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A Study on Temperature Control of Rotating Machinery under
Harsh High-Temperature Conditions
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Abstract When a rotating body is subjected to pressure and thermal loads, its durability is compromised
because of the abrupt changes in pressure and temperature. Therefore, the selection of materials for the
rotating body must be made considering these conditions, and the cooling function of the water jacket
is essential for stability. In semiconductor microfabrication processes, the reflow curing system involves
rapid transitions between room and high temperatures. Consequently, the heating equipment required
for this purpose necessitates abrupt cooling and heating of the rotating assembly. In the past, preventing
thermal degradation of the rotating body was achieved by circulating cooling water around it. In this
study, an improvement was applied by providing a simple cooling function and implementing real-time
control of the rotating body speed based on the temperature of the cooling water. According to the
degree of rapid external temperature change, the rotating body water temperature control method
maintained the temperature within the range of 3°C under severe conditions with a reduction of 15°C
through two input contacts. Through this, the durability improvement of the components of the rotating
body was predicted, and the experiment and effectiveness of the method proposed in this paper were

confirmed.
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Fig. 1. In/Out system of temperature reflow or curing
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Fig. 4. Heat transfer with or without a water jacket
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Fig. 5. Heat transfer of bearings with respect to
temperature
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Fig. 9. Flow chart of process temp. control system
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Fig. 10. Flow chart of process temp. control system

4. A M Y MY
Ay 272 Fig. 63 22 A 93 &= Aol
o o] FAT 2NN Lmsht YU TroR

Maintenance &34 J&stAct. LR FHst
= e 2 AlojE J8F 4 gtk 71E Al g
£0] Thermocoupleg o83t ZgA 0|2} =2 Aol&
o|-gsto] 3AAY] HEF Aolstrt. 2714 Aloje] &
BAL 98 dZd Lx=Ho] "gQshy 4L 95k
T8 Fig. 113+ £t Mechanical Sealol &+ 7§19
Tube(xé*“ IANE dAFsta, g lol Y=g TSt
H, YA gt 7oAz alis=Ert w4 Tubeol T #&
ﬂ@o]"ﬁ 2 AAE F=etal Y25 S43i

Fig. 11. Components of the water temp. control

system
2 AFoJA= Overshoot?] A4S ZxE sy
Fig. 73t o] EAEol U {A=HE Al

Maintenance 774 &43lo] H¥|wsic},
Ao1719] Aol g2 Table 29+ Z 2™, Limit cycle



1 7k 270X FAA 2 Alofol B AT

W0 ® Autotuning AHFATH 1. IAA +4E 2av =2 AXE B3 Motord
IJHEE AL AoNE B3 71 T W7t

Table 2. Autotuning results of the two control systems HRAHT AE 27 dASH A= A

K, K; Ky
Process temp. sensor 8.6 69.2 24
Water temp. sensor 4.0 6.5 25

BAHE AlAE B3 Aol Oven WH S 914
3= Process temp. sensorZFE Y-S
TA0)719] £¥< Fig. 93 &2 W R F/9 &Y
< 59 &k A€ gt =2 AAE 53 Aloj= 3
ZA| Mechanical sealol4] ¥i4=dl= Water temp.
sensorZHE Qg ol 2rAo}7]9] &¥& Fig.
107} 22 WAoo g &% AolE gtk Fig. 63 2ol 7]
£ 22 65 °CY EEE YehAet A|gtol= WAl
Fig. 129} 0] 50 °C 9 ExE Uefia 3H2% Al
Ag B ARt =2 AAE B3 Alol7t Hunting
TFZHlAl 3 °CO] Rpo]& ] QK=o S & 4 Slch
259 W37} et 7oA =2 A7t o {2t

o [eXe] 5 = = 3lolg]
oFE 2T Y& B UY NS F9) lstart
6 T(C)
Process- Temp. Sensor
50 7;
Water Temp. Sensor

40 /
30
20

10

0 1 2 3 4 5 6 7 8 9
Time(min)

Fig. 12. Temperature of water outlet

5. 42
£ A7 agel suAe) ¥ Aad R 9
o 5o TP o YUY 7718 Aol v
£atol, A TERO) AF AT $X14 4 At
So] WY G4 et] et 7S

72 AW E
=z

e, 3% &4 Reciped] e SHTAE Ao 49
Ak Al Higt o5 AlAE A7 e Aes A

225

Wl S Aute gelshyir
Saio] W2 Aol F23 LW} Lol
AN HolAu, ¥l TelHe) HE S Aof
e 713 Aele] @ & Aofurt o] oz

708 EA| Hge

o
=2
[ex]
E

- IA TR AA 2= 4R 2AL AFE
3 A=Age SR, £ 4T} AP
s A W FE AT B AR

KEUS AT 5 YU

References

[1] D. S. Hong, D. H. Choi, S. H. Kong, T. W. Kim, K.
Suk. Lim, “Experimental Study on the Performance of
an Charger Cooling System for Electric Vehicles”,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.23, No.12, pp.676-681, 2022.

DOL: https://dx.doi.org/10.5762/KAIS.2022.23.12.676

I. K. Lee, S. H. Cho, H. G. Kim, S. C Kim, “Study for
Failure Examples of Injector, Idle Speed Actuator and
Gasket in LPi System Vehicle”, Journal of the Korean
Institute of Gas, Vol.16, No.3, pp.48-53, 2012.

DOI: https://dx.doi.org/10.7842/kigas.2012.16.3.048

C. H. Shin, S. H. Lee, W. G. Park, G. L. Jang, “The
Study about the Performance-Analysis of a
Automotive Engine Cooling System’, 7ransactions of
the Korean Society of Automotive Engineers, Vol.14,
No.2, pp.39-48, 2006.

C. S. Oh, T. Y. Ryu, S. Y. Shin, J. K. Choi, “An
Experimental Study on the Characteristics of Metal
Temperature and Heat Rejection to Coolant of
Gasoline Engine”, Transactions of the Korean Society
of Automotive Engineers, Vol.9, No.3, pp35-41, 2001.

S. H. Cho, Y. B Ko, “Numerical Analysis of Thermal
Deformation of a PCB for Semiconductor Package at
Panel, Strip and Unit Levels”, Journal of the
Microelectronics and Packaging Society, Vol.26, No.3,
pp23-31, 2019.

DOL: https://dx.doi.org/10.6117/kmeps.2019.26.4.023

W. G. Kim, “Cure Characteristics of Ethoxysilyl
Bisphenol A Type Epoxy Resin Systems for Next
Generation Semiconductor Packaging Materials”,
Journal of the Semiconductor & Display Technology,
Vol.16, No.2, pp19-26, 2017.

D. P. Hong, W. T Kim, “Quantitative NDE
Thermography for Fault Diagnosis of Ball Bearings



A& e =R A A25d A4Z, 2024

with Micro-Foreign Substances” Journal of the Korean
Society for Nondestructive Testing, Vol.34, No.4, pp.
305-310, 2014.

DOL: https://dx.doi.org/10.7779/IKSNT.2014.34.4.305

[8] Jin-Ju Seo, Dong-Pyo Hong, Won-Tae Kim, “Study on
NDT Fault Diagnosis of the Ball Bearing under Stage
of Abrasion by Infrared Thermography”, Journal of
the Korean Society for Nondestructive Testing,
Vol.32, No.1, pp.7-11, 2012.

DOI: https://dx.doi.org/10.7779/JKSNT.2012.32.1.007

[91 H. Choi, S. J. Lee, Y. H Ko, J. H Bang, ‘Reflow
Behavior and Board Level BGA Solder Joint
Propertiesof Epoxy Curable No-clean SAC305 Solder
Paste”, Journal of the Microelectronics and Packaging
Society, Vol.22, No.1, pp.69-74, 2015.

DOI: https://dx.doi.org/10.6117/kmeps.2015.22.1.069

[10] B. H Choi, Heat Transfer, pp.202, Munundang 2015,
pp.154~195.

[11] Rolling Bearing Comprehensive Catalog, Friction and
heat generation, 10-2, CAT.No.2202-IX/K, NTN
Korea, 2010, pp.A-71.

[12] D. S. Jung, M. K. Kim, M. S. Kim, W. Y. Lee, “Capacity
Modulation of a Multi-Type Heat Pump System Using
PID Control”, Korean journal of Air-Conditioning and
Refrigeration Engineering, Vol.12, No.5, pp.466-475,
2000.

ot = &(Joon-Hyeok An) B

<2012 29 : s=rEad v st
it e UP}E"‘A Astat
- - 20224 29 : ISP
LR
”ﬂﬂﬂ‘q‘/\ FEHAL
= + 2024 8¢ : =7 |&wSYstL
-

7| AR A o] FEAL
g - 20119 10% ~ @A) : @H]ofo]X]
oA AZREFZL 7|&H
(FEop
SrEA ], 71AdY], RFsAl0], PLC, A8 25

226

£ M H(Seok-Jae Hong) (=312

+ 19999 29 @ =¥
AxZe ARSAL

- 20224 8¢Y : /MR RS HETY
AA-gst FSHAL

+ 20249 8¢ : =V|EnSHSt
71Ad 8| Aol g8t FEFA A

+ 19994 12€9 ~ 20069 29 :
@tloto] ATEAIAR

@elolotolAlo] A27|&AlE e

HeFZATHe}

+ 2012 8¢9 ~ @A ¢

W= 7| A Y], BIEAHAE, PLCAO], A7]/AAHdH]

[(Hal#]

b
A
2
c
=]
i
@)
@
c
«Q
(%]
o
2

* 201549 29 ¢ FAkdiska AR
71585 (FEEHAD

20014¢ 29 ~ 20094 8Y : &

59 AgdTd

20169 3¥ ~ @4 : d=7lew

Soista 7| AL Aol &

A, AFAV AR, 7S

.

271&A}
(T4 EoP)
AFA0], AsA0], ZEA 0], M71Adu], 7]AHn



