LA A7FEE3 A, A218, A1E, pp. 28~33(2022.01) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 21, No. 1, pp. 28~33(2022.01) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2022.21.01.028

3 5|Y Bao FHE B4

Rl
A
0l
-l
[}
i
5
o
(e
0=
R
mo
do

Thermal Conductivity Analysis of Heating Rollers for Cable Low
Dust POD Production

Young-Jun Song’, Jong-Hak Lim®, Young-il Byun®, Seong-Min Hong™", Young-Hwan Jeong",
Jang-Yong Park™, Chul Ki Song™""*

*Department of Mechanical Engineering, Gyeongsang National University, LS Cable and System,

***Samwoncable, “School of Mechanical Engineering, ERI, Gyeongsang National University
(Received 16 September 2021; received in revised form 1 October 2021; accepted 30 October 2021)

ABSTRACT

The heating roller of an actual pulse output device (POD) production facility is composed of a steel roller
and a rubber roller. The time to reach a specific temperature and the temperature distribution on the roller
surface were analyzed and compared according to the change in the number of cartridge heaters inside the
heating roller. In this analysis, a steady-state thermal analysis of a steel roller was performed for the cases of
a S-cartridge heater and 9-cartridge heater. Finite element analysis was applied with reference to the surface
temperature data of the heating roller during operation and the calorific value of the cartridge heater. Using
the 9-cartridge heater, faster target temperature achievement and more uniform temperature distribution were
confirmed than for the 5-cartridge heater.
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Fig. 1 Model of a heating roller

Table 1 Configuration information

Division Quantity
Elements 709,930
Nodes 1,365,815

Table 2 Material property of a heating roller

SCM440 SUS304
Young’s
modulus 205 GPa 193 GPa
Poisson’s
ration 0.29 0.3
Density 7860 8000
Thermal
expansion 122 /K 172 /K
Thermal .
conductivity 33 Wm-K 16.2 W/m-K
Specific heat 500 J/kg-K
A dele]l AP 34 (steady-state thermal analysis)
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Table 3 Convective heat transfer coefficient

Convective heat transfer

Type of fluid and flow ;o fficient h., (Wini-K)
Air, free convection 6-30
Water, free convection 20 - 100
Air or superheated steam,
forced convection 30 -300
Oil, forced convection 60 - 1800
Synthetic refrigerants,
boiling 500 - 3000
Water, boiling 3000 - 60000
Synthetic refrigerants,
condensing 1500 - 5000

Steam, condensing 6000 - 120000

N: Steady-State Thermal
Ternperature
Tirne: 5400. 5

[ Ternperature: 250 *C

Fig. 2 Temperature condition

N: Steady- State Thermal
Radiation 5
Tirmne: 5400. 5

[B Radiation: 250. *C, 0.35

[B] Radiation 2: 250. °C, 0.35
[8 Radiation 3: 250. °C, 0.85
[B] radiation 4: 250. °C, 0.35
[E] Rradiation 5: 250. °C, 0.35

Fig. 3 Radiation condition

3.1 iME =

N: Steadly-State Thermal
Temperature 2

Type: Temperature

Unit: °C

Tirne: 1800

250.21 Max
23969
22817
21865
20814
19762
1871
17659
166.07
155.55 Min

(a) Cartridge temperature

N: Steadly-State Thermal
Ternperature

Type: Temperature

Unit: °C

Tirne: 2100

211.6 Max
208.72
207.85
20597
204 .09
202.22
20034
19846
19658
194.71 Min

(b) Roller temperature
Fig. 4 Heating roller with the S-cartridge heater

Temperature[°C]
g

—e— Cartridge Temperature[*C]

—a— Roller Maximum Temperature{*C]

0 500 1000 1500 2000 2500
Time[s]

Fig. 5 Temperature of the S-cartridge heater and the
roller
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Table 4 Average temperature of the heating roller
with the S-cartridge
9-cartridge heater

heater and the

Average temperature( C)
Time(s) 5 Cartridge 9 Cartridge
heaters heaters
0 22 22
300 37 47
600 51 84
900 87 120
1200 121 163
1500 160 192
1800 191 209
2100 207 209
2400 207 209
2700 207 209
AAzDL 2l A4S DAFA O Fig
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O: Steady-State Thermal
Ternperature

Type: Temperature

Unit: *C

Time: 1800

250.11 Max
241.07
232.03
22299
21395
204 91
195.86
18682
17778
168.74 Min

(a) Cartridge temperature

O: Steady-State Thermal
Termnperature 2

Type: Temperature

Unit: *C

Time: 2100

21209 Max
21039
20869
206.99
205.29
203.58
201.88
20018
19848
196.77 Min

(b) Roller temperature
Fig. 6 Heating roller with the 9-cartridge heater

N
0
S

g

Temperature[°C]
8 8

—e— Cartridge Temperature[°C]

v
(=)

—— Roller Maximum Temperature[°C]

0 500 1000 1500 2000 2500
Time[s]

Fig. 7 Temperature of the 9-cartridge heater and the

roller
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Table 5 Measured temperature of the heating roller
with the 9-cartridge heater

. Temperature('C)

Time(s)
PBI PB2 | PB3

0 22 22 22
300 41 47 41
600 70 85 70
900 99 123 105
1200 135 165 141
1500 168 200 177
1800 180 213 190
2100 184 201 180
2400 187 200 187
2700 186 203 195

Fig. 9 Heating roller with the 9-cartridge heater

250

200

Temperature[°C]

wpe=PBI[PC] =i PB2['C] PB3[*C]

=—g==Analysed Temperature[*C]

0 300 600 900 1200 1500 1800 2100
Timel[s]

Fig. 10 Analysed temperature and measured temperature
of the heating roller with the 9-cartridge heater
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Temperature[°C]
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wie 5 Cartridge Heaters Temperature Average[°C)

~—=—9 Cartridge Heaters Temperature Average[°C]

0 300 600 900 1200 1500 1800 2100
Time[s]

Fig. 11 Average temperature of the S-cartridge heater
and the 9-cartridge heaters
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