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Analysis on torsional feature of continuous fiber reinforced
metal matrix composite turbine shaft
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Abstract: To realized design and analysis of composite parts structural integrity, the
low pressure turbine shaft was taken as the object of research. Firstly, four kinds of micro-
mechanical methods were utilized to calculate the mechanical parameter of continuous fila-
ment reinforced metal matrix composite. Secondly, the calculated parameters of RVE (rep-
resentative volume element) finite element model were taken as input and the mechanics a-
nalysis model of fiber reinforced metal matrix composite shaft was built. The optimal solu-
tion could be got by calculating the deformation and bearing capacity of continuous filament
reinforced metal matrix composite shaft with torsion load and by comparing with the deform-
ation and bearing capacity of shaft with different laminate schemes; in case of certain fiber
volume fraction, the deformation of scheme 4 is the smallest, and the critical buckling torque

of scheme 2 is the greatest.
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Table 1 Calculation of SiC/Al contrast table of CCA, RVE, 3-D bridging model and semi-empirical formula

CCA of Avila™

Mechanical CCA RVE of 3-D Semi-rational
RVE .

property Upper Lower Upper Lower Avila’ bridging formula
E, /GPa 172.3 171.9 172. 4 171.9 171.2 171.7 171.7 171.7
E;,/GPa 106. 9 103. 8 113.0 104. 0 103. 2 108.0 101.7 121. 6
G2 /GPa 55. 2 41. 2 54.9 41.1 41. 1 41. 0 41. 2 39.0
G;/GPa 40. 36 38.61 40. 8 38. 8 37.9 36.9 32.1 42.0

g 0. 264 0. 250 0. 265 0. 251 0. 265 0. 265 0. 27 0.270

Ho3 0. 344 0. 323 0. 341 0. 318 0. 310 0. 310 0. 321 0. 332
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Fig. 2 Square array of continuous fiber in matrix
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Fig. 7 Shaft geometrical model
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Table 2 Calculation of SCS/Ti, AINb base on RVE finite

element model

Mechanical Fiber volume fraction/ %
property 40 45 50
E, /GPa 233.97 249. 15 264. 21
E,/GPa 184. 67 195. 62 207.51
Gi2/GPa 65.113 68. 76 71.06
G3/GPa 60. 59 63. 84 67. 85

2 0.37 0. 366 0. 36
23 0.42 0. 415 0. 41




1382 it = 3

531 %

3.2 SiC/TLAIN BIEHMTREITES ST

— Ji5 b A AR T e BT LAAE X L AN
febr, 5T LaRRh 25 F A BR TR R, 3 e 4l )2 5 =X
K00, AN 15000 N « m 5465, & A
0° 24k 2 90°, L #% & far 1 HI F , SiC/Ti, AINb &
B BRI %) RR T T2 £ BE S 2 AR B AR AR Y i e dn
8 Fi7m.

9

8 —— Relative torsional angle

I

0 10 20 30 40 50 60 70 80 90 100
Fiber orientation/(®)

Relative torsional angle/10* rad

&8 A e 2 far VR JH T 8l AR X AR T i 14 5 0
Fig. 8 Angle effect on influence of deformation

under torsion

L8 AT T, 24 3 fof — 22 B, Bt 5 A AR 00 38
K .SCS/Ti, AINb & & 4 Akl 45 ¥4 40 X 1 5% /1 2
Jes /NG B R, B G T A5 KRR, AT S Al
o8 45 AR Y AT fe/ME, 0°F 90° i HLAR B
AT IR E. NG B T R A7 1 B R A M
ALl 45 40 il )2 O S BN 3T A5 RE E A B Y
Fb ) L A7 ) 08 /IN 2 25 4 1 AR T

B 2 J7 o0 [ 44577, Bl 45 #4 85480 35 17 43
M HTEE n N1 2840 B 8, 75 3 2 2k i R SCS/
Ti, AINb & & 4 Ll (4 40 X H1L 5% £ Bt 2 4500 7
Ry & an &l 9 fros. B R 9 I, REGE £, 4l
GERE AR T o /0N B ) AR A BG nL AR E

4t 7 Relative torsional angle

%

n
L 7
1
n
il
! ? ’ I.a}'cd:' numicr n ¢ ’ ’

Relative torsional angle/10- rad
[3%)

AT IR
MAMHIHHHTHHt

B9 HLEE SR F T B )2 Eo 22 & 19 52
Fig. 9 Layers number effect on influence of

deformation under torsion

AL RN S E 0= 3 B R, 2 )R

WA s n W 5 S A MR T AR T RE

B $R A B, AT E n=6 BIRJH 12 252 8D

AL R BT EER , B SCER15 4518 — 5.

3.3 SIiC/TL,AINb ZEHEREEITES S
HTE 7 SiC/Ti, AIND %l 25 44 4 KR 70 #5

B R L3 B A R A PR T I B0 A A 3L 1 By

JiE AL an & 10 B R,

Deformation/m
I

0 0.006364 0.012728 0.019092 0.025456

K 10  SiC/Ti, AIND %l 45 ¥ J il 5 25
Fig. 10 Buckling mode of SiC/Ti, AINb shaft

PRIl 235 4y 1) R 8T Oy [ HL AT X BR A L BT
PL1BY AL 2 B, 3 BRI 4 B B R AE AR RS A 2200, 5
e B2 EL AT B o A OE s . A BR oG O T
AR /E N Ti, AIND #1454 5 SCS/Ti, AINb
WHZSH AT 4 B RRAE AR M B AE T, CHEb R AR
n=1,2,3,4 7R~ 1 & 4 Br i ReAE(ED an 3k
3FRR. M52 R AL0°/ —0° ] BF , SCS/ Ti, AINb

%3 SCS/Ti, AINb 3%+ 4 Mriia SR E dh 558

Table 3 Four critical buckling torque of
SCS/Ti; AIND shaft

Player Tan/ Ta.2/ Ta.s/ T/

design (Nem) (Nem) (Nem) (N-+m)
[0°/—0°]s —24082 —24081 24094 24096
[10°/—10°]s —24044 —24043 23884 23885
[20°/—20°]s —23536 —23535 23288 23289
[30°/—30°]y —22798 —22797 22570 22571
[40°/—40°]s —22132 —22131 22001 22002
[45°/—45°]s —21917 —21916 21846 21848
[50°/—50°]s —21806 —21805 21796 21798
[60°/—60°]; —21871 —21870 21958 21959
[70°/—70°]y —22157 —22156 22282 22283

[80°/—80°]; —22439 —22438 22531 22533

[90°/—90°]s —22498 —22497 225507 22509
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