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Abstract: Based on vibration analysis by means of multi—scale method, the dynamic model of 2.5D braid-
ed resin—based composite plates was updated using the modal test data, to obtain a model accurately reflecting its
dynamic characteristics. Firstly, sensitivity analysis method of the natural frequency with respect to the elastic pa-
rameters was developed to modify the composite multi-scale dynamic model. It aims to identify the principal fac-
tors affecting the natural vibration characteristics of composite plates. Secondly, a composite multi-scale dynamic
model updating method in combination with sensitivity analysis was established. A model updating program based
on MSC.NASTRAN was devised. Finally, an updated dynamic model of the composite plates was obtained by ex-
ploring the modal test data. After the key elastic parameters were updated, the maximum natural frequency error

between simulated and experimental data under different boundary conditions and yarn alignment directions of
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composite plates decreased from 10.44% to 2.39%, indicating a remarkable improvement in correlation. In addi-

tion, the proposed dynamic model updating method combined with free modal testing provides a new technical ap-

proach for experimental identification of equivalent elastic parameters of composites.

Key words: 2.5D braided resin—-based composite; Multi-scale analysis; Natural vibration characteristic;

Sensitivity analysis; Model updating
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Fig. 1 Vibration analysis by multi-scale method

E, = Lszz = Lva = L
Si Sy Sis

G :ivcm :i7012 :i (2)
Su Sss Se6

Uy = _é,ylz = _%7013 = _&
S3s Sy S3s

SR e S, S e UL £ % 8 0 M BB, G
v, o A R A AR MR R B DD L R
L/ A

FE T 2.5 4k g U g 5L 52 6 b ORE TR R R £
Sl b, R A A 1A B A TR A AR 2 b ST 2.5 4
Y W R 3 B2 G A REY 22 W3 S Ak S R 2= A TR T
BERY SEAT RS A B4 AT, DN AR AT 2 & 1 R 25 44 1)
[ A 40 2 M AR A R A
22 EAWHRSEHEERIIGEESHENRBES
wAE

R A MR 2 ROBE [ A iR 35 Al
rf I A B Bk O Y 2 A R A e S b
SO A MR B i [ A ik 30 R v A D
TEH o R T 34k 0 B 45 1 3 bE 5 B &2 A M BT di
6] A7 450 % Y B2 ), AR SCEE ST T 2 A MR B A A
FEXT 45 M S ) RO 53 B

56, I G A BT i 2 W05 50 4k SF 5 sl 0 2
TR [ [ A B SRR AE 7 R & AT — 1A 4R f, X6
— AR & w1 REE T RN A

af. 1 0K, f . oM

Pyl AL L AL S

K K5 M Ry 450 1 WIS B X o st 5 B, R
RS PR Y 0] &

X EAMRRERN S, Y AR & N IE R A
] S A RE I P R — e R e, DL ¢ o, iR R

ik AE N

f, 1K
ac,, 8w2ﬁ.¢ ac,, ¢
MR 3 45 1i0) S P b RE B0 g 2 AR AR O 2R AT gk — 2
Il B2 S [ 2% 0 2 %F AR I B 30 P 2 80K e S, R
mr

(4)

aC,, _ 1= w0, (s)
ok, 1 -0, —Uy

—v), 1 —Vs,

—V; Uy 1

i g () M (5), W R A # B AL —
I W T A e 30 50 25 X B ek A 2 M 4 0o SR AU

210455-3



Fa43% H2 i

#HoR

2022 4F

SZW;ZM.MH
ok, aC,, IE,
[vi) 3 A — 25 SR AR B2 G bR B 25 4 45 B ) 2L
P A R X 1E 38 4% 1) SR & A b RE 9 ANl Sz st S
B R
23 EEWHEHE RESNNFEBEER X
5 MR AR 1 22 RUBE 14 9 sh 1 B 25 3R 5 ik
500 3 5 SR AR B, LA R 25 BRI A T
XoF O A5 bR M R RO B Y R 25 . Uk, AR SO
XA R 22 R S Bl R Y RO A3 A R R
FE 7 TSI 5 A RS B 1 A R R 2 R
B Sy 2 ARG T D7, LA A o L 8h ) 2 0 LA
4 B
(1) BEREIE () 3L B3
AR SCORE R T T 5808 43 A 00 B UK OE T vk
I foe A Ak SEARL ) 2.5 4t 2 SO R 6 2 & 4RI
B3 SN 55 00 (B 1 5% 254 Sk B bR pR A R ALK
TE (8 7 J5T 2 3 3 48 LE 25 0 gl ) 2 A v BAT v R
JEE 14 AH G ) B S 80, ff H B8R 25 oR BIGH B 8T
W /IME, AT 5 1) 2503 1 B 5 3 30 500 04 AR G M 1Y
Hi. st 5E, B, Bbs R E0E XN
J(3E,) = (5, - S.8E,) W (5, - $.8E,) ()
XA SE,, NS E, B IE &8, N E A M
RS IAE 5 WUIAE 5% 2%, S, R 45 B RS A AR ) gk
SHE, W R W R B [ DL S B 45 By
BB 2 1) e 8, I ALY
2 (7)o 4 W A 1] 3R] R ) e P Ak 93 12 iR 47 2%
PSR S5 i B AR T R R
S (3E) =8; (8)
%o RO AR S] 2R 1A 0T AR P iy 3 R B
JE 8 iz itk AR v A A 3R S0 (S 900 {0 ke 2
] f o I ey AR U Ak B R oK A 5K (8) T AR % ik
RA S E,, B IE &
SE,, =[(S)'WS.I'[(S,) W] (9)
ZJE T SR AR E AR T IR H bR R 2L
J(OF ) 2 A% 35 g SR 18 T 45 546 11 I 19 3 0 2
BOE, LA RAEIE JG 1 2.5 45 4 200 i 3k 52 6 01 P i
51 A5 84T BR TR
(2) AU IE 12 5
MSC.PATRAN&NASTRAN £E i, T = 4k @45 A
B G 43 A7, B0 AT 28 R o BT S A AR AL T RE L TR & T
W SR R B8 2 A R TR AL AT B A i 1Y
DMAPIE T F P Al LA i Ho A S 5 98 48 i ok fift

(6)

M PCL T H#FAT — kT K .

AT MSC.PATRAN&NASTRAN A B ot %k 14
il MATLAB F & #E 17 # )7 JF & o & %%, i FH PA-
TRAN 57 2.5 4 4 ZU0 i 3k 52 & L1 Al 35 301 5)
b A PR T B R X6 IF 32 4% 1] S R R R 0 BOHE R
MATY #1472 B 5 , I8 H NASTRAN #4782 25 43 Bt
Ko RARE 43 Hok , 56 F MATLAB - &35 2 5B
IE i8R )5, il DMAPIE 5 KB IE G M B 285
A NASTRAN 58 51 S0 | fe 288 i 2.5 4 4 2L 52 A
ARG B S A RUAE IE AR, B P 45 H TR A 2
fim

Input test data and initial
parameter values

I

Invoke NASTRAN for modal analysis
and sensitivity analysis

\

Read the modal frequency and
relative sensitivity
Rewrite the MATO card
of NASTRAN data

Calculate parameter corrections

Output the true values of
elastic parameters

Fig. 2 Workflow of 2.5D resin-based braided composites

model updating program

3 25HMAEAMBTENEREFNNFE

AZIE

3.1 SR

A SCRH RTM B T 20 i 28 19 2.5 4 T80 fik £F
4k /BMP350 2 19k 37 e 4% A 4 21 52 45 b4 RE T 8, 3 3k
K IT T 3 B R 05 A bR iR 2
1) 38 56 7F (130mmx30mmx2mm ) , 343 51 75 2 i1
RAME AMBLREFMET IR TESIRKE , R
T A S T R R iR A

F 30 BT 52 A AR B 50 AR A A 5
ARG WME 4R o

AR SR P AE 2 fih =X 75 30RO =X AT R L TR R
K HBOE IR R G4 Pk o B2 i X% 3l Jr =Xt
SR T 6 Rl 55 AR T, VA BRE D J5R £ R B o
(52, T FL LA R R R . TR A

210455-4



a3k 2

2.5 4 4 SUR IR 25 5 45 B1ORLT- AR 22 KU 3l ) 2 iR A IE

2022 4F

(a) Warp plate specimen

(b) Weft plate specimen
Fig. 3 2.5D resin-based braided composite plate specimens

for modal test

Laser doppler
vibrometer
Dynamic signal
analyzer
t:ﬂ, Test plate )
D” N @ Amplifier

Acoustic excitation
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Table 1 Frequencies of warp plate under free boundary

condition
Test Before update After update
Mode Mod
ode fIHz flHz  Error/%  flHz  Error/%
shape
~
1 7 35515 364.69 2.69 35259  -0.72

2 . 66808 65645 -1.77 668.01 —0.04

3. o~ 97191 1006.12 352 97278  0.09
4 _a 140796 1388.53 -138 140838 0.03
5 o~ 189606 197504 417 1908.19 0.64
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Table 2 Frequencies of weft plate under free boundary

condition
Test Before update After update
Mode Mode
ode fIHz fIHz  Error/%  fl[Hz  Error/%
shape
»
1 o 41592 42640 252  419.62  0.89

2 - 67036  680.28 8.09 641.51 1.93

»
3. oo~ 11372 117462 330 1138.02 0.8
4 I/ 1360.77 1454.31 6.87 1381.05 1.49

5 v\"\ 2203.97 2300.61 4.39 2182.37 -0.98

Table 3 Test and calculated results of composites under

free boundary condition

Parameters/GPa E, G, E,,
Static test results 25.10 / 45.01

Predicted Results™ 26.04 435 43.70
Updated results® 25.39 4.52 44.87

## : @ Elastic parameters are predicted by the multi-scale method in
2.1;®@ Elastic parameters are updated based on the modal test results of

free plates.
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Table 4 Frequencies of warp plate under clamped

boundary condition

Test Before update After update
Mode M
ode Itz filz  Error/%  filHz  Error/%
shape ’ ’
-
1 D 130.54  144.59 9.72 130.70 0.12
2 \ 580.50  603.69 3.84 57417  -1.09
-
3 = 811.32  904.29 10.28 81042 -0.11
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Table 5 Frequencies of weft plate under clamped boundary

condition
Test Before update After update
Mode  Mode
ode fIHz fIHz  Error/%  fl[Hz  Error/%
shape
-
1 y & 149.31 161.25 7.40 14895 -0.24
2 \ 559.10 556.12 -0.54 54574 -2.39
-
3 = 931.27 1007.30  7.55 925.78  -0.59
==
4 \ 1828.01 1873.20 2.41 1849.76 1.19
5 Y"" 2558.87 2808.30 8.88 2577.04 0.71

A 2 AR g 5 Bl ) A A TR v AR S i AL 25 R
FrE, B IE B A R AR N S5 & m/4Ein
RO ARG SE 1L3 RS B A R S [ A A AR Y T
WA T REERS, KN 0.71%, [FIEF, 5 20
RS 556 4 B L 52 5 15028 Y die O 22 i 3% il
[l % 2 AR KT o RTIT, 26 [ A2 P AR 2 B HH A A
B2 W T2 -2.39% .

FE T B O A B G TE S 0 2 A bR S AL
HPE S E LR 6. O B T I AR A R R ROE
TE S AN A R TS Bk RV R S R0IAE Y 22 S L 0
TR 5 T S B o R 1 B a6 A7) A AR [ S 24 o R A 2
MK S5 R, MR 6B IEE E, M E, 5 it
i 2 o A e AR A A RS A 2 R Y O 22 3
Heom .

Table 6 Test and calculated results of composites under

clamped boundary condition

Parameters/GPa E, G, E,,
Static test results 25.10 / 45.01
Predicted results” 26.04 4.35 43.70
Updated results? 24.17 4.22 40.02

7 : (D Elastic parameters are predicted by the multi-scale method in
2.1;@ Elastic parameters are updated based on the modal test results of

clamped plates.
4 & ®

A TCAE 2.5 2 9 SUW I 22 5 & b kL 2 RO [ A
P 2l o3 B 19 Al b, T R T R T S0 45 A A 2 R
(52 5 8RB 8 e BERE TE WSS A I LA TE
4518

() AR 52 5 b1 ORE 20 10 2 280 1E 32 4% 1) 5 4
MR AR R G A IR D7 R s T2 &
B 454 1 A I 20 X 25 05 A 2 B ) R B e A O

B TR RE S A s b B AL T B B A M RS A [ A
S ) S e R W e A Oy B2 A M RS A B )
SR AR E R AR A R 2 50 R O
B X T A B AR S A MR, L2 iR S
RFEZ PN E, (SE,, Bk T2 EEm )M
SR T B VIR G, X 41 e TS 52 A B 1 5 i)
B
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T S B 45 300 A5 F T 181 4R 3l ke M 1 8l ) 24 AR
AN TR i1 FE 55 A TN 2D 25 1) 04 5 b RE ST M 1l 55 4 [
A A 3RS0 I EE 5 0 RS R DG M R A B T R
Mt Hof KR 2% 1h 10.44% T RE R 2.39%,E W] T A
SCHTHE ST ARG T 7 vk B A TE AR T A R0

(3) 3k 4 fiuh = 75 380l 0 35 00 i 5 R e £
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BORUEE J7 % AR T 5 1% e 0 00 2 WX 808 W &
T 35 B0 e ) A5 00 1 S 8, ) B ol A T X R R R
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