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Comparison of System Performances of Hot-gas Bypass and Compressor
Variable Speed Control of Water Coolers for Machine Tools
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ABSTRACT: Recently, the needs of system performances such as working speed and processing
accuracy in machine tools have been increased. Especially, the speed increment generates harmful
heat at both moving part of the machine tools and handicrafts. The heat is a main drawback to
progress accuracy of the processing. Hence, a cooler system to control temperature is inevitable
for the machine tools. In general, two representative control schemes, hot-gas bypass and variable
speed control of a compressor, have been adopted in the water cooler system. In this paper,
comparisons of system performances according to the control schemes in a cooler for machine tools
were conducted in detail. Each proportional-integral feedback controller for the two different control
systems is designed. The system performances, especially the temperature control accuracy and
coefficient of performance which is a criterion of energy saving, were mainly analyzed through
various experiments using 1RT water cooler system with different two types of control scheme.
These evaluations will provide useful information to choose suitable water cooler system for the
engineers who design controllers of the cooler system for machine tools.
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(a) Hot-gas bypass method
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(b) Compressor variable speed control method

Fig. 1 Schematic diagram of water cooler

control system.
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Fig. 2 Block diagram of PI control.
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(b) Control system of CVS
Fig. 3 Water cooler control system for
experiments.

Table 1 Specifications of the test unit

Component Note

Compressor Rotary type, 1[HP]
Condenser Air-cooled fin and tube type
Evaporator Plate heat type

Refrigerant R-22

Table 2 Experimental conditions

Item Note
Water flow rate 22.5[//min]
Ambient air temperature 30[C]
Sampling time 1[sec]
Target temperature 25[C]
4 -
35
5 3
[}
25
2 L L L L L L "1
2 4 6 8 10 12 14 16
Superhear(C)

Fig. 4 Relationship between COP and
superheat in CVS system.

Table 3 Refrigerating capacity and compressor
work according to superheat

Superheat[ ] lzzgiietrya[tlwn]g Cgvrgflif\s;]or
4 3170 950
6 3150 943
3 3150 937
11 3050 939
14 2600 946
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Fig. 5 Step responses with respect to
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Fig. 6 COP comparison of two systems.
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Fig. 7 Experimental control results of HB
system.
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Fig. 8 Experimental control results of CVS
system.
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