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Abstract: Based on a typical aircraft engine, the calculation model was built by studying
model simplification methods and analyzing main loads and loading procedures in maneuver
flight. By grasping the change rule of radial tip clearance subjected to different kinds of ma-
neuvering loads by finite element simulation, it can provide significant reference for studying
the effects of tip clearance variation on aero-engine performance. Discovered by rational anal-
ysis on the distortion of cases and rotors in consequence of gyroscopic moment and normal o-

verload, it can be concluded that two kinds of loads can cause distinct deformation in the core
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engine. The mean of the relative variation of radial tip clearance subjected to gyro moment

was up to —2. 174, while the value subjected to normal overload was up to —1. 572 owing to

the weaker influence of normal overload. Consequently, the impacts of maneuvering loads on

engines cannot be ignored when studying the radial tip clearance variation.
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normal overload

Jt s Ae S HIL I IR A% 1 ] BT, BRIV - I i 2R
L5 AL P BE 2 (] 1 T B0 L S 52 R A Sl LBl 1k
RERYE BN R 2 — . & BRI A 18] B AT A5 2% %
R R A A HE R B ALK Jih T R R i i R sl L
PEREFIALR . SRR A5 W7 9200 A B SR A%
1] ] B2 15 o o A O BE Y 104, R S ALY T
VERCRBEMR R 2 1.5 00 FOHR Il 1 #6554 i K 29
2%, Shawn S5 W57 & B TR 1 56 SR 42 10 i)
B A8 Ak i K ALK 0. 76 mm, 23R B Y B
ANREE /N R L 22 (R D [8] B a0 T 32 il 2 18] B
ARG A SR T EE G R E R

S s HLI A AR 1] 18] B Bl R AT IR 09 742 A i A2
A ATF 5 AT A0 AR A 5 R X ) B Y
M AR T 2L B AL Bl AT X [ BT A 2 ) [ A A 7
R B FE AR T 0k 1) 0 A 2 g R A X AR
(¥ 5 A2 b o 3 S S At TR 6

B8 AT I S S pL 3 2R 32 DR e 3 B R AR,
PR AR B RE SR T R s 55 Ah , RAT 5 ) B S AR 23 A
I H T 5 F 19k el 85 . Olsson Z80 £ Xf
JTOD % Bl Fe i 8 18 5 A% B 4 F T 2k (]
B AL AT TS A B RLAE R I e T B e
R AR AR L T AT R R e R AR
PLBhE A AR . b T TR 2 58 25 BT S B0
TF B A2 i e A o B R AR AR 41 600, T A
A SO BRI S5 B Bl AT BT S B i R
B Ia] Bt A Al B o BB B AL B R 19,406,
PRLIHG A BIF 5 It 2 ] B2 748 A0 KL I A fE 220 HIL 3
A3 X [8] B AR 520

-2 [R] B AHF 5 Jr vk R S 0 R R (.
THEE . SN L AT 5 (] B A A B I 77 A R FR
P 75 i B BUE A D 22 A IR R AT 255 20 #

T8 R8I I [8] Bt A T 53 0 1 5 0k 1 B AT
P R A SN (g e A 7 S et 1
X R A 0 P g 2 PR SR A AR ) L A% L 3% 05 U
AR AT B AH il AR T AL TR
FEZ B0 L IEA T 7 SR AG R BRI
SEY LA R ACHLE I 0 AR LT R ot
I H 7 R B S i 7 e B0 R AR YL Gy B R T

maneuver flight; tip clearance; core engine; gyroscopic moment;

[ B A8 A 1) 32 22 A8 L AN ] R 5 LS 1 ) i A
o m AT AL B . X R T kR L A TR
BT B B ) B AT VP AL . R AR AR
FH T8 R0 FRAE AL, 1 A FR IC 125 o 406 B0 B O
VT B 1 I 2 TA] B 3 A0 Sl 0 0 A% 14 X B2 D
TR A R TG 25 T R A A 0 AT H
Ho s FRERL R AL B 2 HBA 5 JEHL 3 8 A 7Y
S, Benito & @ ST T = 4E PCHILAK R S HLAE
BT T A BRI IR A Ty | ) R 45 48
TEEE I 18] B Y 78 A ML Gl g R A
Nastran A 2 Fa i 0 D) Ko e, 25 38 41 52 B I 42 1) 3
i BEAT RS B o S I = G A5 D AT LA SEASE AU IR X A
W BEY N AR I o3 A, ik w] RLHT T e 2 A g 2
Br o SCHRLCTLD 2B X B AHLRE AT 18] B 43 A » 3¢
A 2% SIS T I ] KR AR AL L LA K it %6 FR 8 2 45
PR REATHL I I [ B2 A4 52 i)

B A X R B L 18T TR A
S 2 BT IE S i O R L R BUE AR 45 B
BBl AT R 2R 5% 1 22 48 3l ) M R 52, SR
AR FEATE T e 1 is shUIE ARk ] RS B0 B
[ 11 (SR = R 1 o VT D
SECUT AL B AT R R e FEK T A BE AR A AT T
3 B Ak TR TRT A Ah B, AT KA B R ) A R
TNy A T M 2 T AT 3 A Bl R X [R] B R 52
M) o L TV WA 3k 28 A9 4 D7 X R A5 LA
w1 R W L, S A2 DA 4 T B 5 T B ARk S8 Y
2%, Benito 5 AR ML 43 BT 19 3L Bl AR 48 2%
iV S8R K WL 3l B o3 ik O AV 1 A 22 3 300
TR U454 1 B 3 B0 J . LAk T 48 BIF 5 T
UL BB A 8 g 2w o7 T 2 ] B ) 728 AR Ao 3
Fift 75 0 ST ) T A A 1 A Al AR B 5 L (H JE VL % R
BBl 284 % K Sl AL A4 1) % WA TSR

G AT AL A5 TR R 40 S 2% AR I 5 AL B 28 A
XF ] B B e 22 G S . A A A S R Al — T T
Xof 5 TR AT e R JRE 114 ] Ak B 2R ) 4 T X
FRASE Y AT SR A 5 53— T 181 0] 2 DA AR AL Sy R At
2 TR T e DR 2R A A R S R X ] B A S
AR SCAE AR Y 4 BT T S AR AR e, A



5919 R BEAE BBl A X AR L 2 8] B 52 R ) R 2207

TR O WL = A B ) Bl b S O 52 3% 5
ARSE Y 7 A6 T3 o 3 B X I S A28 1] [ BT 5 o 52 R
Fi% T A0 RO B 45 A L i DR B O B 4 A R AT 7Y
B3 T AT 5 KR B B BT AL R ORAIE T 45 2R A9 HE
B SCRRAR 1 5 X BE

FE ML Bh 2 A5 K i 7 1, A AT 5 5 [ — 7
T VP o T A PR R AT SR A . HURE X 3K
Aoy BEAT 1AL 50 BT 5 573 — I i D) 36 52 3 R Ak o AL
S AT 0BT L % T kR T AEAL B AT I AR
F8 R S R o A ST 2 S 36 A SRR O i
FER AR R g A R IS Bt R B AL 2R
a7 A1 FH 75 ORIV A5 25 56 38000 2 1] B9 R 45 R0OCR »
X S P A R AT 3 2 R L T S 20 AT AL Bl A X
SR A RS2, B T AL Bl 2 A X A% O LI 2R
[F] B 147 5 e L L A TR B Y e A 4R 2 %

1 W&o

BBl RAT 3 B AL 45 7K O S R A B 3 45 31y
1E S Bl 22 7= A 3 BT i 1 B 0 R BE L LA Sl
5 AU T B RSOV, R AR Y BESR ) A . AR SO R
W5 6 98 T L 3 1) 3 28 45 AL 2l 2847 X i 9 4% 1)
[E) B ) 52 1)

1.1 P4 S1%E

SCHRCI3 ] B, & ShHLAE S/ 10 B e R S
BER 52 T A 2 T A A B BB Y R T
TAE : OZe a1 T % T 9 257 1 N 194 —Hh 26 D)
3.5rad/s RS MEE T/EFFLE 15s; Q%1
T F o N AT — B L 1. drad/s B FR
SMEETAIE. A LRGSR FHdr. Edlsh ©irad
FErp, HZRHLIY AT Oy 1) 7248 vh g3l & A U7 n)
(AR e a2 7 AR B IR T

TR O HL 32 B R BE U2 7 40, 75 0 G &
IR B 5 F ek i, Hoh A B N FH)
BUJE S v T 7 1 3 2, 0 O A %
FE ., AR M, NFEIR S5, LIkt
BRI F T o RO T - HIL I AR S i AR T
VE R RTAT J & b pl BE I8 D) 5 5 1R 1 8h e 1 Fa

Fl1 s K sh LI 1 e 48 0 s R

Fig. 1 Gyroscopic moment on the aero engine rotor
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Table 1 Geometric parameters of core engine
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Fig. 4 Deformation contour using different

simplified methods
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Table 2 Error of different simplified methods

RO e R A% 0] 22 B FLAL Ry EB AR B 25 A 7 I
A% i /mm AHX IR 2/ %% A% i /mm AMXTR2E/ % ERIE/10°(N/m) xR/ %
TRE (R 45 Hy 2.2245 1.8502 5.565
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Table 3 The maximum radial deformation result of high
pressure rotor after simplifying

mortise structure
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Table 4 Comparison of geometric parameters before

and after simulation of rotor model
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Table 5 The maximum radial deformation result of high

pressure rotor before and after blades simulation
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Table 6 Material types of primary structures of

the core engine
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Table 7 Mechanical properties of materials

4R 4 5 P/ (g/cm®) A L g/ C Lk RE/10°CH! YA i /GPa
20 113
100 8. 50 109
#E 01 4,37 0.30
200 8.90 106
300 9. 30 101
20 112
100 9. 00 105
B 02 4,68 0. 30
200 9. 00 99
300 9. 40 97
20 8.70 113.3
100 8. 60 107.7
Ak 03 4.53 0. 35
200 9. 50 104. 0
300 9. 70 97.9
20 13. 00
100 14. 10 176
L 04 8.24 0.32
200 14. 80 150
300 15. 40 141
20 13.94 195
100 14. 85 176
KKl 05 8.06 0.30
200 15. 81 163
300 16. 24 160
20 14.55 97.6
100 15. 06 87
AL 06 8.48 0.45
200 15. 54 81
300 16. 02 79

A /mm A /mm
m 0.647050 m 0.647050
E 0.426880 H 0.426880

0.206710 0.206710
H_0.013455 80013455
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Fig. 7 Deformation results subjected to centrifugal load
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Table 8 Relative variation of radial clearance subjected

to centrifugal load
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Fig. 9 Third stage disc structure of

high-pressure compressor
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and normal overload
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Table 9 Relative variation of radial clearance subjected

to centrifugal load and normal overload

okt 5 3. B
1 1.585 0.017 —1.602
3 0.153 0.016 —1.169
JESHL
6 1.506 0.016 —1.522
9 1.570 0.013 —1.583
Wi 10 1.333 0.005 —1.337
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Fig. 12 Deformation results subjected to centrifugal

load and gyroscopic moment
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Fig. 13 Relative value subjected to centrifugal load

and gyroscopic moment
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Table 10 Relative variation of radial clearance subjected

to centrifugal load and gyroscopic moment

PE S o, 5
1 1.015 —0.028 —1.042
3 0.597 —0.034 —0.630
JES AL
6 0.832 —0.045 —0.878
9 0.816 —0. 040 —0. 856

e 10 1. 030 —0.023 —1.053
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Table 11 Relative variation of radial clearance subjected

to maneuver loads

T AS AL
8

FEIR T EUEuRY

1 —0.688 —0.128

3 —0. 646 —0.108

JEAHL

6 —0.750 —0.106

9 —0.819 —0.092

Ak 10 —0.337 —0.053
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Table 12 Definition of symbols
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Fig. 14 Influence of maneuver loads on clearance
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Fig. 15 Temperature field of the core engine
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Table 13 Relative variation of radial clearance subjected

to conventional loads and maneuver loads

T Ar Ary Ars
1 —1.812 —1. 940 —2.500
3 —1.500 —1.608 —2. 147
JEAHL
6 —0.551 —0. 657 —1.301
9 —0. 843 —0.934 —1.661
MR 10 —3.968 —4.021 —4. 306
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Fig. 17 Relative deformation of case in the radial

direction (without thermal load)
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Fig. 18 Relative deformation of case in the radial

direction (with thermal load)
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Table 14 Relative variation of tip clearance of core engine
, Xt A
é&ﬁ - - — s
L I7) Bt [ B2 22 Ak B A7 A B
1 2.186 —0. 897 1. 289
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Fig. 20 Relative variation of clearance subjected to

maneuver loads
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Table 15 Relative variation of radial tip clearance

subjected to different loads

ES VA& 4 Ar Ary Ary
1 —1.8119 —1.9397 —2.4995
2 —1.8988 —1.9575 —2.6329
3 —1.5004 —1.6080 —2.1468
4 —1.2557 —1.3653 —1.9638
JEA ML 5 —1.5346 —1.6397 —2.2801
6 —0.5510 —0.6573 —1.3011
7 —0.6586 —0.7595 —1.4288
8§  —0.7394 —0.8345 —1.5219
9  —0.8426 —0.9344 —1.6611
W 10 —3.9683 —4.0214 —4.3055
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