i3 E H3W
2017 42 A

(N N
PACKAGING ENGINEERING

- 05 .

8 2L 12 B HRA G

SR, EEXZE, g’ &', e
(1Adb ke, KR 0300515 2.7 [ S s TollHr BoRHMET WF5EAr, dbat 100089 )

WE: B8 REXB LALLM N FHAUGE KRG ERBERLE, Fik AEXRIRE 4 E AT,
B EM o B AR AR AR, @R A TR O B AR e R E, RBR ZRKGIMER, &
F il it R BE AT R AT R R RS, U AR RS B T kAT AR AT AL R A s
E,ER 23 FAFEBGHE LG BAAMET AL B TIXBE, B H X TR AER, &8 4
SR BB R R E AT ES B A R R LB LB R R e M SN, TRSHZEH
N FE R HE,

KEBIRE: Rt AR HAGR; ZBESH; ALt

FESZES: 0313 XEAFRIZAS: A XEHS: 1001-3563(2017)03-0095-05

Optimization Design of Dynamic Parameters for Complex Mechanical Structure
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ABSTRACT: The work aims to improve the accuracy and efficiency of dynamic modifications for large complex struc-
tures. With the high-power engine cylinder head as an object, first of all, on the basis of the measured natural frequency
and by comparing the natural frequency and the measured frequency calculated in finite element method, the frequency
with bigger error was found out, and then the sensitive parameters of the frequency were discovered through the sensitiv-
ity analysis. Finally, the parameters were optimally designed and modified in design parameter modification method. The
calculated value of natural frequency of the cylinder head subject to dynamic modification was closer to the test value and
could satisfy the using requirements of the project. The modified finite element model combined with design parameter
method and sensitivity analysis method can more accurately reflect the dynamic characteristics of the structure, which can
improve the efficiency of the structural dynamic modification.

KEY WORDS: design parameter method; dynamic modification; sensitivity analysis; optimization design

B 225 09 e RRLB A AN W BE 2, AATTX) 2% 26
A ZOR MO R, NEI R R IR, REI
RISGRWI LR, HTRIEEEL, 5638, N2
SRADBHUBAS 7 T R PERE AL RS H 2 52 55, AL B
S5 K Y B0 25 1R BB 52 M L A B B HL ] R A
TP AR b, sl 2 AL R i B 2 DA L g 25
RE A ZEA o Bl 77 A A2 (RS B S5 38 5 T 3 ) 22 A A
FUSEBRES A IR 3 3Rk RS BE A D PP At , A0
R RE R, UL AT i 3l ) A BB . O TR R Bl )

Wi BEE: 2016-07-08
HEE&TH: BRAAAFAAL (51375462)
EE® T

PR RIS S BRAS K B E , ] PAY S T A4 7 vk A2
W EHA TR AR (AW, e, IRA%E) &
IEEGRIFRAR, 1340 3 18 dUR 1Y 3 2
T B T G b S e S PR A R 1 B ) AR SR,
s R B O R b, TR LRSS R B2
et BT HE R KA, SRS SRR
S, IR TREREREY, ST, SO
SLOMUMRESZFAF (LU ShPLEL = 001 ) B3l T2
RGO (AT TR AT ST, 2t R P R 4808 20 A

A (1981—), %, WA, PRXFHIF, TEHETQAIMEER S SRAE.



- 96 - o T

MBS BB IEME G T5 %, X SRt e
B IR, RF P B 152 g 8l ) e R
fys—el,

ST LASEI [ A 455 O B, e LA R OT
BT B30 1) (#6104 TR 22 BOR
I, X HAEAT REGE AT, 002 WL S B H sl 4
Rtk o BURY, e B0 SR MO kS & s
%, MR NBIES BB RS, MIZSEHTBIE.
X 2 FOTEARSS A, RERE S ARHUARES 14 1 3l ) A AR
(48 T 2K B 2R~ AR A RCR , 1207k R ] LAE T
FAUHUAREES 14 1) 3 ) AR i 3 Bk

1 EARER

1.1 BAEMIEIRIKE
MUAS #3125 i o T,
[M X} +[Cl{x}+[K]{x}={F) (1)
b [M], [C), [K15r 50 kAL 4S5 #4) i) o 12 0
ME . BHJCHERERINIEERE RS, (Fy APEH T454 g sh
VAR Tyt s (X} (X (X G300 R R A Jan s R )
T [ RIS AR )
(XN TEREE B RS TR A

[M]{X}+[K]{x}=0 )
TN -
([K]-w [M]){p} =0 (3)

s o WEERINES | BRI (o) a5t
AOER § BT IR R

B 20(2)—3) AT LAt 2 174 A 0003 R [ A
R Y558 B o R A B AR E o o T R R
A RE R R B TE 3R B2 Z5 M IR R S8 4
BB, BUR RS S4, H AR R A 2
PR A o P T REIBIPLIREH, RS HRZ,
BEASS RO U Y [ A A A IR R ) ek o
ANAIR], B A6 A 0 A )k 6 2 50 fl G T A 1 3 MR
BBl AT, S N S BT REUZ 3 Hr

1.2 REELSH

AR R F ()l S, 848 B — B o RO A

S gt e 7= A5
ox; Ax;

B P WS IE S SR, R — B RS R
PSS £ 9 A A A

S

o[k dw, ,0[M
(2020, 2 0 Ll g

0{o.
ﬂﬂ—#@ﬂ%%?=0 4)
KR ()" F+5:

20174F 2 H

" L) 2022 ") -
oo Lllio) o) (1101 ) 20
(5)

XTLRMERSE, BHQBPLHTHE, WG
ELE

{0} ([K]-of [M])=0 (6)
[l AL S IR A, 159

(o) [M]{p}=1 (7)
K 6)—(DICAZ(S), BHE |,

20,1y o(0lK]olw] :
8P_2@{%}[ o e |1l ®)

A PR 78 0 R AR TR T ik R b

Zoad RABBE /AT, 3 H XHRT 55 52 ) H 3 K 28K
Je X AT A Al B 8 TE R KIS, i i Sy
(T 55 1 80 ) 2E A R 5 S BRARAT &, X B S50
1%,
1.3 i&itSHEIEZX

TS, 1 e B #Ar n A~ A R R
JUREAY, Hrb TS B R (M) s W EETE B R (K T s
m BB REN o, BEAREY X, (i=1,2...m), 2
WEBELSE s Hok, AU il i 454 Y i B 145 45
B o Mi EARR X, (=1, 2...m). &ITZSHIEIE
Ty 4 — 5 VTV U)X 35 g N ~F 2 B E R R 28
(ansfbEAs e | AR | AR ELAE ) SEFT B,
P Iy Py, AEAE UG AL [ 5505 o, A A R
B X (=1, 2..m) R AE MU 5 0 s SR 5
P Ay A1,

J TSRS ENBIE i, SEEHUR AR )
A 3R o MF N XS SE sRE, 1 HAIE P, AT

ZEENPERTT
L Ow, L Ow.
0 =0, + “(P.-P)=w_ + AP,
i ai ;a})j( J aj) ai ;ap Jj
(i:1,2---m) )

K PRSI BUINIITSEG=1, 2...0),
i ZHMEE , BN B FROTEALE B A MR o,
G ) AT IR o — B, WA RAIETR 22 /)N -

L oo, .
& RO, — W, =0, — W, _]Z::,a_P/Apj ( i=12-m )
(10)
Hp

!

Z%Af)j = a)ei - a)ai

=

XF LA B E AT R HEA TSR A, RIAT 5 BB TS 80
B AP, ZE SR PN BRSSP, U

(i=12-m) (11



B384 H3M

SEHREAR . AHURES R Bl 1 A S B BT 97 -

R B A B A BT B R Py, AN TR A B)
T =AY B S RN BE AR, DR S b i BEf R
5

2 EFNMWEN (H3E) s hkiiEx

21 GIEEBINESL

L 38 PR UL, 2 A s AL R A B B 2 G
B AR TR T B PR B0, -5 0% 2 TR T
TR be s o AR A R LB BT A AT, R
st FLA R 8 A5 BE AN EE . D) A S LAY U 2
— AR Fh I K B R B A B Pk B I o AR AR i Y
KA B B R 3 MBSO R A
e R, DLIET 1.

(I R )
Fig.1 Structure of cylinder head
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Tab.1 Comparison between natural frequencies of the
calculation results and the experimental values

13 RME/Hz  HEAE/Hz RE/%
1 1822.4 1875.5 3.02
2 2827.9 2731.9 -3.37
3 3550.7 3808 7.25
4 4474.7 4396.5 -1.68
5 4748.7 4962.3 4.49
6 5315.7 5169.7 2.74
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Fig.2 The modal vibration mode of the cylinder head
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Tab.2 Comparison between natural frequency of the
modified model and the experimental values

G R Bl B pFE
fH/Hz  HHEE/MHz 22%/% THE/MHz  R2%/%
1 18224  1907.9 469  1889.1 3.66
2 28279  2840.6 0.45 2835.4 0.27
3 35507 3701 423 3630.5 2.24
4 44747 442585  —1.09  4450.8 -0.53
5 4748.7  4831.2 1.74 4800.3 1.09
6 5315.7  5450.1 2.53 5396.6 1.52
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Fig.3 The dynamic response of a node of the cylinder head
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