%36 % M8 fin =2 3h 71 2 )% Vol. 36 No.8
2021 4 8 H Journal of Aerospace Power Aug. 2021

X EHS:1000-8055(2021)08-1680-10 doi: 10. 13224/j. enki. jasp. 20200476

WEEREEZXEMHFAHK
HEFF R R A

woa, X B, KAE, AKIT, K B
(BR e DR B DX EE R T2 R S LAEIE AT FR A R, TR BRI 519030)

1 B NIRRT BOR & i S T R 2 5 = A 4 S R G XURR T S S A R R
A7 1 T 20 I I A % B AL AU I R 2 RT3 4 00 T, 455 S S B 2 A R N O A
D7 1% A8 b 2 0 IE i W ) R O 0D B B B TR T AR S R G 0 R R 1 KU I HE AR
Dy e R A KU M R AT O AR R o A S A R O S S i EE A e ISURE IR L 889 Y0k B A 11 3tk
LS D 36. 8% L HV I B .

% B O APBUER; BORSL; gisks KUmnt A fRARHEE

mEASES: V232.4 XERARERAG: A

Application of ant colony algorithm.in wide-chord fan

blade sequencing optimizatien
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Abstract: Based on“the. mechanical*model of the fan retor, the-formulas.for the calculation
of ‘static unbalance and couple unbalance considering. three -dimensional-mass moment were de-
duced, the‘\assembly, and fest.result of a set 6f+fan blades showed that this unbalance calculation
method can significantly reduce the use-of counterweight’block and the times of balancing. An im-
proved ant colony algorithm based-en neighborhcod search was proposed to optimize the sequenc-
ing of fan\blades.\The improved ant colony algorithm had an obvious superiority, its optimal un-
balance was 88.9% less than-the conventional ant colony algorithm, and 36.8% less than the
improved genetic algorithm.
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Fig.1 Fan blade centrifugal force components on local coordinates and global coordinates
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Fig.2 Fan blade installation sequence A
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Table 2 Parameters of traditional and improved ant colony algorithms
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Table 3 Optimization results comparison between traditional and improved ant colony algorithms
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Fig.6 Convergence speed comparison of traditional and improved ant colony algorithms
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Table 4 Optimization results of different heuristic optimization-algerithms

A AL R o
Bk B bR
il 2 3 4 5 7 8 9 10

Ok )

T N 980.2 1814.0\ 1493.6 2028.3 1595:9-.943.4 201370027707 1559.9 1358.0 1471.3 396.7
LG =R?N

P o
\ T 2799.8 208.8 1784.1 2653.4 1629.7 2240.1 2732.9 2719.4 2407.4 2680.8 2328.5 393.4
Tl Bk
R K

s\ 34743 1777\8 3264.7 4411.3 1176.6 1730.1 4654.5 2563.2 5747.2 5162.9 3387.6 1573.9
EITE R

s 445142 5191.1 5992.6 2669.2 3221.4 6974.3 9872.8 8586.6 5183.6 7138.7 6092.2 2210.9

N AT LA Y R b 4 BB k38 W T
PR JR B Pt o I R G D Bl ) R T
AT, Pk 0 s A SRR IR 2 BALR R R Ak
SRR o S O 1 HE T N
S AR AL T OB L= N S i
36.8%0 , AEFAH .

5 & &

1) X JRURS W B 4T T 27 A A 4 1 % =
A Y B2 J5T kR4 XU P AN P A A S -
AT S IR — 2 KU I A o

Jo i s Bk 1A SR AR 1) SR ) Y A A A
AR DT R R 2E

2)) fd I TR] — 5 DX A 2L HE AT
L ARX AN, B — 2P Bk 1 7R XU I R
P08 2% 0 = 44 J32 T R A A - A T BTk
PR3

3) MR G AR Sz s Bl B% TE - SR, 20 il i T
[ERLRERAN YR AL

4) 7T AL b T KU I, B
PR I BSEON “2 3 SR B WORE B0k 9 1 4B
SR AR B0 FE AT RACBE  RORINBR T 50k A i S



%8 1

W SE AR ORGSR R L 9 5% XU I OIS A Y 1z T

1689

JBE, R 4R T AR AR SLRE T .

R

5) 18 i 4 b H At R A U A SRk B Ak
U T Rt B O B 1 T B

SE MK

[1]

[3]

w7 . 2 A Sl S LS A S5 M R B 5 20 A (D] R
P PRR 2, 2009.

DAT Zhenning. Design and analyses on dynamic balancing
machine swing frame structure with multi-degrees of freedom
[D].Chongqing: Chongqing University, 2009.(in Chinese )
P ST RE B AF A R L T HE Y SR
5 A BOR [J] ML TR AR, 2019,48 (4): 113-115.
LIU Bokui, CAO Liting, HUANG Chao, et al. Arrangement
strategy for aero-engine rotor blades and static balancing[J].
Mechanical and Electrical Engineering Technology, 2019,
48(4):113-115.(in Chinese)

Bkge , BURSS LA —Rh R S LI T S R R T
BRI Az e 5 TR, 2003,2(9):25-26.

GENG Yan, HE Erming, WANG Pei. A new method for
blade arrangement of engine rotor[J]. Aviation Maintenance
and Engineering, 2003,2(9):25-26.(in Chinese)

CHOI W, KANG H, BAEK T.A turbine-blade balancing
problem[J]. International Journal of Production Economics}
1990,60/61(1) :405-410.

Tl T A 3 T 33t AL TRk Y e 7 b R AR AR R L] 3 3
HLO7 I, 2008725011):94-97.

YANG Xun, XING Jianhua:©ptimum arrangeitrent _of rotor
blades based on genetic algorithms[J]. Competer Simulations
2008,25(11):94-97.(in Chinese )

ZHAT W ,\GONG W B.Optimal blade.placement for large
turbofan balancing[C]//Rroceedings of International Confer-
ence,on Computer Integrated Manufacturing and Automa-
tion Technology, Troy, NY,US: IEEE Computer Society,
1994:261-266.

B A, VR T ST e A A HE R g A%
SRk R R (7] W2 21 12441, 2011, 26(1):204-209.

JIA Jinxin, L1 Quantong, GAO Xingwel, et al. Application of
gen€tic algorithm in optimizing arrangement of engine blades
based on initial unbalance[J]. Journal of Aerospace Power,
2011,26(1) :204-209.(in Chinese)

PR, T AR 38 A% S0k X AL e A 8 L.
fit s 8 %4, 2005,20(3):518-522.

TANG Shaojun, WANG Xu, ZHU Bin.Research on genetic
algorithm applied to sequencing of compressor vanes[J].Jour-

nal of Aerospace Power,2005,20(3):518-522.(in Chinese)

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(18]

KM E R A, 0% ORI HLEL Tl SR EL Y
BELAL[T]. Mt s 3 J1 2%, 2017, 32(10):2536-2543.
ZHU Meiyu, LI Mengqi, WEN Xue, et al.Intelligent optimi-
zation of turbine rotor blade assembly sequence[J].Journal of
Aerospace Power,2017,32(10):2536-2543.(in Chinese)
Wk A, 3, XM BUDE KRR A IR S DL T 34
PEACE A B 3 HI[T]. 4T A AL, 2014(2):29-33.
YANY Dali, WEN Xue, LIU Jian. Application of simulated
annealing algorithm in optimization of rotor blade sorting[J].
Dongfang Turbine, 2014(2):29-33.(in Chinese)
ST A SR A T TR KRR R AL R
DI MRS EHLEE AR, 2009, 22(4):49-53.
ZHANG Hai, PU Jian, ZHANG Xiaocheng.A optimizing se-
quencing of compressor vanes based on simulated annealing
partheno genetic algorithm[J]. Gas Turbine Technology,
2009,22(4):49-53.(in Chinese)
BPHE WRTE Tk T Bk i OB B P EE HLOE
LA A P WEZE L], hms R 2 i C AR AR 20, 2011,
42(9)-187-191.
LI Dandan, GHEN.Yong, YU Daren.Researth of optimizing
arrangement for turbine blade installation based on ant"colo-
ny algorithm[J]. Journal of Central South University (Sci-
ence and.Pechnology) ,2011%542(9):187-191.(in Chinese)
FEHERE sk HRE YL A BTN AR M A R B LR
P AR AT DAt (7] 9k 345 iy, 2012, 31(11):476-179.
YUAN Huiqun, ZHANG Liang, HAN Qingkai, et al. Opti-
mization of mistuning blades” arrangement for vibration ab-
sorption in-an aero-engin€ based on artificial ant colony algo-
rithm[J]. Journal of*Vibration and Shock, 2012,31(11):176-
1796 Chinese )
PISKIN A,AKTAS H E, TOPAL A, et al.Rotor balancing
with turbine blade assembly using ant colony optimization
for aero-engine applications[EB/OL].[202-10-25]. https: /
doi.org/10.1515/1j5-2017-0060.
PITSOULIS L S, PARDALOS P M, HEARN D W.Ap-
proximate solutions to the turbine balancing problem[J].Euro-
pean Journal of Operational Research,2001,130(1):147-155.
CHOI W,STORER R H.Heuristic algorithms for a turbine-
blade -balancing problem[J]. Computers and Operations Re-
search, 2004, 31(8):1245-1258.
Schenck Process GmbH. Series WM moment weighing
scales for jet-engine blades[EB/OL].[2020-10-25]. https: /
schenck-rotec.com/products/product-finder/product-detail -
page/en-series-wm.html.
&, S, TR, % MATLAB S G553k 30 ™ £ 0 43 7
[M].2 . JEmt b a2 i Kok iRt 2015.
(%4F.TR M)



