Journal of Mechanical Strength

w # % &

2025, 47(8):74-81

I TR BRI TS R S R B i LR B R 5

ERE' FTkhR' OE

p A

K7’

(1. FBHKRF PR IAZFER, T 530004)
(2. T A THAEAD A FRE], Al 545007)

WE: FESPr TAE R, M ZhZ IR LT 7R 32 1 B A1 A R 0 28 1 AR AR BE LR, S 3 g2 SR L F b L
SIS A%, AT B I LA e 4 T REIE AT . BRI — R, B9 TR A% AL T B S B AL A Az 1 i T
TR REZEFE R Bk Sl AN b b SRR L AT T S AR T IR S G R AR R SE T L SIS HR AL L Tt AL 1 Bl 2 A
B8R T AR AR BENLIR T H it AR SRt T8 S AT T AT AR IE . BRI, BT/ N AR 4 SR AR A -
AR 2543 % ( Grey Wolf Optimization-Variational Mode Decomposition, GWO-VMD ) {5 5438 80 1 %) I U 15 5 0k A7
TR, BE SR b S e B TR AR 1 5 A7 Bk T 00 F S A IR AL 7R 32 A4 B T R A 0 S A Al S AR R 5 A IR T U A
TR BENLI R E T, S A28 AL Tt bl 7 25 52 2% 2 A 9 A1 By, FL Bl 2 0 17 1) By 258 3 285 I ) [ 2 £ 2, EL A B
RYAE AR BEALR M . BIFSE TAE D Sz AL i L i e 4 AT AR iR IE T — S % .

K Az IEL; R ARTRR; BENLER; PRk

hESES: TU621; TH113

0 35l§

B XUtk A A 2 H 0 B A A 1 A A
17, L BAZ AL B S HLIBUC AR BIL, AN OCRE IS 21y
AR 9800l AR B9 LAY 38 BEFRAR T AR i f2 vh
(4R 2l 55 W i LA i D R 3l AR T AR 5 LA
GAZHRHLE BATIRHA

HUBIZ IRl — B TARSEE | 56 5 AT
BRIl R R R G AR, AR
SAZIRHLBN SR, s RV R ELE R i 21 L 392 48
PLA 2 A ISR . WFFER I, 4R gl 2 52 il e ) o
A LN AR, AR B AN 2 5 Wi Fi Wt L 45 4 9 T S
111y EL T R A0 PR BE A B R AT, — L8223 4
XHiR S Lt A B RS I AT TR . Bl 22 R
SRAECR T A M AR IO AORS AN T i (T AL
(R BE B 4y S BRBEALIR 3 T B i A s AR be,
AL ZS Y A A B HR G T A OGHKDE . WANG 45
WFFE T AN [RIBR AR 3l T A H it H Al A PR RE LA S it
TP ERE , 25 R R W 52 9% 3l 5 . Hh B e e 2 el />
FOBEACHE A5 A b e RE GBI SR o LISE Oy 7S
AR AR R AL B AR, X 3R 4 L AL
PRBNT 1R T 5 9% 55 F5 am it AT 1 o0 Hr, R AR AR A L

ek HiB: 2024-11-22  f&lIH . 2024-12-24
HAWH: JPERHE AL (AA23062072, AA24206034)

DOI: 10. 16579/. issn. 1001. 9669. 2025. 08. 009

P T MR . ZHANG 078 TH
Tt A 9 P 0 R A 57 R S LA L S 802
)R P TE DG 2R 4R R T — b 3 T IR B 2 2 1) v Tt A iR
BN )9 57 5 i 0 5 . SHEN AFl 5l i |~ )
{5/ % (Broad Belief Network , BBN ) 1 £l # 7t 1 & T
I 3055 5 K 00 R 2 o7 81 5 f b 401 P I 1
T SEILTOXF R Tt A 2 R 1 DR TR 2T

SR, HLZNAZ IR ALY TAE IR AR AR L% 45
Hisf7 THAE 248 (A5 i Sz bl AE s 1T 7
TR AZ U T 2T BT, V2 A A
EHRAL B R EAT T T W9 W R L 1548
BUARAY 23 75 57 ek 38 il R i T 0l RO VE L, 24 4%
P LA P W 2R G5 B 3 25 7 32 1 2E 5 R ik 8 ik
IR R (Y3 E I i = = < (R RN =S i (0 I WO o
RO SRR T TFGE , JEIUS T — 8 W R
{FL 3 B F 53 35 oA 25 BEE ST A3 Bl AL X 42 98 AL 1)
PRS2, AR BT HL B A2 48 AL R Tt B 1 AR Sl R
HEATHGE o L B AZ AL S A S AN Z R AL, LT
VERBR R T W AR 22 TOUT , fa ghiZ Sl
JIT R 2 W) SR A I 2 ELA B S i AR SRR R . A
FE—E A FTF 6 T A AR LA I 3 1 R AR
P AR R BEN LR T, B S A2 HE AL

EZ T 2R B 1964 454 1AL iR 1 082 I 0F 50 A S0 s BT 5 10 M WL R S8 8 00 2% L nT 44 ;. B-mail: lizhaojun@gxu.

edu.com,

I GEIEVEE ), B, 198244, AR A, i g T A2V s EZEREGE )y ) T ARG ; E-mail: zhaom@liugong.com
SR IR, 2 %R, Tk, 46 AR PR BEMLE T i shaZ R a0 b PR sh Rt o [0 ). HUBRR B, 2025,47(8) : 74-81.

LI Zhaojun, LI Feibiao, WANG Bo, et al. Study on vibration characteristic of battery pack of electric excavator under non-stationary random excitation[ J].

Journal of Mechanical Strength,2025,47(8):74-81.



5 47 B4 8 1Y)

IR A ARFARRELE N T B Sz S L b L IR S E T T 75

W R Sh A2 HoA o 25 g R AR B AL , T
O BAZ PR AL L T A R iR SRR T IR 2

AR AL AR B0 (R RS (O™ S i B L [ &
HYIEH TAE, B 3 O R B S iZ LN 2 4 Fa e
AT, TR AT R v it G P A2 B B LR 20 4 1 1 if
I8, AR B S IR LA 4 A 5 S AGE AT R il
VIRAESS o ARSCLAH Sz IR ML M F s X 42, 4t
S VAR R BN T B S IZ IR AL it 3l ) A
RYERSY T H 2R AIL H W A R AR BE LR T 1Y
PR REE , Il I AT T AT AR
1 HBihaE T
1.1 BREER

S TR ORI AE A R B Z IR ALY R AN 2 — , S
HL SN2 PR HLAEA T30 T 00 A S BRI . AR J AL
PRBNFIE , EM S BATIN ST, B A T A AR
e T A A D AR B AL R, I R B 1 7 A B SR A
SRR REHLI R, HERR

x(t) = EVA,, sin(nwt + ¢,) (1)

K, N R R BEDLE B B8 A, 5 n B IEE ; 0 R
Fea BEA LIl R A5 5 5 ¢ A IsHi] s b, AL A o

SR, HH T H Sz 4P TAESR S — i+ &2
Z , FLT AR B T 22 1 ff v 8 A0 A 22 9 8 3 i AR AR
BEALRRE AR AR BEALAE 5 — 0 nT 38 8 18 1 R 2L
K VH T R BEALE S5 2] , BP RS- A2 B AL 1 38 il o]
FR R

Fo(1) = g(t)x(t) (2)

Ao, g(o) Jg— Bt s 1 5 8 il R i, B nT R 81
Feg(t) =(a+bt)e, P ZE a b c RN OLTE ;
x(0) FPFRBEHLE RS =, an=X (D) Fos .
1.2 HEREBKSh G

FESE AR g B S A2 IR LR 3R e v 1 3l g U AN
KA, 72 TAERH A 2 7= A e R R 1 ksl 4
FESE R 7 Wk st b 2o e O A% i, PR i Rl
TR E A, 5 350 H S Z R AL b A A R B R
Bl FEFESE R TSR AT R

p=Bo+iBjsin(fjt+¢j) (3)

K, By B, AR DCA L R85 £ A S5 % ) ik
SR, H
_Jar

i~ N .:1\2\ N 4
fi=e0 3 (4)

b, r R E B MU s AR FERCE . AR, a(4)TT
ST, A ZE AR ) K S0 0 55 (f, = 2r/60) Sk B B AIL
IR (f, = r160) 1 2135 o

FEZE AR5 W s AL o s B AR R . R 2E

FALBAT b 2 2 BV 2R R R MR EE KR 11
S AN, B S ALY H R 2 B B B A A AT &
O FE S 7 WK Sh i A Al kS il s 30— 2L 5h A
I 25 {4 € 42 s 07 Bk S0 il 52 0 W) S A PR
BEBLRRPE . YA 258 5 07 Wk sh il BA R BE AL
FREES 2 S B0 S A2 R AL A T A AR RSP AR R AL
PRI .
1.3 ER

ML SNAZ R ML AR R rh , AR B Rl - 5
A B0 5 S A 0 e S E o [ S 5 AR
FRMAL, PR AT FROR

Av

F()=m 5 (1420 —cosz%rt) (5)

A, m S A ol SR R B R 5 Aw g el i R
AR 5 T, O il R A IS 8] 5 7k b el i
SEEH, Hoe BUETEREIN [0, 1], M4k A s Sl
TFR S BLINTE -

— R HE LT, B SIZ AL AR A o Y el A
PR m, B A i Ao FIVE IS ) T 5 25000k 2 %
FUVF 22 P8 N 2R SRR AR AR DR 2R 9 S, DT 5 50k
TR AN R sl I — L B, AT I 2 il i
il £ B G R R AR AR BE LR . Y o SR B A
AEFAR BEA LRI, Rl 2 S B0 shaZ Ja LA o )™
AR PRSI R
1.4 BEESEEFE

FESE PR AR R b, f B2 IR AL RE AL T 32 i 2
2% , AAUEL A A A S 0 Rl a5 A JE IR I
T30k Sl LA K A 2 0] e 2 A R s
S AR A B P A A o AR RN AR E T,
HLBIZ AL 2= AR 2 2R IR Bl ik L8 ik Bl 23 i it
TR A VE L e e . T SR X
SHAZ AL AL IR SR AT 20 A, DA A 20 v 3
FEIRHLAE E A T B IR S L B 4 PEREA T 2047

RS2 L 2 AL AT TS E B T 0.
TEATAE TR, B T 984l o o ol A S e iR s % 2
Ve, PR ARG F A i, B AR 1 A
FELE K 1 WK Sl 8 2o R A AT E ik, R R
PR M S B, BN ERFE 2. B T8, B2
i HLE ERAS T e sl T AR B TAR T 00, TARRE
TR S 5 50 S0 5 ) ool 8 Dl o o [ e oF 5 o i
itk 2 A, BIERAE 3. [Al I HE 252 I g Bk 3h i
Vil 368 3t A A 198 2 (] e Ok T AR A b T
PR LB AR A 1 s .

2 R EiREE

2.1 HBgEzhhEiEs
SR 3 M H B AE AR AL L AR B R bR A A



76 Bl WK

0 i3 2025 4F

HIBIHL - HEIE TR RS

Motor-plunger pump system

ALt
Battery pack
TAERE

Working device

[~ —l

mEZS S
Rotary platform ya

A% 1

T Path 1

|
|
——————————— Ll
I
|
|

i

7777777777777 777777777777
E1 iRHEEEE

Fig. 1 Vibration transmission path
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Fig. 2 Finite element model of battery pack structure
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Tab.1 Material and geometric parameters of battery pack case

284, B Parameter name {H Value

¥ Density/(kg/m®) 7850
PR Modulus of elasticity/GPa 210
JAFA L Poisson ratio 0.3

£ Length/mm 1961

F& Breadth/mm 1257
HZJ5 Plate thickness/mm 18

FL Y ASEZ] 5T Battery module mass/kg 170
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Fig.3 Structure and measuring point of battery pack case
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Tab.2 Natural frequencies and mode shapes of battery pack
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Fig. 4 Excavator road excitation signal
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Fig. 5 Flow chart of signal reconstruction
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Tab.3 Stationarity detection of road surface signal
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(a) Reconstruction of road excitation time domain signal
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Fig.8 Fitting curve of road excitation
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Fig. 9 Simulation result of vibration response
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Tab. 4 Stationarity detection of vibration response
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Study on vibration characteristic of battery pack of electric excavator under
non-stationary random excitation

LI Zhaojun' LI Feibiao' WANG Bo' ZHAO Ming’ WU Fangming’
(1. School of Mechanical Engineering, Guangxi University, Nanning 530004, China)
(2. Guangxi Liugong Machinery Co., Ltd., Liuzhou 545007, China)

Abstract: In practical operation, the loads borne by electric excavators often exhibit significant non-stationary random
characteristics, leading to complex vibration phenomena of the battery pack, which directly affects the safe and reliable
operation of the battery pack. To address this issue, the characteristics of road excitation, plunger pump pressure pulsation
excitation, and impact excitation on electric excavators under complex working conditions were investigated. The vibration
transmission paths under various excitations were analyzed, a dynamic model of the battery pack was established, the vibration
characteristics of the battery pack under non-stationary random excitation were revealed, and case studies were conducted for
analysis and verification. The research shows that reconstructing road excitation signals based on wavelet transform and Grey
Wolf Optimization-Variational Mode Decomposition (GWO-VMD) signal analysis algorithm can effectively reflect the
characteristics of road excitation. The road excitation borne by electric excavators under driving conditions exhibits significant
non-stationary characteristics. Under non-stationary random excitations such as road excitation, the battery pack of electric
excavators produces complex and changeable vibrations, whose power spectral density of dynamic response changes
significantly with time, showing obvious non-stationary random characteristics.This study provides a reference for the safe and
reliable operation of battery packs in electric excavators.
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