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Table 1 Parameters of Ti-C FMLs

Type Number of layers Thickness/mm

Titanium alloy laminate 3 0. 500

CFRP prepreg 16 0. 185




+ 1066 -

EEMBER

Titanium alloy
laminates E CFRP prepregs

(a) Cross-section

I36mm

176 mm ——

(b) Beam specimen

|<— 176 mm

(c) Plate specimen
o

Ti-C FMLs #1732 FAR R 1

@ Cross-section, beam and plate specimens of

Ti-C FMLs

£ EEMEF R 200 mm X 200 mm Y IE it
Ab BRSO R S R e . R B

RN TR s i s [ 2 N 176.anm X 36 mm X
4.85 mm M 2% X 1 AN 17>< 154 mm X
4.85 mm M9 M ik 1. B fE4n 1 (b)) F0
K 1) R,

2 #Rzhikie
2.1 AWig&

TEAG GE I B il e v, 0 00 38 1) Oy 1 02 SN
I 2y A% % 2 FH IR 7K s P Rt O 2 e 0 3 3% 1 LR
T A2 TR Ak 1 P e A A S S B |
PLAS B i, 7 3 Bt B 5 R AR A% TP R AT A
B, I A AR K A B xRS LT
AN o BT o s R A% S 2 R EICHE 4R 1) o
PR IRAE I H 5 AR AR S KA ], 3 23 5 ) )
B AR 4R Bl . DT 7 A 35 R R N o 13 22 5 3 A
1 0 1 A % o T i ok A v AL A AR RS A i 1
5. BEZINRWEFE ST, SRR LR AR
T LA, R A B 1 R K BB AL A R e
G5 REEmEER,

@@

T 3F 42 fih =2 O DU —— OB I PR+ AR F R
2 225 ) I S Y AR AR B . OB TR R H—
RO RS B4R 2h i R b, 38 SRR T R
SO AR, T S BB B iR Y 32 Bl
FUALE . FOCIPR BT T P fe o 5 | S a1 o 5 &
D AEAREE L[R]3 N S 5% g 0 ) AR iz Bl ] LA
il e B R ) 0 R R, IR AN ANGE T
(PR Sl &, 58 T e U E R S B
G5 T AL

254 % 15 [ Polytech 2 @] Y Polytec PSV-
400 RV BOCI IR AL, WK R 56 ol =0k B A B
N sh 25 BN B A R B AL B 1 BB
S NEARM IO V1 AR 48 (OFV-5000 &
PRl ¥ 48 ) 1 A& HEAE FBCHE 1% i R 50 Tkl
%’i)@%ﬂﬁ?ﬂ?ﬁiﬁﬂ@@%%%ﬂ%%i%o ) i
MHz, K 0.3~10.0 m/s,
0.3 pm/s, T fEHE B K 0.53 ~

100. Q0 Vi 3 BERBEIAF) 2 nm,
(QF 1145 2 500 1 0F T 155 40 4 W 5
2 fb O I Oy R AR A RAE, RS

O O M 548 U 7 B s 55 00 I B

4 A i 5 B ) I8 R 0 XA R
2.2 RWHE @
B, J%iﬁftlﬁﬂ‘]#fﬁmfﬁi firt 15 19 [ A8 JFS A2

T8 23 K 3 43 O RS O T . R E . B0k
5430 3 B B S TR R S Ok, A 23
KR 28195 72 A 0F L 00 o H A 2R T R 1 45 RS
RO T WA S E S AE, 55 AR
VIR AT 5 M 5 5 R IR sh AL B8 46 M5 5, S8l
PR R E RS AR RO I, RE. /B
&3 5] PC 23, 72 AFF & LA 5 3h 45
7 e 2 R
2.3 REHEREHW

OFV-5000 H47 fil #5545 1 95 A3 (9 49 4 25 2R b 1



PR, A TEC 2R R R R RAR [ iy IR 2y ik 46 A 8 e o0

« 1067 -
PaVaval i
’.Q’Q‘ Shine lasers
9.9.9,
<244
R
K OO Reflect lasers
3M reflecting film
Laser
Vibration exciter interferometer Trasfer frequency-
excites specimen shift signal
Show dynamic results
Software platform r
N ©
@ B2 ORI IR 4 0 0 O
% Fig. 2 Laser-vibration-measuring equipment and tg x ow
. o& A L . AN R
J& s AT LA 2 B R I ) NI W T A A 7 4
A HA : e RN RO SR B R i <~
FH T PRI 5 THI i sh AR 25 707 O ; 3r
- 8 N \ o ;
ST FRVBR U 070K 1 R R blﬁp z
F 0~4 kHz WL ZfEH . Polytec PSV g 2+
FHiSCHOG R (e s R 2
BT ¥ 4 AR SR 0 L 6 Y T R AR Oy 136,735, 5 1}
1170.2 372 Hz, 258811 &R B AT g Jw
FO# W€ 43 0 6 T 1 Brfn 5 Brisizs, . o i - 2
FEAR A A B 10 L BT RS AT IR UG L X Y 3 ' ' ' '
Natural frequency/kHz
PR R 5510 123.333.,745.1 256.2 030 Hz, 43 ,
" (a) Beam specimen
AL B2 B3 5 Bl 6 B . Ti-C FMLs 020
25 B B A R NS 2 TR, Ti-C FMLs 2 FI4R
WPFR A 0% S I 3 o M 3G T
7R ‘g
z
@ S 010
%2 Ti-C PMLs SH R BEEHE =
Table 2 Natural frequencies for each mode of Ti-C FMLs ?n 0.05
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Mode
Beam specimen Plate specimen L
1 136 123 0 0.8 1.6 2.4 32
2 735 333 Natural frequency/kHz
3 1170 5 (b) Plate specimen
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5 9 372 1 256 3 Ti-C FMLs 32 F1AR 1 (1 A5 450 % 5 i 2
6 2 030 Fig. 3 Natural frequencies and magnitudes of

Ti-C FMLs beam and plate specimens
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Table 3 Comparison between numerical simulated and
testing results of natural frequencies for
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Fig. 5 Testing and numerical 51% ape dlagrams of Ti-C FMLs beam specimens @@
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Fig. 6 Testing and numerical simulated shape diagrams of Ti-C FMLs plate specimens
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Table 5 Numerical simulated results for natural frequencies

[2]

of Ti-C FMLs beam specimens with different number of

layers for titanium alloy laminates

Natural frequency/Hz

Mode

No layer One layer Two layers  Three layers
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Tests @numerical analyses on free vibration of

\B Ti-C fiber metal laminates @@
LI Rui'» CHEN Xiuhua" *, LIU Pei 0

(1. Sch ronautics and Astronautics. Shanghai Jiao Tong

2. Tencate Advanced Composites Ltd. , B

stra " order to investigate the manufacture and free vi of Ti-C fiber metal laminates (FMLs) which
&@epared by alternated stacking arrangements of titan oy and carbon fiber reinforced plastics, the free vi-
bration of Ti-C FMLs with different sizes were 2D fient modeled and calculated using finite element an@
software MSC. PATRAN/NASTRAN firstly, a nfluences of size effect on natural frequencies of F
&& vibra-
tion tests, and the numerical simulate%\% were compared the testing results. Finally. the nataralfrequencies of

studied. Then, electromagnetic vibration i non-contact laser scanner were used to conduc

pure carbon fiber composite laminates

is. the bigger the calcula-
tion error of natural frequenty is, namely, when the multiple of in-plane size to t ness of structure is relatively
small. the calculation error of model is large. Over all, the numerical %

preferably, and the finite element model is valid. The natural freque

e%ult% coincide with testing results
FMLs decrease with the increase for
number of layers for titanium alloy laminates. The conclusions s@can provide reference to improve the design
ability for free vibration of Ti-C FMLs. &%
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