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Modification of static nonlinear model of thin layer element for
aeroengine bolted structure
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Aviation Propulsion System, Shenyang Aerospace University, Shenyang 110136, China;
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Abstract: A new nonlinear simulation method and model modification method were proposed for
the nonlinear stiffness characteristics of bolted structures with notches in aeroengine casings. A nonlinear
thin layer element method was proposed to simulate the nonlinear stiffness characteristics of bolted
structures, and the simulation results were evaluated. A new dual weighted response surface correction
method was also proposed. The modified method was used to modify the static nonlinear model of bolted
structures. The results showed that the simplified nonlinear thin layer element model can predict the
nonlinear stiffness characteristics of actual bolted structures considering the roughness of the seam contact
surface; a dual weighted response surface correction method was proposed to maintain the stiffness error

within 3.5% before and after correction, verifying the feasibility of the modeling and correction method.
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Fig. 1 Definition of axial stiffness of bolted structures

TR T FREATLIFE ok 22 454 52 B Bk ) 4
AL BB L L 0, n] AZ AT, i
AR F 2 il 1) P 2 (R RN, AR 2 (8 ) MR AR i 42
AILIFE ok 22 S5 A 1) 1) P 38 ] DAk — 22 R A

Fo ~ X;
ky = K; =296(A1x011)dvo‘?l+'”+

=1V,
k k
X;
Zé(A,‘XC“ ) dV() . E +Z¢<A(i+l)xcll ) dVO
i=1 v, i=l Vp
X(i+l) : Xi
T+"'+Z¢(A”C“)d‘/0'xl

=1V,

9

USRS EE  ESTE N U IPTE /g S
XCh X B2 C 0 B 28 L) PALen) Ve

X; : X; | X ~
et 2 P Anen) dv TR IR [ IX

=1V,



% 6 3

X B WU S S LR B A H R BT ) 2 R B IE 1483

fy 8 )2 B R JE K B0, Y A ) dVe

thO

Zgg(Axc”)dVo —ﬁ%ﬂt%@%’*

i=1 Vv

RN B AR 2 B0, AT LAFE Y, iR T 4

BILIE 25 2 45 g 1%l ) D 22 5 it ) ER AR L 0T
T BRECFITS S A2 A 560 X T — A BAR Y
S, BT RS AR ST AR i E 1Y, PR, 2
TRV AR R N R L AR BRI, MR LIV 22
S ALY P 2 1] T e, F AN [ DX 23 0 % ety o)
PR o) B E
12 FEEOEMENFEREREERERTEER
51l
TEMT A K SN HUFe 7 5 T HLIE Al v, 4
15 0 A 2 B — M AR 1R 1, AN &l 2 s,
TR BN A S R A 2 ] AR ) B
VR B AEE ], 75— R 1A e ke 3 5 o i AR
FH o AR 2 BRI 45 4 , T 422 fih 580 1 ST S A4
BEALGNEE 3 FroR o B B A Al ) 7y ] — St fin 249 2
7y — i it 0 Al ) 2 AaE 0~ 2 KN il R AR, AR
TR BN AE LM NI EE AR Q8] 4 FoR . i T2l T
WH‘%’E%‘%\ TH S, DA T2 B0 v X IR
e HE S R AT AL, s iR AR A fL, H b
T T 2 A T ) A )2 PR TR LR A i 4, SR
ST IO [ 7 A A 7 S5 2001 1 ok S5 AR AL MR AR
HEHEGEH I E AT R, TR ZE BT 5 X N i 1 52
BALTT 22 (1) 4 N7 2 4 ik, MR 1) 0T iR ) Mass21
PATTAE TP, EE ST I R AN 5] S B .
i T 1k 1 e S SO A A, R
ZE A6 Bt 1o M EE 2 R — 2 B AR ZR PR R AR, AN
& 6 TR o #E ANSYS {4 rb fift FH — B OB 1 1)
Bifi 20y 5 AR A AR 3 ek O DG BRI R AT 1, AT DL S
IRAR LA W BERSEALL . X TR 22052 10 78 Ay 1Y) 4

X(z+1)

@

2 WA kAR A

Fig. 2 Bolted structure with seam
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bolted contact element
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