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The FEA and optimization design of Sintering Machine Trolley

Abstract

The belt sintering machine is one of sintering plant main equipment. It’s a seal sintering
belt which is composed by many trolleys. The trolley carries on in the agglutination process
on being on the track feeds, the ignition, the agglutination, discharges the agglomerate in the
rear part. When the trolley is in the reciprocal second bellower place, the discharge
temperature achieves the maximum, when returns track temperature drop. The trolley in the
entire work process, withstands itself dead weight, the grid weight, the agglomerate weight
and the convulsion negative pressure function, also must receive the long time hot repeatedly
function, therefore has the very big heat to be weary. The trolley is a part which very easy to
damage. And further because the trolley construction cost is expensive, quantity are many, is
repairs ties machine the most important constituent, its performance fit and unfit quality affect
the sintering machine directly the use. But the trolley life mainly is decided by the trolley
body life, therefore calculates and carries on the design proposal to the pallet hull strength
science the improvement to have the extremely vital significance. This article is aims at
Beijing Steel Corporation Beijing Tang Steel and iron Union Limited company the pallet
trolley body to launch the analysis and the research.

This article in the analysis agglutination radio station chassis structure and in the
principle of work foundation, used three dimensional design software Pro/E to complete the
agglutination radio station chassis the three dimensional model, then established has
conformed to the trolley body actual operating mode finite element model, used the ANSYS
software the stress, the distortion which produced to the trolley body on has carried on the
finite element simulation, with the aid of this software formidable post-processing function,
has drawn up the trolley body stress cloud chart and the distortion cloud chart. Then makes
the improvement to the trolley body design to optimize, carries on the analysis contrast with
the original design, and carries on the appraisal to the design efficiency.

Key Words: Sintering machine trolley; three dimensional design; Finite element
analysis; ANSYS; Optimization
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RAEMEEN, FHTEIFTER. FEL WA RLETE RN T G182
WA REMMTER. BRRSKRY BHEREEMERE (Virtual Prototyping) AR,
AT LAY B30 S AT B 3 2 A3 SRR IXFP AR TREIMRES T 87 & i Hi SR B
Ja, FHMSUERNTRIE. BRURBIEAR DR 5HHE R AT = M7 Ak
BERBETEEFR.
(3) tRiEER (Rapid Prototyping , RP) HR

HFREETREYN, REFRYRKRBRER BRI HT RENIRE. BEjRP
RETRER, BEFRB KPMBHETRS . —MFHREBEE RP REM/DE
WAEELL, RP R&MA CAD RERSME R & THREDAERE, THRMTUERER
BHE, JLSBh A BB R,

RP $ARTE VPD P REFEEMMEA, Bt ARTURE. KRB AR THHF4ER
NERK, SRGERTRMES, RPREXMFTRMHRE®RT. P, RUEERE,
T A 7= & 58 hn - B A A A
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RIEB T RT3

(4) FREIEEE/REREHE (PDM/PIM }

PDM/PIM £ VPD I @{F R TR, EMAMAES A Rt A RFRURE S&t
HEHHIE, BELRAA AR, XHUEHTEAMERERY, DRERHTE
. EERERBNRRESENZE.

PDM/PIM ZTEHIEBEXBHENTERERERN, EVAXETEHER, &
FESC A B AR A PR BRES, a3k AT CAD RE P H KA EERE
&1, NEERARESIHMERIKXRE. 7£ VP>, PDM/PIMIEFHE SHRIHHHIA SR,
WA, it BN, SEREFARER—EREA, FRIEMFXEA R K
KW RS R, T VPD ke, MREER TAENTRY, WANENESEK.

HAIH % C3P(CAD/CAM/CAE/PDM) R4 LAFI SR S:HE VPD KRB, LB AT #9F PIC
/AT Pro/Engineer , unigraphics solutions 2@ UG, ‘SDRC A ) I-deal Master
series., Dassault AT CATIA %, KERARAXSERLARE, SELE. B
BSR40 B FEMTRERA S TG, HH1HMNA PDM
/ PIM SRAFEBIMEBAN RS B5h, BEMRSEIIRARETHER. MIHE. Hl
58 A Bok ARSI AL RS, 0 Tecnomatix /AT [ ROBCAD , DYNAMO , “Mechanical
Dynamics /A fJ ADAMS, Adept A#]f#) Silma %%, HEGERATUSHE C3P KE4X
BEER, FmAERFER.

(5) BIUBENLIFRANSIRE

BRESFREASHEEAKR, BEFRBENMEGAY, ERF=RRETRENT:

ORETHERMAFAER, EEERE. SWAE. AKEEMITEN IR
Lt fiBh CAD K =45 BIE AR MRS,

@F|F CAD 5% VR AT ML B R 3 L B R i SRR AN G . BENEH.

@it CAE F) CAM E: R, X R% L BRI ST HRE T RIS S K
PA R B i TR 3SR s 4 .

@TERER= R RE . AT T AT At i 2 B R, X @R AL T R A ot
BRI AR T FHF E CAM T~ &Y.

O¥Fi= MAATHA P BT .

1.5 BXHMRMENSERS

1.5.1 EKEXHHAREH

(1) BUREEESTHENZEER, HTEARME, NEE6ENRITEN
HITRE. . '
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ARSI EFERTRITATRI

(2) NAZ4BEKHBEIERENEERNLEHER, HFEISAERIA
ANSYS %49, MIAFEBYE, 3E[ ANSYS B4 S FRNARMEFER.

(3) FIAERTHTTERME ANSYS M4 & F AT =480, SFRERNT.
BRI RE, SNHBITRERK, AEEENE— SRR TR AR KE.

(4) iIZR ANSYS [ APDL B M & FHERBITRL R, SHRUFTRBLEF
HEHATIEM, MR ERES P RENRBERITES.
1.5.2 KiEXWEHHY

ARXHAE, ABKWT:

BEREZRES, PREEARNERRENL SREEXGERIMFRAR,
Fxt BRI HIERAT T 4.

BE NMBTRENEENSHMITIERE.

B=FE AAZS RV ProE BEE S FESFTHH AR, FNREa%E#
fTRIEEES, XE4EERRIFEMRITRE.

FEIE FAERITITRE ANSYS SN EEBITHRTHT, BEFRT
SHRENEFERNN S ZENZRZEM T EERNN IR e, K
BEHERITHER G EENERERTTRE.

BLE REFRITSN SR PEN & AT RS0

BAE £XIHENES.
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REFR TR WA ArRC

2 RENBFENEHEITERE

2.1 BRENGHSTERE

wABEN T EHEE. BHEE. FHRHEHAREE. AKKE. KA.
KAOHHEE ., FTHREERTESHRI AR, W (B 2.2) FinyFRRgaisrE.

HREENR BT A EHRN— AN AREH . RSN E%EE LYUE
ERATHR. Ak 4, ERBHLEET . SEERKE-AREL, HRERE
BB, EEEATHRENEE TR 5B TELR, AZAFHEE. BX
RER., BEFTNERRMXAAENER, XEZIIKRRERGREER, BRm4ER
KUHES . SERBASTARNBM. NHEEENE, HES, RREIRERN
SRS, EHERRSEEYwREENNERY,

BENNEBEAER, REENREESRENRREBKE (ABERKE) ZRRA.
BEREHHK T 12~20 2. B, BERSIERMGYR, SFEMRE LM
Riigin. EREESHIEEIAESHTRESERNRENMERRBEIHNM. i
KRR, TTEREES WA T. BRiErsgAngsiie®,
HERBERL (B2.D) & (R2.D .

b !
‘t
< CCOCD
I
Ll L S AL (YIS pVe
JL i\
Nl it PR
, o/ Jk\

n s |

E2.1 #ERARLGHESE

Fig.2.1 Chain wheel type sintering machine trolley
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2.1 BAREGEEEREHR

Tab.2.t Domestic pallet technical parameter

SHER FHRXSHEE
BEHE /n 1.5X1 2X1 2.5X1 3X1 3.5X1.5 4X1.5 5X1.5
EXEE b/m 1502 2020 2500 3000 3500 4000 5000
EREHE 1/m 1000 1000. 1000 1000 1500 1500. 1500
HEEE f/m 252 307 300 500° 500~ 500 600
a%EmE a/m 480 555 640 900 760 1110
FHPOE - .
BB 1450 2005 26000 3140 3660 4160 5190
</ mm
EHRHEAZ D/ m 200 240 240. 240" 320 ‘3200 360
*®RERZR d/m B170..  P170 D250 1250 ‘©250
RO .
3180 3180 4340 4840r 5950
e/ mm
BEEFE (BUE)
L 1940 2484 3402 3770 4660 5072 6268
f / o
#$IEk /.m 510 510 510 510° 760 760 760
P2
AEBE 3653 4904 5340 5618
g / Jnm
QT450 — QT45 — QT450 — QT450 — QU450 —  -QT450r QT450 —
=R
10 10 10 10 10 —10~ 10

EERE/t 1.4 . 2.27 2.59 3.9 5.9 7.2 9.38

2.2 BRENBEEHERITIR

EEXEHEER. £, TR, E. FHEE. BR. RRR. BEAREXE
REAR, Helm (B 2.3) Fir.
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HRBLY G T EE T R

K23 &%

Fig. 2.3 Sintering machine trolley
1—ERETHE 2—BR S—BHE 4-PEEE S—EHEER 6 FMEX
T—G%H S—HHEE -FEeEmE 10—-FR 1-%FR

EEMEMEEMRT EEBNER . SERFRANEZFERL G TRBEHFRLR
Sy B RO RENAER. b, BESAN EEARN EREERANERRS
FrRIER . RRIEEREEEMEE, NIRES%E LRER, MRMAH B
SREE. BN, NEHWRE. HHEHTERE.
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KIEBTRFE LM ARRA2E AR

EEFME—BRAHFRNRBE K. BARPRENEERRARBEHM B
B, FARETSEE. REBENEEMEIREHTHREER.
BEFERARLA. ZAEEANEAZEBHO=EA. o (B2.49 Fir.

B=

a) b) c)

a) =HKE ‘b) k%A <) Bk
E24 SEERX
Fig.2.4 Trolley form.

RERENEERELE 3. 5n Ll EK, KEBRAZMERSEHW. INEHNEE,
BREBENFRAMEEREN LI, ARRKE. XMANFEEES, ETES
REHPREE. R ER 1979 F, EERUMNKARTI# T AR B LMkl
LA 450m” B AR E RV 3 R BREPUI BRI SIERAR . IWEERELRE
NEEFKRIT LEARE AR, —HEAES. AUFPRNE NS ENREKS
HRAFN 550m* BENEE, RERA=ZGERRSEH . FEFESRHRE EREE
RFA 14 ERBRERER.

2.3 FE/NGE

REXRAEN G R TEREMT T FMENR, HELER EXpeail e FrG
RREAT T 3. T EERREREES KR, BN A LB URKRARSIEEEFRN
RENILOR, —HUMAEABTR, BAREH AR, —HEAES. RN
TXHREH B ERTRL R R LB
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HARGHEEFEBH R R

3 BRENAFENZHEERELRE

A =4St B X U™ S AT BB, RS TR 4 SR, ELAH 4% CAD
EA MBI R, BRAZERT AN EREURBAHERL. TERE. B3R
FIhE, ROV EER, WATRFREE, RERINE, FAIRESFTMN
A RTATTBF AT S AER TE. S8R RERF LSS5, SHXMERREA
EAZERERIE, BRTE, RGSHRBARSIF MRS 7 E %A IR,
MHFENMRABANA. BE. WHEENEENERE, RAEENEHREN.

3.1 ZHEEREGTAMER

XEIER Pro/E T &R BEN EERITER BT, Pro/ENGINEER H 1988 £
Al BAR, + LA Rl Rk At 57 K b B X 5 3 K 9 3D CAD/CAM 2 4t . Pro/ ENGINEER
A BRSO F 3D CAD/ CAM RATHIbRHERA, TTENATFHRF. VK. A, T
Wikt fik. K. FLAEZST. Pro/ENGINEERA]E &2 H R 3D P2 i FER 514,
EXFFS&EW, TikERERNERIYRET . SURRT. el mTHE. 4
K= A R R S R

Pro/ENGINEER X E M ThEE RFITSHMMER BT, REMIECEERRIT.
mE i, B TRE, FH4AE6. FROFRITMT. SRR, aiiit,. EiF
R I, ¥EmTELsge,

Pro/E NGINEER (U4 E B4 K -

(1) 3D LAY (Solid model )

3D SEAMRRIRR T AT LU A P R T B A LIRSS AR T L BRI R Z
4, BB T R4S H (System Parameters ), i/ EAIBER HHE M~ AKAR,. @R
BHOERVRERDE, T~ R0ELHE, A REREEH. 451 (Wireframe)
MAR. APEFERRIEERES, TUBRERN LES, RIYESH, HRDOTEE
AR B

(2) B—¥IEFE (single database)

Pro/ENGINEER wTRfiET i 3D SE4AMEAI4 2D THEE, W HEsrRITRER .
ARTE 3D & 2D B EAERHBIE, HARXH) 2D B ER 3D LAY B s,
NHE. BESMAXTHESA3MEH, XRETHESENIESYE, HetRREBER

- 22 -



REETRFE LW LRI

#rttE, TR —HERE, RETMENCERKIIER, XHIRBERFSG T
REENb S FFiB R ES T (Concurrent engineering) BAH.

(3) LUMSREVEN & BAL (Feature based design)

YIYAE F Pro/ENGINEE HIF F1 B E S XHFAE (Feature) BEI3R1)), Pro/ENGINEER
WL EUR BRPOBESRINERITE, WA (Hole) . FiE (slot) . HUKE
fi (Round) WA ATHRIFIEARRE, BT RSEERHERZSI, BERT
WA SR RGIE B, hiEEN SR R BIT, ESbrTBER SR EM S
B, FERVAGRFHEEZ (Reorder). A (Insert) . MER (Delete) . EHFEX
(Redefine) FEIEFHE.

(4) %A ¥t (Parametric designy

& B—3IEE, FERHIRTFEANRT (35 SFETREET, B%
CAD BRI R TRETHRE %S, WiHFRTES D FH (Part) R, W20 E
B (Drawing). 3D & (Assembly). #E (Mold) ZEmisik B R~FHHESUEH LT
REBAL, LUXBIHHERTER—BE, BARERTANSET L RGER, HEd
W A RSB K RS . BERNESERNE, A s AR
2EEHR, BUZERISHANXEAER (Relation ), FEEA T AZHE HNAH
SR, WORTZE—BREBRN, HROBERRE.

3.2 SHBEENEITRI BRI AE

SEHERBT, RUSETH. BALWAERPN=Z4RERT. Bd=8H0E
Bit, ALAEAE SRS E. MITRE. shE U RPN ST A — BRI RE
H. ZHEREHANAFEFEAAMSE R, MES=amIAREX.

=4 Rl AP T B SR A R RLHLARE S B SPR L BRI SR R L BB U5 T AR,
FI P BLREMAR R A BE . AR ER LGSR B RERL, E RSB RBIRIN = i D)
REREAT SE PERIVRAT .

BEN B EH =LA KRR AETREN =2 B Pro/E XL
M, HErrdEm (831 Fia.

fE Pro/E ¥, T LM, FERE M SRR BT BN BB R B R HEH
ZAMFIE, BIFEZ RNOA/REEZ SR TEO=RER, i, SEE8 ™0
FRFERBANFAUNEREE, HETREMRER, HEMMHEARMEFIE, U
BEAKRAE, EREFEMERLE, BdFN. ZRAZNARBERLEIBIMMH
B, ZHESEAFER T EAZRDM (B 3.2) Jis:
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HREENEEERT TR

BEENSEZSBEYRT

A Y A
2 iR EER
SN BRAD

Y
RIESM

k 2
FRER

A
TR

Bl3.1 REieFE=4RRtdR
Fig.3.1 Sintering machine trolley three-dimensional model design process

B — ZEE

o W’

R - B
Yt g B

Bl3.2 =HLAHERTER
Fig.3.2 Three dimensional entity characteristic establishment process chart

LR=HRRNE—NERTRE. BAREREEN, RERHIEE, NERE
BREXRZ Go. W) , BERRFE, BEHEMHEERER,

_24..



KRR TRF AR X

3.3 ABTHEE

1E Pro/E A PR FHATHR, T4 RUSFEREREER, mifidh G, 42
fl, Bifa%%. ERFERBGHP, A4 “ETFHLE” M “EL@mTF” BAAFRX, “E
TiliL” REHZM, RELEILERARER, BRERE: “EETT” £E—
SERRCORBIERE B, I CERD 1%, L ERRER ) AL AP EERS
. X “EFMLE” Wt HR, Pro/E BFh EBEALIT 4 ML XXX F
TR RMOE / BB BEHOE / BREDIR: RN E / BRI B
/IR . SRR 3 RAHEMI A RAE B B2 B e IR AT, 55 4 FAESUERT 3 4%
M BUE #EAT

WAHLE FER M FRTHMMALAMR: AFEE. £, T, i, FHEA, BR
i, BAREAERE. HPUEER %L EREBIRE, TN 4EE6%F
Rl .

AL CRE ¥, FEET R TRRBIT=RER, BEEROER.
B CE =R, FOE CNERT , “BEFI R “EH)” FLAMIT=4ER, BE
AR =8R8 m (8 3.3) FirR.

1
JUN 4 Z00%
BB NN f 13:142:27

AREAD

Model taiche( through pro=-E )

3.3 RAHNETF =g
Fig.3.3 Sintering machine trolley three-dimensional model




FARLNEEEHE T R

3.4 BRENAEMEMRE

Rl Wi BEMA R R R B AR R . 7 Pro/E 5MFF, YHABHCLHE
Bt G, BRI A ST EER. NERRA “ATAT” S&XA “4
JEiE L7 MTE#ATHRE,  Pro/E MEELA G H MR, KIBERMRITE. R,
ERELETHTHSEETERE, SN RITRFEE, —BERESRRTERL
EARE, WEMEMNGEDRTETEH, BELRERNBRESMHNRIHERT
mENFE, BATH ARSI RIRSEGERTE. 85, ¥ agimi
rER, SERE. 98, 9. &%, BRY. BEHR%.

RS AR MRR BEAMR, EEERHERTEERNERGEE
R, REREERELTHAERE. BEUERSHTERIARNE, B
AL R B R AR HE B0 SOR SRR, iR ISR 0 — M B T R ) SR AT —
MERAEFR, EZRBRIRGTE L, ST ANRERE RIS ERA R K
Eo FREUFMHIUAFE (K. & B) KILAARXRETHN, FEARKEE:
VT, BER. ER. AU REETR. £ERY, KESNAEES4ZENUTA
KRR BIEKRER, LARTENH, RHESETHERRER, SARFELH,
BRHREATE, LA ER HAERACR MR AT et G W& LB RS S B
RE. JUTRR, BRXR. FHRAREMLERE. K5 URTHERGERE EHE
BeATERRL . FIREH GRP) BP8. . B4 GtAE. 4%, 350 . Al 4.
AT YL R RASRRARKR, Bdn S R NERARE & T
HEBHRRE—R. #ITEERE. £, FREERN, HAAERAE, HEe%E
. ER. ERETRAANIKEXMNT, RERCEFEE, BRERERESEER. &
B MR E X R RE B X RBITHRR. RENEEN=FERBRNLE 3. 4.

ERMNBTRRRTAE, FATERETAMERAHTTERE, RRER
ETHR%, BRRAERNECEY. dTUEY, SHSSLERE, RENEGE
B SHESRETUNE—RFREERRTRUO=ENEEE, NTER CAD
gk, A, BEIRA KR, EWUERRAE> G TESBP A Es KT
R, SETHREHHIERAY, MEAER. E. SBEER—KRASBINER, F
RHFFAR T Bt Bl AL o
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KT T R0 X

3.4 RENETZHERH
Fig.3.4 Sintering machine trolley three dimensional assembly drawing

3.5 AB/IG

FIH Pro/E Z# B KA ERBEAH G EFEFM =R BAFHEHRRC.
B R, #1777 FUREHFRRRITSEROGEYE.
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WA EEFBE BT R

4 RENSEERMBRTSH

REXN T HRBEIE ESEAHTTRBERE - REKEERNERA T,
BIRSEL SEIBELI% ME D%, BHN%EBFNERAKX. HENSRITRATE,
BHERESTHMRA, BERENRERERIHIEPRE—NER. R, &5
FEHAHENAR, BTFE2RTHARLNE B, SR EEENRISEEI S
FHERRSE: TERTARK, FREEFNEFRAKNEZLES, AeERMRL
WP R FHEN . EIT A BN G AL MBI H 245 R RIS AT E B4
Br. BRI HRTREOEREFREBIBESIEASTENIRR. IHERENE
ERRIT AR, TEREBAREAL, BAFIREY; REBUBENITER,
BT EFHERE, BRRR. ATFERSFBEATEUALHARE, BER—FE
BHREEE 4B EXETHRPBENOFT ORI TIE RREBLFRE, B~
RiR. TEHE RITESE SRR, 1618 8% SLBUN & AR BARRIBERIRE 3 3477«

4.1 BEFRFRITEBMNETL

ANSYS FEFFIRAL T VOF 4 BB Y gk,

(1) BEEEXMHEETERE ANSYS BEREOEECIRY ANAT, BEGER
BB, RAEEREN S, TREHBENMERIS . SFERLETRBAGE,
T B EGEPRE RH HE GEWE M4, Smart sizing ST ABWARRMER , 5
SMERER BT FERFEEMBRRSNE AR, EESH DS,

(2) AT ABER BB REA. KB, WREMRKLAEEE, REF
Fi ANSYS Mis%l4r TRXILETMERS, ERTRMET, REABRTHRTHELY,
SHFREREEROEE, RARMNZSLEERTESE. MEETHEA ANSYS BFH
AR ThEE, H EEMTERTET SR BT, AZSERRRSE.

(3) M CAD REGHFALBAER

ANSYS BRAARRMRERETSARHED, FHXSED, APTTLUELE CAD
RERIILAER Y —E RSN ANSYS HAT 4. SANERERZREERTE
FFfE A R R ER.

(4) M CAD RZH FAF BITHER

%I BFI A CAD RS RIS H MRS, Bsek SAEBEIRIG HH RTHEE,
RIBEIT—Z R BAZANSYS . S AR ANSYS F A RTEEEFAZ G — KT
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KR LRl PRI

REgRBEMEE.

HTERZET LM Pro/E RAFEIE T HRE SN =R AR, FLUXERA
BN EREBPGHE EFAREA TR, SEPATERLE X . Y 805 M %
iR, mAERSEET, 6% LRZOVMARERIMMNIRNG, SFEAKNERE,
BR#A ST o2 AR AR . IXHE, AU ST M ST IR TS R & E4 A
PRI J) B R FR . AT RS RN, #THRAE AR, ARRE
EHMNSZ KRB WU, W 4. 1 FR.

h D LoD
JUN 8 2003

TARA 10:32:15

Model taiche

Bl 4.1 Re4ibLE 4k ANSYS 43T LAY
Fig4.] ANSYS analysis simplification model of sintering machine trolley

SR RHIERBESR, PRRHENE 4.1 BR:



WARGI S EEATRITMT R

F4.1 BHEBERMEESER

Tab. 4.1 Handtailor modular cast iron materials behavior table
PR (Pa) ERlE FE Ke/m) &K RE PES R (w/ne C)
1. 48e+11 0.3 7380 1. 22e-5 39.2

4.2 1EBRBTTAIMERIRAR

RENEEBRABGEN, ARTEENERALERT. REMKISRIEEH,
A ERBEBI VIR FrolxX Ei%FA ANSYS $R4tH Solid9s BT, BER—FHEEE
f 3 4 20 5 RSB HURTT. Solid95 ML R AR BT HBL S MEAR, BEX
BERETEREEHEEE R, BIENEHRRAAY. NHS AR
FHER . Solidos HHAMMBRR, ERATHEAUANER. BMTRABRTRYE
BREXx, v,z HAFEH 3 AAHEE. Solid9s BiEEE. FE. Nk, K%
FERMANAEIRE. X 20 FWAMLARETRUZIKEEESMBER, ELfktER
TR, HEWRALZE (R FEETEEW, LEZHFUBIHL, Hit
RAE T Bkt .

4.3 BRENEFEMBE S RARS

HRRIT IR BRI 2R ANSYS SRELH M RIS TR (Meshing tool) Ri#iT. XE
AT MgRIS TRFHE RS TIR, BRI BESRA 6, RNEKESEL#E
ITTSREKERN 0.03m BT, HMARTEA 6 @ 20 154K Solidds =4k
Bit. HETTH K 264120, W EHCH 405962, WA 4.2 iR,
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WRELNE F R RTMT ML

F,— 8§ EAHAERMNBE (N
F,— & BaELERRMMEN (V)
F,— & FEhRARERRMBEST (V)
Hr: F, = yBLH
y—BRHEE (N/m")
B—EERE (m)
L—E8EKE (m)
H—HEEE (m)
F, =¢BL
g — EHRWEERE (N/n’)
2) EEKBHEREN. (N
BEAHE, BERBEERARTZHES 1444552, FRENFTZNER
137971Pa.,
Q) BEKRBEEMIH
SEABBRE T I, REARTBY EERBRANERS, Hl, 8EEHTS
FEARKEAN S, TRBSLIHKRA, BEMMESEARARES ARERE. BINED.
BENRE.
BEEETENMNEEERLIER, EFEFEREEERET RERYLIA,
BREEEA—H. LEEM M HBEN: :
T(z)=az* +bz+c
¥l & EA EREE (11=242C)  FEEE (127200C) MTHEE (157185
C) HHRALER, RHEETREEE Ntk H T(z)=336.0222% —143.8172 + 200,
BEAELIREMTREMEESFWE 4.3, B 4.4 Fim:
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RIERE LRl AR Ar8 3L

B (m)

BRE (T) |

0.20 ¢ - T a%iny
017 — 0341
014 e ——226.7 _e
011 1219.8
£0.08 | s : 1213.6
0.05 . 1208.0
0.02 1203.0
0.01 1198.5
0.04 . 2194.7
0.07 —191.5
. 0.10 ; —188.9
' 0.13 e e e e e e 0 A
'] 0.16 « —— —1185.5 f
;: 019 « —184.8
1 10,22 «© 1184.6
‘ 0.25 ¢ 2185.0
L SEERE sk F

4.3 BEKREFHHMELE

Fig4.3 Trolley body temperature distributed diagram of curves

YL ALY
BODAL SOLUTION AN Y}’
JUN 5 2009
22:08:03
i84.612 158.451 240.131
191.552 205.431 219.311 233.191
File: taiche

4.4 STFHRESHZE
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W AReLTL A AT TR T A

Fig.4.4 Trolley body temperature distributed cloud chart

4.5 BEEKNHITE
(1) GEAYN A

WU A B 20 B N 204 PR TR ch HEA T8 2 i 5T, B 3G SRR
FEE AR S BT BiR:

s 4 AR
NODAL SOLUTION ey ANSYS

JUN 6 2009
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Fig.4.5 Trolley body mechanical load distortion cloud chart
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Fig4.6 Trolley body mechanical load stress cloud chart
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Fig.4.7 Trolley body heat distortion cloud chart

- 36 -




KR T RS20

FODAL SOLUTION ANS Yo

STEP=1

SUB =1

TIME=1

SEQV {AVG)
DMX =.007326
SMN =57822
SMX =, 508E+08

57822 «127E+08 «254E+08 . IB1E+08 . 508E+08
« 640E+07 - 191E+08 . 317E4+08 - 444E+08

File: taiche

4.8 BEAANNZHE
Fig.4.8 Trolley body heat stress cloud chart
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Fig.4.9 Trolley body synthesis distortion cloud chart
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Fig.4.10 Trolley body synthesis stress cloud chart
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HARENEFESE T R

£4.2 BOBANHETRIIR (. Pa)
Tab.4.2 Part biggest stress according to node tabulation {Unit:Pa)
YRS BORERN ) SEQV B—ENS S, BENS S B=ENS S
4158 0. 46340E+08 -0. 39162E+07. -0. 13169E+08 -0. 54112E+08
6551 0. 30296E+08 -13130 —0. 34441E+06 -0. 30473E+08
7731 0. 34489E+08 16779 -0. 12855E+06 -0. 34545E+08
7888 0. 41684E+08 -43817 -0. 16789E+06 -0. 41790E+08
8037 0. 40430E+08 -33785 -0. 19028E+06 ~0. 40541E+08
8093 0. 43729E+08 -31555 -0. 17104E+06 -0. 43830E+08
32930 0. 51212E+08 -0. 99019E+08 -0. 11023E+09- -0. 15491E+09-
67998 0. 37390E+08 -73692 -0. 16840E+06 -0. 37511E+08

HETHIESNRB BB AWM S HAES 32930 MA, MAEN 51.2Mpa , /b
T EEARNEREE 300MPa , HIBEMERK, HMFESF—SMIKES. BNS
ZETUEL, BREFLWHEREER, BRBNIEPUEHAE, FBALZLER
BERBK. BEFEKPLTARMEKMER, EEBRESFERTRMN S, ERXEHN S
KKHEERT, EEERATERTRY XHHGNFEERNAEFBUN, 21
—EEHRREE, RIBRSUBRRNERT BUESENR, XHUESIEEERRIE
FERR. I THNAETREREFEANEFERRZ —, QEREN & ERTEWR
W TAEF, EEERFENNEFEAONAEF ZEBEARFHAREHE, RE
B, WMRBEEEREFBIR, EXKEEAEN.

4.6 XSG

AER Pro/E HFRIM WAL EEERNZHET R ADFRIToTRYE
ANSYS 1, RIE & EAMEER TR, AN T B AMARNEA. EFTEEN
P A B TO X SEAR R R AT T R0 . FIFIERICIRME ANSYS ¥ G ZEAR#EAT T H RITHHT,
RETNARZRRNAER . HRFEERITHTHILER & EREREHIT T RZ. &
EAMKERRAFLBEEERK, BREFESE—SRAKES, XA T-EHMKL
Wi TIEIT T2t
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RIEBE T REEN AR AR

5 BEFNSHRLSTRESH

BRBHTR. BRI, UBEHRARIURIFOMER, REHT—EEXR
6 B 4% . FHERACET R B B ARG S T B AT BB AR SR TR i R A B A
BHHR. SRR R IR RES FORTRIFBLET, IR RNESE. LER
SRRRUTERMOME (LF) HER, UPRAZHTIAE. BENSFHENRL
X%, BRERHER, B EARREMARES, H4 E ARSI R EN—F R
Fik. FIA CAE WEAFR—HRITESRUBERIB - EEIESER, XL
WHT TEMTA BT R ROERE, BXETE—SRILE, NG
TR B SRR AR, BEX— BT IR AT RANRIE. HEHEAR
Forbw R R B H 1P, |

ANSYS 1A —3K 2 St A MINE BTk, FussMng Mg g, B
KL R IEE AR, itk ANSYS SAFRIBHE 4 5 A 29 IR 2,
HERETHROFRFR. ANSYS B TRESEHBETRS, BRET ASRERME
FR, o, FERET—FHAES AP, HFHAETHRESHFEE, HEHFE, X
H ANSYS $04T . A BERUHE B IR R ML & E4E R T AT I3ERE |, FIF ANSYS %K
EFTARBLRY APDL T8 5 3L M AT ARG Bt o

51 ANSYSHiit[REBEHRILA*

5.1.1 HAUITHEFER

AR B/ AN, TR, BRREMARESF. ERRIHERE, #iH
BRERY, SEAREGRE, EUWBERL R REEEER, - BRLRES
BT HIR: EFHESEHREST, BIELHEITEER X, FHEFEE FOXO
EHBRE (BARBMED  HErRiin? &,

BE nAMRHER X =[x,x,,,x, [ » HF XeR", EHLAREMH

g.(x)<o0 u=12,3,....p
h(X)<0 v=123,....q
MM, REFEEFX)HRME. B
min F(X) XerR (5.1)
s. t. gu(X)s() u=123,....p

h(X)<0 v=123,....q
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HRREEEEFH BT R

ERABIHOBFER S, £ FO) | g0 hEHRRITZE X LR, W
EFAG BB T BEMRIE P LRI E; FEMNALR X NErRi, WET
BEMRIEF R LR E. 53K 6. D) FH p=q=0 &, FATXLRMIRE, FNHK
ALAFRMAL R E .

5.1.2 ANSYS mtifk[EzE

ETHRTERM LR RS R B SR AT EIEF R
b, HUgAR. B S5RIERZ RIMXRRBLERME %, MBHHE
MERTEABRMEM EHRERRERR,

N FRBEREHNFRITERR G, BERLERRBRARBRMATRERIE
WA, ANEZERATRN. R, A THERTEERUTESSRE, BHsH
BERRBRNARBEN ERHEERER. Ak, TURAMERMEHTE AAMERE
RERBRARBHAEURSRER. 7 ANSYS %4+, BRRBESARREHIRAR
Ok AEAEANBEHELTE. &

H=%+iqm+iﬁ}ﬁm, (5.2)

3T B 4w e BOR A R R R B A B b 3, B I B /D TR E R E R
ﬁ aiﬂl b“c Eﬂ

E? =3 WO - gOY (5.)
=1

AP n— BIRBRHER
v — 5% ARHERERMHNE
W) —BERTHEEHNE JARITEER NN A1
HO — i B 5 AR RARNN A &
REBDS_REE, RE*HRME, BENHEAD:
oS
6—0,.=O
oS

iy
ob;

iz R, R a. by, BETBASHEANERRERARES. RE, FIH
BT R, BRI, FAIRHH HIRREARE.

(5-4)
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KEE TR EEA AR EAALIRSC

5.1.3 ANSYS gL A%

WAL TR R — R — P — BB B, ZIERR R R IR Rt
BHCHEAITH, FIESHTE RIS R TR BORITERD #AT S, REBBRIT.
B S R E BT RIS B R B R IE IR KMOABIR A A S E . ANSYS
S T BRI LB RN F RO AL - TR R B %, TTLAIE R
FERMTRAE; —HrEEIET R RBUE M ERS T RSERE.

TREARAG B 1 R — A A A SRR AL )RR, o R P B R v (SUMT)- , 43R
Bt AL i B AL 3E 20 3R 0 BB AT SRR, BT i R B H AR R BAATRE R A 51
, MARENNRSE. BRRENSRREEET R M R4l (SR4H
B RETM. ELRHE—EFLRR. SR — RIS BRI .

— B it R X B AR BRSO 0 5 . SRR A 1R R A S 2 AR AL B,
., MR BARR BRI — I R S RIS T AR R
A, ERFMERBEF W 75U, REABEIE (BAHEERI
FHIEE). RAEEEF M. Bl SREREET—RINTFRNA (BBEEF R
B Ak, BTN FERARENSHE, FUERREERENNS. ATE
WERHRRIFREH, MR EERAENH k. |

5.1.4 ANSYS B L 1B

R ANSYS B HEAT AL B, BHEFEUT LB R, XS BRyE A 5k
WAL T EAR R A BT AR

(1) B RER,

2) A BEARB RT3, UL ABREEA SRS, it B0 40502 L
T4&M: Z2HILBIIHEA (PREPT); Ki# (SOLUTION); REHIHEARETE CREE
B) MBERES (POST1/POST26) ;

(3) FE ANSYS IR FE B B L 5 AT REF M SH . X—FPREFHENM
%, EARRDBAN (BEGINH B OPT) ;

(4) HEA OPT, #gEHHTLH (OPT);

(6) FHMNER;

(6) BEEMAL T HBRMI TS

() TBERABEHREH TR,

(8) BATIRALSIHT, HEERMUIREREEFRIFIER (P MELHELS
$ (POSTI/POST26) .
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ANSYS RRAL ISR E 4. 1 BT,

i ALERAIKAA, ARERIN
BER, BREE ARAEZIN,

|

ARAAH

REGTHRARAARTERR
AERHERAKAL (o 1gw)

EXafif, ZARTEES
RALE, 48 (ropt) X 8.

Yrakek R UL, ZAEL.

Rt g

Bl 5.1 ANSYS AIfRfbit#2
Fig.5.1 ANSYS optimization process

7E ANSYS AL R, RALAISHORTTLAEHIN, BIIRLE i, a7 CABEE & X
MBI T REMBRCHENRHER: TUEBRITRR. AREBHHFR. BB L
REFRSKRSOERE: EETUMNERARRY, REEETE. REAHRESR
BIBIRRE, BB RORMBURFEALHT T . AP MRBHT ANSYS , MT—
WAB AT AR (RESUME) BSRMIBIERE . ANSYS F2FP AT LAE BT I 45 R BB R T 2K
DEEH,
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KERT RN AL B

5.1.5 ANSYS S {LiRiITIEE APDL

HATERTATIRREE R R &R REEH, RENRRER, BuRkEs
REPEVEBLRI, BARLAXTHE N UARRAEZEL RS R, FHIS4EH
HAHEE Bl 2 XA 2R B R,

APDL 8 ANSYS 2¥({bi% 1B (ANSYS Parametric Design Language), &AM
RUET AT LREAN D RERE RS T LRESRIEEE L. X8
PURE 3 AT bR vE IR 52 o APDL 18 5 A IF B 240 B8 N 7 2B _EXHERT R T 43+
WA B A EEIR, FlR<t. ME. 8. ARMERNEEES, APDL 58
THERFERITOEEZIMOEES, T RTERZCEARERBENR. 435K
B, BB R iR,

SHRIHES (APDL) R HE LT FORTRANTT R RIHES, ©il11000 £4-
ANSYS S S, HHRFRIHESRESE. BAUARERX. B, WEEh (EF-
543%)  EERTL. 5. EUKBFERIE. _

APDL BT #8scBRMIZhRE R F UPF T3R5 F UIDL, XRBIT=% B AME S ARERK
f7 UIDL FE 4 H] GUD FE M &R KIF R Ak, B RS SMED>—L8, APDL 7]
PRE ARSI RETTEN— AP ET R, HEEERK. UPF RETTREE R X
FRIE, midmgsaon, SRHERERTH, SMESER%, B UPRERSHR.
THEEBD T APDL @4 R EALHILINEE. FRERAIHAEZE UIDL P RTHRA APDL 674,
KM LB R 2 GUT —IRIF R LA

APDL ER—MRBHIES, RAXRBNTERE L RAERN—FHNEAESEEE
TEAFHEHAZE: 1) TEE (2) 38 3)y4%.

APDL 3B 5 2 ANSYS B MR B, 'BY B T ANSYS 46456 MR T/ Hric B 2 Sh i
BN, R RTERKZE. APDL BEEATEEHYE, BEaSHEH. S5, RH.
if-then-else 3. do 13, EURGE. REMEENIRIES. FHRXSRME A
PG — MBS AR, FRFERENNAGENRERRBE.

5.2 1RENEERILTIE
5.2.1 B TEMER
W R ERZWEITRER R ITERATESH. Rt ZENEE KRB TR0

HIRE. —BCRE, B RENEERS, THEERMTRES, RIHBRE, ERE
K, KRR, MR RROKESD, RICRBESR, Hik, EFRHZER
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WABEHLE T ERA R R

DR, N MR R ITA 2 R80T L PR BT R B AR
Wi L fig B B 2 HE A SRR, JWESHER R,

WIS EERNERMNZ IR, EMEEEQHAE, REEE, UERMERSE
IS HE R FRGRRA RIS ER, WHE 5. 2 BioR:

1m.\s AN
JUN 10 2009

e L3 15:47:47

)

oy

L2

oH

TH

< [

L1 ki
[1-9

€H

SHAPE OPTINIZATION OF TAICHE

5.2 AEFRARER
Fig.5.2 The trolley body optimization design variable

X =[X,,X,,X:, X, X, X, X,,X,)=[H,,H,,H,,H,,L,,L,,L,,R] (5.5)
A H—R& R+
H,— B2 b FRE R~
Hy— BB T RERELART
H,2— R T R B AR
Ly— BT R % R
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KIEBTRELA AR

L—BRMH BERT
Ly— R BRI BT
R—HAR B3R 50516 B 3 R~F
5.2.2 B#rEBMEL
B RSR U RERR R R EERMEF R AT RER, Bt
REMFERR. £, BIFRBRA TP & T RORBHIRE, FrElp
AR R B VBT, BRRSEE B RIHERDRESL. ERGHEEAINR
B, AR LARIES M AR, FTLRRE. RIE. EB. MR, AR
feh%. EEERRRARD, MBLHFHR, TURBEARKNERRE, WTFHR:
(1D UEFHRERABMEA BIRRE, ERZRENRERNEGTEREEEN
ERERR;
() FERIESEAMNIE, TRETUARERER, REBRRBAZETAR
EHER. Eit, THEEEEETAZBERNY BIREE
(3) ZERALE RS, AU KA R F R B s R BT, B, E—PXA
EERRENEFRE, DRENEETMEVREAARBE, KUEMERENE
EHLARS. BlE, SEGANEETARBERRHEEMERER, FF—EHEE
HARERRERD. B8, Ei—SRAEREEENER £, BXEFREMLAR
R, BAUEETNREERDPABREY, URMLERN G ERERERAREN,
REZERLMHTHRESRERERD. WRBMER&E M & RHE.
(4) XAZBHFEY WEEANEETARVESERS, AUIXANNAE
A RBEHBRAZE— K BFRREUS, A HE7E ANSYS FHETIRAL . AXURENEEAEK
HEER/MEABFRY, HRELA:

min f(x)=HT =Y p.v, (5.6)
e=1

AFWT AGEIRNRE, p, HETHEE, v. HRTTHAFH.
5.2.3 ARFHHWE

TERAL BT, R RRRUERN MREI R AR A LRSS AREFHETAUEY
RAAFAR,

(1) #HHAF

AR AR . RARIESHOEM SRR T ER TR ILHI LR EA
BEARMRAREEL RN T HWHRE. REREEHER.
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WA S RTO T R

OBEAR: REVNEFERKAHTRBERGR. XHMENEERARTFNN
YRR, PR Sh, HEMERD, B, NEERENSRFHREGEREN
W, B EEEHME BB, XA RN . FETREBFRK
PRAERE, WMTFRPR:

F#5.1 RBEKONIRERE
Tab.5.1 Modular cast iron mechanical property

BUb e Mg WAt
Oy (Pa) 0 0.2(Pa) 5 E (Pa) B
4. 5e8 3. 0e8 % 1. 48ell 0.3

ST B, —RINELARYA 1.5—2.5, B4R 1.8—2.8, HEXNT
KRBESIREXFRMZRME, FALERENMK 1.2-1.5 . SERERNA:
300MPa , BT EEANTIREBESKERER T ELT . BHEEY, W THR
4, XBWEZAREN 2.5X1.3=3.25, AN HH[0,] =002/n=92MPa. XI%i:
W ITERITANE, BRNARKHT A, XA SRR R, MY AAH
> Lk '

Tms_1<0  (i=1,2) 6.7
[0'-1]

ORIEAR: XE & EREEREF B EREELKOER, UURE & M 8 hiE3),
MU EEREREE T AR AAREYE, BAREFGRER:
%’i——lso (i=1,2) (5.8)
AF Oimax FEET R AR KRKETH W ME HRMAE, XEE Smm.
ONNEFRBAR: NAKRBEERAINES, EEEDERRTIRH
F, kO, LA, Wi, B, REETRRNARS. EXET A RRERTR
o, WATRERREME N B4R EBHENE. EXEEN AEPRT, MAKEX
B 5)UETR, mBEHHTRREEERN A MRAGE X, BTEFBRPEXHE
H, WP AR R A E KRR, RENEBRERNREATRN, AXTHH
VWM, BEEZHM T LE, XETHY, BNAEPTRAETIREEENH
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KREETREEWERLEASC

R ERFRTE 2RI BN AT, TR EERNIETRERER
RSB HITRE . FEN AT AL, BANIE Onax SHERER N 0, ZH K BT X AER
MAEDRY (FHRNOETRED) , RRWF:

a-max

K, == K, o Tom (5.9)

n, n

RAS Omax T Tnax RN ELEBATER T ERFER BN Sy - AT R S %
HEBRERTETEEE, BATREEE LR T LR N EANHENE. oA,
G FRAREN NEAL XN S, ERAAMEMN LA, 3 ARBET B
—f]. ERNTHENNAZMRGHBREERT, FRNAEPEWHTHEBFEN,
RXEBENASAEFREBHIIUART OEERE R EE KL TARBERER, &
FREPERERN T, EXRRNIHKPERT, FRERTOFEEFTREL X
YN T EERNNEPBAN, 2T —BREREE, BYREURBNEEY R
EEEHHE, FOESIREERIPREERFE. BTN AIEPREREF RN EE
HEZ—, WERTNEEH#ITERRUN TS, BEERFENNEPREHIN S
P RBMEARPRAREM REBHEE, ATTREEEMEFBR, EKEE
Fidsfr. MEWRTABRTHTEBBNABRRON R, XM RBARN S S5HFE
B2 N I EE A AR REESHI A, MY AAREH K-

1<k <¢, (e=1, 2) (5.10)

Hepk, =";m v Oumax AEERT EABKNS, 0, W8 TEMF=EN HEPEENF

n

BN S SXNAEPREMER ¢, ATERLIEPEBEERMNNEFRESE
BRI, BUENAK THIGBETEERPHNAEPRE, XER =33, c;=2. 4
W Oimax B b REZ BB BT 1 HUBREH MR R TR 2 FHURE SRR A B
ESEABEMER.

(2) WHRAK

URARXFEA X BARSHBAR, ATREENMRHZERLGEREARR
ZEIRHEN KRR, BERTIBRWOTER:

Xopo SX, <X, (=1, 2, =) (5.11)
N TFEERERENT—RITZRELRELE N
o X SH <X,

X, SH, $X,..

i
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ARG EEAT R TR

X,

imin

Ximn

<H, <X,
<H, <X,
Xiia SIS Xy
Xiwn S Ly S X e

Xxmin SL3 Sleax
Xy SRS X,

5.2.4 ABFEMKLGITHEFER

Za EROMER, E#TEERENRLEHZ A, BAERERMSEHN
R, SHRCERAE=/rE: PR EEEREENAREE. 854K ERE
FRALE BiRREFRIESEARBRE. RIERNHEFRENEM ERERER, SHe
EARRACBCEER

min F(X)=WT (5.12)
AF X = [HI,HZ,H3,H4,L1,L2,L3,R]
LR EM: s t. ‘

-1<
[O' -1 ]
51 max

l]

k <c,
<

<0 (i=1,2)

-1<0 (i=1,2)

1
Xl
5.2.5 HILAZEMEERRMALLER
(1) AT R RYIEER
PP EEARBMERTH, ROl RNRE S, MAERALNAHEZLK,
HBFRBENAREENFEERGRE, HRIERUTRORAET, FCRRAFH
TERITRACK AR . HERLRTX SN RBETR— B0, O RBEHEAT 7,
B A MR SZEARTYE X A Y 3007 [RAR, BT DA N P SRR R v BRI A T
Z—#AT BT W 5. 3 Bis:

Xs&
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SHAPE OPTIMIZATION OF TAICHE

B5.3 AEMMLEIT=SRR
Fig.5.3 The trolley body optimization design three-dimensional model
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£ 52 FiR.

- 5l



HRBEHLE A R R
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SUB =1
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Fig.5.4 The trolley body crossbeam displacement value before optimization

NODAL SOLUTION AN

AUG 9 2008
PIELeL 20:13:20
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TIME=]
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Fig.5.5 The trolley body crossbeam stress value before optimization
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NODAL SOLUTION AN

AUG 9 2008
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U8 =1 23 20:50:14
TIME-1
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Fig.5.6 The trolley body crossbeam displacement value after optimization
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Fig.5.7 The trolley body crossbeam stress value after optimization
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Tab.5.2 The trolley body optimization in the process various parameters change list

2 e AL & RGNS BTAER

SET 1 SET 2 SET 3 SET 4 SET 5

(FEASIBLE) (INFEASIBLE)  (FEASIBLEY (FEASIBLE) (INFEASIBLE)
DEFL (SV)  0.35594E-02 0. 53869E-02 0. 27274E-02 0. 35629E-02 0. 50666E-02
SMAX (SV)  0.65536E+08 0. 17560E+09 0. 85790E+08 0. 63010E+08 0. 17578E+09
K (V) 2. 9689 3.8534 1. 1420 1. 65030 1.6119
H1 (DV) 0. 44000 0.51179 0. 41727 0. 43244 0.50911
H2 (V) 0. 40000E-01 0. 38716E-01 0. 34609E-01 0. 54684E-01 0. 28547E-01
H3 (V) 0.40000E-01 0. 36640E-01 0. 48782E-01 0. 43950E-01 0. 47768E-01
H4 (DV) 0. 20000E-01 0. 21924E-01 0. 20821E-01 0.16509E-01. 0. 22136E-01
L v 0. 60000E-01 0. 60751E-01 0.63903E-01 - 0. 65441E-01 0. 61816E-01
L2 (o) 0. 18000E-01  0.81957E-01 0. 13700E-01 0. 74551E-01 0. 13634E-01
L3 v 0. 75000E-01 0. 10100E-01 0.71946E-01° 0. 34127E-01 0. 72356E-01
R (V) 0. 20000E-01 0. 19179E-01 0. 13373E-01 0. 18546E-01 0. 10659E-01
MASS(0BJ)  218.80 255. 55 180. 37 241. 62 195. 76

SET 6 *SET 7% SET 8 SET 9 SET 10

(FEASIBLE) (FEASIBLE) (INFEASIBLE)  (INFEASIBLE)  (INFEASIBLE)
DEFL (SV)  0.30869E-02 0. 17141E-02 0. 46231E-02 0. 12108E-02 0. 14515E-02
SMAX (SV)  0.74937E+08  0.82012E+08 0. 10097E+09 0. 10805E+09 0. 68132E+08
K (V) 1. 53332 1. 37443 1. 55136 1. 47487 1. 26740
H (V) 0. 41329 0. 39588 0. 47932 0. 36653 0. 32418
H2 (V) 0.50288E-01 0. 26788E-01 0. 36964E-01 0. 52212E-01 0. 45722E-01
H3 (DV) 0.34542E-01 0. 25674E-01 0. 47457E-01 0. 34369E-01 0. 45649E-01
H V) 0.21142E-01 0. 19656E-01 0. 23646E-01 0. 19855E-01 0. 19758E-01
Ll (V) 0.65504E-01 0. 60954E-01 0. 50240E-01 0. 64098E-01 0. 67097E-01
L2 (V) 0.20074E-01 0. 13358E-01 0. 19252E-01 0. 18027E-01 0. 13189E-01
L3 oV 0.66935E-01 0. 65981E-01 0. 75037E-01 0. 78863E-01 0. 71991E-01
R (V) 0.27380E-01 0. 28974E-01 0. 14172E-01 0. 37025E-01 0. 16700E-01
MASS(0B])  228.90 150. 79 235. 72 214. 66 166. 52
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FRANSYSTHER Fik, BIFEABAMAGET R, BLT EEEMERRLs
W SCAERMRAL RIS, I BIANSYS AT IRAL T, it 10 TEERIEAR, JLiEAF
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s gL
Wit ht: H2 Wik H3

- 55 -



WRABEGHLE TR BT A

(x10%*=2) (xl0%*-2)

2.5 7

Z.4 6.8

2.3 6.6
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B 2.1 6.2
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2z 1 | [

1.9 5.8
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1.7 X | 5.4
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: 2.8 4.6 6.4 8.2 10 e z.8 4.6 6.4 8.2 10
1.9 3.7 5.5 7.3 2.1 1.9 3.7 5.5 7.3 9.1
Set Nuxber Set Number
VL L
Wit/ He Bt . L1

(x10%*-2) tx10**-2)

2.3 8.78

z.2 8.5

z.1 8.25].

2 8
1.9 7.7%
L3

L2

1.8 7.5

1.7 ?.25

1.6 . 1 7

1.E 6.75

1.4 6.5

1.3 6.25
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1.9 3.7 5.5 7.3 5.1 1.9 3.7 5.5 7.3 9.1
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Fig.5.8 Variable change situation diagram of curves

Bl 5.9 4 TRAZMMN Y SMAX, Y [ F&Kf7# DEFL. M AP R K UK
H Fr R HUR & MASS BT R L thk .



JOER TR R R

4 o
2.6 262.5
2.2} 250
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Fig.5.9 State variable and objective function iterative process
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Tab.5.3 Reference design and most superior design reference table

witZ&ft  Hi(m) H2(m)  H3(m) H4(m)  LI(m) L2(m) L3(m) R(m)
Mt 0. 440 0.040 0.040 0.020 0.060 0.018 0.075 0.020
B 0. 396 0.027 0.026 0.020 0.061 0.013 0.066 0.029

X 5.3 FrF) i (P4 edE, 5] A ek HOR H AR ek S F
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VIR E: HE.: 218.8Kg
PUBER SRR A ERA TRREMNST: 65.5MPa
PIREHR SREFHKAER TEEF ABXAB: 3.56mm
PIES S REEBRESER TR EPRE: 297
MUTE: FE: 150.8Kg
PURER SRR SR TRRFRN1: 82.0MPa
PREH SRBEHREERTEEF ARXAMB: 1.71mm
PHER SABRTBEERATNAEPRS: 137
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ALK RAEE S . TEHEERAERETRMBRRDER TREEERRAE, XX
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FHREHRBETHERANSE,
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FINISH
/CLEAR:
/FILNAME,TRY
!
H1=0.44:

=0.04
H3=0.04
H4=0.02.
L1=0.06.
12=0.018
L3=0.075
R=0.02:
¥
/PREP7
ET,1,SOLID95
MP,EX1,1.48E11
MP,PRXY,1,0.3
MP,DENS,1,7380
MP,ALPX,1,1.22E-5
MP,KXX,1,39.2
K,1,0,0,0
K,2,0,H1,0
K,3,L3,H1,0
K,4,L3,HI-H2,0
K,5,L2+R,H1-H2,0
K,6,L2,H1-H2-R,0
K,7,L2,H3,0
K,8,L1,H4,0
K,9,L1,0,0
K,10,L2+R,H1-H2-R
!
LSTR,1,2
LSTR,2,3
LSTR,3,4

KBTS W ERTEERAL

SFKF ) APDL L2 F
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LSTR4,5
LARC,5,6,10,R
LSTR,6,7

LSTR,7,8

LSTR,$,9

LSTR,9,1
A1,2,3,4,56,7,89
VOFFST,1AREA,2.5
I*
HPTCREATE,AREA,11,0,COORD,0.02,0,-0.02,
HPTCREATE,AREA,11,0,COORD,0.04,0,-0.02,
1

SMRT,OFF
ESIZE,0.02,0,
MSHAPE,1,3D
MSHKEY,0

!#

CM,_Y,VOLU
VSEL,, ,, 1
CM,_Y1,VOLU
CHKMSH, VOLU'
CMSEL,S,_Y

1%

VMESH,_Y1

! *
CMDELE,_Y
CMDELE,_Y1
CMDELE,_Y2

1%

FINISH

!

/SOLU
Dk,20,UY,0
Dk,21,UY,0
DA,2,SYMM
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DA,3,SYMM

!

SFA,4,1,PRES, 139771

1

ACEL,0,9.8067,0

1.

*DEL, FNCNAME

+DEL, FNCMTID

*DEL, FNCCSYS

*SET, FNCNAME, 'temp?2"

*SET, FNCCSYS,0

} /INPUT temp2.func,,,1

*DIM,% FNCNAME%,TABLE,6,10,1,,,,%_FNECSYS%
1

! Begin of equation: 342.1053*{Y}"2-25.5263*{Y}+185
*SET,% FNCNAME%(0,0,1), 0.0, -999

*SET,% FNCNAME%(2,0,1), 0.0

*SET,% FNCNAME%(3,0,1), 0.0

*SET,% FNCNAME%(4,0,1), 0.0

*SET,% FNCNAME%(5,0,1), 0.0

*SET,% FNCNAME%(6,0,1), 0.0
*SET,%_FNCNAME%(0,1,1), 1.0,-1,0,2, 0,0, 3
*SET,%_FNCNAME%(0,2,1), 0.0, 2,0, 1, 3,17, -1
*SET,% FNCNAME%(03,1),  0,-1,0, 342.1053,.0, 0, -2
*SET,%_FNCNAME%(0,4,1), 0.0,-3,0, 1, 1,3, -2
*SET,% FNCNAME%(0,5,1), 0.0, -1, 0, 25.5263, 0, 0, 3
*SET,%_FNCNAME%(0,6,1), 0.0,-2,0, 1,-1,3,3
*SET,%_FNCNAME%(0,7,1), 0.0, -1,0, 1, -3, 2, -2
*SET,%_FNCNAME%(0.8,1), 0.0, -2, 0, 185, 0, 0, -1
*SET,% _FNCNAME%(0.,9,1), 0.0,-3,0,1, -1, 1, -2
*SET,%_FNCNAME%(0,10,1), 0.0,99, 0, 1,-3,0, 0

! End of equation: 342.1053*{Y}2-25.5263* {Y}+185
o>

FLST,2,49354,1,0RDE,2

FITEM,2,1

FITEM,2,-49354
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1%

BF,P51X,TEMP, %TEMP2%
SOLVE

FINISH

!

/POST1

NSORT,S.EQV
*GET,SMAX,SORT, MAX
NSORT,U,Y,,1
*GET,DEFL,SORT, MAX

!

ETABLE,EVOL,VOLU
SSUM
*GET,VTOT,SSUM,,ITEM,EVOL
!

NSEL,S,LOC,Z,0,0

! *

*GET NMAX,NODE, NUM,MAX
*DO,L,1,NMAX, 1
*GET,SLNODE,LS,EQV
*SET,TOSTR,SHTOSTR
*ENDDO.
*SET,K,NMAX*SMAX/TOSTR
1

*SET,MASS,7580*VTOT
FINISH

!

JOPT

OPCLR

FINI

JCLEAR,NOSTART
/INPUT,TRY

JOPT

OPANL,'TRY",","

!
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OPVA,H1,DV,0.30,0.55,0.002
‘OPVA,H2,DV,0.025,0.055,0.001
OPVA;H3,DV,0.025,0.055,0.001
OPVA,H4,DV,0.015,0.025,0.001
OPVA,L1,DV,0.05,0.07,0.001
‘OPVA,L2,DV,0.013,0.023,0.001
OPVA,L3,DV,0.065,0.085,0.001
OPVA,R,DV,0.01,0.04,0.001
OPVA DEFL,SV,0.000,0.005,0.0005
OPVA,SMAX,SV,,9.2E7,5ES
‘OPVAK,SV,,3.0,0.1

§:

OPVA,MASS,0BJ,,5

t

OPDATA,,,
‘OPLOOP,PREP,PROC,ALL
‘OPPRNT,ON

OPKEEP,ON

!

‘OPTYPE,SUBP

‘OPSUBP,40

OPEXE
!
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