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(a) Schematic diagram
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(b) Object picture
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Fig.2 C/SiC composite material test piece
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Fig.4 Schematic diagram of test structure
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Tab.1 Free modal test results at room temperature
BB R /Hz TR/ Hz =B R/ He
174.04 370.85 776.48

®2 BEMSREEXESRBLER
Tab.2 Results of fixed support modal test at room

temperature and high temperature

15 R/ Hz TR/ He
gl 145.43 243.67
400 °C 145.37 211.92
800 °C 145.00 197.09
1200 °C 144.60 194.74
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Fig.5 C/SiC test piece and metal clamping segment model
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Fig. 6 Calculation process of model modification
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Tab.3 The first three order free modal frequency sensitivity of each parameter (Unit: Hz)

X7 [ 437 fe Y 7 I A WY JREY JRE Y

X ELR B i E, pwe,  TREw s Cen ol wmmo,  fime, COTRE
— B TS R R R 0.422 0.42 0.002 0.024 0 0 1.177
BT R R R 0.924 0.924 0.002 0.022 0 0 3.366
55 B R A 1.842 1.834 0.004 0.088 0 0 6.014
*4 BAHESEESHETEE PG PL AR 22 B 7 BT, A A 2 R B0 3 5
Tab.4 Value range of free modal correction parameters o Ak FE IR P AE ER M 0, = a, =as =
ZH PEAL AL 6 1/3, %8 X, Y 7 ) B9 430 e RS 45k 7§ 4 470 A6 Ak 0 JE i
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frequency fitting data error
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Tab.5 Correlation coefficients fitting of first three order

calculation frequencies of free modal

X 3 45 LTS

H B EE — B iR 0.9998
A B R 0.9999
A oA =B i R 0.9998
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3.4 RREXEREMEIE

P ity (] S R A [ Sk A AR I 8 A IR AR A
C/SICIMHEIE G W R PE R 3.3 45t , &
SRR IG5 B R ¥ 12 N DL R B A M R
550415 4 i e B B 34 422 4k Bush BT NI EE A9 5 1 |, 38
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SR ) S Y L G 10 BT o

THE A S UG IE S 800 R BOC R NEL 9 i s o
BT B R I B R 3.2 kL AR
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4SS TR v % AL 5T A 1Y M A i DL % Bush ST I
FEHATIEIE .

AR AR A Ak H bR R B W S g R dn
B 10 BT/ o A8 IEHIT G [ 52 770 RS 70 0 e 25 5L 0o
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Tab. 6 The modal frequency results of the free boundary model before and after modification

S — B A RS A0 %/ He

S5 B F i RS ARR / He

S =K A RS A/ He

BIERTEE WBRE BERITRE BETHEE KBHE BERITRE BETREE KRHE BEETEHE
163.42 174.04 174.06 330.88 370.85 375.33 708.82 776.48 754.95
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Tab.7 The modal frequency error of the free boundary model before and after modification

S—Br A AR R 5B A RS ARR 55 =B A LA AR R
16 1E AR 22 B IE Jr iR 22 16 1E A 5 22 B IE JGiR 25 BIE R iR 2 B IE J iR 22
6.1% 0.01% 10.78% 1.21% 8.68% 2.74%

*8 RBEMEEESH

Tab.8 Model parameters before and after modification

X5 i p it £,/ GPa Y J5 AL E,/GPa TN BT DI G,/ GPa TG AF IS /mm
& IETT BIER & IE T BIEF & IE T BIER & IE T EIER
40 44.26 40 35 30 30.18 3.8 3.72
0201 ] B AR S — B SR S iR A R N
AMBush .70 B FI BE 56 7
015k ™~ . 145.5
@ \.\ @ 10.5 .
sg 0.10 . m 1450 =
i B £
m il 3 10.0 1445 ¥a
13 EL
iy =
of . i e a—— . 2 551 1440 |
0 2 4 6 8 10 12 A 74
=S AV C 74 B s
RIS S D f 6 R Sl £ i
Fig.8 Convergence curve of free modal optimization 66 66
objective function value SMUBREEIESHIE / GPa P IUSRERIE IR / GPa
! IR 3258 = RS IR S IR B I
*9 BEEHBEBARESRBIRAMNMACHE HBush  TLE I BE R & 243.6
Tab.9 The MAC values of the modified free mode shape < 2435
§510.5 :
and the test mode shape Z o
i 4=
Bn B B = Wl
. . L
%0 0.89 0.21 0.04 u 100 2433 v3
oy 1 0.21 0.85 0.12 lmljir 2432 g
- g T
55 =B 0.04 0.12 0.82 2 95
A 74 w1
F10 BEXESSHAUETLE 7.2 o 7.4
Tab. 10 Optimal range of fixed support modal parameters 6.8 paad
— — 6.6 6.6
ZH SHAACIAEEIE  piagie deBRIE / Ga PO SE BRI / GPa
A 0] 22 e 45 A6 7R A 82k /M Pa 6000~10000 PO il [ S04 2% 45 A 0 B0 3 R A i L % Bush 00
AU R A 45 S A A 0 PE AR B /M Pa 6000~10000 T B NI BE R A
Bush BT ##2WIE/(N+m 1) 10000~12000 Fig.9 Relations of elastic modulus of equivalent beam ele-
ment with fixed support modal at normal temperature
St A 27 2
No IR 12 TR B — B R R R 22 2.32 Hz TR and connection stiffness of Bush element
#]2.05 Hz, FFET 0.19% ; 55 = B 45 %1% 22 1h 2.58 or-
Hz FRE$10.75 Hz, FFET 0.75% . 006k —o- IR X
— 0.05}
3.5 BREXESEE =ponl|
g 0.03 3
e i P15 [P 52 300 SRR A8 I T 2 A A Eo.02
AT AT S 2 S a N or A oo\
2D-C/SIC 54 b 853t 2 o e I o R 0, 92 .
T CVD U2 9 B2 B0 SR TR 7 A Y Y O 2 kw0 P
iﬁ@%l‘aﬁi SEALTE AR RE S DT B = AR N AR TR K10 3% 35 [ S0ms 25 Ak AT R 5 (8 e Sl 28

T R85 A AR Bl B X R C 2F 4 v a0, S B Fig. 10 Convergence curve of optimization objective func-
Aﬂ‘ RF DI B RN PR A B R R S M S5 MRS . T tion value of fixed support modal at room temperature
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Tab. 11 The modal frequency results of the fixed support

boundary before and after modification

4 B R /Hz By By

Erm BTE  BEWm B
st PO i aem P
147.75 145.43 143.38 246.25 243.67 242.92

F12 BENGEXORESMERE
Tab. 12 The modal frequency error of the fixed support

boundary before and after modification

R =R

BIERTIRZE  BIERIRE BIEATRE BIERRE
1.60% 1.41% 1.06% 0.31%

®13 BENRERESH

Tab. 13 Model parameters before and after modification

MR OTHYE SR RITHYE  Bush LG
Bkt /MPa Biit/MPa WIEE/(N-m ')
BIERT  BIEjE  BIERT  BIEE  BIEET BiE)E
7000 9650 7000 7112 10000  10176.5

F14 BEFEXHRITERESEEINIREMNMACHE
Tab. 14 The MAC values of the calculated vibration mode
of the modified fixed boundary and the measured

vibration mode at room temperature

—B 5=k
5 0.91 0.04
5= 0.04 0.93

TR X I B AT C/SIC & A b B A v a3
gy B A R RIS IE 5 ) S i
TR T 1), (A5 7 [ 52 24 oty ™ AR N T, ) &
PR 7= A 5

o TR I S T AR E RO L i e e AT RO
AR T fin 55 X 56 o 48 AH [R) 1 TR G A 18 OF A R
AL G BN BN 25 S 3RO T 2 B A5 07 LR
Y 5 92 W0 B S 6t B 5 P8 a6 R A R R 1 D
4 2o U B N0 3 e Ak S SR R B W L C/SIC
ARORE X, Y 5 ] UM AR B AT A OE (TSR R
L5 ST AR RN N 38 BB IE RS B H Y o

23 W7 ELIR G W AE IE =R IR R N 2
T AT R R S A A 22 A 2,30,
45 R R WE E 5 L 5 5 3 5 52 Bl B 3 0 B
S5 TEA B TR b A& IF 5 TR R 3 AR R B SR
7RI IE-

BEF B SRS BE L oR 3.2 M O vk L
ek AP M ALE R I @ = ;= 0.5, X &
A AR 50 A R 4 T 3k U B PN ) 3 42 A S IR AR i
FENN B (C/SIC E A MR X, Y J7 [ 3 M 455 04718
1E o A8 TE F S T S v R A A R A A e ik
LM S HO N2 15,16 f1 17 s . &R %
WE 1R . BEE AN SO Ze &1 12 FF s .

®15 BENREXHRASEESMELER

Tab. 15 High temperature modal frequency results

of the fixed support boundary before and after

modification
Ik — B iR /Hz 5 =R /Hz
. BEIER BIEE BIERT EIE G
WHE/C 1 50 i 6
BIC g PR e ppr R
400 147.22 14537 145.31 218.63 211.92 212.06

204.53 197.09 197.13
199.56 194.74 195.2

800  145.2 145 145
1200 1454 1446 1443

®16 BENEEXIRATERSHERIRE

Tab. 16 High temperature modal frequency error of

the fixed support boundary before and

after modification

I SRS B — B A o

XA S = R

o BEN  BER  BEl BER
(I0L )52

PR E I RE TR IRE TR IR %

400 1.27% 0.04% 3.17% 0.41%
800 0.14% 0% 7.05% 0.02%
1200 0.55% —0.21% 2.48% 0.24%

*17 BEMREESH
Tab. 17 Model parameters before and after modification

X7 I P Y 7 1] AR A A

I/ C E,/GPa E,/GPa i /MPa
BIERT BIEE BIER BIEE BIER BIE)E
400 30 28.63 25 26.78 9000 8657

800 28.63 21.2 26.78  21.2 8657 11810
1200 21.2 19.17  21.21 19.17 11810 14953
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Fig. 11 Errors of calculation frequency fitting data of the
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Modeling and modification methods of thermal modal model of
C/SiC composite structure

ZHANG Hao-ran', CHEN Guo-ping"*, HE Huan"*
(1.State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2.Institute of Vibration Engineering Research, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: C/SiC material is a kind of poor thermal conductor and has important potential applications in the field of thermal insula-
tion. The finite element model modification method of C/SiC structural parts is studied in this paper. Based on the elastic theory in
thermal environment, the stress-strain relationship of anisotropic materials is deduced, and the system functional of C/SiC compos-
ite laminates under high heat flux conditions is given. The Hamiltonian formula of composite laminates is derived, and the kinetic
energy and potential energy of composite laminates are calculated. The C/SiC typical component-level structure finite element mod-
el for calculating thermal environment of structural dynamics is established. The dynamic finite element model of the C/SiC com-
posite structure considering temperature effect is established. A method of modifying the C/SiC composite structure model based
on the multi-level idea is proposed. With the minimization of the modal frequency difference as the correction objective, and the me-
chanical and thermal parameters of the composite as the correction variables, the hierarchical model is modified. The model modifi-
cation results show that the proposed method has good correction effect and can accurately correct the composite material parame-

ters and boundary conditions in the thermal environment of the structure.
Key words: composite ; thermal modal; method of modeling ; model modification
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