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21 XTFHRRAENHNBVXRUE
ERMASRPIMNEABERSIIR : BH - R
R (BERE) - ETEIR. B8R - £BK
BABKSINRE : BA - RENE - £BK.
2.1.1 XFINBRHFELBXITE
WA INERFE, TERFARNEERE, R
RNESREEERESRIA (WB2, B3,

2 PR E

3 EAREHENE

MENARKERER TBRENABES R

c14 -

B, KNRYARE, Bs1"REHNAB BE Do
R SI"RUNRIREERESH

BIR Bl g 811 sF
BRRd 1.3 m
AR SEh 0.04 m
@R s 0.58 m?
KR v, 0.023 m?®
BRE da 1.2 m
SE My 0.047 m
RERE @RS, 0.12 m?
&R v, 0.054 m’
'R 0.9 m’
REE 5B 0.36 m
AR v, 0.23 m?

EA—BARBARRANEREENE - RER
SEEEENBBRALSTFIRIBEANRARE.

EARBITEAR : o=¢h,

g BERERRE, kg ;
h—TERE. ENTEALNE, ki/ke (R2),
Fz2 MNREEREHN/RE/FE/LLEITREE

3= S (Hg)/
ENEE /bar MARE 'C BSBE /(e © W0e He)

(kj.kg D
9.6 178.15 4.948 2776.18
9.7 178.60 4.997 2776.58
9.8 179.04 5.046 2776.98
9.9 179.48 5.095 2777.36
10 179.92 5.144 2777.75
10.1 180.35 5.194 2778.12

RIMICINER 180 CERS :

RABE : 5.194 kg/m’ ;

ARZERRE : mx=pv=5.194x0.023=0.12 kg ;

BEZEREE . my=pv=5.194X0.054=0.28 kg ;

ERLE 2 778.12 kj/kg ;

PIRINEGE @ = ghs=0.12X2 778.12=334.51 kJ ;

BERNE ©u= qhs=0.28 X2 778.12=778.60 kJ,

BEMCHPIREE 2 14,

WA IR B =D 4 x2+D 5 =334.51 X 2+778.60=
1 447.62 kJ,

21.2 XTRRHRMNEXITE
®3 RERAEN/BE/ EE/HRNEE

s . =" S h"
g@/ﬁgtajj BEJC  BE, /(Era-ﬁkg") /(tIEj%g D)
1.90 209.797 9.556 0.104 650 2 796.10
200 212.375  10.047  0.099 536 2 797.20
210 214.855  10.539  0.094 890 2 798.20

BRCHIE 210 'C (REATZEESELHINE
BU=HR+ SR, EMEREABABAE 210
THRR) BXRE :
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BRE : 9.556 kg/m’ ;

RENBRZARE :
kg s

EYS - 2 796.1 kl/kg ;

MCRARNBITE : &,=¢h=pvh=2.2X2 796.1=
6 151.42 kT ;

MICINERBIRERESIT : =0,+D,=1 447.62
+6 151.42=7 599 kJ,

BREMCHERAERICITE -

0,=c.M.o,

Mg =pv=9.556X0.23=2.2

Qx_m§9 J H

—BREAS, 1/kgT ;

M—RE (kg), 51" ¥MNILHBA 15 kg ;

s—HE (B BEE (C), BREAS .
BEOY{E 1 700 J/kg-°C, FI9{E 1 275 J/kg-'C, (R
SEXRTE), BEXB: M0 CHSEI 210 T,
M 6=210°C,

0.=c.md=1 700X 15X 210=5 355 000 J=5 355 kJ

EARERFE CRNTEBIRF) :
7599-5 355

7599

2.2 XTRIGWIALBNANKRENER
R A BNARBMTERE, BINARBH
PIBRENHUE 4.

q=¥xloo%= =29.53%

=

A B
1— £S5 2— BAR : 3— IMNRRE ; 4— RibBE ; 5— RE
6— hB
A ZEAAD s BESFXKBO
B4 BimHRSESEEEIE

FEBNZEP, 1J=1W-s Bl ABNERMI 1 Q
BEBREE | s NEMBAEES ;

MENICHAFRICETE : 15 min=0.25 =900 s

KBRS SIE 7 599 kI KASITE,

W : EHREHRAERCHNBEAFTNE :

2026+ %52%

BiE5HR

THEORY AND RESEARCH

7 599 kJ
=500 s =8.4 kW

HHEE 8.4 kW R — RIS
WENEREBREST, RrFHERROODA
IMEMAKRB T ZIRE : LR 180 'C (AR
RO, B4R 180 'C (REMKND, RIBE+2 C s
RESTVEARBIVEE 20 s RIRRAB T 2R

B 210 C ;
“REMRKGS, BlS min RIBBRRFILZE
B 210 C;

AR, RE. VBRI LIRENDEREBRR
BiR,
221 xTFREENHARITE

#51" MICTEARLIBME - (A& D,

WMHANE25MPa, RIE 210 C (BRE K
210+273=483 K), MBEEHBHE TR M,

BRSIEREIIRE : pV=nRT

p—IE3&, Pa;

V—SKIKR, m’

T—RE, K;

n—E\,{Z.'SE'QWJﬁB@]%, mol;

R—EERSIAEH, J/(mol-K),

EKBRREA M, BEMREA M OEBRASIK,

n=1o, BRSFRITRRA : PV=nRT=1-RT T &,
RO R ERESRESENRMIER, EBREA
Hldh R=8.314 J/(mol-K),

BRE : BABREE M=28 g/mol,

() RENESHNRE

B« BASESE -

PV=nRT=;‘n7~RT 8 SKRE -
Pa-m’ gmol
m=PVp ( T
RT mol-k
4 009.3 g=~4 kg

)= 2.5%10%x0.23x28 _
8.314x483

GE : J=N'M, Pa=N/m’ {{ AW EERAE)
(2) @5HREIZEE 107T) FENARE
EH: 8RB 1038IkeK, BAR
E4kg, BARBE 20210 C(REBNUXE
180+273=453 K),
TE . D =c'M-J=1038x4x180-J/kg -k-kg-k=74
7 400 J=747.4 k]
PE— REAEEDNAES, UEKRE40s (B
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_REHNNB) AAZIZRE, BEITEUT:
747.4 kJ
o5 18.69 kW
BEZ : REIFHRES, WTE 10 min RFAZE
TZ2RE, BEFBKTEUT :
BY/8 7=10 min=600 s
neBg P % 25 kW

2.2.2 XTFTREIBNOHRIMNBETE
2.2.21 XFRBRIIRITE

AIRGEWITE : MARERABEEE 60 mm,
BIARRTBER 40 mm, HEA Q235A ; RREE
TRFFE 180 °C, AIRFEE 460 kg.

TRIKE : RNZE—TER 0=c M6, YRBE
THRERFEHERE)

O— W&, J;

—MEAS ()

M—RE, kg;

s—REZK, T,

Q235A MANLEABSSHENRR, KB TK4,
TS5, BH Cpisa=0.47 kgkfi%c

N RE DT (DFE4) RARERERT T

Wawe Wk,
x4 MBS R

MR __C2E MnsE sisE S8 PaE
Q235A < 0.22% < 1.4% < 0.35% <0.050% <0.045%
Q235B < 0.20% < 1.4% < 0.35% <0.045% <0.045%
Q235C < 0.17% < 1.4% < 0.35% <0.040% < 0.040%
Q235D < 0.17% < 1.4% < 0.35% <0.035% <0.035%

®5 FAREBERATHRIKE
BE/C ASWE %
0.09 0.224 0.3 0.54 0.61

100 0.465 0.465 0.469 0.473 0.477

200 0.477 0.477 0.482 0.482 0.486

300 0.494 0.498 0.502 0.507 0.511

400 0.515 0.515 0.515 0.523 0.523

500 0.532 0.532 0.536 0.536 0.54

RIRIRFTE 180 CRTBEASEITELNREUT -

9
Q=c"M-6, =0.47 X 460X 180( —— -kg- °‘C )=38
kg-C
916 kJ
FUABTENG E t=1.5 h=5 400 s,
WERRPTRASBNAINEITEAT -

38 916 kJ

= ~7.2 kW
5400 s

«16 -

SEBETIEP, BEETFE2 C (00, MRE

FRITEWLT -
kJ
5Q=c-M'5t=0.47X460X2( S -kg-°c )=433 kJ
kg-"
7.2 kW DEPNRARINE : Ty=d, /7 2=433/7.2=60 s

2.2.2.2 XFHEEIMNEITE
RIBANZE—TERE O=c" M4,

O—RE, T; |
— MELAS (G0 )
M— [RE (kg)
I—REZK, C,
kJ
kg-°C

REMR : Q235A ;

ZERENBER, RARENERERS L 400
kgo

BREMRSHIRIEE, REBSHIRBES, N -

BREBNANDXHDEITSRAMR, REEWN
LR NAE LB BER, MINEWRK 1.5,
B0 7.2X1.5=10.2 kW ; @8y, RESMZBALIRLERR
ENHARY, BHNRHRNR, MERE TSN
SINEDE

ZERR, BNARCENERSBEOT, WA S,
l I l Ik 2 ?
[ = ==¢ T
iy
8 =

1— EPURSBIDAINE 7.2 kW ;
2— REAR 18.69 kW (FJ52—) ; 1.25 kW (52 )
3 BEBNHR 10.2 kW ; 4— FTHRMRBIARINE 7.2 kW
5 HEmMAREEINRSEE

INRINE : P,=7.2+7.2+10.2=24.6 kW ;

MIBIDE : P,=1.25 kW (BBRENRISE_NT
1.25 kW),

BICBITINZE: Pyy=P+P,=24.6+1.25=25.85
kW ;

BIRFERIB 10%~30%, K8 30% 1T,

SEFRSITINE Pap= (1430%) Pgyp=33.6 kW

BIEHE -

VR TR 1.5~2h, KRBT ZREG, B2 C,
B RMME ;

AR : @R, 10 min XKBTZRE, &
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AR 0 5 & hoFR a9 B A TH FE LL 3
BIOATCH SRR NATAN (TEBFRE) o

WMAMS REF 100 DEHS), WK T,

BRI R REEFEZ RO ENE 6,

Fzo6 SI"FWMANBMARUIZREREER

BS TI% B <

atb
BE

Y i D AEER DEE AW B (o) LIEE
s LT TRR, BE— I EBNE, RIAR
AT 90 min 34 51
0o s LR wmEs
SSS0R 10 min B — &S 5 0.83 2 SURAIRE MR,
wicE R 15.33 min \ \ 2.72 N N AH oD M =
BEA DA REAR 3 000 TAIDHRHES
| R —/TRER 20 s SRAMEBD 34 010 3 EIASMOA, ERE
FTMIRRE, FBH 0 o BREXMLABA 20
EWkH AEERE SRAMEBSH | min 34 0.57  min B3
N RN DR — RERR 3 0.15 4. THNE, BETZ
GNBIMERBT) | min 34 0.57 ST B E 22
3 Elke BEHEE 5 min RERDBRE—BREAR 3 0.25
FEANNAF BB, TRt 0 0
FEIMIA S min, KWRERE 5 0.42
4 i REMI 7 min SNEAMESH 1 min 34 0.57
READRE—REAR 3 0
RT EMARASEAMANBRKRLER (£ 100 A E)
B E; W (@ -2 /0 ERNARLNG BRI 3
BEFERR A Bt/ & 51.8% 1400 674.96
EEHA Bt/ & \ 360 \
O ke \ 18 \
EEBMN 5T Ikg \ 0.2 \
BARA R/ &E 44.4% 720 400 ESBIRA
BBEE ke \ 18 10
580N 5T /kg \ 0.4 0.4
BB Bt/ &F \ \ 184.96
IS FEER kKW-h \ \ 2.72
Besm JT /kW-h \ \ 0.68
BHHE B/ & 71.9% 320 90 R/ BEsy
BEXRILHITE 10~200 CHEYBY BB HRTIF ; DR EIBM 200~20

L 51 i A B

F139 15 min RACHTE , BRICHBHFE 18 kg K7,
BTSSR 220 TITE -

—BWMEN —FHERSREAA: (60/15)
x2x24x300x18%0.22=228 096 JT ;

WRRRDEA0% HE : —BMEN—FDS :
228 096x0.4=91 238.4 JT,

4 BNABRRERANAERXIR
TIERBINAER, EREAMARA, URH
fmARR, RERRBWICH BENRYRNT,
MATH I BEX TN RRZABN. OLTARNE
ZERL C; QBRARBEER 2 T 5 OMRM
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Theoretical research and practical application of electric heating and
steam heating technology for vulcanization machines

Ding Zhentang, Zhao Yanpeng, Ji Fugao, Zhang Weiyi
(Qingdao MESNAC Electromechanical Engineering Co. LTD., Qingdao 266200, Shandong, China)

Abstract: This paper addresses the problems of heat loss, uneven temperature distribution, and high
investment and maintenance costs in the fraditional steam heating of tire vulcanizing machines. It conducts a
comparative analysis of the heat calculation, cost consumption and social benefits between electric heating
and steam heating for vulcanizing machines, and elaborates on the power configuration and component
structure design scheme of the electric heating technology developed by Qingdao Mesnac. This technology
can achieve significant energy conservation and cost reduction, and shorten the plant construction cycle.
Though there are still limitations in temperature control at the current stage, the technology has become
mature and been applied in actual production. In line with the development direction of clean energy, it
boasts broad application prospects in the future.

Key words: curing press; electric heating; hot plate; mold sleeve; external temperature steam; internal
temperature steam
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