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Robustness analysis of dynamic properties of polyurethane

damping materials based on multi-index control
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Nanjing 210096, China; 3. Beijing University of Civil Engineering and Architecture, Beijing 100044, China)

Abstract: The isolation devices and dampers in architectural structure have large force and deformation under
strong earthquake or wind, which requires high damping coefficient of damping material, suitable temperature
matching with outdoor environment, and large damping temperature range. Currently, polyurethane damping ma-
terials are difficult to satisfy the above-mentioned performance indexes simultaneously, therefore they can not be
widely used in structure engineering. In this paper, glass fiber, graphene, tetra-needle like ZnO whiskers (T-ZnOw)
and hindered phenol were selected to improve the damping, mechanical properties and temperature properties.
Through orthogonal design, polyurethane with different additions were prepared. And the robustness of loss peak
value (tandy,,), damping temperature range (AT, 5) and glass transition temperature (T,) were analyzed based on
the dynamic thermomechanical analysis (DMA) test. According to the degree of importance of each index, weight
assignment was carried out. The optimization scheme was obtained based on analytic hierarchy process (AHP),
which is a multi-index weighting evaluation method. The validation test shows that tand,, is 1.24, AT, 5is 57°C, and
T, is 21.8°C.Compared with the initial group, the improvement rate of tand,,,, reaches 16.98 %, and the improve-
ment rate of AT, ; reaches 46.91 %.
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Table 1 Factor level

Experimental Content

P Factor

actor Level 1 Level 2 Level 3
GF A 10 12 15
T-ZnOw B 0.3 0.5 0.7
Graphene C 0.1 0.2 0.3
AO-80 D 10 14 18

Notes: Dosage in the table is 100 phr of polyurethane-epoxy;
GF—Glass fiber; T-ZnOw—Tetra-needle like ZnO whiskers.

2 BEBESEIHL()ETE
Table2 Lo (34) orthogonal table of high damping

polyurethane materials
Number  Specimen A B C D
1 Al1B1C1D1 10 0.3 0.1 10
2 A1B2C2D2 10 0.5 0.2 14
3 A1B3C3D3 10 0.7 0.3 18
4 A2B1C2D3 12 0.3 0.2 18
5 A2B2C3D1 12 0.5 0.3 10
6 A2B3C1D2 12 0.7 0.1 14
7 A3B1C3D2 15 0.3 0.3 14
8 A3B2C1D3 15 0.5 0.1 18
9 A3B3C2D1 15 0.7 0.2 10

Notes: A, B, C and D—Factors; 1, 2 and 3—Factor level in Table 1.
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Table 3 Basic physical mechanical properties of polyurethane damping material specimens

Sample number Hardness"//HA Tensile strength"”/MPa Elongation at break”/% Compression set®/% Tear strength®/MPa
1 71 13 700 13 40
2 74 20 650 6 51
3 74 16 700 17 39
4 74 20 730 16 40
5 67 15 655 14 40
6 66 13 650 13 29
7 68 14 670 27 32
8 67 15 690 35 39
9 71 18 655 14 37
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Table 4 Results and signal-to-noise ratio (S/N) of DMA test for polyurethane damping materials

tandy, ATys T,
Number Specimen

Value S/N/dB Value/C S/N/dB Value /'C S/N/dB
1 A1B1C1D1 0.87 -1.21 30 29.54 11.8 18.3
2 A1B2C2D2 0.9 -0.92 38.2 31.64 18 6.0
3 A1B3C3D3 1.04 0.34 42 32.46 18.9 0.8
4 A2B1C2D3 1.25 1.94 52.8 34.45 22 6.0
5 A2B2C3D1 1.06 0.51 40 32.04 21.2 1.6
6 A2B3C1D2 1.06 0.51 38.8 31.78 18.9 0.8
7 A3B1C3D2 1.1 0.83 41.4 32.34 21.1 0.8
8 A3B2C1D3 1.14 1.14 39.7 31.98 22 6.0
9 A3B3C2D1 1 0 36.2 31.17 16 12.0
Average — 0.35 — 32.03 — 5.8
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Table 5 Noise-signal ratio for loss peak value tand,,,, of
polyurethane damping materials

Name Level 1/dB Level2/dB Level 3/dB DIF
A:GF -0.59 0.98 0.66 1.57
B:T-ZnOw 0.52 0.24 0.28 0.28
C:Graphene 0.14 0.34 0.56 0.42
D:AO-80 -0.23 0.14 1.14 1.37

Average(S/N)=0.35 —

Notes: DIF—Difference between the maximum and minimum
signal-to-noise ratio; GF—Glass fiber.

1.2

Zi/\y//

Al A2 A3 Bl B2 B3 ClI C2 C3 DI D2 D3
Factor lever

5 REAFPLEHE tans,,. (78 LEHT

S/IN

Fig.5 Analysis of tand,,,, signal-to-noise ratio means of polyurethane

damping materials
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Table 6 Variance analysis of signal-to-noise ratio of tand;,,,
of polyurethane damping materials

Name Freedom Sum ofsquare Variance F

A 2 1.39 0.70 21.22
B 2 0.05 0.02 0.69
C 2 0.09 0.04 1.31
D 2 1 0.50 15.27
Error 0 0 — —
Sum 8 2.52 — —
(Error) (4) (0.13) (0.03) —

Notes: Meanings of the values in the table are given in Ref. [12];
F—Ratio of the two mean square (effect term/error term).
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Table 7 Noise-signal ratio for damping
temperature range AT ; of polyurethane damping materials

Name  Level 1/dB Level 2/dB Level 3/dB DIF
A 31.22 32.76 31.83 1.54
B 32.11 31.89 31.81 0.3
C 31.10 32.42 32.28 1.32
D 30.92 31.92 32.96 2.04
Average(S/N)=32.03 —
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Fig. 6 Analysis of AT 5 signal-to-noise ratio means of polyurethane

damping materials
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Table 8 Variance analysis of signal-to-noise ratio of AT ; of
polyurethane damping materials

Name Freedom  Sum of square Variance F

A 2 1.203 0.60 24.90
B 2 0.048 0.02 1.00
C 2 1.052 0.53 21.77
D 2 2.081 1.04 43.09
Error 0 0 — —
Sum 8 4.38 — .
(Error)  (2) (0.048) (0.02) —

T, Y PR 28 B0 T O A7 58 M >52 FHL 1y AO-80>
GF>T-ZnOw, I UL, A7 554 F15Z fH i AO-80 )%
X IZBLE R B T, 52K o

H B 7 /T, A 3800 68 DA /N 19 7 n 4 42
R A BRI T, O PERE , H ARSI 7 8805
MR RE AR . B LR R T AR
FEOR I L2500 o A 8500 02 rl ok IR HE 5 AL 1Y
THEDRIRLERE X b g 1 2R S I BH e A ORHTE 52
FNA T E R, RN A BEZ RS K
A RN 32 B 3T 57 A BE ERE HOER S LR AE o BRI LA
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Table 9 Noise-signal ratio for glass transition temperature
T, of polyurethane damping materials

Name Level 1/dB Level2 /dB Level 3/dB DIF
A 8.37 2.81 6.3 5.56
B 8.37 4.54 4.57 3.87
C 8.37 8.03 1.08 7.3

D 10.63 2.56 4.29 6.34

Average(S/N)=5.83

11+
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Fig. 7 Analysis of T, signal-to-noise ratio means of polyurethane

damping materials
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Table 11 Comprehensive evaluation results of AHP weighting method

F4 4K A1BICIDL, HIAEh GF. T-ZnOw. {1
S50 X AO-80 1 143 4o 100 0.3, 0.1 F1 10,

10 2 i B S B BR bR T, 15 W L 7 22 43
Breg e nra, R E A FRE R B XA kL
Ty MR IR /N . i N D A R C A 5Tk
RNk 37.82% F 35.47%, B 3% BH By AO-80 Fl A7
SR L PR JC b} Ty 175 R L 14 5 M0 58% o
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Table 10 Variance analysis of signal-to-noise ratio of T, of
polyurethane damping materials

Name Freedom Sum of square Variance  F

A 2 15.79 7.90 1.63
B 2 9.7 4.85 1.00
C 2 33.85 16.93 3.49
D 2 36.1 18.1 3.72
Error 0 0 — —
Sum 8 95.44 — —
(Error) 2) 9.7) (4.85) —

3.3 ZISHRBBUTEM 7%

H DL ol 0, AT Z 48 65 sh A T 2E P hg
SHARACTEAG Y, 38R X B i R 4 A A — 2
% FE bRt HN A B, 248 BR A A
% (AHP) 15 H R (R4 & o T, DMA i £& i {5 X
JNF ) AR, TR R R B b, HLFERERE
Jy#i2E, H DMA MR AE T, W5 5 AR, it
HEMRFE . ATys ZECRK/NFRAE T DMA i £ bifi
AR B , S50 TR R H IR ek, W
DA 1T S B o LB e, SOH R
Z o tandy., B R /NRAE T AR B S AR RE fE T
W HENE S F IR bR, HS5RP AL,
MR . BB AE AN tans ., 1 ATys @ Tp=
1:2: 4, ASCHRYE AHP i 2 S & PE M ik,
11 R,

SANRIR AR AR A B HE T BCE R 5 0.347
0.449 f10.204, CR=0, RI$8trHA ELE—ME,
HRBAN . BURZARRHEA A %N A2B1C2D3,

HETHEER

Factor tand AT,5/C Ty/C
Weight coefficient
Criteria weight 0.143 0.286 0.571
A2B1C3D3 0.571 0.286 0.143 0.347
Scheme A2B1C2D3 0.286 0.571 0.286 0.449
A1B1C1D1 0.143 0.143 0.571 0.204

Notes: Meanings of the values in the table are given in Ref. [12]; AHP—Analytic Hierarchy Process.
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Fig. 8 DMA curves of initial and optimization groups
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Table 12 Experimental verification of damping performance of polyurethane damping materials

Quality characteristic Initial Optimization group Improvement/ Improvement
target group Predicted Measured dB rate/%
tand,q, 1.06 — 1.24 0.18 16.98
S/N of tand . 0.51 2.01 1.87 1.36 266.67
ATy5/C 38.8 — 53 14.2 36.60
S/Nof ATy 5 31.78 34.96 34.48 2.7 8.50
Tg/oc 18.9 — 21.8 -0.7 -3.70
S/N of Tg 0.83 6.02 5.11 — —
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