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Optimization design of resin-based composite fan blade
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Abstract: Based on the study of the material properties and design criteria of resin-based

composite, a structural design method of the resin-based composite material hollow fan

blade was proposed, and then, the strength and vibration of the fan blade were studied.

The results show that the resin-based composite material fan blade has better strength prop-
erty and lighter weight than the traditional metal fan blade. Then an optimization design
process of the resin matrix composite fan blade was established, during which the informa-
tion transmissions of disciplines and application softwares were solved. Thus, the stacking

sequence optimization design of the composite fan blade was achieved. It was verified that

compared to the metal fan blade, the weight of the resin-based composite material fan blade

decreased by 78. 88% and the vibration margin increased by 8 44 %.

Key words: resin-based composite material; fan blade; strength; vibration;

optimization design
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Fig.1 Design process of composite fan blade
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Fig. 2 Finite element model of fan blade
, 8 SOLID 46
) 2.7
1 mm, 8. 1 mm; HT3/5224
6l HT3/5224 HT3/QY8911
/ LHT3/QYS8911 / 0.125mm, 20
’ [02/45/02/_452/02/9()]5;
1 b
SURF154,
Table 1 Mechanical properties of typical continuous
fiber reinforced resin matrix composite in China ’ -
, 3 4
HT3/5224 HT3/QY8911 4 _ ,
/GPa 140.0 135.0 - 1,
/GPa 8.6 8.8 ’ H 1,
/GPa 5.0 4.5 ’
0. 35 0. 33 3 4, HT3/5224
1.772 mm, HT3/
/MPa 1400.0 1239.0
QY8911 1.891 mm
/MPa 50-0 38.7 6. 29% ; HT3/5224 -
/MPa 1100.0 1281.0 0.0618, HT3/QY8911
/MPa 180.0 189.0 0. 096 8 36. 16%,
/MPa 99. 0 81.2 36, 16 %. HT3/5224 HT3/
ANSYS 11.0
NOV 232010
17:05:35
s RLOT NO. 1
NODAL SOLUTION
NASA (National Aeronau- D1

tics and Space Administration) Rotor 67
, 159 mm,
513 mm, 16 043 r/min"".
HT3/5224 HT3/QY8911
) ANSYS
, 2

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

TIME=1

USUM (AVG)
RSYS=0

Power Graphies
EFACET=1
AVRES=Mat
DMX=1.772
SMX=1.772

B )50

0.787
0.984
181
378
575
772

a0

1
1
1
1

(a) HT3/5224

http:// www.cnki.net



7 . 1633

NODAL SOLUTICN HT3/5224 R
STEP=1
SUB=1 s HT3/5224
TIME=1
USUM  (AVG)
RSYS=0
DMX=1.891
SMX=1.891 1' 3
1.3.1
b
MN
’
0210 0.630 1.050 1.470 1891
m T E—
0 0.420 0.840 1.260 1.681 > >
. \
(b) HT3/QY8911
3 ’ .
Fig.3 Total deformation of composite fan
blade
.
NASA Rotor 67 ,
ANSYS 110 UG (unigraphics) ,
NOV 23 2010
17:08:46
RLOT NO. 1
NODAL SOLUTION
STEP=1
SUB=1 ’ ’
IME=
FAILTWSI (AVG) s ,
YR=1
RSYS=0
DMX=1.772
SMN=-0.067
SMX=0.062 ,
~0.067
—RROER] (8]
B -0.039 ’ .
= -0.010
. 0,004 12, s
£3 0019
L2 0033
0047 s
-
0.062
1.5,1.5,1.5,1.5,1.0,1.0,0.7,0. 7mm,
(a) HT3/5224
0.4,
NODAL SOLUTION 0.7,0.7,0.7,0.7,0.4,0.4,0.28,0.
STEP=1 28mm. 8 s UG
SUB=1
TIME=1
FAILTWSI (AVG) s , 5Ca) s
LAYR=20 b
RSYS=0
DMX=1.891 5(b) ’
SMN=-0.110
SMX=0.097 6
X,
A
_0.087 —0.041 0.005 0.051 0.097
[ _________==maa = EEESES—— |
~0.110 ~0.064 ~0.018 0.028 0.074

(b) HT3/QY8911

Fig. 4 Tsai-Wu strength factor for composite

solid blade (a) WBHR A4 (b) %300 F S
QY8911 ,HT3/5224 . 5
, Fig. 5 Solid model of hollow blade

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1634 27

NODAL SOLUTION
SUB=1

TIME=1

USUM (AVG)
RSYS=0
DMX=1.687
SMX=1.687

MY
Uhmm ¢ 187 0.562 0.937 1.312 1.687

6
Fig. 6 Cross section of hollow blade
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Fig. 8 Strength results of composite hollow blade
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Table 6 Optimization results
0,/ 0,/ 0; /(%)
45 0 —45
0 0 0
NODAL SOLUTION
SUB=1
TIME=1
USUM  (AVG)
RSYS=0
DMX=1.687
SMX=1.687
Ulmm W
0.187 0.562 0.937 1312 1.687
0 0.375 0.750 1.125 1.500

(a) fALAi

NODAL SOLUTION
STEP=1

SUB=1

TIME=1

USUM  (AVG)
RSYS=0

DMX=1.771
SMX=1.771

Ufmm

N
0.197 0.590 0.984 1.378 1.771
0 0.394 0.787 1.181 1.575

() fifk)m

11
Fig. 11 Total deformation distribution of hollow
blade

-(0.056 0.060 0.175 0.291 0.406
-0.113 0.002 0.008 0.233 0.349

(a) Pl

—0.056 0.052 0.160 0.268 1.376
-0.110 -0.002 0.106 0214 0.322

(b) EALSS

12 -
Fig. 12 Tsai-Wu strength factor distribution of
hollow blade

7 , ,
6 24.69%,
1 27.47%,
9.39%, 8. 44 % ;
4. 88%;

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1637

, 4.98%,
1.771 mm,
1. 772 mm,
- 7.39%,
7.39%. .

7
Table 7 Results of constraint variables and objective

function before and after optimization

/mm  1.687 1.771  +4.98%
- 0. 406 0.376 —7.39%
/Hz  506.35  645.42 +27.47%

/Hz 3885.76 2926.43 —24.69%

K=34 58.42%

K=3 24.42%

67.81% +9.39%

19.54% —4.88%

1D
2) ,
74. 48%,
84.96%, 78. 88%,
0.95%.
3)
9.39%,

8.44%.
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