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External load equivalent and load spectrum compilation of

loader based on moment equivalent
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Abstract: To study the fatigue performance of the load spectrum of loader working device, an
equivalent method of loader external load based on the bending moment section was suggested.
When the loader loads the material, the load on the working device was simplified as a
concentrated external load acting on the bucket and compiled the load spectrum. A boom

coordinate system was constructed based on a hinge line at the front and rear ends of the moving
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arm, and the actual load of the bucket hinge point was transformed into a hinge load on the boom
structure under the boom coordinate system. The synchronous relationship between the moment
of the boom section and the external load of the working device was studied, and the action point
position and direction of the external force was determined. The external load equivalent model of
the working device based on the bending moment of the maximum bending moment section of the
boom was established. Considering the load equivalent load of the bucket hinge point under
typical working condition of the ZL50G loader working device as the basis, the statistical
characteristics of mean load, frequency, and amplitude were obtained by rain flow counting. The
load spectrum of the fatigue test program under various working conditions was determined. The
results show that the position and direction of the equivalent external load on the working device
can be accurately obtained based on the bending moment section equivalent method. The time
history of the equivalent load is obtained by the bending moment section of the maximum bending
moment section of the boom, and the value and change rule of the boom bending moment section
are coincident under the conditions of equivalent load and measured load. The mean of the
equivalent load is fit to the normal distribution and the amplitude is fit to the three-parameter
Weibull distribution. The variable mean load spectrum for the fatigue test of the working
equipment of the loader is compiled using rain flow counting and parameter extrapolation, and the
loading time of the fatigue bench test is minimized. The proposed equivalent load model based on
the bending moment section equivalent and the proposed method of compiling the load spectrum
of the loader working device provide basis for the accurate evaluation of structural reliability and
establishment of scientific indoor bench test specifications. 7 tabs, 9 figs, 19 refs.
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Fig. 1 Force analysis of working device of fixed

attitude loader coordinate

19 :AB.C.D.E.H.J.K.L 733k TAE
B A A B R RO ) TARRE B 4t
TR R L AT 7K 1 D o 7 1) 1 L 7K P 18 1)
By 7S A R AR R s Fo iy AR 2 4 B Ah
B s F B B A% 352915 Fe JFe 2050 0 555
EBAC A E 5271 F A L AR i %
T35 Fp JFo, 0 WA 8E D A3 52 1 HE « Ay JF
93 S35 Fao s Fay 20 5N B A AL 3V 2 T 7E
My FFEE5F1:00 AT Fo 5 o 5l 3550,
0: .00 533N S FesFe Fu 5y Fra ML g
I O B A TR RINSE LT 19 A B

PR ZA T MR 47 3 1
Fo BREAERNI &S B h 0, J& KA =, 38 5

BWREL ) Fe FF L J& TR 8 A2 2] 0 % N T 4h
J1Fo WX J1. 53 358 Ml N TR E
BRI ALD LT U My M
M, B R

M, =F,[lsin(0,) —hcos(0,)]— Fyd, (D

Mp=Frd;—Fcd, (2)

M, =Fuhy+Fali—Fohy—Folo—Fid, (3)
pady HBR A BB BC LT HIE & d,
LR D B8R BC MM H IR ;ds B D
P EH ERMWIEEHEE  d BT BB
LK ELMEEIEE L b 0B AT E LA
x My Ja R B 5 L he 43 AN S DT i 2%
TE x Fl oy J7 [ B4R 2 IR .

Xf 47 b MR I ) SR RS AR RE
B RS D bz 3R s

F,. =Fysin(4;) +Fycos(6,) (1)
{FA), =Fycos(0;) + Fosin(6,)
Fp, =F¢sin(g;) + Fesin(d,) 5

Fp, =Fccos(0;) + Fgcos(0,)

BN k. ) Fo 5 Fe R/ANHSE T 18]
FEC (D~ G ATy Fe Fo 5 Fo BRR
v NN

_ d,y[Usin(0,) —hcos(6,) ]
did;

:€1h1 +€211 _€3h2 & [
d,

_ sin(@,) —hcos(6,)
d,

_ sin(@,) —hcos(6,)
d,

_ Isin(§,) —hcos(8)
€3 — d1

_ sin(@,) —hcos(8,)
d,

e e es ven MR REL

PES T TAEREZI N Fe Fo Fo B91E
A Fe AUE, ¥pal iy TARSRE B G580 Fo RER,
TE e AR M 28 250 5 I+ AR X AL B 70 A BE 2 808
BRI U Y B Fo IE LR S
Bl h.o 364 AR A,

2 HBHEESEITERE
A SR 25 1 A S 4 B R A 1

B ABHRE e AT LR R o O 1) S B R S Ak
R Ty . BRIBVE R R T &8EZT,

Fy

Fo (6)

FI, F() (7)

sin(@d;) +cos(6,)

€1

cos(f;) +sin(f,)

€2

[sin(8) TL%sin(@g )]

€4

|:COS(03 ) Jr%cos(&z )}



120 ¥ERXFFROGAAFR

2019 4

ERRA S PSR . BT R
Shy i s BT LA P s Sy it A T O (8 43 A Bl
HH P T 0 2SO A SR BB R A 3 e it v e v
Oy i A T B sRAG h k1 B AHSC L B S, R
FRAL bR &R T BB R TS AR AN 2 TR .

B2 A m SR E
Fig. 2 Bending moment sketch of boom section

B2 . Fa JFa JFo JFo, JFoo JFu 42510k
RS A DL EZ SRR R 2 Fly
i 4y 51500 .0, .0, .0, R s 1A [R) 4 1 Ak 1)
BT RGO, AEVE R RKEOE S E .
FREEE 5 A AR B S M, M, M M, M, 4y
B8~ 12k

M, :Fm,y"M +FA‘V/1./A1 (8)
M, =Fu ya+Fy za 9
M;=Fr v +FAy/I‘/43 +Fp.ym—
Foy x . _thy;‘s —F, x s (10)
M, =Fxya+Fa/xai+Fpyp—
Fozp—FLyn—Fu xu an

M;=Fu yas +Fay ans T Fp yos — Fp) 2 (12)
A, v IR O, EEN ) Fuy F1F A VR
(3 BLBE S s 0 v, 300N O, S5 8N J) Fo, F1E
VE IR M T BB 5 2wy, 27 B O, BB Fuy
F LA B B8 sm BUH 1~5,

FESCHR[ 18] i@ 4t D-H AR b3 A8 0B 45 558 5K
I % 07 728 ok 4 JRy AR B R T 9 B il g T A Ry A
b 25 Bl R AR bR R Z IS R AN 3 TR .

Bl 3 aRAhs 538 A bR R
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boom coordinate
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Tab.5 2D load spectrum of loader working device kN
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