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Two—degrees—of—freedom Control of Sake Sterilization System Using Joule Heating Technique

Akihiro NAGANAWA*, Takeshi SEKT*, Yoshinobu AKIYAMA**,
Motoki YASUDA™**, Yoshiyuki SASAKI*** and Kengo WATANABE***

On a food heating process, a heat transmission system has been used widely. This system is the most popu-
lar and simple, but the system involves some intrinsic problems such as overheating, defective sterilization and
scorching. Recently, the Joule heating system has been received keen attentions as a high performance heating
system because of non—scorching, accurate heating and cleanness.

In this paper, the temperature control performance of the sake (Japanese rice wine) sterilization using Joule
heating technique is discussed. The purpose of this study is to realize the stable control performance for the
rapid change of the electric resistivity or the target temperature of the heating material. The control system
is composed as the two-degrees-of-freedom (2DF) control system which has a PID controller. We obtained the
following results. First, the transient and the steady—state characteristic were attained well if the impedance of
heating material changed. Second, if the target temperature was changed rapidly, good control performance was
realizable. Furthermore, we verified the settling performance when the perturbation for heating plant occurred.

Key Words: Joule heating, sake sterilization system, two-degrees-of—freedom (2DF) control, PID control,

electric power control
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Fig.1 Sterilization system using Joule heating technique
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Fig.2 Composition of control system
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Fig.4 Characteristic of system
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Fig.5 Composition of 2DF control system
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Fig.6 Experimental results of 2DF control
(Salt solution 0.02%, Target temperature 60 O )
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