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ABSTRACT

In electric cable industries, the curing extent of the rubber materials covering the electric
cores gives an significant effect on their final performance. The curing extent of rubber is con-
trolled mostly by pull-out velocity of cable in the extrusion process. The final curing extent may
be different for different radial positions inside the rubber because of the non-uniform tempera-
ture distributions during the curing process. In this contribution, the prediction of curing extent
distribution throughout the radial direction of rubber is represented when the cable is passing
through the steam curing zone with a fixed pull-out velocity. The prediction of the optimum
pull-out velocity for the desired curing extent distribution is also reported. The steady-state heat
balance was developed for the curing and cooling processes in which the pull-out rubber was
cured by high temperature steam and then cooled by ambient water. A few essential material
properties such as density, specific heat, and thermal conductivity were measured to analyze the
temperature distribution during the curing and cooling processes. The times to reach 90% cur-
ing extent at varying temperatures were measured and used to determine the final cure extent
distribution inside the rubber.
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Fig. 1. Schematic of electrical cable of radius R
moving with velocity U in the curing zone
of length L.
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Table 1. Formulation of N 5-3 Rubber Compounding

Materials Composition(PHR)
SM R-L 50
SBR-1502 50
ZNO 5
St 25
PW 2
Anti 654 1.5
RD 1.2
CTPI 0.6
CaCO; 80
White clay 50
Mistaron 30
FEF 30
N-2 oil 10
M 1.65
DM 1.65
S 1.2

52 AsRY7seld EAE s dAcE, A
55~2301C ) LTlelA KS F 22654¢] 0] w
2 JAcs EAAAE of4sto AR} 1t
WE, o= KS M 301659 #24¢] me} 244 37}
grtA) 2Astgct. &4 279 90% 737, To,
£ 130~200C £599Je]4 Rheometer(Model
2000, Myung-Ji Co.)% ol4e) ZRsksic). 919
o2 ZAAE o $579 175 e $4319
oy o7)AE 25 F B 979 EAAe] N
5-39} g2 Table 1o Jehigict. Z12 733}
% N 5-3= og7tse}l dAlge] 247 1.03keF/

mm?, 410% <1 714 4% vehgitt.
v, 2 EE

Table 29} 3& of2] AXoE4 2FAgY A=
%9} v|ds 259 g2 el Jofrk. AR
279) 5Fe BAYe] =t F7H w2t F
ke A%S Roln gle W w]de dAFe

r



A4

140~200C 9] LxRHdM= 257} S713tl wje}
$7Vehe A%E Boltbl nee ol2ede b4
=9 ZaR dste] 200T o9 EAME A9
G g 2e AFS Rolx girk. &9 =3t
o g 179 U5e AedA 243 e

Z gubAel 359 dAASL) 220 x 10%em/ CE
£°'6}°16 BRG] Fo2A 25 Wil 2 Ux
AEE A&k ¥ mold BAggeE Ak
I FHE N 5-324 Ao We: 092
ZA5 9}, =8 Table 4o)4e ofg] 272459 7
8 2xe] ot 90% ASAEE ey oled 2
AsE 259 St ek AeP He2 zhad
IS ¢ sl

N\Ee

Table 2. Temperature Dependence of Thermal Conductivity for Various Rubber Materials
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(Unit : J/cm‘Csec)

Mat code
3 N 5-3 N 16 E 28 E 29 N6 C18 |CSP114-2{ XLPO 8
Temp.(C)
57.5 0.4100 0.3239 0.2962 0.2856 — 0.3582 0.3671 0.4318
73 0.4052 0.3152 0.2885 0.2764 0.4700 0.3528 0.3573 0.4189
92 0.3820 0.3077 0.2762 0.2675 0.4549 0.3350 J 0.3458 0.4003

Table 3. Temperature Dependence of Specific Heat for Various Rubber Materials

(Unit : J/g°C)

Mat code
N N 5-3 N 16 E 28 E 29 C1-1 C18 |CSP114-2| XLPO 8
Temp.(C)

140 1.234 1.265

150 1.279 1.311

160 1.328 1.350

170 1.375 1.396

180 1.414 1.435

180 1.465 1.475

195 1.936 1.732
200 1.494 1.762 1.941 1.822 1.387 1.553 1.522 1.685
205 1.731 1.936 1.828 1.379 1.540 1.719
210 1.533 1.708 1.905 1.811 1.365 1.525 1.541 1.736
215 1.714 1.881 1.800 1.369 1.534 1.723
220 1.554 1.719 1.852 1.786 1.362 1.529 1.547 1.716
225 1.735 1.828 1.778 1.361 1.530 1.703
230 1.734 1.813 1.770 1.354 1.535 l 1.694
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Table 4. Temperature Dependence of Tgo for Various Rubber Materials

(Unit : second)

Matcode| o3 | N6 E 28 E29 | C1-1 | C18 |CSP114-2| XLPO8
Temp.(C) ‘

120 56184 | 121375
130 49161 | 69773
135 3520 | 3740 5116 6109 | 43153 | 56860
140 2026 2153 3780 | 3518 2923 3491 | 37810 | 18118
145 1707 1813 3307 3077 2631 3142 | 31604 | 16182
150 853 906 2632 2450 1681 2007 4061 10373
155 768 816 2430 2261 1461 1745 3880 8436

160 512 544 1755 1633 1096 1309 3376 2629
165 448 476 1552 1445 950 1135 3210 2252
170 267 283 877 817 548 654 2031 1123
175 245 260 769 716 497 593 1680 977

180 192 204 432 402 402 480 660 540

185 170 181 385 358 307 366 617 481

190 107 113 236 220 182 218 570 295

195 94 100 209 194 153 183 502 261

200 131 157 300
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Table 5. System and Operating Conditions in Cur-
ing and Cooling Processes

Pull-out velocity of extruded cabel, m/min| 17
Length of steam curing zone, cm 4,000
Length of water cooling zone, cm 2,000

Outside diameter of extruded cable, cm 1
Inside diameter of extruded cable, cm | 0.752
Steam temperature, C 200
Cooling water temperature, C 40
Inlet temperature of extrued cable to the 100
curing zone, C
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Fig. 3. Temperature distributions of the rubber
covering during the cable cooling process
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