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0 A TR BL/mm BT/mm BJ fz/MH /mm
A 25 2 278.62
B 100 77 268.91
C 225 202 264,57
D 375 352 256. 37
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Table 2 Range of optimization variables

Pk 2S5 PR /mm TBR/mm
S1_SS_LE_RADIUS 0.203 0.578
S1_PS LE RADIUS 0.203 0.578
S2_SS LE RADIUS 0.238 0. 620
S2_PS_LE _RADIUS 0.238 0.628
S3_SS_LE_RADIUS 0.252 0.699
S3_PS_LE _RADIUS 0.272 0.677
S4_SS_LE_RADIUS 0.276 0.732
S4_PS_LE_RADIUS 0.276 0.728
S5_SS_LE_RADIUS 0.326 0.787
S5_PS_LE RADIUS 0.326 0.749
S6_SS_LE_RADIUS 0. 266 0.882
S6_PS LE RADIUS 0. 366 0.813

N
N\ g

W& 10, KB
AT G G2 I VAT Ak o m&m;%}imm
ﬁ&@%im%#ﬁ%%ﬁ@\%ﬁﬂnmkb

o A iR %Fwﬂwﬁﬁﬁﬁym%#é
A0 5P A A, 10 N TN 2 Oy
1aw~&ﬁﬁ@ﬁnum AR E R AT R

39 M A

2 *Azf:afr%\%ég)

ﬁma;IDﬁ#NUMIAﬁ%ﬁﬁﬁ
WA B H d i) Fine Turbo/Design 3D &k
ST U B I 980 T 2 0 0 AL L i R B HL S
BT K T B 5 O T

1 A 2 X RS 6 T 242 X S T
FRY 0 T3 554 1 MR 8 K38 FELAR /S 6
Fi 045 4 I 34 4 R A L R 25 £ AR
7 PR SRR 5 T 0 6 00 T B 3 0 5 (3
KT S 2 3% T I8 0 T 2 %
ST L BT B ALY B 0 0 g Y TN T
T T /N B 2 ey ek
mm%%%imnWH#ﬁﬂé?ﬁéﬁzﬂ g
220 LI e T 7
Iy BEBLG S B W S M K TB S
Fh WAL TR T F ST S M 8 B 7 T LA
ST B I TR B 11 LA £ B A A 5 L
5L/ IN I L S0 IR FE 175l R 8 2 — 3%
F) DR JHE 6 B 25 8 2 A 0 A L B O 5 4
TR 14 T L )58 . B 165 01 A I 9 2 2

TR o R A 38 11 LA £ R A AR A
(LR SEBR AR Al iet 72 v 4 R % i %600 72 58 3
O A BRESF , 45 TT B T I TR0 0 1 JLART £ 727 2 e ke
O TIN5y, R I 4T B
S F A R B4 » TR B K A
UHE 2502 2 A L 728 P S T — 3, S
BRI 22k AL OB A R AR 0. R 7
FELio AT IR L HARAL . 7 B 51 A%
Kk 'S@L% I T 4 s O A
gé P20 SR 9 K 0136 17 00 e 4
ARSI DR I 30— A 6 IR - e 0 £ 2

B R b Rt 150 4
\ﬁxxm%ﬁ@AFMWHmﬁWﬁﬁﬁﬁfﬂﬁk

L 4

Iﬁﬁﬂ%w%ﬁﬁﬁﬁﬁdﬁ 3 e 1 5 ik
S & B RO A 14 R, P 14 IRk
ﬁ%ﬁ%ﬁﬁ&%%ﬁﬁ@%ﬁ%%%ﬁﬂéﬁ%
13 SRS s T 4 8 3 O B B Al ot o
ﬁﬁ%mﬁ%%*%ﬁ%ﬂ$%¥%%j@%%
BRI AR Al i R IR AR
@w¢%mTE#WHﬁxnﬁ%%Wﬁ

oL

(a) 47%H 7= (b) 58%HH & (c) 69%IH 5
/ ’
/i
1
\'1 (d) 80%M () 90% 5 (f) 98% v

Bl 14w THT SR L
Fig. 14 Comparison of airfoils’ leading edges

P 15 90 00 i e 8 T I X HE

Fig. 15 Comparison of airfoils at 90% spanwise

423446-6



fin = % #
N FE 90 9% W 5 T M TR 1686 (A RE sl [ AT 9%
A 8 0 1 9 3 2 149 725 4 AL B T R 98 43 o al
I A i R R
2t
3 LR £
& 90
15 SRS T 4 FROE I A 0 \
R T 24 0 5 A B R B T o ST AR A ER )
BEREQAL R BRI HE 1 250 pm BRGS0 7 S s
S B 1 2 SR - A A O AL TR B 38R ]
S 2 5 7 58 T S 1 M O R e 1 o - de(kes™)
7 58 7 R T R 2 e T T 7 8 R T \\Qg 0 A
1617 A G T RRAE R S
JTAE 100 20 4 B 4% 9 B 9 30 o - S LU R M *ﬂ@ € /*Fig. 17 Comparison of mass flow-isentropic efficiency

L 4

-SER ORI . B AGE B L JER

E@JJ%‘@%{%,N%%?é’%@‘%ﬁﬁt\ﬂci

i ¥
o

m%@ﬁﬁmZJMMm@mWH@'éﬁﬁ%
T g I (5%

2. i?fzﬁt{tﬂﬁ%mﬁﬁéﬂ{& b
250 TR N 5 H 101, 7\}{P{\ﬁili?ﬁ’ﬂ ARIZ S
S5 et 1 A3 R 1 2 A A gﬁ?%%ﬁéﬁﬂﬁ&‘“ft
WA A — 2L,

i 16 B L7V N 2 2 k5 6
LATES L SN aEty PR

Eﬁﬁ%ﬁﬁ@i%%@%@@%%%%%
B 15 AV U b R b i
S T 2168 % 2 10 B A - T L B
M 22 22 5 AR 9 -5 A A R el 4 7 A
i .

A\

LIS —o Jgitit R,
—o— RUBFE THEBI DAL R\
116F 2 XUBfE TR ERAL TR 3
=o= 250 pmfRfhi i b
1.14 : : ! ! L
11 12 13 14 15 16

i/ (kg-s™)

100 Y5 46 3875 AN [6] 48 8 J5 58 T BF 14 8 &t
S HE R X L

Fig. 16  Mass flow-total pressure ratio characteristics
comparison between different maintenance

methods at 100% corrected rotating speed

A

N\

characteristics between different maintenance

methods at 100% corrected rotating speed

SIE 249 X 45 4 05 B 4 0 R I Y 80
HEPE RS E R I H 10K 7, 9 LR O AL 7 K
SR R B 18, RIS T
100 6 45 55, 3 5 98 25 90 %6 % 0 T 43
BT 5008 1 2 NN M 98 45 %
e I 53 2 I g i
L 5 0 i 9 T LM 2 o 4
1 B 7 171 L FE SRRSENDC 140 M B 7 1 LR 4
O E RET  f e 9 1 T
YT AR MR 1 . SR H R T 3 K
AR TR B 1. 3. 9 L JEUA U H o X
%%@gﬁﬁ?%%i@ﬁﬁnﬁﬁ%ﬁWHﬁ
W
« o RV SAL 250 i 4R 1R D I H 0 S5 A 2
SHIL T B ot H (R T 1. 29% . %0 i %
Yol I 5 % R T e 2 R T
1. 21 % SEAAR L B A 0T 0 AT . U 5
20 T IR H 7 T R B 25 3 2
INAR B 94, 59% F 94, 36% . XF T A TE B
250 pum BTG G5 Bl 9 R FE AR HF S
FE AR T 0. 406 % &3 BT 4616 &2 )5 - LA LA
WRAL G I RS . AR B bR
L L6 38 H T 1. 23

TE I Wi 55 BT (25 JE 104 kPa) , 250 pm Rij %
R (1) 45 AR % H T JBA O AR O T
3.26% . Zit Bl 4 A 0 U 2 MR R B 12 ok

423446-7



= % #

o -5 0 5 10 15 20 25 30 35 40 45 50 0
/(- kg K ———— HHXT AL

025 050 075 1.00 125 1.50

]

r;

<

& R ]

(a) Bt \‘\t}»
(b) et ERRM:
".‘&\ Té
1S 100 BT 6 MO M A 4T 90 % 0 5 A
5 43 A = 1
Fig. 18 Distribution of 90% spanwise entropy contour \ (b) et BRI
near blockage point at 100% corrected rotating IQQ 00 5 5 ik JE £ FE 5 F 90 Y4} 75 4% M X
0 M 0 =] b =
speed A K}%ﬁléﬂ‘ﬁ

= 2 \ ‘Fig‘ Distribution of 90% spanwise relative Mach
T A 3.01%%1@%5@:@&@%#%%@\ o

\ ‘y’ number near blockage point at 100% corrected
AL U F A 1 RO A e
SRR ROCR AT R 94, 180 FI93. 7% . £ MK L
11+ 250 pm {4545 U A 4 EE A H TR TG - Fa & AR SM Y E LN

FARRRIE T 0.403%0 Zaf Wi IS BTN I T (M—Qx 100% P
771571'(;e

BRI E IR0 H 0 99. 849 K 29 72
HTILAT I L ATk 0 T SAPESE O 0 ZE B S0P om PR3 O RE Vs o (R 52 MR B s d fR %34
R A A 5, nF R AR G AT A s PR S A

G R IR TR W B IR E T B A RCR . A WA RIE 4 it e e TARRR I sk 3
Bt R AR R G T R Z B R R

BRI 22 BN 5 T B Wi g BT L AN ) T 2R 22 H12 3 Al 1,250 pm (R PRI B FRE T AR
TRZEMI R 2 7 B AL E I REMl BRI A AR BT S B R R
YEBITR . T AR L I BB J5 Ak il R 2 O RS E T

423446-8



fn 2 % &
£3 REEFHABEIERE 97
Table 3 Stall margin of fan rotor blade 92+
fefe b T 250 pm 87 -
Pl PR AR Q v %
e PRI g mebr e sof e
o 0 L. oL VIR 2373
FEME/ % 13.74 15.58 17.00 13.72 é{ﬂ;’r o [ | 90%
2~ WU LSRR AL IR P
—— USRI A TR 230
Vﬁ%ﬁﬁ?i‘jﬁ 671 ——250 umhkigekibE ‘
L L 1 1 L ?ﬁﬁ%g
/T\ JE&A[H‘HA {jﬁ’ﬂ:iﬁﬁnf}ﬂl‘ ,fj[:/f’t‘l:lgﬁu_"ﬁ 629 10 11 12 13 14 15 16 17
EKHE&%?%ETE‘J%@JDI 20 & 21 fros, i/ kes™)
1E 80 Y6 i1 90 Y6 M FL L T .3 B vk J 45 1 42 s A, K}SQ szﬁwﬁ%uwr%@%% T
A 100 Y04 55 5 0T % B0 AR L (A 78 dE it SRR RS T

B R R 242 ik B i KU B T B s M RE \\{ \E1§ 20  Comparison of mass flow-isentropic efficiency

S A

16 90 V6 4 B T i 2 o - M
W (#9103 KPa) S AHCK T B 3. 42000 E
HAH LA I R R T 0. 337 % . SRR B 11
B A b BRI H 5 3 B BB R T
0. 3% . I W BILRACE. S o
TE 806 4 51 T NI 2N I 1

i (& & 103 kPa) RN 4. 78% , B &
tt*ﬁtt)ﬁizﬁ‘ﬂf}#TF%T 348% . it B IE M

18 1t b I 0 g 1 1 T RO (LT B T
o5®@ﬁF&xEﬁﬁ%m¥

i PO Tl 2 2 R 5 40 T BB 0
R R T 00 A A 3 £ XL
0 O S A G B AR B T B
JERE S AR B RE T

[l 22 6 23 J&o% T 3 B A 7E 100 % Bt

MR TR, 70 % F1 90 %0 M- 4or B Ab iy i 36
ﬁ%ﬁ%ﬂﬁﬁmﬂm%ETBﬁHH%ﬁ%
JE R RO 7 2 S 1 2 98 TR BLLE I K
IR 14 45 0 A X T 13 KR 70 %6 i i %
B Aaf AN 77 AR 1 22 5 ), W ) TR T 2% 6L B
ﬁﬁﬁﬁﬁﬁﬁ%ﬁJitﬁ%ni%gﬁgﬁ
g — 3K,

I 7O/D‘|“|—J1¢Eﬁ$r%\§\g\ﬁressure Coef-
ficient) C, 43 47 1 22 77 1, 5 J5t 46t 7800 1L 4K A,
BRI R 096 ~ 5 %4 RR 3% K S P A I B 6
KT HE A A AR A L O A o A 1T 2
S R . PR AL BRI RIS T
5.9~ 18 Y4 MR % 15 FBL P 10 I F S B 7 3 L
155 %5~ 10 Y6 MR 3% K 18 B o 445 7 k2 /N B i

\t

characteristics between different maintenance

methods at various corrected rotating speeds

1.26

=" 100%
S B

—= JE4GH
= Jkaﬁ’z‘%?’@ﬂ&ff*ff’ﬂﬂt H’E =

1.06 F = XUggs TSR DAL TR
- 250 Bk AR ) b B
1-029 10 11 12 13 14 15 16 17
TiE/(kgs™)
e D 2
i 21 mﬁlzﬁ%ﬁijﬁﬁﬁ}ﬁaﬁ%ﬁw@ﬁi

B L
Fig. 21 \C n’l}xx%‘!)n of mass flow-total pressure ratio
racteristics between different maintenance

B ) methods at various corrected rotating speeds

§ i
<
4
4

i * —o A

15 —— UL TAERHHE AL IR

0 —o— XU PR DAL TR

=25 L 2

0 10 20 30
HAHIERALE/%
B 22 100% e i T oL T 70% i % 1 i
ES Gk

Fig. 22 C, distribution of 70% spanwise at designed

point and at 100% corrected rotating speed

423446-9



n = % ®K
154 80
Lo,

i 701 —o— JEIGH

05 —o— WU TR AL 1R
ol £ ol o U FAEIAFPE O AL TR
<
Ot -05 ﬁ

10 #& 501
~15ff —— Jtft

i —o— Ui FAEMSREE DAL IR 40
2.0 ka%?f’ﬁﬂ’sz-*fl’*ﬁc%TFE
—2,50 IO 20 20 30 L L ) I

, 0 0 20 2
PP % T ke 5
A Y 4
#
Bl 23 100% 55 i i LOLT 9020 nf ey 4 I i & K}loo%&'il‘%}iﬁili[%? 9020 I ey A 1A 1o £
AHOM G t\ K43 A
Fig. 23 C, distribution of 90% spanwise at de%lgned‘\ ﬁg 24 Blade loading distribution of 90% spanwise at

point and at 100% corrected rotating %pced\’\o

ﬁw‘ﬁaﬁLTWﬁEWEﬁmﬁﬁé%Q

23 R ) 90740 75 L ﬁ%ﬁ%@
875 FL 35 5 7096 1t 9 %¢ 5.
%?E%HHfﬂhmlk ﬁgﬁﬁT6/m

3% K 30 B R o nygrwm76/~
22 9% M %t 3% K 15 BB + I RE 75 TR AL R
mwﬁmwMTmnﬂ o 3% K 3 B P9 1 £ 70

A e 2 %}m;%;,)ww At L
o A TR 20 9014 k5 101 69 20 3
HLK T 43 ';0 47 0.461.0.493,

[ 25 9 3 Fhat # CSAART S G AL 1 B
P F WL O 2 TR 9096 0 A T 24
HIXE B P R SR MK . AR P 25
ST Rl BRI A E 8 07 X

BER AT AT S 1.3 LA b Sk B0 FLA P \15 o

WA

ﬁm’tTBEﬂTHJ&Hu%‘%ﬁFLE{E@'ﬁ !I“K # s X, — FLAE T AR 0 A JEE 3 Bl

B A R 1.3 DL 5 T R TR
R L X T A A
o B T IR 153 T 5 51 o T 1
BWHE. ﬁﬁmw@wrmq% % ST 14
Amww%ﬁﬁmdlﬁ%k%4wmﬁﬁﬂ%
HTAERCR,

S HE AR AL - B F 6 16 R BRI H 0 1R
b 1 BRI I T 4% A A 0 8 I 084 57 o 76 ik IX
3 PR ) I R T R BB
o 6

N T RN Hr IR 5 1 R (0 B o 2 A Y

designed point and at 100% corrected rotating

speed

O X AT T3 o A BT T80 I P A
AL 90 D - i 48 IR S Ak ey RS T 2 T R

Sy E SR, K 26 Ry T KRB T A AE
100 Y04 0 %% 5, B3 T 00 F 1Y 3 i 2%FHXJ‘
5% 19 B VA i VR G S S i R R Fjjffﬂféf“

%ﬁ@$*%ﬁ%ﬁﬁﬁ\ o 2 1 % I )
B A\
mlz«war@fhﬁfm@%maw/
A 2 K 1 ) S A5 AL T B A B T
Eﬁrwﬁi‘ﬁwmimwﬁmﬁﬁmﬁ?
S SO 3 KR L R B ) K
m#%% AR BRI 10 300 52 R
?ug:mwimwﬁmm H Ot AT R
B I A3 R Y TR 2 42 R 9 4 5 A Fﬁ
%éﬁmﬁﬁ%%mﬁf% 230 PR 0 A 2
UQ%MTJ&E’J
R e B 1 A 0 B Rl L 3
FEH FE F AR S B 49 0176 7 5 %% B % 3% K 3t
FEI I« B AR I 7 I 0% 1 T 1 3 i A 22
f&ﬁt»m Rfh e 2 R AR R — 2, BRRE
HEHE A T D5 » 00 5022 5 i 3 T 6 1 4 3 40
i, IR 05 1) 396 P 6 B2 T A 00 18 2% W
T2 PR 1 % B, AP 26 b A 1 BRI A R
15 LT 7230 FE B BE T AL T BRI F (60 Y 12
5 R U 2 B A

27 op 48 LT RS B T R A M T
TR 22 Y M3 KA T P R 1 e i

423446-10



X kL

(a) JEZH )y (b) fleAt FRRI T (c) At PRI
#4 1 X 4
125 1004400 P P 0 50900 0 4 0 4 B R
Fig. 25 Relative Mach nimbefco {r of 90% spanwise near leading edge and local magnification a{t\c{e point
and at 100% § rr; d rgtating speed ) 4
Y ot . ) S S
- 2 09 SRS O T %ﬁﬁ@{fe,ﬁn@
M o 28 T R 1 100 %6 Weg e i DA 1 B H S2
- ~ ORI R . SRR S E 2T R 4D
N 180F VDY R Sk L K T 90 %%
S - e T le & Kb i G flE A L T T Y
Mol ¢ o U TR L] N NS,
3 8, Py~ U PR TR | 2 xﬁt%’v&) 4
0.10 iy i B
oos o B e 0.20 12
al S S yz0--- 4 —o- J5UE )
T o A S S A S T
006 5 10 15 20 29 %\;i 016 —o— XUBEEFUEIS R EAL TR o
4 VB % r 1g €
EA KRR, 5{\'/ % o4 8 :
[ 26 100 %6 4305 M T B0 F 90 % M-85 % ¥ B G 16 2
32 2R R Sy B 4 - % ool -
Fig. 26  Suction side boundary layer and QQ resgradi- R gl 1 '145
ent distribution of 90% s% at¢designed ' i 25
. N ¢ 7 0.06
point and at 100% cor rofating speed . . . . e on
l,' 004 5 10 15 20 23
AR g 1 A B Ay AR B SE R R A Z FHRALEY%
JEEE R AR T Bl 27 100 Y6 57 0T i A0 T8 90 V6 I 2 48 T W 7

WniEl 27 Fros . 5B s 00 EE 3 i A
P S T 22 V5 B8 2R Al /D o T30S o 38 60098 A i 5
e M AR 3 X Rl B R 4 I DR A T 30 i L Ak
I 6] B2 itk s 98 0 S 7™ 6 3 U 3 B SR TR

A1 320 54 J2 52 B R I ) 0 BE 4 A
Fig. 27 Suction side boundary layer and pressure gradi-
ent distribution of 90% spanwise at near stall

condition and at 100% corrected rotating speed

423446-11



fn =

¥ M

/(T kg K

(a) BTt
AR )
90-

wl

N\

«
& 28 100%1?%%%‘1%%%J:|3Eﬂ13§§2 T PN |
. . ® .
Fig. 28 S2 entropy contour o&th optim@m maintenance
p’ t 4
blade at 100% corr ted%t?ing speed
A L 4

(b) JEHf

TE 10 Y0 AH X 524G AN JEN 300 5 J2 T8 BE X LE ML

ﬁ%ﬁ%%%@m%f% B i 30 92
B SR I RO fe B A D

N ¢
4 4 1}8\/

1) 25 2 7 A DB 7 1
e 9 FLZEAR B R 009 e o
T WA T R (LS KU B T 3
PGS T 5095 e, I EL A AR 2 I
WS T IR B 0K

<o
2) T AT I O A0 ot 4 3 45 g 300N

AEI A AL B T Bk Ao 45 100 /0% 51
HEBL T B0 4 0 22 5 51 2 19 26 i 0
[EIJ 0. 239, FEIE N T00F - il e St i g
SRR AL E D 0. 48 % . BEEiaBaz 5 51
A o b A 2 % 3 DUR W L
Wi E e, 7

8 T2 A 0 X8 W T W IR A0 R
PTG L AR B T 4 B
A 50 o 5| 2 T o A s i 2
FREESNA . R IR A Oy 5 TR 22 S
A7 E 25 1 T A% AR SO B B0 90 %40 g i

[
N P
20 .\§>'

A 3 TR B TR DR 3 A 2 S A e S AE 500
FEX G2ARAE o TR T 3 W i T 20 5 12 22 5 AR i 5
JTE 1OV AR B K /e

2 % X W

C1] i, 7. Jk ] R A ol 2 i Bk 5 A ok & e[ .
@Bﬁ?ﬁiﬁlﬁ@%& 2019, 17(1): 1-3.

SUNZ L, I)].’()n the present situation and the future

develeNemy)f the construction of the civil aviation trans-

t%wﬁ China[J]. Traffic Engineering and Technolo-

Qgg fngational Defence, 2019, 17(1): 1-3 (in Chinese).

(2] 2818 fE R ML 4 7= 5 1 A 4R CEB/OL. http: / www.

o £\ ™ mot. gov. cn/tongjishuju/minhang/201903/120190318 _
40 ‘}”
{\ 3177639, html.

Bulletin of statistics on civil aviation airport production in
2018 EB/OL]. http: / www. mot. gov. cn/tongjishuju/
minhang/201903/t20190318 _ 3177639. html (in Chi-
nese).

[3] . Bot. MRoCR. BUZAR oxs KUs # 7 it v <3l e ik
LB L], AiAs 4], 2019, 40(10). 123007.
SHI L, YANG G, LIN W J. The mechani \westigation
of leading edge erosion’s effect on th ‘erforﬂance of fan
blade[J]. Acta Aeronautica et A‘;tr\onaL{ti Sinica, 2019,
40(10); 123007 (in Chiné .'\‘¢

[ Wk b Bk SO HE AU i -4 R %
WLTL s =ik, 2017,&3 i 520953,
CHENY Y, YAN H., WEI F F. Development trend
of high bypasg‘?\tio‘gﬁnofans design technology[J]. Acta
Acronautieng: R gfonautica Sinica. 2017, 38(9) . 520953
(i\Chines® 4 ¢

(5] rhEmSyBizas. 2018 4F Bk 47 % #i 4 [EB/OL]. (2018-

N GON0IN [ 2019-08-11 7. http: // 10. 115, 242. 8/files/
}& % 0000028E12CD/webcast. live. wisdomir. com/csair _

\‘ X’{Sar/ppt. pdf.
A3
"
y
L 4

China Southern Airlines. 2018 annual results conference.

[EB/OL]. (2018-04-09)[2019-08-11]. http: // 10. 115.

242. 8/files/C1200000028 E12CD/webcast. live. wisdomir.

com/csair _ 18ar/ppt. pdf (in Chinese).

[6] MICHAELS K. Z5iE. kbl v iy dee 58], i
Y5 TR, 2016(1): 24-25.

MICHAELS K, LI X. Fan blade repair and replacement
[J]. Aviation Maintenance & Engineering, 2016(1); 24-
25 (in Chinese).

[7] MESHREKI M, SHI Z, ARRIEN F, et al. Analysis and
optimization of robotized grinding of titanium high pres-
sure compressor blades[ C] // ASME 2016 International
Mechanical Engineering Congress and Exposition New
York: ASME, 2016: 67064.

[8] DENKENA B, MUCKE A, SCHUMACHER T, et al.

423446-12



(9]

[10]

[11]

[12]

Technology-based recontouring of blade integrated disks
after weld repair[J]. Journal of Engineering for Gas Tur-
bines and Power, 2018, 140(12). 121015.

TR, MR, KA, O LS DA o B
W B LT]. Bl TR, 2014, 31(5). 578-581,
586.

ZHANG HY, YANG W Y, ZHANG J J, et al. Trajec-
tory planning for robotic belt grinding of turbine blade[]].
Journal of Mechanical &. Electrical Engineering, 2014, 31
(5): 578-581, 586 (in Chinese).

e, s R AR B O N B R IT & D] R
AR R, 2016.

YE X H. Development of software for aeronautic blade tip
adaptive reparation[ D]. Wuhan: Huazhong University of
Science & Technology, 2016 (in Chinese).
FETL. BLAB AR A1 XA 51520 DA
Pes TR, 2017, N 4
REN X. Research on the key technol%y in robboelt
grinding of aero-engine blade[ D]. Chon q&}h?)ngqing
University, 2017 (in Chinese). -

\L \ o
W, R, AR ﬁfﬁ?{iﬁm L IN AT
I BLAR e % e s A . @;‘%& 2019, 40(3):
A (4
a

R
N 4\\, #

WX
i ¢ ‘\\’ é

O\

L 4

[13]

(}n

d

[15]

022508.

HUANG Y, XIAO G J, ZOU L. Current situation and
development trend of robot precise belt grinding for aero-
engine blade[ J]. Acta Aeronautica et Astronautica Sinica,
2019, 40(3): 022508 (in Chinese).

Eif, B, B, S DA RS HLES R R
EhHEE5EMLIL fias2ai. 2016, 37(3): 1036-1048.
WANG H, \ﬁ’ }‘ W, WANG T, et al. Method and
implementa&qn f'remanufacture and repair of aircraft en-
ginef da‘kege‘blades[ﬂ. Acta Aeronautica et Astronautica
ica™20%6. 37(3): 1036-1048 (in Chinese).

g s S B LI e v A AL A K OB 8 500 T
WARDIID]. KD KW LR, 2017,

LIU L. Research on on-machine inspection and adaptive
repairing technology for aeroengine turbine blade [ D].

Wuhan: Wuhan Institute of Technology, 2017 (in Chi-

nese).

EHE RN E. A319/A320/A321 K HLYE M T M].
2005; 601-856.

Airbus. A319/A320/A321 aircraft maintenance manual

[M]. 2005: 601-856 (in Chinese).
X
Cy7
e Fepo
\\‘c
2,
P
o\
O\ 4

PNY

N
w g\ 7
f\\

423446-13



£
H}
ik

i

Fine maintenance of an eroded fan rotor and related flow
characteristics analysis

SHI Lei" * , YANG Guang', DING Guanghua®, LIN Wenjun' {:\/
1. Sino-European Institute of Aviation Engineering, Civil Aviation Uni ers[({\s( China , Tianjin 300300, China
2. MTU Maintenance Zhuhai Co. Ltd, Zhuhai 519030, China ‘\ J'

4

’ 4
Abstract: Based on the decline analysis of aerodynamic characteris c,}/vith leading edge erosion, the fan rotor of a small

type and high bypass ratio turbofan engine is employed to investfg\atg the leading edge maintenance method. Since the manu-
ally polished method may bring uncertainty to the blade ae‘a?yr@“r%ic characteristics because of its various leading shapes.
this paper aims at the eroded leading edge, makes coﬁer nsive controlling of leading edge with detailed parameters, and
utilizes genetic algorithm to identify the best Ieaditﬁ%gé’maintenance plan under geometric constrains. Numerical results
show that optimum maintenance method of¥erpded leading edge could improve the aerodynamic characteristics obviously.
Compared with the eroded blade. the bes:{nal ance plan could increase the isentropic efficiency of fan rotor with 1.21%
and 3.01% at the designed point aﬁskrﬁar w condition showing good aerodynamic characteristics and nearly making the
aerodynamic performance of repai fMade back to the initial level. The leading edge can significantly affget the devel-
opment of boundary layer, of stgtion fface, and the best maintenance plan can effectively reduce the thic{\nes beoundary

layer thickness near the leading &dge and decrease the flow loss of the boundary layer. }
s

)
Keywords: fan rotop;Nerodedvleading edge; geometric constraints; aerodynamic optimization;@n aty'layer
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