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Abstract

In a heavy tractor frame, through the finite element modeling, topology optimization, finite element
strength analysis, new high strength material substitution analysis method and optimization me-
thod, such as rational design of frame structure is made so as to realize reducing weight of frame, at
the same time satisfy the strength requirement, ultimately achieve the goal of lightweight frame
system and trial production, further carry out road driving reliability test work, meet the indica-
tors, with mass production conditions.
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Figure 1. Geometric model of tractor frame
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Table 1. Frame related dimension parameters
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Figure 2. Finite element model of frame with bracket attachment
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Figure 3. Topology optimization base model and design area division
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Figure 4. Working condition of constraint
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Figure 5. Process constraint
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Table 2. Load parameters
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Figure 6. Topology optimization loading model
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Figure 7. Cloud map of topology optimization results (Isosurface map)
B 7. MU ER B (FEE E)

DOI: 10.12677/met.2021.106064 582 HUBE TR S HER


https://doi.org/10.12677/met.2021.106064

FHNI, TR

T BEAE 2l RS 0 DA R I T AR I TR ISR 52 RS RN ) A R AR A SR b a5 SR
FIEBHIR, RYEZ AR, SE P80 TaRMENE T2, BT ERHE WKL, L 2eE .
AR T R 7 AR DI B AR AL BT X3, B 42 2R NGB 7 O B UK S )
L REREREATIAL

RIEEHIMULER K 1) B BRZE BRI E, EIRIMRE M RIARECR, AR
BOF R ORI R AT NI BRI B 2, DRAFANAR s 2) 7R 20 AR AR Jr A T LR R (X 35K
W, MR G . R DO +32 0L R, A28 rh B ARSI AR 0 T A A
R, ARGRICHA N IZER L AUE SR BUOR G, (HiIZe XK, SaLhE™ T EHE, 1Z24
WP ARG, . 0T LRSS S BN X7 RUBRRREEN, (ER R AR BRI, LR
EACEATEE L WASOIREE, B X7 RURERHNE R EAR] T TR, i LR BRI F =
i (KA ELATHL N O A s v, 0 LR R B R R a5 M T o, B AR RNE R R
BNEEATIU: 3) JEEAR T U OO, S SEPba RO, A2 B BCRHE ), Hizkk 32 3
BAHEE TR HATIER, WOZARERR A RSB, SRR 4) ERR R EOVIEE, XM
B, BRERZIEUN, WAL A, RS R AN, AP AT Ja MR AR b R
R, DLSCBURCE H br . Wnlsl 8 fron A R 28 vt A ja i LA

() JRAEZ LA

(b) FREELB G LR

Figure 8. Frame lightweight design before and after geometric model
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Table 3. Load parameters
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Figure 9. Frame finite element loading diagram with bracket attachment
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Table 4. Distribution of the maximum stress (MPa) of the frame
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Figure 10. Frame rail stress cloud diagram under bending-torsion condition
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Figure 11. Frame rail stress cloud diagram under bending, twisting and turning conditions

@@ F4H

11 EAMESTIATERYRN N EE

(b) HEMLEFR

DOI: 10.12677/met.2021.106064

585

U TR S HoR


https://doi.org/10.12677/met.2021.106064

FHEN, TR

2) BRRMUERAR: 5—MR. JFelR. FRRE, HBRNERRE SRR S, B
TEEERLN, WP RATT A R Ja SRR, MR . R T, IE=ARAE R
BTN RIS TR IR, IR A % = MRS 1 T 00N 42 280 Bt /T J5 B 77 2= JEI % Ee 1
D, tnlE] 12~15] 14 R WSREEI TG RGO AT G AR JE RSN S E R, B A BEZ(JR
TR IR AR AR R AR S B T T AT AE O R o AR A Ja M B B AR R AL YT, S HATS i+
A TR TR, BN 4 0ME 372 MPa 580K . ARIEER B AL BT 5 N L, U DL750
ML, 224 RETIEF] 1.88, SUd TR BTG .

3) JURMEZ: JUAREROLALBITE, AR R AT AR 1) 3 T8 RIS Ok /> 80 mm. #EPUFP TULTF,
JUBIBEZEA 5 N 34 1 B MR IS A AN TRIRRSE BT, M= Bnl 15, 151 16 o, UtHIs
TRV AR 1 /N R I, BRSO HEAR 52 ) SN, L Ve (R A4 H8 B AR L

SimpiE Average
1.7836+02
[1 585E+02
1.387E+02

—1.189E+02

[9 A05E 01
7.024E+01

\\\\\\\\\\\\\\\

1.788E+02
[1 SEBEF02
1.388E+02

—1.190E+02

[9 I15EDT
7.9326+01

Frame 0

@@ FER (b) FEMEFLE

Figure 12. Stress cloud diagram of frame first beam under bending-torsion condition
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Figure 13. Stress cloud diagram of rear suspension beam under bending-torsion condition
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Figure 14. Stress cloud diagram of rear beam of frame under bending-torsion condition
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Figure 15. Body stress cloud images of several frame beams under four working conditions
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Figure 16. Stress cloud diagram of several beam connecting plates of the frame under four working conditions
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Table 5. Road reliability test project
5. ERAEMHRBRTE

5 WY H 4734 HLFE (km) e ()
1 A E 12000 10
2 X 2 % 10000 20
3 kT 6000 45
4 L 6000 10
5 it 34000 85

5 T e i O T o
(a) FrdIIE (b) WX AR

(©) i TH (d) HHTR

Figure 17. Schematic diagram of road condition of test project
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