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Fig.1 Schematic diagram of motorcycle tire mold
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Fig.2 Three types of mold cavity patterns
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Fig.3 Relation curves between temperatures and time at
various points of camel pattern mold cavity
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Fig.4 Relation curves between temperatures and time at
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Fig.5 Relation curves between temperatures and time at
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Fig.7 Relation curves between temperature differences and
time at b and c points of different pattern mold cavities
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Fig.8 Pattern structure of camel pattern tire
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Tab.1 Material properties of tire components
i H H’aﬁ %K; HéiﬂJJJ faft 422
=) i B A
B/ (Mg » m”) 1.457 1.180 1.110 1.120 7.890
PREH/[We (meC) '] 0.272 0.260 0.254 0.260 47
A /[T (kg C) "1 1458 1490 1484 1489 475
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Tab.2 Temperatures of various parts of tires with different patterns at vulcanization 900 s °C
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Fig.10 Heat flux density distribution nephograms of
tires with different patterns at vulcanization 900 s
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Tab.3 Temperatures of various parts of tires with different patterns at vulcanization 1 200 s °’C
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TERIRALL G 158.7  161.8 158. 1 158.9 154.8 154.8 164.9 0.9
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Fig. 11 Heat flux density distribution nephograms of
tires with different patterns at vulcanization 1 200 s
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Tab.4 Temperatures of various parts of tires with different patterns at vulcanization 1 500 s

°C
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Mfk LA IR FMesL RE bR RA R 2R A A

YEIR AR LR
KA R
i BOV AL R

159.7
158.3
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159.4
159.2 159.2
159.6 159.6 165.0 0.4

159.4 164.8

164.8 0.4

0.3
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0.000 735 07
0.000 643 20
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1.734 1X107

W+ mm?|
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0.000 872 61
0.000 775 66
0.000 678 71
0.000 581 76
0.000 484 82
0.000 387 87
0.000 290 92
0.000 193 97
9.7026X10°

7.8255%10°*
W+ mm?|

b) KAIEALLE G

0.000 821 19
0.000 729 97
0.000 638 75
0.000 547 53
0.000 456 31
0.000 365 09
0.000273 88
0.000 182 66
9.1438X10°

21964107
(W *'mm?]

(o) FEBOBALSRE I
E12 @1 500 s ARELREAREESHEE

Fig.12 Heat flux density distribution nephograms of
tires with different patterns at vulcanization 1 500 s

T AE SORE R T J i J3E 25 die /), kB2 22 D/ 3
e, AR I 2

(2) X F IR AL A SRIEALBRN T8 BV ALEL
MG, BRAL900 sET, BE I 48 S5 iR AL T S 1 B
U, AT DR UE— 22 BB AL 34 211 s Ak 200 si,
SEIE AL SCRE R A5 BB AL FE I W, N IR UR IR

J¥ %

JEZE 2 SHE AN B/ N, A 438 2P B s A T 500

sty , 3R AE SRR IR BAL ASCR S A A A , SR fESde

L e il 22 4 G {ELE— 22 AR R 2
— 24Tt

iﬁ% SCRK:

1 XM, T84, X822, 45 AR IRTT A B AL S M O (kS AE R AR
Al A R IEFE D] SR Tk, 2022,48(7) :15-21

LIUP,YU C X,LIU Z L, et al. Optimization of heat transfer structure
of tire segment mould and application in tire vulcanization[J]. Die &
Mould Industry,2022,48 (7) : 15-21.

U275 FRIBBEEL N R AL AR B B A
hE R, 2022,36 (3) : 134-139.

LIU X J. Study on relationship between heat transfer coefficient

[2

—

[i] 3G A BRI FE LI,

at inner surface of rotational mold and its rotation speed[J]. China
Plastics,2022,36 (3) : 134-139.

2B VTR IRl i VR S, N 3R A A T R B S D)
¥4+, 2020,34 (10) :56-62.

LIU X J,JIANG H. Calculation of heat transfer coefficients at internal

[3

=

surface of rotational mold in heating process[J]. China Plastics, 2020,
34(10) :56-62.

(4] Wil JR A, 2B, 2 42 il SR b PR B T A% 34 0l
FL[JLSBEHAR 1 2019,44(7) :106-112,118.
CHEN W Y,ZHOU K C,LI K, et al. Heat transfer simulation of hot
stamping die heating process under control strategy[J]. Forging &
Stamping Technology,2019,44(7) : 106-112,118.

(5] BRI, 2R 5%, T T AR I 2R B AL A RE AT (0],
T, 2019, 66 (7) :547-550.
HU H M, LI X R, WANG Q. Analysis of heat transfer performance
of flexible mold for all-steel radial tire[J]. China Rubber Industry,
2019,66(7) :547-550.

(6] E A% , 4% ML 73 K JRASE HL 28 6 T 0l Y i R o 2% AT Oy 11 B0
UL HABRE2AE, 2018,30 (4) 1 119-125.
WANG B, LI X D. Numerical simulation of heat transferring behavior
in the process of injection moulding of large die mold system[J].
Journal of Gansu Sciences,2018,30(4) : 119-125.

(7] W3t B, 2 9 I A T 5 AT T8 i A5 L % AL 2 [T B L
Tolk,2018,44 (4) :47-50.
HU HM, MAO K X. Simulation of heat transfer in tire mould with

conical surface and inclined plane[J]. Die & Mould Industry,2018,



550 %o Tk 2023445704

44 (4) :47-50. mould[J]. Die & Mould Technology,2019 (6) :40-43.
(8] AR i A , ARAL.HE T ANSY S Py R A% PAARADL S0 Ay B A BT[] (131 A0, BP9V H SC, 45, 30 258 48 BT ST, 5 SR WF ST,

ACIARLIN TR, 2017,29 (5) :52-55. IIRN T, 2021,49 (21) :96-102.
SHIP,DU P,SUN R W, et al. simulation and experimental research

ZOU L M, LIN Q. Heat transfer simulation analysis and mold design
on heat transfer of active tire mould[J]. China Plastics Industry,

2021,49(z1) :96-102.
[14] R, BTG RG24 B E5 BT SPEREF € (D). 75 &5 5 %
BHE R, 2021.

WU K D. Structure analysis and performance research of motorcycle

of hot nozzle based on ansys[J]. Modern Plastic Processing and
Application,2017,29 (5) :52-55.

(9] X4kde. K T-3DF] EIAY G 18 10 SR AL FA R R OFE 0], 200k}
Tolk,2017,45(2) : 78-81.

LIU J Y. The research on conformal cooling heat transfer factors of
tire flexible die[D]. Qingdao: Qingdao University of Science and

Technology,2021.
(151 £ FMRHR LI I A BRIT/H D] PoB : ARAE R, 2009.

injection mold based on 3D printing[J]. China Plastics Industry,
2017,45(2) : 78-81.

1O} R 5. 6 I T 25 3 0 AR B FLBRS LR WANG Y. Finite element analysis of tire vulcanization temperature
FEIIALIATEL 2016 (15) :90-91,93. field[D]. Shenyang : Northeastern University, 2009.
TANG R. Research on die wear model considering interface [16] Va5, W AR LT 5 AL IE D], 755« 7719 Bl fesk
friction and heat transfer in metal hot forming[J]. Mechanical & 2019.
Electrical Information, 2016 (15) :90-91,93. MAO K X. Thermal analysis and optimization design of tire
(] E7F, Wi . fe LR M. A8 T, 2020,67 (2) - mold[D]. Qingdao: Qingdao University of Science and Technology,
145-148. 2019.
WANG Q, HU H M. Topology optimization on tire mold base[J]. [17] FE 278, RSB A T 5 R ). AR Tl 1997, 44
China Rubber Industry,2020,67 (2) : 145-148. (10) :40-42.
[12] HEI, m47. fIGA L rh AT FRITA M [T AL AR, 2019 (6) FU Y J. Development and application of series vulcanization
40-43. thermometer[J]. China Rubber Industry, 1997,44 (10) :40-42.
HU H M, YE Y. Finite element analysis for cone ring of tire fm HER.2023-03-17

Analysis of Vulcanization Temperature Field of
Motorcycle Bionic Pattern Sand Tire

WANG Yibin,HU Haiming
(Qingdao University of Science and Technology,Qingdao 266061, China)

Abstract: The vulcanization temperature field of motorcycle bionic pattern ( camel pattern as an
example ) sand tire ( camel pattern tire for short ) was analyzed with ANSYS Workbench software, and
compared with the ordinary pattern sand tires ( long strip pattern and wide section pattern ) . The results
showed that the mold heating time and mold cavity temperatures after heating for all three types of pattern
tire were basically the same; however, the temperature difference of the camel pattern tire mold cavity was
the smallest, the temperature difference decreased the fastest, and the heat transfer was the most uniform.
After being vulcanized for 900 s, the camel pattern tire had the best heat transfer uniformity, which could
ensure better vulcanization uniformity. After being vulcanized for 1 200 s,the temperatures of various parts
of the camel pattern tire increased significantly,the absolute value of the temperature difference between the
upper and lower shoulder decreased,and the heat transfer uniformity was better. When the vulcanization time
reached 1 500 s,the vulcanization effects of the three types of pattern tires were equivalent, but the absolute
value of temperature difference between the upper and lower shoulder of the camel pattern tire was further
reduced, and the heat transfer uniformity was further improved.

Key words: motorcycle tire; bionic pattern tire; sand tire; camel pattern; vulcanization temperature field



