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ABSTRACT

Virtual design is a new kind of technology in modern machine design today . The
CAD 3-D modeling technology and the CAE analyzing technology are the foundation
and core of the modern designing méthod. With CAD, we can not only express quickly,
accurately and vividly produce the 2-D engineering drawing and 3-D model of the
components but also check the interference tn the assembling, simulate the motional
structures and form the finite element model and make CAE analysis, which causes the
designers to find the problems in time to make modifications . raise the quality of the
design and reduce the cycle of design. With CAE analyzing technology, we can make
various static . dynamic. transient analysis on the designed mechanical products and
under the virtual environment, we can predict the property of the products and obtain an
optimized products. I

This paper, basing on the PYQ202C Press manufactured by Zhangjiagang
General Printing Machinery Factory, spéciﬁes applications of Finite Element Method
(FEM) 1n the base and the pressing frame of PYQ202C Press developing, which
include FEA modeling, modal analysis, structural static analysis, transient dynamic
analysis and structural optimization. It gives some instructive suggestion for the design
of the new PYQ202C Press. This project regards the 2-Ddrawing by the factory as the
basis, we have completed the followihg_ tasks:

1. With the existent origfnal 2-D designing drawing of PYQ202C Press Machine
and with PRO/E as the tool, the CAD model of the components of the machine has been
made as well as the models for all the parts for assembly and the complete machine.

2.All the 3-D models of the components has been converted into respective
engineering drawings.

3. Based on the functioﬁ of ANSYS, an static analysis has been made on the brcllse
of the main components . the pressing frame and link to attain the cloud picture of the
deformation and the Von-miss equivalent stress and of these three'components under the
working load. Through the improvement of the structure design of the component and

the adjustment of the distribution of the stress and deformation of each part of the press



frame, the stress on each part and the deforming value became more reasonable, which
not only guarantee-s the strength and stiffness of the components but also saves the
consumption of the maternals, thus reducing the weight of the press frame and the cost
of the machine.

4. A model analysis has been made on the base and the pressing frame. Through
the study and analysis of modell in different stages of the base, the weak points of the
stiffness in the machine structure and the factors affecting the performance of the
machine has been made clear. The serious vibration in the original design of the base of
_PYQ202C Press Machine effectively solved. Through the study and analysis of model
of the pressing frame structure before and after improvement, it is clear that the press{ng
frame is of better stiffness than the base part. The pressing frame of the improved design
not only reduces fhe weight but also is of better dynamic performance.

3. Through the sensitivity analyéis of the dynamic state of the wall thickness t1 of
around the components on the base and the thickness t2 of the working board, the
improvement of the design in the components on the base has been achieved. On the
prerequisite of guaranteeing the dynamic performance of the base, the consumption of
the material was reduced and the cost for production was lowered, ﬁvhich has been
adopted in the productien. |

6. Through the transient dynamic analysis of the pressing frame, we know the
défnnnation of the larger-deformed node under actual dynamic loads. It proved the
reasonableness with the improved structure of pressing frame and the correctness of
results of model analysis

The research result of this thesis has put to practical use in the factory. It is a fact
that the pcrfoﬁnance and accuracy of PYQ202C Press Machine bﬁ,f this designing
method has been raised greatly, the consumption of the material is reduced by 500 kg
than the original one, which effectively reduces the production cost and raises economic
efficiency of the enterprise. | |

Key words: Virtual design CAD 3-D modeling CAE analysis

Static analysis Model analysis Transient analysis Optimized design
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8. MABREMIFET.
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FARSHN, SHELHTRENRTAS —KBLHERALR, mE 433,
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9 B TR B, ETREL 1—ERS—R BRI, TR
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B 4-36 HlEE TR

4.4 AERE

1. ZERENAT CAD PRAEERNEA T, FNABEER FiE, NE
R B3REFHF) CAD Rt AE#IT TR, B3 T ERVLETHE 41 CAD
WA, LS X S #4T CAE 44T F T &R

2, S ERHLERAE RIS R R AHAT T 09T, BT PYQ202C PR FERY]
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L AMAE R TP R R, BRI R S .
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FEHE 7RTEBR

5. 1 TR HLFEBI T CAE KRR

AT, TLENTIHEARIGE WG, Fikd 20 A
21 42, 315 AMRHE B IRNHS SRS EN A MR . Tt S 5
5% RGE D THENRSEIES, BiHEhl, HENREE TR,
Bit, Si5%E, CRAUERTVEAZS HHIEHE. HEIRRT
(Computer—aided Design; CAD) B+ B HLAK 14 B 5 M 6 L T Y20 1 s 25 A i
Wit. HEULEB I (Computer—aided Manufacturing; CAM) M| R B+ EH
ORI E R A MO T RSB SRR B . BB S
HUBBIEE R CAD, #RJS L CAM, Tifil# & CAE.
. CAEMBIAMAES, XHPRFEGMITE (Finite Element Method: FEM) |
i1 5 7t ¥ (Boundary Element Method; BEM), # FB % 4y ¥ (Finite Difference
Method; FDM)%, S—F &AM, T4 Bon s f s
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RS E. | |
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VIR SR BB, BRHRS . BAEROS, TR R
TR, TOMFAEEA EFRHIRIEE (Try and Error) , HI4)ZH % & 201
RABE TREAR EMERN, BEEESERHE, BAR RS
W (ELRR T 30 A 4008, SR CAE, IZE B2 S JE4 CAE,
& REPMAN, HESABRMRM (Optimization) Fish, HIVAT7E%EH H 25
P ABREFE—AWEHE—BRENATERM R BN, 508 T
MERE BBV AE I BUHLMI B3 2 AT A A1 0 T B L R S ) S R e
. SR EIRE CAE MBR, FIRHEZEW BIAPE A0S LUR 10 iE
CABERE . HUMIBY 7 8 4% 3 T LGS 2 BLKS R % 07 209K 4 Mechanical Systen

AR




Simulation Software) KME#LF 442 BN kiR, CLRAHZEF ML
HAEH SR . FIHH BN % (Conputation Fluid Dynamic) S94KFET
DIFEBSRBZTHRBVITAUR GG EEREZ HAXR. TRVENIAE
2kG, BRERSHHENRNFATERTTESHENNS . MNE, UBER
RN SWERBNEFIT . WXL, 7o EEL SR S8
(Parameter Identification) AT #HITEW], HEFEBEEFEBTF (Model
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Measurement) B LARISE#A S AIRE, RIRNATLRBY ST EE. RREH
CAE %45 & RABRIBAF o] LIXT & A AR Mk X T B8 A5G Ex &
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FT AT AT TR 0 e D RS 5 B 2 3 57 F LUK A9
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R 4 e . — 2 SR A T LR FE AR 18 09 5 (R 15 3 0 6 0 2 B0
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ety T 2670 AT LA AR [ R LT AGAR, BRI BT R 55 A LRI 5 22 SR A
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LA 35008 A4 B AR M S T R R RS AR, B R T SH L B B 22 B e
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BB T 4477 77 125 £ 2 2 S50 B8 5 J2 7E 9 W7 800G JEE 0 507 OB (0 96 B — 4 P
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5.4 ANSYS fRj4
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AHRTRE E WREET L) #TRE.

SEAREREXN T AREBEAES.

2. HE#R

BB ERRTE ANSYSS. 7 KT BB ST HEE LEMN T Sy E
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B EIHE (IR RAE=RTE.
B AARE CEXHITEE. BRI, MR
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UL BAFEIBE. 14 File > Save as - {R£7EH “. db” ff,
6.3 ERVLEEZHKE R

6.3.1 HLEERER a4
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7E PRO/E AFPHT FAMUBE S, KH A7 H. IGES BISCHHE SR, 7E ANSYS B

#, IGES HES A, HEATIRIMERFULITER, AMERTmE 61 Fim: &Y
SHAR, HRTETRR, XARBE, WARE, BHERIER. NE
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RN, HERINEHBERERANES. h# Doty MR iTiE

WOCAL SOLUTION b
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e _: 162 18t 48
TIRE=L
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B 6-4 AMBHNERZE. HBEAERA 0.10756, 434 T TEFRKAL
FARA EA, XA RYE TSN EERE, Fik, TUARFERE,
M EWIME MR TEFEENRPERALH0.06 56, BT LHE
FREE ARG LA, RRRLRYS, B, —ReHEIETRN T
BEER. NERE EHATLER, JUBK THERESD 0, BEHBRANBRE.
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FHRE, NANTESRRBEABERENSE. BN HTEREE
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MRERENEHNER. ERRARNETHECREEHT =24, BE4F
RLFMAEHRE, LTHPBRERERHEN, MTNHZELBNEL R, ©
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. 5%, BEERIHIRFTOENRERHFHMT M — LB R UE LR
W HYHRE. FRRERES XLFEATHERTR—ENRE, BE
IMEERNNALR, ERECLSVOER LML — ST,

6.3.2 EAMRH I

1. RERKE RTEE

EIREH BT LA AL R 358 . T EESG AL/
i, WALE. MLE, FRTEX SN I N — R LR, XA,
TEIX /NG H AL BETT L LR I SR B LR L ELSR MRE DA (R e
RUEBRBENEREE, SHXBKTRENRE, HENEHRK, WEdsa
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B 6-5 MEARATIAHIAS E6-6 ERMH TR
2. RBEME D

AR TARE B, M |A A TAEER L. P=1.8N/m’, LT

4 m ., R ANSYS BHTER I aMr e, i 4T0 VonMiss 230 A1 405
EanpE 6-7 i

. ANSYS|
MODAL SOLUTION
e it
| =l L H
TIRE=1
v [AVE)
DI =, 100497
AEN =, 000419
e L]

B e ] |

SO09E19 18,15 32.1946 48.439 a4, 502
a.081 24.12 2. 654

B 6-7 H32 VonMiss =&
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RODAL BOLUTION

BTEP=L
I' s =1

TINE=1
oAU LAVE)
DME =, LLL49T
OME =, LL1497

S DN [ 7 |
a U24TTY 049554 074331 089108
061943 . 08672

111457

B 6-8 ERTREE

B 6-7 Bis B4R VorMiss NAmE. HMAZREN, BANER
72.654Mpa , ZMT AN TEBGRERE. KNS (56.51Mpa) FEHN
ERATL LA T RNRIRR BB, KERALONAEE . Bk, MRH
REE, EEHERANBRERE. UGN, TLUBE LDV
%, REAOEFERE, R NASEREANRE.

B 6-8 Irn AERNEREE. HBAERREE BT E, THEN
0.111497. W THEFMXEIEM LEK, HibnHMa LT o, F%8a
BRI B EIRE, BRG] e Rste s, EHit, o0
M EEREALRIEE, Seuk D EEPEESNER, FEETERRERERLE
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ATHEME, RN XD THNOER RFRERIAEFTENER). R
FEE 3R _E AR (R DS i 038 B — 34224 3000mm ERE % 40mm 3 3K &L s bh %,
R B R R 45mm F) A4 080 A L vk /S B 35mm 5588 JS 1S TR 48 CAD #E24 F075 [RLIG
WAL B HE 6-9. 6-10 B,
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! ANSYS
MODAL SOLUTION res. B 2003
STEPL 12:47:57
#UE =}

TIME=L

aEQ LAVE)
OMI =, LOTZAL

MM =, 0LZ04L

BMX =B7.779

—
., 012041 9.516 39, 02 524 70. 027
9,784 29.268 40,772 £4,275 87.779

6-11 it J5 R 3EAY Von-niss M &

1 m
. 8 2003
FED
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TIME=]1
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oM =, 105241
EMX =, 109241
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H6-12 M EREEMNEREE
AT AR R BRGSO A, MR EREGHITRA . B
6-11 FE 6-12 Ak ERA Vonniss MO ZENER=E. WS 7 Ebw)
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DAEH, BOkENERAZMBX Vonmiss N disdtalay 72.654 Hm3 T
87. 779, ERMEREE N FHENN HRE. XRAGEENERNEESRE
HHRTED, HREREEASE. WE6-12 irERcBRE, Sk
PR AT M BLAE IR 48 AP AR _E 3R PRI R BB IBAL, HR BB, Bk
Eik 0. 1115mm, HHBEBXERH 0. 1092 HFEE, FAERKSE®RAT. B
B NBEIRE, BERERLERNERT SR, A NERHE %
E: BHAIERERY 630Kg, BukEN 585Kg, EHBGHERD T 45Ke.

6.3.3 MBS

EATER AT H B0R T SEFTER K TAR R N T 3T 2585 R 1 A0 3E
L, DRIESAFRT 2NN AR SRR, F T A 2 T4
KB R,

1. EFKERTERE

A RTET L AR, EERENSERS. SHNERE TR
1A 6-13 Briw:

B 6-13 EHHIHRITHE

2. EFTROER D
HTEFZ I, RSWNARADHIRTERNNE (E11SHER
HEMMEHTLAR), EFZHNAPETREENER, 2iTiE, BuT
FiR:
V=0R=2 1 nR=2 1 X 23 X0, 0675+-60=0. 0163 [ EnE%E L1 A 231 /min]
A 6—14 40: V=VCOS & =0. 163C0S ¢
Frll: a,=dV,/d &=0. 163 (-sind)=-0. 163sin ¢
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————
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Hi ) 6-14 &1 & =90°- 6 =90°- © t=90°~2 7 nt
BBl a ,=—0. 163sin{90°-2 7 nt) =-0. 163cos2 n nt=0. 163cos?. 4t
F.=m a y= p VcosX=7800V a ,=7800X 0. 163cos2. 4tV=1271. 4V cos2. 4t
P=120X 1000 X 9. 8/0. 92/0. 66=1936759 (N/m’)  [B&¥ER AN 120 K]
P=1936759/0. 5t [te (0, 0.05) 1 [TEn8iAfEFREIZIN 0. 05 #4]
P=1936759-1936759/0. 05 (t-0. 05) = 3873518-3873518t
P 6-15 40: F=F.+PA=1271.4V cos2. 4t+1936759/0. 05t X 0. 92X 0. 66

=1271. 4V cosZ. 4t+23520001, 3
Fi=F,+PA=1271. 4V cos2. 4t+(3873518-3873518t) X0.92X0. 66
=1271. 4V cos2. 4t+23520001-23520001t (0. 05-0. 1)
B Jo 198 i B e e] BB 44 th 2R a0 ) 6-16 7R
AR TR E 6-17 BR, B 6-18 RERFH VonNiss R A EHE.

P

A

Prax

0.05 el

Bl 6-16 #AT-EfHLEE
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B 6-17 ZEHKEB D iTER

PR ANSYS

JUm 13 2002

a LI RERA]

Ul =l
TIRE=L
sV (AVE)
B =2.207

SM =, 108119
S =804, T

D —————
- 105119 11z.702 215.100 337.0898 450,492
4. 40 188 281,597 W41

B 6-13 EH B VonMiss =&
B 6-13 BILLE N, EITBRRERN MX=2. 217, B XN SMX=506. 79, &

RERMBANHEEY TERNEE, Wi ERARN S MBRE R L EET AL
HIHFLA, XS HIBRIE, FLSILAMEEEXME: R EATS
N ARRKHRSE, RETHEE SRS, B8R ArET L
BHIEK.
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6. 4 AERSG

1. AEXFRITEMR T E#AT THI, FIAE CAD S E#ILAT CAD #R A%
AFIFERITOHTEAE ANSYS B, BT PYQ202C FEIEMRIEVNE. ELE. &
HEZHHERTITEE.

2. %} PYQ202C LR IRIEN I F EFHYLEMELEHRIT T &4, BN
TP FHETERS FH Von-miss ERNIAMTHS G =R, AL
TR AL T BB |

3. WLXMHLEHIFSST, Mt T IR ALK S 5 A MA AR BRI AR T 5
ftEol, - EBRE LB ERRRERNELETRTHREN, BETIESEKY
TR ZWARIIAL, BB AVEN S REMEHEUHERERNS %,

4. X EERRIEFS ST, TERIERZET RN H AR R B AR B,
FIE, THESHRIHNER, RERXTEEHESENERERMYITERT, ME
RRGHEATT oo, BN e EREHHIBSOINEROLE, HHET
DUERIE R RS, AR TELEEINN DO MARK 4%, FE
Mo OENZRETENEGE, REESHMRENRIE, &K
PR mAOMBBEAR, AMETERFENSREANELEHER.

. WIXEATHIRFALHT, I TEF LR AEMBIHT, HEFMEN
HUERBE T 4R

fIen
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BLE ERIEEFIHEK B BRI

7.1 H &S S Ea

BEA AT — AR T4 B o B G5 M BSR4 (0 B AR (A SRR
RARAD, TWRMHE— S NEMT (BRASIRIT RETAT. 845
Vi) mRRL. EEWRIE, EBRMERREMTFHRM LM T NN RIS
EENSYE, FANEHNEIEARERE L5 BT IH S5 05 R .
AT 4 AT BT 1 E B A B 0 2N (A A 3 B RIS () 4 K

EHRATSITEFT, WEEM, RRELHEBHRET (MEHMELAR
WRHEEMER) ERMESEEEHRS), TIHTERITAH:

[MEii}+[CHud+ [KKu}=0 (7—1)

AR E AL E R E, XL EER (B AREES ) HEDCKal
Aug, BHBRE4A:
(K]-@*[M]){u} =0 (7—2)

B (EEFENTI) RFREME: ) BFEAR, ERD0MRY

EPESREY, BRENMBEEARTRRSNEEZ B AR, © AN
%lf’klﬂ
WNEEBER, WG RETEMLN:
([(K1+iw[C} - & [M]){u} =0 (7—3)

PLE& A,
[MASHE R,

[C1 RS IR P B
[X] %%WWWUEE%E@;

fu} ~ {u} v {u) ARG EBAIRE . B FOnE R R
i=~~1,
WETHE KRB (7—2) 83X (7—3) B FR4E 18 B0 B 1 7 F2 i AR
o (i=12,.,n), HMKBEHWHBEEIRR 0,6 = 1,2,..., n) RLEBFUFE (4 B S HIR
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i Ei

X (1—2) KHHESRATRILN

det|[ K]- @’ [M] =0 (7—4)

R A TR RGHE HFR. 5 R R R P R SE AR F B 4
o, MRBEISTENESEENN KNS, U o,0,,..0  REEE S
MRS, WEREEAE. BT, QL. R B2,

B b T NESEARNE Y, SHNEESEELRE K. 8 RS,
BRI, BT RRRERNERMPEEE, STrRE £
BRI (RChHLEEAN 3 HEAMETT). RIXSRTHRNRS FBERER
PR (HUBEEERNERN1.8x10°4), HETIBAIIMISETE, Bk
I OB R R MO RAR, THRITBRME NS R ENIEE, BRREN
MEEMBER . FEitk, 265 RITH2% T — SR 5k R AR 2 MR

7E ANSYS 1, AT AR, BIERE X T —db g i (9 R R it T |

AR T, M REE R ANSYS RIS B b LUT LA R B A/ 1

1) FREEEAIE BT KRR X BRI KCHE BRI A 3

2) Block Lanczos HA[HFLL LA, WHEEER. KARGHEERR
HiE.

3) PowerDynamic AT IEH ARER GExt 100000 B HE) ¥R R HASkR
REAT LB ACL T B BIRME R M. T F 28R BEER Block Lanczos ¥
DB RAENSR.

4) BRI KAFRPIREEERKE, BFFaSMNEEER, BiEdmkE
E—L, EXMATER, SHTRALENEHE (REBHE) KFoR, XE®
R/ RERE . EABETBEEN, MEIAFTERBEEFEASEEAN,
W LLERERE. (ERBRREN, DAFHEEFZEEE, EhEZadBERn
A BT F B IER IR 2 A E RIS I

5) AEXTIRIEREE ﬁ?ﬂ:iﬁﬁiiﬁﬁH‘Jﬂﬂﬁ%ﬁlﬁ?ﬂ/iﬁﬁﬁﬁﬁﬁiﬂdﬁ?ﬂ’llﬁ.lﬁ"ﬂ
WNTEF F KR — S-S b BRI 5L .

6) Eiz FERBEHEEARZE, WXKELKRNS, HBEAUAS
PR EHEERE.

tEECR AR TR T2 EE M Block Lanczos ¥, XA A EEREE A E64
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A T AR LU T AR
D By aiE RO, 2) BNEFHRAR T B dBRSAmEmmng
WD, EXHTRE. RFEFERREERTH, R 3 FREES: O
MEGR

7.2 ERHERFAME BEEI

7.2. 1§18 B LA AT

ERERIE N Ed, YURER RIS RE ERVERZEAEAM
AL & FR T BB, BOR ARG . HLEBRY ) {8 B KN FI N A 43 4 R BR T #1186
TS RSB RIA B B WAR I Ot AR RS 43 A7 T LA/E BIHLEE B A 1Y)
PR RN E A SRR, FHAEMEER AU & B Eh S R T ma Ry .
% 7-1 £ PYQ202C P IE R R VIR IR PR B A A R 1 7-1-F8 7-8
EVUBERE R & M a2 R A B B R B T AL 14 3 A Vonrmi ss R h 40 . M 7-1
ME 7-1-8 7-8 ATLLE, F—BriREFE R YRR BRI SR B TS
2 REER RS NS M. AR R EERM ALK, 7R
T, HEBAN AR 453.592Mpa, D& THMAMMAHKE, FLASEEL
ERITR. BFAREHBERNINEAM, X EHHBAREHRAL, 8
RABEREPHIA, Bk, REEXENHEFRCFEEEHNBR,. R, 8
g R A, REELMEABRWR, RUEHBERXNHBRRE. LESKHE
Rk R AN ) R BRAETEN HE RIS, HEIER T 3L R iR
o T R RN AR, B, WEERNERRE, ERESIXMERINRE.

IERAEB REN RN B A B WMEN B AR, 31 R5H 1 BN
400r/min, H EEF—A 18 HHAFEGR, MESRNEEEERE, WLE
HLEEF=4E 6. 6Hz F1 120Hz FOREIBIVERAR IS, FSHLREEH MEH XN EHE
AR, RELHMEEE WM. BoPRE, BRERNFERESHNEE, 2K
JEFRALE P AR R E A Frdr. M ERE S THRIBR LR EHE,
—BASRE. ERIWIEBESE . FoMEMNOERE RS DmE 7-9 |
7-10 Fis. MEISPALIEH, BRER T TAER MR EREE 1 om
. WERN TR ERXHEN,
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# 7-1 £ PYQ202C FRER AN EESTHER

B 7-2 HUBE—BE iR

i 1 2 3 4
PR (Hz) 209.737 | 250.187 | 277.16 | 348.75
WA oy ¥ ¥ Iy
BAFA (Mpa) 453. 592 1235 1140 1459
g Tr— NANSYS|
ITER=L SN TF IOad
W =7 FLIR LT
FEE§=208. 737
O =354
B7-1 YUEE—MEdiRE BN 209, 737
T B  ANSYS
BTEF=1 JAH ¥) H03
Fr T A8 3 a3
FRER=209. T37
= TEDATT)
O =1, 154
IME e, IOLIR
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MODAL BOLUTION I";
FED @ 20032
:’":':: 1001101
FREC=Z09.737
U LAVG)
DMT =3, 154
BMH =, 012626
I =], 154

'H.I:ITIZI. !

1,788 LASE = 154

B 7-9 HUER-ME iR HEE

BODAL BOLUTION
] FER B SIII‘.FI

ey == 10113558
FREQ=250. 187
UM {AVG)
DX =3, 426
N =. 027687
| EME =3.424
—

- D2T7ET 722?51 1.538 2.29 3. [HE-
405211 3. 426

B 7-10  HLESZHrikiREnERE
WA BT, BT CCRA R 3 k3 IR L AT ek i
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. BEVESHRIMERRE, BmMIERRIYE, DD N
He

2. WA . 1 EEGRIMINE, BeLwan =R, EHEGH
%ﬁ%ﬁﬁﬂ%ﬂ%%ﬂ%#i%ﬁﬁﬁ%ﬁﬁ%ﬁ,Mﬁﬁt%tﬁﬁ%ﬁiu
7.2.1 3 HRE S

ERERRN LN EERH, ZRHENEFESEERWIBAHE
KiZhAtERe. MERMITHESTNEN, —RETHELETRRERHETR
FR, DHERERYETHABNESRTEENERN, —RETHREEERR
A THRBAMBANDALER, XSk HMMTEERE, LUEHE E i
JTESREHBITIE, B FEERNBEIT P OO ELENEHHIT T 30,
BrEh, AKX BOE AT MERBATES M, HWESRERSTHE, B
Ja, MEWARAEAWERELREN. B 7-11-8 7-18 ABCH T ELL 5 &7 uH
FRNFTEER Von—miss MHmE. HETVIBRRHRESBE 387,69z .
419.26 Hz. 914.32 Hz. 1117.8 Hz. THRTFERHITREN MR R 2 0 B AR (198
. PSP RN R A ER RSP, KRR, EERR
Ml R B £ B R R R AR B s, HEGHREA, 9 ERMEAS
AHBREARE. Z&5HENRRE, FS5VENZNRTLE, EEHSNER
AR EE THLEEMREME, HHERMRIME R E ST, R
HRAMRIMERE. RBHLA A8 B SR — BT, Bok, ARAFBEH
BE 7-11-[ 7-18 FiRiiREl. MWIRE EAHT, TTLUE LR E 48 R eansy
Histsl, ERERESRRE IR, FERAHSEHERNITET, WEd:
PR . WBhEKA AL 7 X R S S T AT

B 6-10 A G ERE RGER, BRI ZEAIENREEEEE 5
HEHE R F& 7-2.

MR T-2 FATLUE L, B /E AR SR A& B R AL 4R H o AT A B TR
KRRE, WA ST S ENEEE SR FHE AT
RLRERBAHER, EHTENEEMRRGEA, RRTEEEXHER, dut
JRERAEZ MR T BIBK Von-miss RO LERH KRR TR, #ELMHEZ
NERAETHERHE.

52



# 72 ERHNAGHRTE MRS SRR

f1 | f2 | f3 (f4 |DMX1 [DMX2 | DMX3 | DMX4 | SMX1 | SMX1 | SMX1 | SMXI
MAl | 388 | 419914 | 1118 | 16.85 | 16.78 | 6.07 | 4.09 | 2556 | 2486 | 2066 | 3110
BUR | 443 | 482|944 | 1090 | 17.76 | 17.77 | 7.16 | 4.38 | 1745 | 1686 | 2451 | 2879
 pispacemer ANSYS
arerai e Mg
g R T
B 7-11 ERE-HEMHED (HRRASZMH) 4% 389. 687
yuoawr sourrion ANSYS
g -t
FRER= 41, 607
=y (NOANT)
O =16, 052
D -, [54429
ek o e
‘ia-f:::. Sl
s T —
204, 14 052,080 1420 1500 1558

B 7-12 ERB-HEMRY FRRETH) MNH
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ANSYS|

DISFLACENENT
St JAM 23 2003
o -8 19:30: 32
FREQ=419. 264
DK =06, 778

@M7-13 ERBZMNTHEDY (AERRTH) SR 419. 264

<A51TER 552,728
276.59 828.867

JAH 23 2002
0100131

2486

B 7-14 RREZEZNShEL (KRRERSH) ML
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JAN 23 2003
20305200

STEP=1
| B =9
| FRE(=314.318
| WK =6.068

B 7-15 EEE=FrifiEma  Ji% 914,318

ANSYS|

JAM I3 2003
a0:07:06

[TTH Bzz.10 L1837 r
235.928 693,362 1151 1&09 2068

7-16 IR ZBr RN S
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lht:ru.murr il T m

JAE 23 2003
STEP=1

i :m 20:1L:51
FREQ=1118

DK =4, 089

= |
5 ;‘}uvp i.'-\-'
4 VS LW TRy,

e T e T i,

B 7-17 EEBNREHEY (a5l k1118

1
SR ANSYS)
STEP=] JAN 23 2003
U0 =10 20:13:04
TEEQ=1118
E0Y (TOAVE)
DIDE =4, 089
S =10
S =3100
DR e .
1 696,781 L1588 2076 2765
354.391 1043 11z 2421 3110

B7-18 EEFUHDHEY (ZE&EH) KNS
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FRIRR, WHRSHRIM L SOERT A SR EREL N kB TR AR
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HERAEE T B B REE.

.3 XEREG

B, XEJEMRE,

i

HARFIRE, AKRARFEZIMHRE; o

RSB IRE T RN Von-miss MR IRRA KIBE TR, FERAZIER

1. REXNAEREE R 4F ANSYS it T AT BN R BT T

R TR ST E SR

2. X% PYQ202C ¥ K ISR VI MV AT T A5 ﬁﬁﬁ%ﬁ"%ﬁﬁ‘]ﬁi
B, A9 T HAERFSERE TR SN ARER, 5l T EHRIE %S &

HR, BEREENREPE.

PYQ202C

HFHoPr T IRHURIE TR A B KRS, BRULBERNERER. T \E %

I3 EGRREE, FRMBRT R+

- R IR VIR L8 ™ B 3w 3l 1) o] 2

3. X PYQ202C VI RV R AL R BRENHE A J5 I M EAT TRRE T hr s
RERYE, ERFHUEANBEFHEETEFHRANE. SOHRTLUENESE, FUER
ECIRR/N, T H EL B R R R R A BT RIZh AT RE.
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HINE LEBEEHRBTT

8. 1 LTI A R

Pt 2 —F I R\ ER N BT T BRI ER. i “BR%", ERE—
FOARATUHE AR ER, MERRHE (WERE. @8, #])]. &,
BAE) B/bh. BREN, BRBTTERRE—NBEANENHE.

LBt AR — AL B i, SR BRI LA RE Rt S5k
L3, Wit 2PN ELEZINARSAHRE. AR HERFEOEE. &
HMEXRIERBRNERENEHERXTHSERLRE. SHRILEEES1
ATEGBBMN BF. AREMHNEH SR BINEEXR, ARSI AR
MR, HA ARG SRR SR

8.2 AW K ERA

SRMLRENBERZ RSB ERUEIR. AREEZ AHREXE,
BUES —MAMBER R, ERABZEINTESRIE TS, tEN. 4
WM. BIFREEHS.

1. iﬁﬁ%ﬁ—'ﬁ’ﬁi‘l‘?fﬂ

— PR TR —RREEE T MRS EREN, EREESED, —
B RIEREERFRLEN, EfNERALRITIEPHLERTE, HRITE
238G A BosREasehE BR R B, maRE R RME,
RRWHBEHHRARITEE. BHTEHRAOL, Wit hERER, Rt
TEERAEZR.

LT 2R B Oy AR BT A B B 2 ()RR A R 1], B B AN R R R S
B4 . RtRBEFHTHRERR:

X=(xx,-x) (8—1)

R X R n ERvH 2 E] ) — PR
2. YR FM RATATR S ATR
AR, R RBREZ I ARG, MR, NELAMHS, X
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Mo ZERRA LIRS . ARFMF R TAAEFARNFARRT, H—BHERN:

g.(X)<0 i=12-n (8—2)

h(X)=0 j=mtlm+2,.-1 (8—3)

AESHEBLARTRFEAREMHE LRI TENRER, XHRAIAR
. AR FRRG AT SETITR. LEFHRLAREHFN R
REBBBAEITE A, BWAIITERRFIAWMEAREFHFRITEMESR, W
"R={X|g,(X)<0,i=12,--1) (8—4)

3. HRERHK

AR B ERZE L —RE U ERRTEEMREXRRR. X REHHKRAY E
PREREL RAE AR f(x,, %5005 X, ) o

4, AR B E R

AR T RMES MR ETAT K IR RE — N R, FEHRREUER . Eikitik
W ATPEIN T $ R

T X=(xx,-x,)
i f(X) - min
Hi 2 g, (X)<0 i=12,-.1
BT IR Y Xmei“R F(X) (8—5)

R={X|g.(X)<0,i=12,--1)

BN R ER B LS, AT 08 5 6 8 B AT A o S AR B SR B HE s
RRRER. —RNTRESGHBEERERN, RERETENERKE, EEX
EIMECE AR, AR AESRSHNSERLRERITT, XEFATEIRRRE
PR TREERNEER. FRTENREIRMR I FRBEETRE
DT H, FEAARTETE TREWMETPER3E 5014,

8. 3 it BB
A IR TT R AR B R B 1 P A — R T PR L B TR R AR S+ B A
BoA. DA RIS R R e
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LIEMMA R IMES P YRR R, RETE. BIRREAMGSHEN,

4. AL T BERESRRAT 8, BB ahitE. BRESTER. WEHER
ZHEEAN . ST P dERSHRESE; 5. ML USRS

ANSYS R FPiR (1 T PR RAL i FRIBUEIREM —M L. TR BHE
%ﬁ%ﬁﬁaﬁ,ﬁﬁ%ﬁa%%ﬁ%ﬁﬁﬁﬁﬁmﬂﬁwﬁW%,ﬁﬁﬁﬁ%
LR B /MEBIAR (SUMT) SK18BIE B RSN B /ME, REBER T —/M®1t. ANSYS
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REIIEE) 58. ANSYS BRUFERE, ABKAENTBREURLHENE
PRRE. BIKIERTER—MER TR, Bl —aS Rk o 024 o /M .
FEERVIGHANESGHER, RITZRBE. REARNEKR, VIERT
KIEAARBBES HERY, ATURERRE. ARBLREGEK. THERET,
WA URVENR AN R/, RBENSHIEMHEERT. EXFEHTRLE I
R, NARBHE T EHANEBMBRLERRGE SN BIE, BEFERS, HiE
ZHZHERARNTITERAERITER. YRR, mRBERT A
AREBRHITER . ARABRATEEY [ BARMIIE/NISEES BN
MR T EAERETERIABE B U EERETHRAER MBS 2,
HRAERRKENANEM S . ZEREIHRIVETHMSSEE, REGHNLEE
HIEMRTH, ATEEI &AL, BIEETRANER. I THNHBEITSE
RIS 5B BAR T R 2 B0 2 st sk BT
REMHIRFENZELENSHNBEEE WREHITHIEESHIISSEENR
BT EWLMERTHER B RS ST R NS AT
WA REWH AR, BENE.

8.4 BNERUESHTIRE
e B B3 H iR A
mx + kx = F,(t) (8-6)

ZH REREREBRLHEBERSENR.
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w:JE (8-7)
k

- (8-8)
2

Frblth =, (8-8). (8-7). (8-6) £

/

= f(@)= f(m,k) = f(x,x,, X500, X)) (8-9)

REFEHPALARRERENEREREIEREZABEXR, RBE
R EN HIRR BN TER. REFRERRN

[(x) = f(x)

H FR R BB
19, o o _
o[22 10
S TE—PRITPERBEEIEMERTRN
of, _ SfA(X +Axe) - f,(X) (8-11)
ox. Ax,

K e A5 X BBMARMSE, Ex 8 Hh 1L, HEMAEHO,

Ax, =—(x,~x,)» (8-12)
AD TR INE IR .
I (8-11) Ry —¥r REUE. ERIEAM S ENR T E—ERKIE,
WHBRRBENRAER. HPESEDRI MU REBUE, GO —hE

7 REE .
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