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Establishment of Model of Damping Mechanism for the Hard-
Coating Cantilever Beam
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Abstract; Unable to confirm the contribution of hard coating damping on the whole system
effectively, it becomes very difficult to establish the analytical model of hard coating composite
structure of vibration reduction mechanism. The method of creating the damping mechanism
model of beam was studied through separating the damping contribution of hard coating. First of
all, the cantilever beams before/after coating were tested and the vibration characteristics
parameters, such as natural frequency, damping ratio and vibration response were obtained.
Moreover, by analyzing the energy stored and dissipated in the uncoated and coated beam, the
damping contribution of hard coating was confirmed. At last, the Oberst beam theory was adopted
to create the damping mechanism model of cantilever beam, with both material and viscous
damping considered, and the correctness of analytical model was also verified. It shows that by
using the hard-coating damping and the equivalent viscous damping of uncoated beam, the
reasonable analysis model of coated beam can be created.
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Fig. 1 Cantilever beam with NiCrAlY coated
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Table 1 Geometrical and material parameters of
titanium beam and hard coating
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mm mm mm GPa

3

kg-m™

1O 250 21.1 1.5
WER 250 211
F2OEE 251 20.8 1.48
BWEZE 251 20.8

110.32 4370
0.018 51.20 2840
110.32 4370
0.032 51.2 2 840
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Fig. 2 The system of testing the cantilever beam
dynamic characteristic
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Table 2 The natural frequencies of uncoated and

coated beam Hz
ik 1 2 3 4 5
P1WEE 23.4  143.1  410.6  794.4 1318.7
WER 245 147.1 418.0 807.4 1334.5
o BEM 22,6 143.3  402.2  789.2 1313.4
WEE  23.0  144.8 405.5 794.8 1304.1
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Table 3 Modal damping ratios of uncoated and

coated beam %

ik 1 2 3 4 5
P1WER 0.672 0.300 0.130 0.031  0.210
WEG 0.980 0.490 0.190 0.069 0.344
P2 2RI 0.660  0.280 0.128  0.022  0.240
WZEF 1.010 0.570 0.270 0.081 0.414
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Table 4 The vibration response of uncoated and

coated beam mes 2

Frax 1 2 3 4 5
P1BRER 342.9  976.5 507.1 1779.1 264.5
WZE 2443 660.0 427.6 1470.2 208.6
W2 WIER 325.3  996.7 498.0 1799.9 260.8
WEE 170.7 579.7 307.0 1284.4 177.6

MR ZE S AT LU T80 NiCrAlY 18 )2
JE B R ARG AR SRR 38 Wi iR 3h



%58 Fh

h3F: AR R & RIRIRAIL AT LA 6 5 1 697

U6 7.5 A G, 0 40 22 ELAT AR
2 RIZAAEE R AERE

P2 J i ad i) FE R IR A F R Ak T AR SR
B RAL. & U, NIRZAITEERRG—
AT NAFAERIRE SR , ] 2R

Uu,=0U,=T,. (1)

K. O, WEKRIERE; T, AR EIRE. M D,
WRZRT—A IR FER e, PT3RoR

D,=D,+D,+D,. (2)

b D, ARKAFF X MFERE; D, J 4 RHEHLJE #E

fE; D, A= RIBHIEAERE. UL, IR 2 AT R GE 0
BESBFEN T n, (TR N

D, D,+D,+D,

T =onu, T 2a0, (3)
TESPAE R 2R FHLE Ly 2 4%, B
ny =26, (4)

K€, MIRZATRE RIS, 3t U, N
WIRJG—A N AR R RE R, TR R
U =U,+U.,. (5)
AP U, WIRZ G SRR RE R U, W REYR
JERR A AR R RE B
HARLE D, WIR)Z G RS — N I FERY
B, RN
D,=D',+D', +D', +D.. (6)
KD, D' D' HARRZ G R IX S
ZERPRLLL K23 S JE A6 RE ; D, Wi ik J2 BHJE 4
fiE. RIS RERIBSIFEN T ] R
D, D',+D' +D' +D,

nS:ZTrUS: 2w(U', +U,) (7
[, AR RS A
n, =2¢,. (8)

K& MIRB BB RS . X (7)®
AJ DLk — 2D

7’*:U',,/qz}cn +Uc/glu ‘ (9)
K, m, TR 2 W BURE I . 7R 5 2209 o A
B YRR R SRR G T, R A
IR BRI n, DL RS R 0 )2 BTk i 4534
T ', I EHT LA ', =n, , BIATHTRZ TR
St B BH e AR S B s v 12 T ik A BELJE

3 BEIRZARLAS B AR FE I T A

WR=U/U, AfERELL, W= (9) 1T 25N

_n(R+1) -7,
nc_ R .

Z A1) R L U] AR IR Ay de KO0 72 g
sl RSl RE LL , PR AT i

(10)

R—UC—T,C (11)
U, T,

A O, #1007, 4350 Tl J22 R AR ) o R oy 78
RES T, A0 77, 200 A A 2 AR AR R S B
ERE RS2 52 5 A R I A 1V A RE K Bl RE T ey

Us:Uc-l-U’b, (12>
T.=T +T,. (13)

i BB ARG , 45 48 22 G2 19 1A A9 38 1) - 45
T R G0 I [ A 0358 Sl i B K I 3 e 5 ek
ez I, KA
froo/T, 1+0/0,
VG N V5
S, A3 BRI TG SR 1 [ A A%
K (14) TS REZ b ] DLRIR R il & 2
kb, B

(14)

T./T', =Hp./Hp,. (15)
K H,  Hy 53500 R0 )2 AR IR EE p, ,py, 57
R R A Y B B xR (14) W AR Dy

Ue Tsp By 0 (16)

R=»-=7(1+
U, f, Hyp,

A UL R EERAG IR R TG 525 4 A 25 B [ A A5
R IE TR A JE L RN A S RO TT LR T
FBRE L, BEmAC A SN2 (10 ) FRATAE 152 J2 A1 RE X Ry
BB B FE R 1.

4 BETR)Z BN B IR LI 53 B AR
A 57 K A Sl Rz S04
4.1 ERNBEERE RO R

P2 s i) S ol i 2 R R AR e, nT I 3
FI 7R ) g 2 A TR A I

Y
1137 35
/
YO | pE/—==
3

B3 ERiHMEATHRER

Fig.3 The hard-coating beam under base excitating
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Table 5 The first 5-orders storage energy ratios and
hard-coating material damping %

{1878 1 2 3 4 5

21 fiEfELL 0.0174 0.0184 0.0196 0.0196 0.0194
AAERT 0.4537 0.2158 0.0649 0.040 1 0. 1447
222 fEfEL 0.027 0.0307 0.0314 0.0315 0.0313
BAERT 0.498 0.2 0.096 0.039 0.119

*6 FLWEHWRERERILIRME AR EE
Table 6 Vibration response comparison between
experiment and analytical analysis of

the coated cantilever beam mes >
1878 1 2 3 4 5
1 SEME(A,)  244.3 660.0 427.6 1470.2 208.6

R (B,)  244.4 632.1 425.5 1492.4 206.0
(IA-B,1/A)/% 0.041 4.23 0.49 1.51 1.25
F2 FTEfH(A,)  170.7 579.7 307 1284.4177.6
fEHTE(B,)  165.5 544.9 298.471275.6 170.7
(1A, -B,1/A,)/% 3.04 6.00 2.77 0.69 3.88
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