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Temperature Control for an Oil Cooler System Using PID Control
with Fuzzy Logic
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— Abstract

Recently, technical trend in machine tools is focused on enhancing of speed, accuracy and reliability. The high speed
usually results in thermal displacement and structural deformation. To minimize the thermal effect, precision machine tools
adopt a high precision cooling system. This study proposes a temperature control for an oil cooler system using PID
control with fuzzy logic. In the cooler system, refrigerant flow rate is controlled by rotational speed of a compressor,
and outlet oil temperature is selected as the control variable. The fizzy control rules iteratively correct PID parameters
to minimize the error and difference between the outlet temperature and the reference temperature. Here, ambient temperature
is used as the reference one. To show the effectiveness of the proposed method, a series of experiments are conducted
for an oil cooler system of machine tools, and the results are compared with the ones of a conventional PID control.
The experimental results show that the proposed method has advantages of faster response and smaller overshoot.
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Fig. 1 A schematic diagram for oil cooler system and
controller
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Fig. 2 A schematic diagram for cooling oil cycle
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Fig. 4 Block diagram of the PID controller
with fuzzy logic
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Table 1 Fuzzy control rule of Kp
Parameter(E)
Ke NS|ZE| PS|PM|PB | PG | PE | PX
NB |PS|PS|PS|PS|PM|PB|PG|PE
NM | PS|PS|PS|PM|PB!PG|PE|PE
para | NS | PS|PS|PM|PB|PG|PE|PE|PE
meter | ZE | PS|PM|PB|PG|PE|PE|PE|PE
(4E) | ps |PB|PB|PE|PE|PE|PE|PE|PE
PM |PG|PE|PE|PE|PE|PE|PE|PE
PB |PE|PE|PE|PE|PE|PE|PE|PE
Table 2 Fuzzy control rule of Ki
Ki Parameter(E)
NS | ZE | PS |PM| PB | PG | PE | PX
NB |ZE|ZE|ZE|PM|PB| PG| PG| PE
NM | ZE|ZE|PS|PB!|PG|PG|PE|PE
Pawa | NS |ZE|PS|PB|PG|PG| PE|PE|PE
meter | ZE | PS|PB|PG|PG|PE|PE|PE|PE
(4E) | ps |PM|PG|PG|PE|PE|PE|PE|PE
PM | PG|PE|PE|PE|PE|PE|PE|PE
PB | PE|PE|PE|PE|PE|PE|PE|PE
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Fig. 9 Variation of inlet and outlet oil temperature when
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92

2712 AEAA 23 242 2US WANAT JIELE
of ZAU Yom Yavlel 42712 AANA oA £
A7)le & 9 Z(on-off)AojdtHolct. Fig. 102 7|&2:
£ 28°% ARG, 27] LULEE 31°0)4 AZsiel A
£79 HANHE $AT A & oT(on-ofAlUBL
S9% 5 ANTe 2 A% ATE el Holdh Fig
1094 & 2 ql30] 7|2 LEo] ERAZE 600seco]s
NELEVG 05°8AS Holw, 7|2 LE0] BT 3R
B 4HLERL 040 ofale] Lxola WAS Kol
Fig. 11 PIDA0}E 4] 7225 28°0] thaf 48 < &
F3 5 ADE el Roloh 7EeEd] FRATE
450seco|™ 7|& 2= R} +0.35°HAE B Fig. 12=
£ 2379} 9 PIDAolel FAG Z70)H HAHE PID
AoiE B3 712 2% 28] T3} ARG ST T AN
o2 A4Y F7LE oARNE el Aotk AuAT

[} 200 a 00 BOG 1000

2 Time ts)

Fig. 11 Outlet oil temperature using a PID control
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Fig. 13 Comparison of Outlet oil temperature among
using three control methods

Fig. 14 Inverter output voltage using an on-off control
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