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Characteristics of Precise Temperature Control of Industrial
Cooler on Thermal Load
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Abstract : Recently, technical trend for machine tools is focused on enhancement of speed and accuracy. High
speedy processing causes thermal and structural deformation of objects from the machine tools. Water cooler
has to be applied to machine tools to reduce the thermal negative influence with accurate temperature
controlling system. Existing On-Off control type can’t control temperature accurately because compressor is
operated and stopped repeatedly and causes increment of power consumption and decrement of the expected
life of compressor. The goal of this study is to minimize temperature error in steady state. In addition, control
period of an electronic expansion valve were considered to increment of lifetime of the machine tools and
quality of product with a water cooler. PI controller is designed using type of hot-gas bypass for precise
control of temperature. Gain of PI is decided easily by method of critical oscillation response, excellent
performance of control is shown with 4.24% overshoot and +0.2°C error of steady state. Also, error range of
temperature is controlled within 0.2°C although disturbance occurs.

1. M 2 A Adg W47l 7 g AALET dE Al
o= on-off ot} o] W& FHud L=Ao7}

AZ AtEa e FANAY WHEe nAxs  ofHI, UMW AF 3 A sHoE LuPYY F

L& FTEA o TS AR o
G271t war] g F2Ee tERsd 49 o
ol HAFLE o2 AF I Ao AU=o] Fad
TAE oY 4L FAIA FEL FHE @
YL Y3t o2 A& 7L =s} 7)A 9] A
ol Attt o] & Hasse Yot AR
g, TANA ARANY Aol 4 §xo wet Y
3 YFE o] WA o) f Fol itk TdS
qAE7] A% FH7AL ThEEAA ¥4E WrE
TEED. o] ¥ FFHE WY =7 IS A
TAEY] € M¥E YA & Yo

H#HA@AIAA  FAA &R JFT2FETH
E-mail : yoonji@pknu.ac.kr, Tel : 051-629-6180
W, JEY, WEY  FEdgn fEd
22T () WY

4497 : RAUEE WETZTL}

o

7hek 4= £HE GEATIEY, oy dyE B
e AL LEA 0] YAOZE EEVIA Hiolaj A
W03 okzy) JhA& Ao lo] g4 o B
=R E EE7F2 vlo]gi o o3k 48 4
Wzt719] AL EA 7] A U HAEGT
EZ7t2 nlo|gjauiy] e EZvlA wWiHQl EEV
(Electronic expansion valve)®] /N E=&& PID A|o] 23]
of o3 A ok Aojr] A A2 AL A
ALY WEETLE7 HAS J=EA 2 AEEA
< Z=E PID Alo7] Al (gain)& AAISHE Aolth
B A7 Aouiide £33 nddgo] mjg- ofH
7] W&ol 24 7yt HAV o) waA B o
TAAE AY FYH F 7HF dE2HA A=H-UE
2 (Ziegler-Nichols)®] QAASH™g o] 4319 PID
ALE A3y, 48E B39 I 45
72k gk agln Ao F71E 4 Rk A% ¥
AME EF 259 21 oy &E HLstA A7t 7t

_34_



S@A st BT L Al eEN B &1
A sgo] Folfe A9 Aol T4z AYE F3
o Yre A eYUE BELE T 4 Ty
oug Felsnd v

2. MEEA Y oy

Fig. 1& A¥Ax 9 #+AEE YEH, Table 12
AGz1E& 247 Jerdth

FQ R&Foze 2HE ES 1HP $43%7], o9
2 Jel]] $57, 7] 48 @9die #3dEn
37, BRI EE7LA blolgja wHel EEVE A
A FAHY ok 2Elx Wuls R-22F AHESA O
EEV?] Aloj& PLCS 2HPRE Eglo]Ha F45

o] qitt. a2z WdZy] Y-EFde 2ZAANY
PT-100& A A3l9eH, 2x/x9t AaHdr|r &

=% % ATABE Ase] BN

Hot
water in

Evaporator

|
E) A PT-100
) | Cooled "”" l

water out

Compressor EEV

Stepping ¥

Condenser motor
driver

Fig. 1 Schematic diagram of control system of a
water cooler

Table 1 Experimental conditions

Mass flow rate of cooled water [I/min]| 25
Air temperature [C] 30
Control period [sec] 1, 10, 15, 20
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Chamber temperature : 30 °C
Thermal load : 3 kW
Control period : 1 sec
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Fig. 2 Critical oscillation response
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Fig. 3 Results of control performance with PI (2kW)
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Fig. 4 Results of control performance
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Fig. 5 Outlet temperature variation of chilled water with disturbance as time by period

o 28
1. Beak, S. M. et al, 2009, "Characteristics of

Temperature Control by Hot-gas Bypass Flow
Rate on Industrial Water Cooler”, The Korean
Society of Marine Engineering, Vol. 33, No. & pp.
55~62.

2. Lee, S. W, Yeom, H K., 2008, "Performance of
thermal error controller to minimize thermal
deformation of machine tools”, Proceeding of
Korean Society for Precision Engineering(spring),
pp. 376~380.

3. Lee, S. W. and Lee, C. W, 2007, "Assessment
capability of oil cooler with hot-gas”, Proceeding
of Korean Society for Precision Engineering, No.
6, pp. 459~460.

4. ], H. Choi 2009, "Performance

et al,

Characteristics of Cooler Controled Capacity
Using Hot-gas Bypass”, Int. Symp. on
Convective Heat and Mass Transfer in

Sustainable Energy, Vol. 2, pp. 502~505.

5. Yaqub. M, Zubair S. M., Jameel-ur-Rehman
Khan, 2000, "Performance evaluation of hot-gas
bypass capacity control scheme for refrigeration
and air-conditioning systems”, Energy, Vol. 25,
pp. 543~561.

6. Yaqub. M, Zubair S. M., Jameel-ur-Rehman
Khan, 2000, "Performance evaluation of hot-gas
bypass capacity control scheme for refrigeration
and air-conditioning systems”, Energy, Vol. 25,
pp. 543~561.

7. Byun J. Y. et al, 2009 "Precise Temperature
Control of Oil Cooler with Hot-gas Bypass”, The
Korean Society for Power System Engineering,

_38_



EESRE L PEE TR

KSPSE The 2009 Spring Conference, pp. 141~
146.

. Byun J. Y., Jeong J. M, and Jeong S. K.. 2009
"Hot-gas bypass control by PI logic for precise
temperature of oil coolers with an electronic
expansion valve”, ISAMPE 2009, pp. 272~ 276.

-39



