Journal of Mechanical Strength

% &

2026, 48(4):75-82

KRB N2 0 5 M B o 25 5 B 8 0 BEL 1 38 B SRR R 5

2 W S¥EE FARE

T S

(KBHIEKF WM IBEFRE, K& 030024)

WE: [H] xS AUE R R S B ) 32060 5 52 52 0 B A0 X I 3 - AR R 5 AR % IR SR 1)
[, 48 7R AR RS B0 75 77 2 2 5 B U 1) 728 A IR R X P B VR Bl BEL T AV FIDILARL , S ik B RB BT 58 47 IR Ak AR 4L
2% . [ k] 86, R I 144 (Back Propagation, BP) #1245 [ 26 T il —20~40 °C IR K sh 7S 124280, SR MIRIR T
TSR E 1R R 5 LR, ST 5 SR DR AS BE SR PR 1 IR BR TR B BEL T J 2 AR S8 3 Rt 1 o BT iR R AR L B A kAR
SRR SR ARSI | 2455 Matlab FUFTF R ECE D7 5, RETRITIRE A 3 52480 7 X5 B 95 i R 5 3R i, e TEASE 7R 41
ARG IRBERE R A TR aT e, (85 R ] 1H TOL T, R BA TR 3 BH g B S AR SR 4 BUAE 4K, 46 -20~5 °C, Bl i 2
T 15 T 34 K 5 7 5~40 °C, Bl 2 T e T sk /), B BRAE 29 5 °C 5 45 3 6 m/s A2 3% 77 8 kN I, die KR B 7R 3 B g ik
45 N BERALLAHE BE 2 0.999 , AT AE HE S 25 S 806 B 7 B AR PERZ A, S Bk A REAE DL fb B L i A AR A .

KEIF: Wk WRERUY; EFRIRSIE T iR 1S4 BP A ML

hESHES: TH222

0 3l

Wil 5 SR A 50 ) 0015 B 5 e o e R R R A
MR e R A Uk L Rk BIORE A i i A O
e Hoaz AT B i R i R UL AL O AT L 5
s A A HLIE T T, FEBE IR s BH ) i
R AL i R AR 35% . Bk T 52 0%
A BEAAR IR, FLBAS T 2F M Re 0 B ARk e B AgURR
B3 S EORR T AL EE R 19 R B VR sl B ) A7 1 k2 22
5, ST RIE AL IE 1T RCR . L, WAL EE AR
WEEh & 15 05 R R s B = F A LR,
XA ik WL 1 T REAE HAT 2 TRMA

g I T P UG AN B0 PO A S RN 1 s Sl e 18
T BESZ R ) 3 TC A 4 AR 5 ) 2 S B B T i
TR 2 2 i % 7 T B BEL ) R B s2 g B o
FE AR IL T 4 S 80 Burgers 15 5 () U0 B 2K HE S 8
SRR iR bR vl SRR
LSRN WL T 43 AT B SE I, O A A BRIT 0 R B
AT AR AT T I NE o 1 AR I T = on e R
FRIE ,  0f5 HARAS 0 SN T HE T R PR TR SR T
o0 N R AR B ST R IS

i

Yk H49. 2024-07-05

DOI: 10. 16579/j. issn. 1001. 9669. 2026. 04. 009

IR OT B R B R . BB ST IR
F Mooney-Rivlin 2 28 RAEAG I 124 P 6, 8 5
15 5, 3 AT T T U 0s 2 Ak A R B VR Bl BH T 5
M, MUNZENBERGER 45"/ #& i1 1 % 1% 1 He B V& 5))
FH & RS &, 00F TR 7 i LR B8 24
J 73 % 80 448005 5 S e 326 e o BEL T 0 {1 ) 52
M, WOZNIAK " BT 1 /INEL Ak 53 7 20 BHL o i e 4
B 2 R AT, SRR B KT R L
M REFEREIRER ML T 2% K48 . DOS 55 4 JONKERS
SRR ) F R TR S BEL A A A T T R A X
AR AL, B T A E HL A BEL I vk
PAT X Tl ol A i T B VR sl BEL T RIS L R
ZHT 3 TR TR D) 2 AT J 3K i A AR R A
REREWHE % BN R ABRSERE
PAAE A )R, fe 2 BB R SRG BE 3Z B . AR SC A
PR At RS ot 5 P FE A o F2 il 4, WG M RAE B A 2
P RE 5 K HH & ) /& % (Back Propagation, BP) #1 25 W] 2%
TSI T A A28 i BUE T B S R R R
fife J1 2R 2 R B AS RE R 4R TR PR IR BB 13t
SRR , SR LI R 3 I 1 T T TR AR

FEATH 1P EEFR R E (A RBEFSEE F3E ) (202203021211202) ;1L PG48 90 A4 208 MO AFGE IR (20231G142) 5 ILPE4S e 45

SRR AL B 7 00 H (2020CG043)

FEBMIA . 2k, 53,1999 484 , IR H BB BRE0F5R A s BB T7 0 LU L B R4 s E-mail: 295453503 1@qq.com.
W P GRAFTER ) , 2, 1977428 IVERIFON Wi s s FBERSE 0 eSS b A BBV 455 E-mail:919405128@qq.com.
UK 220, WhHEE  JRRIAR , 45 AR B2 T 2# M RE X iy 1671y He B VR B BH. ) )l BEZBON W [T ]. HLBREIRE L 2026 ,48(4) : 75-82.

of conveyor belts[J]. Journal of Mechanical Strength,2026,48(4) : 75-82.




76 Bl R

G i 2026 4F

1 EREENE A= E LS

s i BN SR S S, AR
RO DR RS , i S JEAE S R AR ) B R BE 5
KA, R AR A MLIs AT T o ik plis ATl
Rerf Fn ki B B i S YR AR R SO R
5B Z I AR B R AR o AR R B i
R ol 28 A7 S 3 IR AR < i ik 28 R R
Ja , s B XTGBT IR A, LAFE AR Hh 2y b e
ARSI NP 1R

)

R

E1 RREATEAEFSRERANBRELREE
Fig. 1 Schematic diagram of the asymmetric indentation

deformation of the conveyor belt rubber under idler action

B VO A KPS B s o N B R R
Hs o i TR AR 5 T A i s 2 A 5 A /K SP- BE5 5 b 8 R
a2 s B i TR A 5 FE R i 4 Ak s A KT B S 5 R
FERFAR 5 b Mkl e R B R BE 5 H O g i iy T 2
HREE

2 BRSNS HFEES T

ikl N SRR S T R A YR, A
WARREPE 5 [ A SR S R P 32 007280 o A v i
TF PSRRI 25 SRR A nT e A, R
S TE BB 3 WK HLA RE 5% A6 o HA R X i RE i, Sl &IE
AN AR AR B

W BN 25 77 2 1 18 32 B 9% AR 38 A8 N I AE
T EYTEAE T e e e TR AR L 2l A R
JFHTE 52 13 728 0N v I b ek B U ASE &, R iR
T LA o HAT IR SRS . ESXBY VI AZ £(1) ik
B2 W)

e(t) = g,8in wi (1)
K, e, D AR BRAE 5 ¢ Ry IFTA]

TESZ N ZARAVE T A3 i 2 s MR 1 T B0 T e

IS TS PR T AFAE S FE AR 8, B T WR . o (1) 4
o(t) = osin(wt +8) (2)

K, oy I T RAE
BN A RO G O I R 5 AR R A Y

G (w)=0,le, =

G/Z(w)+G//2(w) (3)

Ko, /(o) Fy R RERERE R IE AT B A 47
J15 6" (w) S LRE BEHE 26 0 B 1T 25 9 i it 45

PR
fitt RBAR i 5 AR AR i 1 iR =0
G'(w)=6(w)cosd (4)
G"(w)=6(w)sind (5)

PR T tan & g F AR i 5 i BEA I A LU AL, S
WRE R I FERCR , I

tand = G"(w)/G' (w) (6)
G (0).6G'(0).G"(w) F18 K ZR A 2 FiR .
G"(w) G
)
0 G'(@)

B2 BERHEHFEVEESHXSYUXRATEE
Fig. 2 Schematic diagram of relation between complex modulus and

relevant parameters of rubber dynamic mechanics
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rubber storage modulus by the BP neural network
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Temperature effect of dynamic mechanical properties of rubbers on
identation rolling resistance of conveyor belts

JI Bin YAO Yanping ZHOU Lidong HAN Gang ZHANG Wenchao
(School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: [Objective] Aiming at the problem that the indentation rolling resistance of belt conveyors is significantly
affected by temperature and the existing calculation models have insufficient consideration of the temperature-frequency
coupling effect, the variation law of dynamic mechanical parameters of rubber with temperature and its action mechanism on
indentation rolling resistance are revealed, so as to provide reference for energy-saving design and operation optimization of
conveyors. [Methods] Firstly, a BP neural network was used to predict the dynamic mechanical parameters of rubber in the
range of —20 °C to 40 °C to make up for the deficiency of test data at low temperature; Secondly, a mechanical model of
indentation rolling resistance considering transient energy loss was established to improve the viscoelastic mechanical analysis
system; Thirdly, the model was solved by iterative algorithm, and numerical simulation was carried out with Matlab software
to systematically explore the influence law of temperature, belt speed and load pressure on the resistance; Finally, the fitting
accuracy of the model was verified to ensure the reliability of the research results. [Results] Under constant working
conditions, the indentation rolling resistance presents a non-monotonic segmented change with temperature, which increases
with the rise of temperature in the range of =20 °C to 5 °C and decreases with the rise of temperature in the range of 5 °C to
40 °C, with the peak value appearing at about 5 °C. When the belt speed is 6 m/s and the load pressure is 8 kN, the maximum
resistance reaches 45 N. The fitting accuracy of the model is up to 0.999, which can accurately reflect the nonlinear influence
of each parameter on the resistance, and provides a quantitative basis for energy consumption optimization of conveyor belts.

Key words: Conveyor belt; Temperature effect; Indentation rolling resistance; Dynamic mechanical parameter; BP neural
network
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