — LI (DAF C B L2y, EG
+C L) OEELRENL D, AL BbeT
FEHAL . ‘

FAVESM T 4 v 22T 55 — A lilE (PVB) s
724 bR EELI DT HHY, Table 3 ird

Table 1. Types of skin steel sheets used.

Steel Thickness Note
EDDQ 0.6 mm Extra deep drawing quality steel
TFS 0.5 Tin free steel
EG+C 0.6 Zn: 40/0, 20/20 g/ m? As C-treated*
EG 0.8 Zn: 20/20 . g/m?  As plated

* Reaction-sensitive chromate treatment

Table 2. Conditions of one-side chromate treat-
ment for EDDQ sheets.

Degreasing Solubility ratio Drying C.W.*
Chemically Cr3+: Cr* 60°C 20 mg/ m?
and for 50 mg/ m?
electrolytically =0. 65 1min 85mg/ m*

* Coating weight of Cr

Table 3. Core resin films used*.

Grade Thickness Note (Tg **)

R 0.1 mm For room temperature use (30°C)
M 0.1 mm For middle high temperature use (80°C)

* PVB films contain granular graphite
** Tg : Glass transition temperature

Table 4. Composite-type vibrration-damping
steel sheets tested.

Symbol Skin steel Note
A CR Cold-rolled EDDQ mild steel
B Chromated EDDQ+ Chromate (Cr: 20 mg/ m?)
C Chromated EDDQ+Chromate (Cr: 50 mg/ m?2)
D Chromated EDDQ+ Chromate (Cr: 85 mg/m?)
E TFS (Cr: 100 mg/ m?)
F EG Zn: 20/20 g/ m?
G EG+C Zn: 20/20 g/ m?
H EG+C Zn: 40/ Og/m?

Xowr, WEARE (R) tHEHABE M) o288
THAH. Rixuws AEBRE T, »% 30°C, Myt T,
23589 80°Co{DTHY, 7 4 v AFIVTHhi 0.1
mm ThH5.

AF VIR EBIIE 7 4 v ADR Y AR IEAy TV
Aok, B bR EREER 2 160°C, g
M3 200°C & Ufc. InERERENE Smin b L, BRE LA
DB EE Y AV CER T TARIL 7.

Dl EofEfgc X v #f, Table 4 3L 5, #M
23 8 R LA S 2 MR, AEF 16 EEOFIIRMN
BEENE LT To oW e A (EH L BIER Mo 2 58
D HIRSMR O IR AR Fig. 1| wRT&R)THDY,
BEBE y OBXRER TR 0.5 THO/-. HER
oo BT B A v ©— v AED TEHEL, Fig. 2
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Fig. 1. Loss factor of vibration-damping steel
sheets used.
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Fig. 2. Test piece for measurement of loss factor.
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Fig. 3. Test piece for tensile shear test of sheet.
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HIRMM O 5133 BriEE TSS ik XiE+ EG o
% Fig. 4 windt. iy AbeEKED TSS(Zhxl
KREBBE LTS LT 5) 12, AF VEIEI SR
WoFHA (CR) 45kgf/cm? THoth, MIGHEH 7 = 2
— FMLEEESK Zn DO @iK (EG+C) Tix 50~55
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Fig. 4. Effect of SST time on TSS of sheet for
various EG sheets (Resin R).
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Fig. 5. Effect of SST time on TSS of sheet for
various chromate treatments (Resin R).

B TSS (hu 2REFRE LIPS 11, WThi

I REZERELDET L. 7o Td COE L TR
EG iz, TSS oK T2 L <, 200h #izix TSS 2%
10kgf/cm? LIF& 7o, BESMBK TS TSS 0T
Pk, 1000h #icix TSS »% 30 kgf/cm? L) F &
ot EG+C ik TSS KTk WM O%HE X
DXt hotesy, £hTd 1000h ik TSS 2385
D EHEBEEROEDORH 2/3 KET L.

—75, HIEERD TSS KR XT3 7w 4 — LD
BEx Fig. 5 WoRT &) THhH, 7wx— UE
WM Wi b BB BT (20~85mg/m?),
TSS & IESEL EG o 84 L E<d, 1k EER
FEAS 60~80 kgf/cm?, 1000h 41z 3s\ T # 60 kgf/
cmz @ TSS 2ot BEV v 4 — + ALEERIR TH 5
TFS(Cr : 100 mg/m?) i, 2REEREDOE TFHL
oz ENEREIRS.

ThbDZ b, HRBHHERKO 2+ 8@k E L
T, Zn HOXIRL D SWEMC 7 = 2 — PR L
T8RS b LW Lol b,

WMo B ST hX 5.

HIREER O 1k, 2&kESBEC XET EG o
#h Fig. 6 iR, 1 REFEBEIAF V@RELT
WIERE AL CHE (CR) &, EG RERLS
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fBxrT. Ll 2RESFHEIVTHhHEL, 10000
iy 30 kgf/em? DIFIfEFLTCLE 5.

7w A= MLEO LR, 2REERECE JIETEE
ik Fig. 7 wRdikhThy, 1 REFBRE L 100~
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Fig. 6. Effect of SST time on TSS of sheet for
various EG sheets (Resin M).
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bRichore.
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Fig. 7. Effect of SST time on TSS of sheet for
different chromate weights (Resin M).
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Table 5 (I REOHWE = — N4 F L > T, &
KEFRBC X, e — VBB OB EREN S
BE & SR & %\ X & SRAR T M ALBE I o> R oo AT 8
CRTTAIRTHL IS T 5. BERE L R
OFEEMCIIBEEHE LIRS = — Vbbb, #H
AN BEERIREE 3 % BN & REE T 2 HIR A T 5.
Table 5 CirgE#E%» C, RAEHES 1, Z L RS
WELMLE RELTCWBDT, e — K CoM-l
WS ISRBITH LRI S.

FLEAKEZERBIC I OTC, =y OO LRHBICELD

BhaEET LD, T TEHBEOFMcBE LR

Table 5. Change in T-peel mode of resin with salt spray testing.

THITTHEBEED D\ Zn OBBOKET %

FMaN el

Resin R M
Symbol Steel
Time (h) 0 200 500 1000 0 200 500 1000
A Cold rolled steel CCC ITI ITI I11 CCM CCI ITI IT1
B Chromate (20 mg/ m?) CCM MMM MMM MMM CCC ccC MMM MMM
C Chromate (50 mg/ m?) CMM MMM MMM MMM CCC CCC CCC CCC
D Chromate (85 mg/ m?) Cq? CMM MMM MMM cce ccC CcCM CCM
E TFS (100 mg/ m?) CcCC CCM MMM MMM CCcC cccC CcceC CcCC
A Cold rolled steel cCcC 111 ITI ITI CCM CCI II1 I11
F EG (20/20 g/ m*) I11 I11 Il IT1 cce ccc MMM MMM
G EG (20/20 g/ m?*)+C CCC CMM MMM MMM CcCcC CC- CCC MMM
H EG (40/0 g/ m2)+C CMM MI1 I11 111 cccC ccc ccc MMM
<Number of test pieces> n=3
< Failure mode> C: Cohesive M : Mixed. I : Interface
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Fig. 8. Comparison of edge-creep behavior for
SST in various skin steels (Resin M, after 500h).
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Fig. 9. Effect of SST time on edge-creep with
different chromate weights and various EG sheets
(Resin R).
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F72, Fig. 10 B@EMIc ks 22y & - 20 — 7D
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Fig. 10. Effect of SST time on edge-creep with
various EG sheets and different chromate weights
(Resin M).
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Fig. 11. Mechanism of TSS decrease by edge-
creep after salt spray test.
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WwWZk, (2 EG 35t EGHC A ERKR LD =
U7 = THRETLOTV S E N5,

LR <te=y 2 - 7V — 7 OERENE U BT
Fig. 11 @Rt L 6bTh%. (a) BEMK T Wik
HHREEOFEL, WMNERCKREFIIRACHETTLO
T, WHESAAF R b HEET S, (b)) 7ma—1
IR TES a3kt 7 v aBIEHC LB R
B LRSI X 01D, MHEA B RE Ul Rk T PR
fTLic . (c) EG oA Zn 1EHBL TR
BT 5O THREEIIE Loy, BIE & Rk s
L7 Zn Boie le b D¢, BB A+ vH#it) S R EE
T%. (d) EG+C 0fE DL Zn OFEMRE 55,
Mg Zn BoRMIc 7z e 2 — NEBAD DD, Zn O
Br (c) ThrMEizhs.

QIREEBE L=, v - 7)) —TEHEETELLE, 2K
BEBREOETN=, Y - 2V -7 X5 EEHBEOW
P XD HDRF TR, B LIRS 5\ iEE &
THAE LD OEBEOBENNOETCLZ2HDLH5
TENGD. 2O LR TFHBERBROBWE = — ¥H
Table 5 KR LI L 51, =y ¥ - 7 ) =72 FhEE
HEITL T Th, Co>M-l 22 T2 2 & Thy
b,

TR & A X VIR & OFS AT oVWTEL
T3 5.

A% v IR & IR DR TR OB R S,

1) ah TR A% vEREER S BiEonh

2) BEEIRE: BEERECKT DHE D

3) METHE : MiEBOBEREL

4) REIEIRETRE  BEELCE VR4

COTEREYRILOBERETHEEINL, ROZSD
EaEhofchsr.

A I REEE= 2 F— (LKA,

B: A FRfEE= ¥ — ‘

SRR O Y AR AEOEBE OB HE, o
5H 4+ VGO~ THHEREFETHSH L VbRT
WA A, PVB BIE® L 7w — M LESREOBEE Y

A AV EEE)

PVB
— CHp— <|:H — CH,— CH — CH,— CH — CH,— CH —
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Fig. 12. Bonding between PVB film and skin
steel surface.

Erxprl, roggw Fig 12 oxsieks. Thb
Y, 7mA— ofio —OH & PVB oo —OH k2%
Buor iz 5o L kb BRARIEL, R-O-Cr ofb=tkif
il oTC\Wwb EELBRS., LT, 2evr—1t &
gk & OFES TS A S OBE S X ToCECEE
ik, 7w A — PBER IoT L REEBEEZESSTS
ZENTED.

BIEIR D | kESREN 7 v 4 — FUHESIRO T h
CHNTRRE 501k, GIEMK O —OH i/
Wb THBH. EG O 1 REFEEE NS IEMRMT O L X
D& ot-0rk, FEIKE ZnO AR L, Shiivbd b,
Mags/@ (WBL)® Licoiciednd Exbhb. EGHC
DEESIIFIEE 7 v 2 — UM ERC Zn © iz 7
A — b EESERT A7, ZnO o X 57 WBL 23
DT, TREFNHE.

QWEEIOETEER L-L S5, =y P 7Y —
T L HEETEEOBA L\ s PENLERLET TS
e ET &V b3 EREY EZET 2 LELD
5.

BB L7 X 5w kiig & A% v RO BEE DIOKFER AL
JiEeET s s, BOUBERBEIB LRV, KEFKE
DENCALTRER DD D LT EEREI B DR D, S
Bl DEEOMAREE 2 L, BaxoERLL 2
KT X 2oTEEIYI LR D ERVCIIKER-S X0 LFEE
HEDFHBPINITTH S, binhi bERE G, KR
A, BIO2KRER) A FHEN) OE=F ¥ —kL
HFh 50~350 kcal/mol, 2~7 kecal/mol, ¥ L% 0.01
~1 kcal/mol T3 %13,

Big L 0 EE& 10 M7 v 2 — + ALERS TFS,
BHE EGHC il 2 REEBRENE DR TWD
B, T h =y O 7Y =T OBED I A —
bALERGHME & TFS 1342k @V 2REBBWENED
hic. WESK W KBBERTCChsoT, SST 0
KXy, BELEBRNEZCEbhb7-0, 2REE
BMECETRKELADK. i, EG TMLFERHEI
WHZIL, = U2 ) —FHRELETTHDOT, 2K
BEBREN b DL IEVERC DL,

AEBRICE T, DHMEEOEEIOEBCOEEN L
DX ISCBER T BEIREFATS.

BIIER & EIEM OB EREBEIL ThZhify 60 kgf/
cm? #5120 kgf/cm? CH ot | REZEBRE DT Ho
ENBIBERICEVTAEL, BMEMICE TN D7:
Dk, Table SI/RLA-X 51, BWIEMTIZIEEA LS
ERECh oD LT, BER CIIBEERSENLR
W A OREE — VN ThHh oD THD. R
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Fig. 13. Optimum configuration of damping steel
with skin steel whose surface one-side EG and the
opposite side one-side chromate.

BET 25 AF VIR OREIREC ) Ahbe4t
mEC XY V REEBRENAB LT, HIRME O£
EWEL - VXBRERHE L3 X5 TRETHS.
ek, RERTCILZ e 2 —OffEEN TSS Kk X
ETEErSHEC 5T, 20~85mg/m? O TIZIER
Lo FEREAB ORI, Zhut SST oFEBREHL Eu
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WEEsZ LT3, FHTIBIBC X oTL, B%
WoRE, SBHENHOFEY, ZREEOKE, b5
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BERCAERLLE LR AEMmE LT, HlRME R
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CEAEMEMR 2 FEHT 58481, Fig. 13 Rt ks
2, AF VBRI o L L, X ORKNEEY S
s e 2 —FAUELT, DOXHEEMC, 797 2 —
FEEREC LT G501 b0 s b RWAHKT
BHHEVWSZ EERELTEL.
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