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Method of failure mode analysis and test verification for
fiber reinforced composites turbo-shaft structure
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Abstract; For continuous fiber reinforced composites turbo-shaft structural failure mode
analysis, based on the macro-mechanics and meso-mechanics analysis method of cross-scale,
a micro-mechanics representative volume element (RVE) model was established, through
programming and simulation, the periodic boundary conditions of model were realized, the
stress response of fiber reinforced composites was calculated and the mean stress was conver-
ted into real stress, then the failure envelope was determined. It established mechanical

model of fiber reinforced composite shaft structures, and the principal stress response was
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calculated. Through the transformation of the principal-partial axial stress for the composite
laminated plates, the macroscopic stress response calculation results of the dangerous ele-
ments in all directions were transformed into the microscopic mechanics RVE model, reflec-
ting the microscopic mechanics load condition of the RVE model. The failure mode of com-
posite shaft structure at dangerous position was determined by the failure boundary of micro-
mechanics; when the torsional load was between 5000—5500N ¢ m, the outermost layer of
the composite, also the layer 6 (+45°), reached the tensile failure load of the matrix firstly.
The failure mode test of composite shaft structure was carried out; when the torsional load
had reached 6 000 N » m, acoustic emission signals stacked with each other, most of which
were intermediate frequency signals, of which most were matrix and interface cracking sig-
nals. Then compared with the simulation results, it verified the effectiveness of the failure
mode analysis method. The failure load and failure mode of a certain engine low pressure tur-

boshaft have been predicted by using the proposed model.

Key words: composites; low-pressure turbo-shaft; failure mode;

representative volume element; failure envelope
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Table 3 Caculated model material parameters

- 5$‘@Tﬁi THR B3 ST
E/GPa p G/GPa
Ex 236.4 pux  0.27 Gy 67.5
SiC/TC4  Ey 173.8 v 0.32 Gy, 66.2
E, 173.8 4 0.27 Gy 67.5
TCA 114 0.34
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Table 4 Maximum equivalent stress at different dangerous positions of shaft

KERN S/ MPa
i )2
M=4500N + m M=6500N + m M=8500N + m M=10500N+m M=12500N + m

WE4 R 273.5 395.0 516.5 638.1 759.6

21 578.7 835. 9 1093.0 1350.0 1607.0

22 582.0 840.7 1099. 0 1358.0 1617.0

23 585. 3 845.5 1106.0 1366.0 1626.0

Z 4 588. 7 850. 3 1112.0 1374.0 1635.0

25 592. 0 855. 2 1118.0 1381.0 1645.0

JZ 6 595. 4 860. 0 1125.0 1389.0 1654.0
SN2 4R 318. 8 460. 6 602. 3 744.0 885. 7
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Table 5 Principal stress in each direction at different dangerous positions in the shaft structure
#J5 15 38 F1/MPa

%fﬁﬁ/ w2 JZ& 5(—457 JZ& 6(+457 SN
Sl Yl it Yl i R
500 61.43 —87.14 65.61 87.91 —66. 24 68.1
1000 122. 87 —174. 28 131. 22 175. 81 —132.49 136.1
1500 184. 30 —261.43 196. 84 263.72 —198.73 204. 2
2000 245.58 —348. 67 262.53 351.72 —265.06 271.9
2500 306. 78 —436. 21 328. 44 440. 02 —331. 60 339.7
3000 368.01 —523.78 394. 37 528.35 —398. 16 407. 4
3500 429. 24 —611. 35 460. 31 616.67 —464.72 475. 2

4000 490. 47 —698.92 526. 24 705. 00 —531. 28 543
4500 551.70 —786.49 592.17 793. 33 —597.85 610.7
5000 612.92 —874.05 658. 11 881. 65 —664. 41 678.5
5500 674.15 —961.62 724. 04 969. 98 —1730.97 746. 3

6000 735.38 —1049.19 789.98 1058. 31 —797.53 814

6500 796. 65 —1136.81 855.95 1146. 69 —864. 14 880
7000 858.92 —1225.92 923.05 1236.59 —931. 88 939.1
7500 916.17 —1318.97 993. 27 1330. 68 —1002. 61 968.7
8000 966. 64 —1423. 35 1071. 81 1435. 86 —1081.92 974.7
8500 973.25 —1539.21 1159.08 1552. 47 —1169.78 975.3
9000 975.40 —1718. 32 1293.99 1731. 37 —1304. 54 975.3
9500 975. 44 —1975. 66 1487.76 1987. 05 —1497.21 975.3
10000 975. 44 —2247.71 1692.52 2257.24 —1700.92 975.3
10500 975. 44 —2519.42 1897.09 2527.14 —1904. 33 975.3
11000 975.46 —2791.03 2101. 54 2796. 80 —2107.61 975.3
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Fig. 8 Determine the failure boundary and failure mode
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Fig. 9 Test installation diagram
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Fig. 10 Test piece and data test location
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(o) A Wr O

Hi[E 11 AT LA L U (R Wy 1 S5 A — Ak

WY 115 A i 2 457 T UK 01 B Ak il 9 52 L
JZ T AEAR MR IR T AL L A0 2R 4T 4 0 AR 1 Y
ANAR S RIS AR SE A IR . FE B AR R f
HNZ ST A BERHZ B SE R T 50 B R o 3 AR R i Al
%v%%%iﬁé?fﬁfﬁéﬁﬁﬁﬁ FEOLL N
L R AEAR A . DR R AR A R IR T 7 A 2R
SOMY RFISNZ R IRAE, FEE B AR T S5
lf] 1 45Ty [a) AL IR 4 S [ A 47 4E A i 2R 1K
PNITEAT Sy @Y ANITE RS ey LN SR B LT R



1434 LT

I IS

%35 %

RGBT YR W R I PF R L Rl A A R RS KR
Wi Btk R ERAE ST . XS ICHA 2.2 Wi H
TR R T AW & o fEAR 1 b Wy
A B 4 T J2 00 B 5 I 2R 5 AT e B 2k sk
R A R 2 A = (BRI & B A B
J2) X 5O 2. 2 IR AR SR A i 2
B RRLZ S SR WK B AR — B

4 SEEMRREREHRIREX S

PLSE R 25 R s AL fe Bl s 1T R 48 2%
a7 AV R 5 il 45 A TRT 4SS TR L 103 5 T 45 44 A )
BRNF 3 s BN SiC/TCA &8, 27 4k
W AT A A RHMA B B 4350 . A R R 2 T
FREAS" I 14 B, AR E 12 () fr
TN S AR S K Sl LA P 108 e b L S 25 0 B T A
S TN A AT IR 12Ch) iR . oAb T R
TREAS 5] AR WA R A B N AT R
FAE Famr o b QO i oA 108 58 A 48 2 v o A1 % AR A
A 3 3 QO v £ FH A2 b 1, sty SRy TR ML 4 %6
B 38 2o £ 14 1) R AL A% 38 5 A S TR Ut B X ) i
() o T HEAT 29 0. 28 b 78 L 5% 480 40 4 FH T L 78
T 2 2% 3ty (O i [0 8 17 it o 1L 2% 3% 4 ML, Tl
) 20 2R 1F 78 T AR 28 %< i D I 34 47 it [ 5
2.

(a) 17 FROTARRY
?é @ @B
L [ S
\
(b) Zfar K Ay oo

P12 A0 5 0 2 ) A PR A8 2R T 2 Ay 24 AR AR
Fig. 12  Finite element model and load constraint position

of low pressure turbo-shaft structure
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Fig. 13 Radial cross section of dangerous position

St AT AR Hs i A 0 S B O B R A A
BB B E T 12 B AR He 1 58 il 25 48 7
BEQ. @i, 13 iR K IZ G R A E 5w
R PR 3 g5 R ) e A B bR 2 B SR AL
$ IS 5 B0 75 WL T3« 3 A A2 A ek 2 i Bl
J1HEA 7 2 HA 25 4E 5 150 i 3 CHN 18] B F) ) i
HTERE D7 1 6 ) (AR 1) B 3D B R TR 45 1
# 6 iR,

x6 BRUNERKEYMA
Table 6 Maximum equivalent stress at the

dangerous position

HEEEAT/ (N« m) R S/ MPa 4215 i J) /MPa

11834 1169. 66 —1187.93
10000 988. 39 —1003. 83
8000 790.71 —803. 06
5000 494.19 —501. 91
2000 197.68 —200.77
1000 98. 84 —100. 38
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Fig. 14  Failure boundary and failure mode of turbo-shaft
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