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Effect of Hardening Agent Content on Durability of Composite Damping
Steel Sheets Used Thermosetting Type Resin

Yoshihiro MATSUMOTO, Fuminori MUKAIHARA, Yasunobu UCHIDA and Tadahire WAKUI

Synopsis :

The composite damping steel sheets were made using thermosetting resin composed of saturated polyester

and isocianate type hardening agents as polymer.

; They had high damping properties at room temperature.
The effects of crosslinking system on chemical and thermal durability were studied.

In chemical resist-

ance, adhesive strength and damping properties did not change after soaking in hydrocarbons or alcholic

solvents.
dissolution of the polymer in such polar solvents.

However, for MEK or aceton, the adhesive strength was slightly decreased, suggesting gradual
In thermal resistance, the adhesive strength sligthly in-

creased and the damping capability with increasing temperature up to 200°C also slightly changed. It may

be due to futher reaction of the polyester with unreacted isocianates at an elevated temperature.

An in-

crease of crosslinking density may increase the adhesive strength and decrease the damping capbility at low

temperature range.

It is concluded that a proper selection of saturated polyester and hardening agents

provide the possibility of production of the composite damping steel sheets having high damping properties
at room temperature and high chemical and thermal durability.

Key words : composite damping steel sheet; thermosetting resin; hardening agent; chemical resistance ;
durability ; T-peel strength ; tensile shear strength ; damping performance.
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Table 1. Resin and skin steel used.
Item Note
Resin Saturated polyester

Kind : Isocyanate type
Content : O to 10 phr

Grade : EDDQ
Thickness : 0.45 mm
Treatment : Chromated (40 mgf/m?)

Hardening agent

Skin steel

phr : Per hundred resin
EDDQ : Extra Deep Drawing Quality

Table 2. Laminating condition.

Item Condition

Instrument Hot-press machine

Electric heating

0.45 Steel sheet
0.04 Resin

Specimen (mm)

3. TPS M LHIZ: 26 L ET 10 (kgf/25 mm) LA
bFoSREE %57, FIRSIMGREE (LT TSS) &4k
HOB#R%E Fig. 2 2R, TSS bW LHIES 6 ZRLLE
TEBHBEL M EL 80 (kgf/em®) lEE R o7z, &
NODEEBREORE L GbE T, LA 10 Hi %
B, fRMEO -7 BEAT50°C L2 b, HEERKE
Db DB B 72512 (Table 3), HEEM OWLHE
B 6EE 8ERE L7 ok, WLH 68 E 8E T
TPS T# 1 (kgf/25 mm), TSS T 10 (kgf/cm®) DI
BFNOEND 7=, 72, HHRMEICEVW-TIE 6 FECEH
X 20°C ¥— 7T, 8EEAMIZILCEY—2ThY,
BENH B HETE— 7 mENIEIRMICH D HHRMEIC L&
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0 l I 1 1 I

1

0o -2 4 6 8 10
Content of hardening agent (phr)
Fig. 1. Effect of hardening agent content on TPS

of composite damping steel sheets used thermoset-
ting type resin.
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Fig. 2. Effect of hardening agent content on TSS
of composite damping steel sheets used thermoset-
ting type resin.

Table 3. Loss factor peak temperature, peak
value and hardening agent content (at 1 000 Hz).

0.45 Steel sheet

Steel sheet : 300X 300 Hardening agent content (phr)
Pre-heating 180°C, 2 min, No pressure ftem 6 8 10
Heating 180°C, 2 min, 30 kgf/cm® Peak temperature (°C) 20 40 50
Cooling Cooling press, 10 kgf/cm2 Peak value (Q 1) i 0.40 0.30 0.25
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Table 4. Test item and measuring condition.

Temperature (°C)

properties of composite steel sheets
used thermosetting type resin con-
tained 6 or 8 phr hardening agent.

Table 6. Conditions of durability tests.

Test item Condition

T-peel strength (kgf/25 mm) Specimen size : 25X 150 mm
Test temperature : RT
Tensile speed : 200 mm/min

JIS K6854

Specimen size : 25X 150 mm
Test temperature : RT
Tensile speed : 10 mm/min

JIS K6850

Tensil shear strength (kgf/cm?)

Loss factor (Q‘l) Mechanical impedance method
Specimen size : 20X 300 mm

Test temperature : 0~60°C

Table 5. Condition of resistance test in organic
solvents.

Item Solvent and condition

Toluene, Xylene, Ethyl alcohol Acetone, Methyl

Organic solvent used
ethyl ketone Cellosolve

As sheared edge is no coated

1~24h

Specimen treatment

Soaking time

T-peel strength, Tensile shear strength,
Loss factor

Measuring item

WAEE®H 5 h7: (Fig 3).
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Test condition
180°C in Air 60 min
200°C in Air 60 min
220°C in Air 60 min
80°C in Air 1000h
50°C, 95% Humidity, 1 000h
35°C, 5% NaCl, 1 000h
—30°CX3h

100°CX 3h

Durability test

Baking resistance test

Heat resistance test

Humidity resistance test

Salt spray test

Heat-cold cycle test
] 1~40 cycle

Bb0RFEAZ. HBAECHEIRFK A B B % O Hinpefd
TRETRZBLRORMOIEER, EBRICEHHE LT
HAAINTHERHEND L&D, SREBIEE OHBERS
RO LD FELFALRBRTH 5.

3. & B # R

3.1 mhHEHIM
HARERHABRROBERENER R % Fig. 4 IR
F. LR 6 #5 & 8 ERTIXRERAT O F DR AR
BHICPPAE L R BMBENICH- 2. TPS OE{LE
MEK &7t + vy TEH O, MoBH TidEfbizize
AEBRDOENZE N7z %8B, MEK RETIZHEILA 8
W HAEE 16 (kgf/25mm) TdHho 72 b D24 13
(kgf/25mm) ¥F CTHETL, 7 FyBETIH 14
(kgf/25mm) ¥ TR T L7 —F, TSSIKBWVTH
MEK ¢ 7t P VEBETCRETFORERKRTAZD LN
7. L L, @rORBEFRETIE TSS & bicE
B EAERL, WAL 8ETCIIREBEICHH 80
(kgf/cm?) DBREEDS, 6 ETiE 70 (kgf/cm?®) LLEDR
EHH o 72, Fig. 5 I1& MEK Z#E 1% O fliREE £ R,
EALH] 6 55 Cid 40°C, 60°C OERM THET OMWRET

— 247 —



1662 % L S 75 4 (1989) 9 B

Loss factor (Q7")

20 100

8phr
8phr
15F —@ 80 _m 6ph ‘8
6phr 0 60 | phr
10 40 - Toluene
Toluene
L [ 1 ! | 20 [ I [ /] 1
5 0 5 10 15 20 25

20

T
1
85388
ng
e )

10 xylene
xylene A . | | |
5 ' : ' ’ 0 5 10 15 20 25
0 5 10 15 20 25 %
€ § 100
£ -0 >
8 15 888 — o| B °
= 60}
~
e 10k
2 | et alchol £ ‘2‘3 Cethylalchol
5 1 1 I i c
% 0o 5 10 1 2 2 2 0 5 10 15 20 25
& ® 100
= &
B sl R s —
g % 60
10 i
o acetone ] %’ 40 Iac:etonle | 1 1
ST o 1 2 §*° 0 5 10 15 20 25
o 5 1 1B 20 259

n

o
-
o
(=]

3 &
38
Y

MEK 40 - MEK
5Ll ] 1 [ 1 : 20 1 ! ! 1 1
o] 5 0 15 20 25 0 5 v 15 20 25
151
. ] o =
10 60 |-
cellosolve 40 - cellosolve
511 { { | 1 20 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
Time {h) Time (h)
(a) TPS (b) TSS

Fig. 4. Change in TPS and TSS of composite damping steel sheets used thermosetting type resin contained
6 or 8 phr hardening agent during organic solvent soaking tests.
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Fig. 7. Change in TPS and TSS of composite damping steel sheets used thermosetting type resin contained

6 or 8 phr of hardening agent after dulability tests.

MWRRH O NI, —F, LR 8 Tk blIRISEE & bz
Lotz

3.2 HAHRBR

3:2:1 ~N—F o FRER

fif X—F v FHREBEAER % Fig. 6 ISRT. BWLHIO 6
e 8ibe bizizFL TPS BIeBH %/ RL 4. $4b
b, 180°C DME %479 & TPS i3 ¥ %43, 200°C
DT TPS EHETET L, 220°C OMEE Tk TPS
DETEEVIKEL B o7

3:2:2 WARER

BREWMARERIC LB TPS & TSS %1k % Fig. 7 (2
R T EGER T I TE{L A 8 SRELAHT o TPS 123 ERH
16 (kgf/25mm) TdH o7 b DA%, 1000h D HKERE,
# 20 (kgf/25mm) * TR L7, —7, FEILHI 6 SRAC
A TIEAERAT 156 (kgf/25mm) & 726 D HH 16
(kgf/25mm) % T L5 7z, BEALHI S HIH~<5 &

TPS OB 3. WAKRAERTIZ 6 58, 8E & bR
Btk TPS xR0 g cE iz d o 7. it
& EKEEAERCIx, BILH 636, S#BE L RERILIC
TPS WETET L7z, H#HY A 2 VRERTRELHE
2L 5T TPS OZEAfLICEWHFRDO LN, T2bb,
WEALA] 8 T ERBRIC X - T TPS 281 L L 7245, fE{L
K6 ETik TPS OZALIZIT LA CERD LN D 570,
TSS X &MKHIZ TPS & 0 b bdd v as, ik
BRB LGB A 7 ViABR TR 6 58, 8EB&
BRHPIC TSS H¥ KT M 2R L. WARER
KT ABR Tl LA 8 BRI A TR T L 7245,
LA 6 FTiE, TSS OEfLIIZ LA LB DONLH 5
7o, WHERIRIB KRR T, BILAIEIC XS FHARER
%o TSS OFELZA 7% 5 72. Fig. 8 2T RERRI %
DOHFRIFEER Y. BILA 6L 88k b ¥ — 7RI
ZEL 2w, HGRFEEICETORE»BDON. F

¥

— 249 —



1664 B 0+ S #0754 (1989) L9 F
10 50 Table 7. Results of solvents resistance test of
| at 1000Hz | at 1000Hz resin.
05 05r No hardening agent Hardening agent contained
Solution
e Solubility Swelling Solubility Swelling
g Water O © O (@}
g€ o1k 01k Ethyl alcohol ©) O O O
g .
; MEK X — O —
2] L L
8 0.05 0.05 Toluen X - O
Xylene - X - O
® as received ® as reCi"aed SolubilityO : Impossible X : Possible
0.01 AI after ?0”0, 1?00hr | 0.01 AI after ?O C, 1(I)00hr | Swelling © : No changed O : Slightly swelled X : Swelled
. 0 20 40 60 . 0 20 40 80 MEK : Methyl Ethyl Ketone
Temperature (°C) Temperature (°C)
K & OREDEARES T LT 5.
(a) 6 phr (b) 8 phr

Fig. 8. Comparison of damping properties after
heat resistance test.
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