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Abstract: The method of estimating the fatigue life of the low pressure turbine shaft
structure made of continuous fiber reinforced composite material under given low cycle load-
ing was studied. Structural characteristics of continuous fiber reinforced composites were
considered, low cycle fatigue life prediction method based on the local stress strain theory
was studied, and the efficiency of the method was proved. A certain type of low pressure
turbine shaft of the engine was selected for reference, the maximum stress, strain and fa-
tigue life were calculated with the method. Result showed that, the fatigue life value of the
45° angle of composites layer was the biggest within the scope of the 0°—90°; when the

thickness of the metal remained unchanged, the composite material fatigue life of outer metal
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and the first layer increased with the increasing thickness of the composites; when the shaft

wall thickness was 6 mm, if reducing the thickness of the composites layer, and increasing

the inner or the outer metal coating thickness, the structure fatigue life decreased as compos-

ites layer thickness decreased; the life of the outer metal coating was longer than the fatigue

life of the first layer’s composite materials.
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continuous fiber reinforced composites; low pressure turbine shaft struc-

ture; low-cycle fatigue; life prediction; local stress strain method
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Table 3 Stress and fatigue life of experimental value compared with predicted results
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Table 2 Material parameters of validation model

R E/GPa Y
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Ti-6-4 107 0.3
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Fig. 2 Schematic diagram of layer scheme of

composites shaft structure
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Table 6 Shear stress of metal layer and composites layer of the composite shaft structure with different

angles of layer (unit: MPa)

b K 2L B
HZMABE /O
EAROES apR R 21 3 EEMBCGR 20 ) EAaMRCGE 19 2
0 524 281 280 279
10 493 315 314 314
20 350 385 384 383
30 260 443 441 439
40 252 456 452 448
45 252 457 453 449
50 253 456 452 448
60 261 443 440 438
70 365 379 378 377
80 501 309 308 308
90 524 281 280 279

R7T TRAEEENESGHHMHENEEEMESMBERNTIN N (B :MPa)

Table 7 Shear stress of metal layer and composites layer of the composite shaft structure with

different total thicknesses (unit: MPa)

BLJRJE/mm

FokE
5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
TC17 308 295 282 271 261 252 243 235 227 220 213
SiC/TC17 559 534 512 492 474 457 437 426 413 400 388
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Table 8 Shear stress of metal layer and composites layer of the composite shaft structure with

different allocation schemes of layer thickness (unit: MPa)

il 2 JE JE Gy W 5K
FoR
1(1)4 1(2)3 1(3)2 1)1 231 3(2)1 4(D1
TC17 358 320 284 252 271 298 337
SiC/TC17 561 525 491 457 493 544 616
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Fig. 7 Influence on the shear strain of the composite

shaft structure with different angles of layer

2.2 EEEGBMNSHESH

I FH AR SCHR 04 5245 MRl 25 48 9% 57 75 i T
57 25 5 A S 30 5 il 4 A0 A BR G20 BT 45 1 L X
AN TRV 2 J7 22 W 26 MR 25 48 R 95 55 77 A R AT
T . 2% 12 2 Manson-Coffin #151 Z: %, &t 4L
8 350 S WA L ) 2 B0 AT R A B ARl L T L T LA
BRI 4k FRAE B G M ORL BT 24 58 R0 N AR - i

B2 5 58 ) AR Ak 2 5 R il 45 ) % 57 5 i 11 AR
. Qg 9 Prom . SCH TR A5 R L #E 07~ 903 [
P A5G 2 A BE 0 526 M RHZ I 57 F5 i (E R OK
1M H. 52 G OB 295 55 77 i F 1 )2 1] DY 32 3

R AMNZETRAE R 75 4 WHg KT 5 2 26 #8
(V02 57 77 i » B B2 5 A B 45 A A 8 % 57 75 i
L 13,

T LM TR A R 4G R F 8 57 7 i
Rt AL AR ST 5 1T A [ 6 )2 J2 I B 457 B i)
Bl B B3 MR 25 44 08 57 T A AL R &R T 10
AN RV JZ J52 B 1 52 6 8k Al 45 A 8 57 75 i 7
e 2% 2 BRI % 55 75 i (UL 3% 9. 7 FRE Al $2
TR R B A B AN B R A E B
53 75 i B R T 2 A AR B 55 A7 i 18] 10
()RR HE/RUEREN Tmm AR, H

1 —=—TC17
0.70F —e—SiC/TC17
0.65F
% X
% 0.60F
T 0.ssf

0.50F

0‘45 1 1 1 L L L 1 1 1 L 1

4.8 52 5.6 _6,0 6.4 6.8 T2
LS mm
(a)

0851 - TCI17

i —— SiC/TC17
0.80r
0.75F

\ﬂ L
= 070}
=
0.65F
0.60F
055

4(;)] .3(i]| ‘2[5)1 : l(ﬁi)] . 1(3)2 ‘ l(.l2)3. l(;}‘;
HRZ R AR S
(b)
8l S 5L B X B R il 2 A 0 7 A £ 5
Fig. 8 Influence on the shear strain of the composite
shaft structure with different

lay thicknesses



776 o= 9 o R LRV

x99 TEHERENEAHMRMEHNEBEENEAMNENIINE (S %)
Table 9 Shear strain of metal layer and composites layer of the composite shaft structure with different

angles of layer (unit:%)

o AR AL R PR
RO PR SEMRGE IR BAMNB20 R ZARRE 10 R
0 1.5292 1.4644 1. 4515 1. 4385
10 1.1497 1.103 1.0936 1.0843
20 0.8125 0.7795 0.7729 0.7663
30 0. 604 0.5798 0.575 0.5702
40 0.586 0.5626 0.558 0.5533
45 0.584 0.5608 0.5561 0.5515
50 0.5863 0.563 0.5583 0.5537
60 0.6072 0.5828 0.578 0.5731
70 0.8469 0.8124 0.8056 0.7987
80 1.1895 1. 141 1. 313 1.1216
90 1.5335 1. 4685 1. 4555 1. 4425

10 AEAREEMEAMPMBEHNEEEMESHBRENIRT (B4L: %)
Table 10  Shear stress of metal layer and composites layer of the composite shaft structure with

different total thicknesses (unit: %)

A JEJE /mm

P 5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7

TC17 0.715 0.684 0.655 0.629 0.606 0.584 0.563 0.544  0.527 0.511 0.495
SiC/TC17 0.686  0.656  0.629 0.604  0.581  0.560  0.541 0.523  0.506  0.491 0.476

F11 FEAHEEENRAXNNESHHMENEEENEM BRI (B %)
Table 11 Shear stress of metal layer and composites layer of the composite shaft structure with

different allocation schemes of layer thickness (unit: %)

- il )2 J5 R 4y e U7 X
A 1(1)4 1(2)3 1(3)2 11 2(31 3(2)1 411
TC17 0.8323 0.743 0.659 0. 584 0.628 0.691 0.783
SiC/TC17 0. 688 0. 644 0.603 0.5608 0. 605 0. 667 0. 755
: . y 552
% 12 Manson-Coffiin $3! 2 # a.0F —=— SiC/TC17,
Table 12 Parameters of Manson-Coffin model 35l 212
’ —e— SiC/TCI17,
N g . 3.0F 2012
S W - b F
58 SiC/TC17 TC17 2,4 o SICTTCI,
E/GPa 237 118 £ 20} A1)
b —0.105 —0.12 g kar
1.0F
c —0.83 —0.6 i
o 1820. 5 1071.1 of e .
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Fig. 9 Influence on the fatigue life of the outer metal
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and the first layer of composite material of
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X113 AEGERAENEAMBMBEHEEENESMBENES Fa (B 10")
Table 13 Fatigue life of the metal layer and composites layer of the composite shaft

structure with different angles of layer (unit: 10*)

b 25 4 2 A

HZAMAE/C) . _
s EEmE BEEMEGE 21 ) EAMECGE 20 ) AHRCGE 19 )
0 0. 540 0.105 0.108 0.110
10 1.110 0.184 0. 190 0. 196
20 4.990 0. 483 0.514 0.533
30 16. 600 2.590 2. 810 3. 040
40 20. 000 3.240 3.510 3. 820
45 20. 400 3.310 3.590 3.900
50 20. 000 3.230 3.500 3. 800
60 16. 200 2. 500 2. 700 2. 930
70 2. 670 0.421 0. 440 0. 460
80 0. 606 0.173 0.178 0.183
90 0.321 0.105 0. 108 0.110
22
60f —— TC17 20k —=—TC17
L —— SiC/TC17 sk ——SiC/TC17
50
L ]6 L
S 4of S 14}
& .l & 12F
By 30_ = ot
R ® el
201 = 8
I sl
10F 4}
of 2r
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Fig. 10 Influence on the fatigue life of the composite shaft structure with different layer thicknesses

JREJRE /N T DR /N 9 28 A MR AR LB R IR BE TR 1 R MR S A 98 05 AR (L WL AR 14,3 15,

x4 FAEZEENEASMBIHLE BEMESWMBERESF (8 A:10")
Table 14 Fatigue life of metal layer and composites layer of the composite shaft structure with different total

thicknesses (unit:10*)

BUEFE /mm
Kt - .
5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
TC17 58. 6 47.8 38.7 31.4 25.4 20. 4 16. 4 13.1 10. 4 8. 26 6.51

SiC/TC17 17.8 12.9 9.25 6.6 4. 68 3. 31 2.35 1.67 1.19 0. 851 0.615

R15 FAEFBEEEAERARNNEAMHMEMEERENEAHBENES Fw (B4 10*)
Table 15 Fatigue life of metal layer and composites layer of the composite shaft structure with different allocation

schemes of layer thickness (unit:10*)

o i J2 )5 BE 3 iy K
' 1(1)4 1(2)3 1(3)2 1)1 2(3)1 31 4(D1
TC17 3.05 5.36 10.1 20.4 13.3 7.84 4.11

SiC/TC17 0.327 0.752 1. 64 3.31 1.7 0.977 0.596
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