20194E2 H W U HOR Feb. 2019
405 B2 JOURNAL OF PROPULSION TECHNOLOGY Vol.40 No.2

by R 48 B I B B 5 S e bk 2 ) Bl G RS R T
ERGE, FREA, BTAT, kR

(1. KEMF R NS5 TR, 7 KiE 116026,
2. bR AWM ST BT oA v R & sh DL AR S 2=, dbat 100074)

H OE. ATHRBEERREE (ATRAEER) UBRRESFARGDNFE, FREFRRS
ok — AL F M H ) £ Euler £, MmfF i W KGR E BAESKEEMA TORDENL, RiEzEMm
EBBRETHE, AMEEZR L Euler BAFRATE, @i ZRFL, FAT Ansys FE oW ELAZE
MBS M Bh A ARy Shat . BT R E9 AT =W B A SR L UK o AT 699 B0t A XA 0 B AR &
AT T oA, RN ERT MK T 5%, ZIXKPTIFERA ., HF2 00 &M E
B &G st 2 A 2 0y IR R 5 A W R AT AT, BLAA AR A BB M AT B R SR R0 ¥
kR, *TIRA W & GRE A Hra, BT IRA B RS A B A AL YL B A A g d R K3, LA
FHG 3R RN AL A AR IR, RBEU RS RALAET 5.

KB REE; AR, MEFRE; ZRFL; BARE,; ®RA; #HHEESAA

PESES: 414373 SERFRINAD . A MEHS: 1001-4055 (2019) 02-0424-07

DOI: 10.13675/j. cnki. tjjs. 180038

Dynamic Natural Mode Characteristics Analysis of
Cavity Ceramic Diversion Block with Different
Modulus in Tension and Compression

WANG Ying-yi', LI Fan—chun', MA Xue-song’, LIN Cong'

(1. Ship Architecture and Ocean Engineering College, Dalian Maritime University, Dalian 116026, China;
2. Science and Technology on Scramjet Laboratory, Beijing Power Machinery Institute, Beijing 100074, China)

Abstract: In order to study the dynamic characteristics of the ceramic diversion block with different mod-
ules in tension and compression (the following is referred as bi-modulus) , the ceramic diversion block was
equivalent to a simply supported Euler beam with bi-modulus, thus, the vibration of the cavity flame stabilizer
with bi—modulus material was obtained to ensure that the structure is stable at high temperature. Taking simply
supported Euler beam as a research project, the function of analyzing dynamic characteristics of materials which
have these material properties has come true in Ansys by secondary development. After comparing the initial
three frequencies which were gained from finite element method and the analytical formula in a literature respec-
tively, errors were gained. Except for the first—order frequency, errors are all more than 5%, so the analytical for-
mula in literature has some flaws. Comparing the frequency and vibration mode curve of each order with these
which were gained in classical elastic theory, it shows that the bi-modulus property of material has a great influ-
ence on the natural frequency and has no effect on the vibration mode curve. The tensile and compressive zones of
the material can be visually observed through the vibration mode curves and material property distribution dia-

grams, indicating that the zones of tension and compression of the material cannot be divided into only two. The
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higher the vibration mode, the more complex the zone is.

Key words: Bi—modulus; Dynamic characteristic; Ceramic diversion block; Secondary development;

Natural frequency; Vibration mode; Material property distribution diagram
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Table 1 Natural frequencies obtained by finite element

method and Euler beam theory
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Table 2 Comparison of analytical formula and finite
element method in E'/E=2/2.5
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Fig. 6 Material distribution diagrams of modulus
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Table 3 Comparison of analytical formula and finite element method

Analytical formula Finite element method Error/%
Frequency/Hz  pyp—=  gyg= EYE= FEYE= E/E= E/E= EJ/E= EJ/E= EJE= EJ/E= E/E= E/E=
2/3 2/4 2/5 2/6 2/3 2/4 2/5 2/6 2/3 2/4 2/5 2/6
w, 2456 2893 3346 3794 2435 264.6 2832  300.1 0.87 8.53 15.35 20.9
w, 982.6  1157.2 13384 1517.4  929.5  1009.1 1078.8  1142.1 5.39 12.8 1939  24.73
w, 22108 2603.7 30114 34142 2017.3 21882 2338  2473.1 8.75 1596  22.63 27.56
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Fig. 9 Error in different modulus ratio

ML LLEH, R Y E/E =213/, 5 —
B AR 15 25 R 0.87 % , T f& T AR R, H A PR A
FU A0 R 22 B R F 5% PR Ry M it 5 R A
FH 25 AN KB, FORE R 5 — B i R X8 o R
AR E 6 (a) Bis , fF A (5) ~ (7) 1Y i 42 4%
PF AR 7 B DL s B, AR AR IXOR 2
ADoK aE 6(h), (e) s, X e A XA s . IF
H b 9 Al Y Bl 2 R AR B LAY /D X 280 X
JIT T 50 1) 00 36 158 2 320 T 1 K . 3 7 R B EL R X R
R AT H B8R Bl B UK 3G N B A% F
JHE B B AR 2 R OR R L N T A XA Y
SH ()G B IIRRZ TS A Y K BB,
(7)) HRe B ME IR T H 53 AE hr B ik 5 B hE A 25 R
B 1 5 — B A 2% i 2ok (8] 4 i 7 08 A & 19 30 07 9%
BT ASE B ] LM A b 155 o B g A R (7)Y
Je B DA K Bl 7 43 WA B i S F A

5 & i

il A SCHIEFE A5 LT 2518

(1) X T XU i S R oA U, A AL 20 I
A DB BE B e B DA 3k Y i X6 1 A9 R T R
A A B S W ELSE R S5 A8 B 1 R X T B AL
Moy KR 2% il o g =AU R E T 2 it
A BRICIE AR

(2) B A i AN [, B2 0 vk J= AN S - 1

A B LB T 1, T 3 A T T A A [
AR o L A LB/ A A K

(4) 5 1 s A8 A AN [ b HG 3R Y i 26 L7 A e 2
AL, RIVRL AL S AN ] X6 T 4iR 2 iy £ HE AR B AT S
DR Ik i 78 oty 2 1) i A X OO TS AR IE T
BRI E R AR SR

Sk -

[ 1] % wy, B4R, PMME, 5. 8BS B P M 3230
WETE A B0 K AR SEER BT SR [) ] EHEEOR , 2014,
35(12): 1661-1668. (CAIZun, WANG Zhen—guo, SUN
Ming-bo, et al. Experimental Study of Forced Ignition
Process with Active Cavity Injection in a Supersonic Flow
[J]. Journal of Propulsion Technology, 2014, 35(12):
1661-1668.)

(2] % %, £4RE, 200, 5. 5 758 T
JIE 2 8 W% T Ry SR G0 R KO BT [D]. R ROR
2015, 36(8): 1186-1192. (CAI Zun, WANG Zhen-
guo, LI Xi-peng, et al. Investigation of Forced Ignition
Scheme Based on Active Cavity Injection in a Superson-
ic Flow[J]. Journal of Propulsion Technology, 2015, 36
(8):1186-1192.)

[3] 4 2%, 256K, D50, % MK KERE ST
Fr R I R A5 (). HfE 2R 2016, 37(12):
2359-2365. (DU Ling, LI Fan—chun, MA Xue-song,
et al. Suitability Investigation about Components Inter-
face of Flame Holder with Cavity[J]. Journal of Propul-
sion Technology, 2016, 37(12): 2359-2365.)

[ 4] Timoshenko. Strength of Materials, Part Il : Advanced
Theory and Problems [M]. Princeton: Van Nostrand,
1941.

[ 5] Ambartsumyan. AS[FEEILIB[M]. SREGH, K 2 I,
P dbst: o E BGE ) RAE, 1986.

[ 6] Khan K, Patle B P, Nath Y. Effect of Bimodularity on
Frequency Response of Cylindrical Panels Using Galer-

kin Time Domain Approach[J]. Indian Academy of Sci-



430 e b B AR 20194
ences, 2010, 35(6): 721-737. with Different Modulus Based on Stress Balls Tensor
[ 71 Khan A H, Patel B P. Periodic Response of Bimodular Method [J]. Journal of Propulsion Technology, 2015,
Laminated Composite Cylindrical Panels with and With- 36(8):1229-1235.)
out Geometric Nonlinearity [J]. International Journal of [12]  #b 3%, ZREAR . 32 A0 B Y DURR 5 B % 177 S 2R 1Y
Non-Linear Mechanics, 2014, 67: 209-217. AT L], P A, 2016, 37(7): 1356-1363.
[ 8] XieWH, Peng Z J, Meng S H, et al. GWFMM Model (DU Ling, LI Fan—chun. Finite Element Calculation of
for Bi-Modulus Orthotropic Materials: Application to Simply Supported Beam with Biomodulus Ceramic Sub-
Mechanical Analysis of 4D=C/C Composites [J]. Com- jected to Uniform Load [J]. Journal of Propulsion Tech-
posite Strctures, 2016, 150:132-138. nology, 2016, 37(7): 1356-1363.)
[ 9] Radostin A, Nazarov V, Kiyashko S. Propagation of [13]  skitat, 5k 22, & . PR AR EME NS A
Nonlinear Acoustic Waves in Bimodular Media with Lin- wA S RHEAA R k)], TR J12%, 2012, 29
ear Dissipation[]]. Wave Motion, 2013, 50(2): 191- (8):22-27.
196. (141 WscI, mhab B . AN T o e A k322 2 B 1 Ak AT A L ).
[10] Katicha S W, Flintsch G W. Bimodular Analysis of Si2#Z=1], 2011, 32(1): 68-73.
Hot-Mix Asphalt [J]. Road Materials and Pavement De- [15]  E85E, BN . 37 e s P p e R A8 b R ] S 2 g 2k
sign, 2010, 11(4): 917-946. PEJRBNT]. HARRE 24, 2014, 26(5): 10-13.
[11] fk 2%, 200, ST, % LT eRak h ik [16] WEAESE . Z5H 3l Iy (M ] WE R « WG 7R T A K 2%
ATl Bk B A BR T AT (0], bR R, 2015, 36 At 2007.
(8): 1229-1235. (DU Ling, LI Fan—chun, GUO Xue- (17 XA, R2EAR . AREES MR AR

lian, et al. Finite Element Analysis of Ceramic Beam

Kt R BE 244, 2007, 9(5): 104-107.
(4p3F. L L4r)



