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Parameter Updating of Helicopter Airframe Finite Element Model
Based on Response Surface Method
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(National Key Laboratory of Helicopter Aeromechanics, Nanjing University of Aeronautics &. Astronautics,

Nanjing 210016, China)

Abstract: In order to reduce the deviation between the finite element model of helicopter airframe and the
actual model, a helicopter airframe model updating method based on the response surface method is adopted,
which uses a hypersurface function to approximately replace the actual and implicit complex function
relationship, avoiding the traditional parameter updating method of calling the finite element program in each
iteration. Meanwhile, the computational efficiency is improved by reducing the number of sample points
through Latin hypercube sampling. Taking the 10% scaled down helicopter fuselage model as an example,
the first six natural frequencies of its actual model and the finite element model are obtained through
experiments and finite element analysis. The design parameters are determined by sensitivity analysis and the
response surface method is used to update the parameters of the fuselage model. The average error of the
natural frequencies between the predicted results of the finite element model and the experimental test results
is reduced from 3.54% to 1.03%, effectively improving the prediction accuracy of the finite element model.
The revised results show that the finite element model updating method based on the response surface method
can be well applied to the parameter updating of helicopter airframe model.
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Fig.1 Airframe finite element model

(a) The first-order vertical bending mode

(b) The first-order torsional mode
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(d) The third-order vertical bending mode
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Table 1 Airframe finite element frequencies and test fre-

quencies

B ’fjfzgﬁ/ﬁz %ﬁit‘g/ﬁHz R/ %
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— B 1 A 144.14 141.41 1.93
Y oy i 25 iy 148.86 151.17 1.53

(e) The first-order lateral bending mode
B3 HLE S 0 i 7S PR 2

Fig.3 First six modes of airframe modal test

(f) The fourth-order vertical bending mode
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Table 2 Design parameters of airframe structural model

B S HfE
Bk T B 2 0 AR 1 W /mm 10
WLk 7 JE 25 o0 2 A B2 D/ mm 1.8
HLS R B2 480 98 BE B,/ mm 10
Bk R BR800 & BE H/mm 3
UM T B 7 B 25 0 i 1 K W,/ mm 10
HLRE i B 7 I 23 .0 AR I BE 2 D,/mm 1.8
HUAGE AT B AR B AR I 58 B B,/ mm 10
HUAR AT B B2 40 H 5 ¥ H,/mm 3
PR 5 Bt 25 @il K& Wy/mm 10
HLIR 5 BT I 25 0 B B2 52 D,/mm 1.8
HLAE J5 BB 224800 98 B B,/ mm 10
MU J5 B B B2 I % B H,/mm 3
PLE 5 T8 25 0 EAURNA K W,/ mm 10
HLR = 0 BEREMIA 5 D,/ mm 1.8
ML B2 4801 % BE B,/ mm 10
ML JE 32 #0052 H,/mm 3

T 20 FELJE R0 91 B0 T, AT LAAR 2 LR FRAE
Ji e
(K—«'M){¢}=0 (6)
XF 3 C6) SR At ml 4%

wi_/?-_ $Kb o
m; ¢ Mg,

o, BRI B A A0 & O B B LS
WIEE s m, R 565 i YRS T 4t 5 b, hy 205 K 140 555 4 o i 222
] 4
45 Ky T DRI A MBS R OC T iR AR
ACA1, Agy weey AL) PR BRVEIC, 8 2k X6 2% A 152 1 A8 o #E 4T
s HIOR e, mT LAAR A AH I 38 T A8 d %) 45 44 o Jt A
W g 2R A0 50l o R 4 T e R I
Wi 55 4 780 1) o 0F 32 R X 2 (6) 1 S 1) 1R T AR
AR T, AT LA F
dw* K L OM
AT A A TR A (8)
¥ o= 2r/ R A (8), 7] L5 2 35 11748 &2 X
[#] A 8 1) R AR ek X
af 1 0K f oM
PR A TR AL A PR A
I R RE T 5 0 vk 5 A 1 45 A S8
FPTE AR A B 45 R an & 4 iR o
3 35 % 5 5 10 43 AT R, BLAR T B O B s 0 R
W A (W) ALAE T B AR B 8 vE B (B.) (L
FE AT B R E R = R (HL) AL S B R 2
T 58 B (By) AILAE J5 B AR T2 38 8800 & B (H) AL
B B R A = B (HL) M RS K. T
B AR S H00& 1E 19 i T, O A0 A& IE o B, TN Ot 3

B4 &S5
Fig.4 Design parameter sensitivity
W, B, H, By Hy . H, 3t 6 7S 8 AE ML & 1Y
& IE S8, R 5> A S B0 Y s
M, P Ak G i S B0 Ak it 7, A 16 4> S B0k
64, > T ]

4 REMEBIE

5 T L T B A O R PR AN S T, R
BEoy R 3RSy o

B

e

[msas|

VRS e S TR 9 A LA T Y R A
Fig.5 Model updating flow chart of response surface method

55— Ry A SRk o X I AR A BROTARE L Y
BB S B AT RAEE ST, 075 1 1 X 2 A A
SIS AL ONE 3 C(WSE NS % G 15
M 7 TR S TR ) R S o 1 4 o Y 7 0 X B E Y i
TS BT RAE T DRAERD 46 B A A7 R0 1 B9 B Ak L



256 M AU AR R 4R (A 2R B 27 B

557 %

te /NGRS B 3 AT R IO TR ) 400 O A 96 )
O TR V45 5 R, SR Ao D R ) 7 TR 485 53 6 Wi
A JBE 8 A 3 R W, RN JEE A 0 5 2T
SRR IF AU W T o 3 =W DA SR A o XL
B A7 FROCHE R BT 7S B [ A SR AT S 8B IE A
Wik AU B R = = B A

5 NMERAENSHEIE

5.1 Rt

ST A S T A JEE A [] i a4 g 0 A
RO AR G 8 OB B AR 36 B3 24 5 i, LA
8RR RE D B REAS R BT 3R AR B 114 ) Lz I
s e

AR R i T 7 i B % H Lk s BT
37 7 SR B — P T AR 2 4 S ) R A
AT B AR A AR R Tk — o R
FHALT 4852 T7 R FE X AL B B3t St 47 B LR AE
FEAS KR O 45, Z BB U1K 3 PR, R AR S (AR
MK AFR

R3 RESHRE

Table 3 Sampling parameter setting

Wit S4 TR W R
W,/mm 9 10 11
B,/mm 9 10 11
H,/mm 2.7 3 3.3
Bs/mm 9 10 11
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H,/mm 2.7 3 3.3
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Table 4 Latin hypercube sampling results(partial)
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H,/mm 3.24 2.76 3.093 3
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(a) The first-order vertical bending
mode response surface

(b) The first-order torsional
response surface
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(f) The fourth-order vertical bending
response surface
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Fig.6 Response surface fitting results
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Table 5 Response surface fitting accuracy
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Table 6 Design parameters of airframe structure before

and after updating
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