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Optimizing design of composite spindle of aero-engine with
hybrid algorithm consisting of genetic algorithm

and enumeration algorithm

WANG Jie, LLU Shan

(School of Power and Energy,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: For the case of coexistence of discrete and continuous variables in optimizing
design of composite spindle, a hybrid algorithm consisting of genetic algorithm and enumera-
tion algorithm was presented. From the prototype of an aero-engine low pressure turbine
shaft, this hybrid algorithm was used to optimize ply angles and thickness of composite spin-
dle for losing the weight of spindle under the premise of achieving the targets of static
strength, critical speed and overall dimension. The results show that the hybrid algorithm
can realize 5. 54 % and 3. 87 % extra weight loss for from 1 to 10 plies compared with full per-
mutation algorithm and single genetic algorithm; and when plies numbers are greater than 6,
the optimizing efficiency can be improved up to 3. 1 times with using hybrid algorithm. Final-
ly, the suggestion is given that the composite layer thickness is limited by strength and

should not be too thin.

Key words: aero-engine; composite; spindle; hybrid algorithm;
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Fig. 1 Flow chart of composite spindle optimization
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Table 2 Optimizing results of full permutation algorithm of spindle

iy RPN A 2 o . N Wit
"o/ % /) (r/min)
1 39. 16 —45 . 340 0.1504 0.4551 16821
2 38.75 (—45,0) L2717 0.1502 0.4335 17310
3 44.10 (—45,90)s . 863 0.1595 0.4395 17344
4 43. 26 (90,—45)s . 862 0.1502 0.4512 17875
5 45. 68 (—45,90,—45)s . 615 0.1544 0.4194 17964
6 50. 24 (—45,0,—45)s . 185 0.1652 0.4495 18057
7 49.55 (—45,90,—45,90)s . 262 0.1502 0.4536 18701
8 50. 71 (—45,45,—45,45)s . 930 0.1635 0.4533 17060
R R D s RRXFREE TR
x3 THREEERLER
Table 3 Optimizing results of hybrid algorithm of spindle
- IRl T ek ) A= 4 /e /mm I Ilﬁﬁ%iﬁ/
HA/ % AR/ () (r/min)
1 39. 16 —45 3. 340 0.1504 0.4551 16821
2 44. 29 (—45)s 2.908 0.1620 0.4444 16885
3 44. 26 (—45,90)s 2. 824 0. 1580 0. 4500 17362
4 43.62 (0,—45)s 2. 740 0.1620 0. 4540 17843
5 47.03 (—45,0,—45)s 2. 485 0.1575 0.4524 18004
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ESE Y
B B IRl IO ik Y A= + /mm /e - %ﬁ%ﬁ/
"/ % AE/O (r/min)
6 50. 23 (—45,0,—45)s 2.220 0.1570 0.4495 18207
7 49. 69 (—45,90,—45,90)s 2.156 0.1570 0. 4484 18562
8 49.79 (0,—45,0,—45)s 2.092 0.1535 0.4508 19293
9 52.48 (—45,45,—45,45,—45)s 1. 900 0.1500 0.4523 17343
10 50. 89 (—45,45,—45,45,—45)s 1. 900 0.1500 0.4047 17342
x4 ITHBE—BEEEERAUER
Table 4 Optimizing results of single genetic algorithm of spindle
il 2 %1 R BT Y E AL/ 2% t/mm t/mm Trws
1 40. 17 3. 200 0.1852 0.4415
2 43. 27 2. 846 0.2071 0.4519
3 44.33 2.821 0.1579 0.4509
4 43.95 2.765 0.1543 0.4507
5 45. 45 2. 496 0.1684 0.4394
6 46. 36 2. 254 0.1785 0.4524
7 49. 67 2. 145 0.1580 0.4462
8 48.43 2. 188 0.1516 0.4340
9 48. 83 2. 040 0.1545 0.4447
10 48. 50 1. 951 0. 1555 0.3643

x5 MMALREIEE

Table 5 Comparision of optimization times
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