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Non-deformability evaluation of aero-engine’s case
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Abstract: Based on\the structurée and dynamic characteristics of aero-engine’s case, an e-
valuation method for the ‘whole enginé case’s non-deformability under safety design regula-
tions was established. Injorder to evaluate the non-deformability from three aspects: struc-
ture characteristics, deformation characteristics under steady load, and deformation charac-
teristics under ‘tmpact load, three parameters including structure normalized equivalent stiff-
ness, clearance matching coefficient, and impact amplification coefficient were raised respec-
tively. Then a non-deformability assessment on typical high bypass ratio turbofan engine was
conducted. The result shows that using the ratio of equivalent stiffness of each cross section
to maximal equivalent stiffness as the structure normalized equivalent stiffness, using the ra-
tio of minimal clearance to maximal clearance of each cross section under steady loads as the
clearance matching coefficient, and using the ratio of peak force of impact load to bearing’s or
mount’s reaction force as the impact enlargement coefficient, all the three parameters can re-
veal the dangerous position of the whole engine’s case and the response characteristics under
ultimate load. This result can provide a reference for structural design and optimization of

other aero-engine’s cases.
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Fig.1 Structure of typical high bypass ratio turbofan engine
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Fig. 2 Ultimate loads of cases under ultimate conditions
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Fig. 3 Sketch of typical ultimate load characteristics

rhE R R S e sh AR 8 O i TR AR A5
19 2% Bl 3 PR A A T S T AR S AR 3.
2 MEHRENTEHESHSHERZE

TAREBcH . JUAR I A8 102 L S LR I R 45
14 3 ZEEAG AL R 1 RGP TE RE 1 PR A 1 X
GIERENUR T R G S E AT L LI 1 5
T R B Y 5% B O L ol i E SCHT AR P R L D,
KILMREE G BT RE .

PUARIE BE 1 2 52 W i AR I 4k DA KRG 10 1]
[(rIR i S-S LG e o S R R A Y SN
7 T2 5% - S AR 1) 11 AT R R DL R A ) ) B
P R A A R LR R R R A A A
A& bl B 23 50 25 08 UM RS AT R R T R 4L
FEAERRAS AT L S T e w 1F 2 1] 8] B
A T R IR il 2 R D &R e A B A R R
2y W) 157 il B 4 L B o (EL ol T ool 8000 A T
VR 150 A2 e e SN R 5 P = R D N S R T R a5 |
REJI R D Birh 3 FR2H A: 2Y i W Dy | [ B
VCTE R KL D, A i iR 2% Dy
2.1 HHEAEHE—IHERE

HEW A T REEAE TR RER
ZESA R BN RN O WIE ok ARV
W JEE 15 7 3 2% 998 B R S5 25 M JE ) EE(EL D



1924 /IS BN B O 14 531 &
_ 55 (4 J5 3 R
n = K Gy DRGSR

Horr Ko S 25 HILIE S B AT 1Y 55 20N BE 5 Ko N
R F G0 B K GE RN BE , KNGS T F e 4o ik
1) 22 2% WL

i W BE Y B A T SO T 2% 48T AH XY
W 45 2k A E R AR B — 3Pk s B /DRI Ko
FITAEAL B R R AR AT T e 55 0 A7 B Dy € (0,
DB LR S D=1, 45 A4 8w b 19 42 1) W B2
V55T F 23 2 BN B, RoR K ) R G 8h J)
PE R RIRREM: s Dy B/ R BK ) R G450 1 4t
AT BE T R 2, T BN 55 60 B A R R N B
2.2 BETEHEME iE] P&t T 2 2% 25

[F1] Bt D JE 28 00 S e T R A 2 AT A T e
18] S5 44 22 HE 1 B U BE 01, 8 SO AR A 3oy T %
BL AR G845 A~ T A B /0 18] B 5 e KT B B9 L

o gmin
e
FUH € S R 90 5 /0N 1 B 0 &, 0 8 G 15K
[ B DB & B A 4 LA B
BT BAE R AT Eor s BT IPELRAIE £l
T 1 G 10 1 748 e 3 A1 2 ) A TR &, T
£ = £ (Euor 1 Ly — EV (3)
] 52 UG i A0 325 S 7E T S T K A 2 14
FHF % 5 k43 A 5 W0 45 B 109 9 I s . Do
1 R R R TG — B0 PR P Dm0 R
I e 1 1 0 W T A 2550 A BB L L &, T 7E
08 9 7 B 1 T o 5 AL R S 45
Bt
2.3 BATHEM—hERARY
W R BRI T WA ok A R LR
R 50 45 K O A A A A R o A A 7 3
R AR RO . a2 SR o 3R Af A 45 A4S 2
PRI E SR T R K W (L A 1 LA L D
F,
Frax
For By S 0 U 0 oo AR (0 B P WA
A S SERBEEA 1 SIS 7 3 75 W O £ B K0 .
Wl Ok B R B SUAE TR e TR R TE
o 2 197 1 4 T 6 T /5 kA A 9 K
PE. Dy iR T 1.0 3670 il #2197 76 /& J1 5 50 0P B
WK T 1.0 267 whls B 16 7R 7 7 40 vh e
WL LA BT B W AR E 7. Dy Rk R R 1 R
A ok B T 10 4 0 0 97 R R L 7 3 R

D, )

D[ — (4)

3 HMAELGRARFEMTREENITEM

A% B 32 B DL LAY v R T L i B R S LR
RGAEFA], VAL I AE M A B R 8 e MR R A $ie
A HE Ty, I g AR 8 B 1 1AL S 80 A
PR DL S A AL AL
3.1 ST

Pl 4 Sy S U e 30 T LE I8 B K B BL L X R
N ZGEPARIERE T AT R4, R T R GRH 5 X
RA2 R DHERR By 250, Horp, S BLIE SR 3
A SR Rl ) g RNAR ) D A% 3 B AL T
IHLE NI 238 B AR s 48 5 ML SOk
553w M b B AR ) AR B TR R W g
Ja LI AR 3 b S AR T T AR %
A58 14000 r/min 574500 ¢/min.

g LI ISP
L RHER HUEE AR HE e

B4 T R T L i R B ATL 45 R AT 1]
Fig. 4 Sketch of a high bypass ratio turbofan engine
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Fig.5 Finite element model of whole engine
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Fig. 6 Deformation characteristics of whole engine under

ultimate lateral overload and maneuver conditions
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Table 2 Rotor-to-stator clearance matching coefficient of

typical locations
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ultimate conditions
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