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A method for evaluating bearing support stiffness and

whole engine deformation
WANG Kai-ming, FANG Wen, WANG Wei-guo
(R&D Center, AECC Commercial Aireraft Engine Co., Ltd., Shanghai 201108, China)
Abstract: A method for evaluating bearing support stiffness and whole engine deformation was explored, in-
cluding whole engine modeling, supporting stiffness calculation and whole engine deformation. Whole en-
gine modeling includes requirements on model simplification, numbering, meshing and model check. Bear-
ing support stiffness calculation includes the stiffness definition and its allocation in bearing support struc-
ture design process. In whole engine deformation part, the temperature mapping was introduced, the clear-
ance between high/low pressure rotors and rotor/stator axial/radial clearance analysis were discussed. Sup-
porting stiffness can beused for allocating stiffness requirement on bearing support structure design, and
whole engine deformation can be used for engine overall structure arrangement assessment and optimization.
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Fig.1 Procedures of bearing stiffness and whole engine

deformation analysis
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Fig.2 Procedures of whole engine finite element modeling
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Fig.3 Simplified model (left) and base model (right)
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Fig.4 Modes correlation between simplified model and base

model
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Fig.5 Loading location of bearing stiffness analysis (loading on

No.1 bearing)
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Table 1 Example of bearing stiffness analysis results

I B /(10°N/m

e ( )
1# 2# 3# 44 S#
X ) - 1.060 1.990 - -

M (y) 0.700 0.980 0.135 0.830 0.791

TEl)(Z) 0.883 2.000 4.740 1.010 0.951

B PG A S AT A SR T RE R Pl h
R SR S N Y TR L S A W AR 2
TG TR NLAS S TR NI B 5 SR AL S AN
o7 1 RIS S Sl o B SR ) S WIS TR LR
WET AT

(1) EMLAS S I EE R 2 5 I St 300 32
AR EE LR UE B SRR BE B B

(2)  BEALAS S W BE AN R Tl A2 7 I AL 2 s Xof
S W RE SR R X S PR T B T AR SR NI EE AT I
LG AT AT, A5 H I3 AR A X 11 SR 2 o I e - g A
FE Y 52 1] , T I 5 52 e s /N ol i P Y T, 52
M 5 R ) 55 3R A7 S I R T

TR SR NI B A B TE I A 85 R 75 5 52 R
) 2 X Bl A SR A TR Bl o R AT R AL
TR B2 BRI v T B o SR NI EE T X il R
SR R EE DR

s 6 frs , SR 1450 2 S A BRI
JEE RV S 0 B R Bl A + 5 S T AR
eI AL R A S A BRI SRS R
W ER IR D B, R i 145 sl R SR A NI BEfE . 3
BRI TR

K6 SOURHERER

Fig.6 Interface of bearing support components
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Fig.8 Mass elements of extract center—line deformation
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Fig.9 Interpolation of high pressure compressor case

temperature
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Fig.10 Whole engine deformation analysis tasks varied with

engine design process
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Fig.11 Engine deformation due to gyroscopic moment
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Fig.12 Radial displacement of engine center—line

EfjJFHL7J<¥7ﬂ'ﬂ{ﬁ§/mm

KB HUL AR ) 28 R 3 3, (H AR 42 6
MF@Irﬁﬁﬁ%‘m}ﬂﬁﬁ?ﬂ):%?ﬂfm:ﬁéﬁEjﬁﬁ*ﬂliﬁ
PEAT AL o S5 R R R/ R T T

AU 38 T G e T LI AR TR I B i T PL AL R
Al P XIS R o A B T T R Y Ak B AR
Fe, Al T B T A R AT AN [RI B Bl 2 T A ik
AR ], TR R FE R ARG . R, i
T 7 AR R AR T (181 13), & S LB e 257 A=
A (P 14y, BUE R AHLILI ™ A= A 15 22 52 i i
[ B2 2Y e B T XS8R ™ A S D A TR
SCHLIE] B A I B LA O

M_thrust_A=F_thrustxL,=F_mount2xL,

P13 4T30S A ShpILAY 25 R 7 T

Fig.13 Bending moment due to engine thrust
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Fig.14 Bending of engine center-line
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Fig.15 Relative axial displacement between rotor and stator
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