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低温度差熱エネルギーを用いた超小型バイナリー発電プラントの
モデリングと非干渉化 PID 制御系の設計
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Linear transfer function models of three inputs-two outputs of a 10KW class ultra-compact binary power plant are 
built to design control system in this paper. Decouple PID control systems using pre-compensators with parallel 
connection for linearized transfer function matrix models are designed to reduce the interaction of a multivariable 
control plant. In addition, control results of two inputs-two outputs system and three inputs-two outputs system are 
compared to confirm the control performance. 

Key Words : Low temperature difference, Ultra compact binary power generation, Decouple PID control 

1.  

100 KW 50 KW
10 KW

BP
 

PID

 
* 2013 8 21  
*1  808-0135 2-7  

E-mail: kyhan@akane.waseda.jp 
*2  
*3  



6 韓建榮，有田護，池上康之，李羲頡

2.  

1

3 2

Fig 1 Structure of ultra-compact binary power generation system using low temperature difference thermal energy 
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Fig 2 Block diagram of 3inputs-2outputs transfer function model Fig 3 Real response by Hot water step input 
 

Fig 4 Real response by Cold water step input Fig 5 Real response by Solenoid valve step input 
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Fig.6 Deducing method of 1st order + dead time transfer function Fig.7 Deducing method of 2nd order transfer function  
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Fig 8 Responses of Real and Model by Hot water step input Fig 9 Responses of Real and Model by Cold water step input
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Fig 10 Responses of Real and Model by solenoid valve step input step input
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Fig 11 PID control result of 3input 2out system 
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Fig 12 Inverse Nyquist Array and Gershgorin band by Gc1
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Fig 13 Block diagram of Gc1+Gc2 parallel connection 

Fig.14 Inverse Nyquist array and Gershgorin band by Gc1+ Gc2 
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w01 4.3 w02=11
w03 = 20.0 w04 = 40.0 w05 = 4.1

w06 = 4.4 w07 = 7.0 Gc3 Gc4 Gc5 Gc6 Gc7 7
15  16 7 (7)

G(s) = Gp(s) ( Gc1+Gc2+Gc3+Gc4+Gc5+ 
Gc6+Gc7 )  

5541.36.8428
1950.21.4708-
6104.10.1086-

7654321 GcGcGcGcGcGcGcGc (7)

Fig.15 Block diagram of Gc1+Gc2+Gc3+Gc4+Gc5+Gc6+Gc7 parallel connection

Fig.16 Inverse Nyquist Array and Gershgorin band by Gc1+ Gc2+ Gc3+ Gc4+ Gc5+ Gc6+ Gc7
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5. PID

5.1 3 2 PID

1100 [KPa] 700[KPa] PID 17

Fig.17 Block diagram of Decouple PID control system  

3 2 Gp(s) PID 1 18

Fig.18 3inputs-2outputs Decouple PID Control by 7-stage parallel connection

       

 
Kp 0.0434 0.6552 

Ti 0.7036 0.4475 

Td 0.1759 0.1119 

Table 1 PID  
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5.2 2 2 PID

2 2 2 3 2 7
PID PID 2

19

 
Fig.19 2inputs-2outputs Decouple PID control Result by 7-stage parallel connection 
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5.3 

3 2 2 2
20 3 2 Nyquist Bode 21

-180 [ ° ] 4.5 [ rad/sec ] 5.55 [ dB ] 
6.99 [ rad/sec ] 1.82 [ dB ] 

       

 
Kp 0.0493 1.8347 

Ti 0.1901 14.6086 

Td 0.0467 0.7950 

Table 2  PID  
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Fig.20  Nyquist and Bode diagram of Hot water loop of 3inputs-2outputs plant 

Fig.21 Nyquist and Bode diagram of Cold water loop of 3inputs-2outputs plant 
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6.  
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3 2 2 2

3~10 [dB] 5.55[dB] 0.262[dB] 

1.92[dB] 48.2[dB] 

20~70[deg] 91.2[deg]  4.17[deg] 

29.5[deg] 19.6[deg] 

700  2200  

Table 3  3 2 2 2  
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