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Abstract This paper proposes controller design algorithms for a ceramic soldering iron temperature control system,
and reports their effectiveness in a control experiment. Because the responses of the ceramic soldering iron
temperature to the control input are non-linear and very slow, precise modeling and controller design is difficult. In
this study, the temperature characteristics of a ceramic soldering iron are represented by TSK fuzzy models consisting
of TSK fuzzy rules. In the fuzzy rules, the premise variable is the control input and the consequences are the transfer
functions. The transfer functions in the fuzzy model were obtained from the step input responses. As the responses
of the ceramic soldering iron temperature are very slow, it is difficult to obtain the complete step input responses.
This paper proposes a genetic algorithm to obtain the transfer functions from an incomplete step input responses, and
showed its effectiveness in examples. This paper also reports a fuzzy controller design method from the TSK fuzzy
model and examples. The proposed methods were applied to the temperature control experiments of ceramic iron. The
TSK fuzzy model consisted of 7 TSK fuzzy rules, and the consequences were PI controllers. The experimental results
of the proposed fuzzy Pl controller were superior to the linear controller and were as good as in previous studies

using a fuzzy PID controller.
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Table 1. The parameters of Eq. (16) Fuzzy Model and
Eq. (17) Fuzzy PI Controller

Fuzzy Fuzzy Model Fuzzy Controller
Set T T K’ K}, K}
F! 8235 120.588 10.344 0.27 0.003
F? 6.275 90.980 13.241 0.24 0.005
£ 5.294 68.235 13.295 0.24 0.006
F 4314 60.392 12.776 0.25 0.007
F° 3.530 52.941 11.536 0.26 0.007
F° 3.922 47451 10.443 0.27 0.008
Jad 4314 46.667 9.602 0.30 0.009
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Reference t, (sec.) MSE
T Fuzzy Linear Fuzzy Linear
200C 86 92 37.08 37.81
250C 86 103 58.36 162.24
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350C 71 73 75.85 101.55
Average 78.75 88.25 59.74 110.25
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