33 S 77 I N DR A N S S 74 Vol.33 No.5
201949 H Journal of Hunan University of Technology Sep. 2019

do0i:10.3969/j.issn.1673-9833.2019.05.008

K FE BN A EgE A BIZRX ]
WE 55 e HIRAE
FxH, REM', M2, kRE ", Nhe

CLOIm Tl K2 WL T RE=Be, Wi/ #RM 412007;
2. W K2 VR A B e T i E R A SRS, WIE KD 410082)

OB, hTEaaHE A RRRE T LRI R TR G 5| R ARG E, HE A
ARFFIBERNL A —R AL, AH#Ef it A F A B RAEFBRTIETH 3 TIUTF B X A7 5% E R
BRI T ERZ, BARTERERSN T O aHE ARRR K FRE, LXEIEA 142.32~256.86
MPa, Rk, AoHEELEH. FEREATE PO RA TR L, FXUEe AR ZMREM R,
2 B A T LM A AR BAE B KRB E BT A MALE 5, AR TR L kst Linat, it
5V PR U AL AR IR B B A AR R T e LR v A, 53 A B R R R AL 95.01~153.50 MPa.,
AT, ARRREEAME REAETRELAETH, 7E, ATrau@EktMmME & IE 5T ERD
B gk, AR EEFREABRRXEREFEELAR T, SREAH. KILBEHARERE LK KMAY
134.50 MPa, /TR & 53R EZ ML, AMARIET A BRGRE S TER,

KEIR. AR, BHHEL; BRFRE,; ZRAHEL, BELE

FESES: U463.46 XEFRERG: A XEHRS: 1673-9833(2019)05-0044-07

IR FX A&, MBI, H¥X, . ATEHERNEHRAHE AR RERAEFREIIT L
(1], s Tk X F R, 2019, 33(5): 44-50.

A Fatigue Strength Analysis and Optimization of Type-A Frame of Electric Wheel
Dump Trucks Based on Blind Data Theory
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(1. College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University, Changsha 410082, China )

Abstract: The fatigue strength of type-A frame of electric wheel dump trucks is defined as an interval value due
to the fact that the uncertainty of the manufacturing process and operating environment can easily lead to the change of
material parameters. In order to avoid the fatigue failure of type-A frame of electric wheel dump trucks under full load
downhill turning braking condition due to insufficient section fatigue strength, an analysis has thus been made of the
fatigue strength of type-A frame of electric wheel dump trucks based on blind data theory, with its interval value being
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142.32~256.86 MPa. Secondly, based on a full consideration of the uncertainties in its design, manufacture and use,

it is to be taken as random variables the structural dimensions of type-A frame steel plate in design stage, the welding

material parameters in manufacture stage and the key hinge position load in use stage. By adopting Latin hypercube

method, the response values of random variables under periodic loads can be obtained by elastic-plastic finite element

simulation, with the stress values of type-A frame interval being 95.01~153.50 MPa. By comparison, the interval stress

value of A-frame proves to interfere with the interval fatigue strength. Finally, the fatigue reliability function of random

variables can be established based on response surface method, with the genetic algorithm used to optimize the fatigue

strength of A-frame interval. The results show that the maximum stress of the optimized A-frame is 134.50 MPa, which

is less than the minimum fatigue strength of the A-frame, thus ensuring type-A frame fatigue reliability.

Keywords: type-A frame; blind data theory; fatigue strength; multi-source uncertainty; genetic algorithm
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Table 1 Monotonic tensile test parameters of welded

seams in type-A frame

s eRk#kar /R, BWHHEE S buhmE
45
kN mm mm MPa

1 22.14 6.13 5.97 604.98

2 18.05 6.22 5.81 499.47

3 24.15 6.05 6.10 654.38

4 27.12 5.89 6.04 762.32

5 16.66 6.00 5.89 471.42
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Fig. 4 Finite element model of type-A frame
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Table 2 Tensile strength value with its credibility results of

type-A frame weld

Y PGB MPa IMENE || A5 HURORE /MPa WIEJE

1 439.11 1.000 123 7717.97 0.024
2 443.44 0.992 124 781.78 0.016
3 445.57 0.984 125 792.52 0.008
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Table 3 All random variables with their corresponding

mean values in type-A frame

A Bl AL AR YIE
X FPERTE E/MPa 201 000
X MEL/N ) 0.3
X5 TEERRIE R K /MPa 860.99
X, DI AR LR EL 0’ 0.1792
X5 JEHERE t,/mm 36
Xo TR JESE t,/mm 32
X; i JERE £,/mm 20
Xy JEHRESE t,/mm 20
X, HIEE G ek AT F/N 77 500
Xio 1 s Fy/N 22 500
Xy JERE AT FyN 22500
X FIREH AT 2 Fy/N 62 500
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Table 4 Sample points of all random variables with its corresponding response values

FEAL  E/MPa JA#Av K'/MPa  n' f/mm  t/mm f/mm f/mm  F/N  F/N  F/N  F/N I KS50% 1 S/IMPa
1 200029 0314 89923 0.1767 34 34 23 17 67775 18353 21618 59559 108.1

2 203824 0311 83844 0.1748 27 32 22 17 80235 24000 23029 52696 138.4

102 205853 0304 89334 0.1752 38 29 25 23 71725 18971 20118 66667 117.1

103 204000 0294 901.19 0.1807 32 34 23 23 89657 24441 26382 72304 146.4
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Table 5 Optimization boundary conditions of

all random variables

Bl HLAS i I/IME SoNIE]
X, #MERL E/MPa 193 198 214 500
X AR o 0.275 0.325
X, TEFREAL R 5L K /MPa 660.99 1060.9
X, AR AR AL HEEL n’ 0.174 2 0.1842
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