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A Study on the Development of Drum-Type Boiler Simulator for
Thermal Power Plant Using the Signal Flow Diagram Model

& BCE R B8 W BT |5
(Jae-Sun Kim - Dong-Hwan Hwang - Byung-Kook Kim - Zeungnam Bien)
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Abstract- Owing to the need to accommodate the load variation, thermal power plants
need a modern controller in order to achieve better frequency regulation, faster response and
higher efficiency. For a successful development of the digital instrumentation and control
system that can adopt advanced control algorithms, power plant simulator must be available
for safe and convenient test.

In this paper, a simple drum-type boiler model is proposed using Signal Flow Diagram that
describes the system by a combination of basic time responses representing the relationships
between cause and effect process variables. After verifying the model and thereafter building
a simulator based on the proposed model, we tested the operation of the controller and
stability or efficiency of the implemented control algorithms.
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Fmsl Fms Pth

Pms :Main Steam Pressure

Fms :Main Steam Flow rate

Pth :Throttle Pressure

Fev :Evaporated Steam Flow rate
Qev :Evaporator Heat Flux

Pdr :Drum Pressure
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Table 1 Process Variable Stedy-State Values at various Operating Point

1
%

Trans. KIEE, Vol. 39, No. 12. DEC. 1990

Norm. Value
Process Value brief Range Unit Power (%)
50 75 100
Power MW (0~137.5) MW 68.5 103.0 137.5
Throttle Press Pru (50.0~150.0) Kg/cm?® 126 126 126
Main Steam Press Pus (0.0~150.0) Kg/cm? 126.5 128 129
Burner Oil Press b (0.0~15.0) Kg/cm? 14.7 14.8 14.9
Furnace Draft Press Pep | (—100.0~50.0) | mmH,0, —10 —-10 -10
Div. Wall S/H in Press Pp, (50.0~200.0) Kg/cm? 127 131 133
Drum Press Por (0.0~210.0) Kg/cm? 128 132 136
Feedwater Press Prw (50.0~200.0) Kg/cm? 140 140 140
Total Feedwater flow Frw (0.0~500.0) Ton/Hr 200 300 400
Main Steam Flow Fys {0.0~500.0) Ton/Hr 200 320 440
Aux Steam flow Fus (0.0~40.0) Ton/Hr 2.5 4.4 7
Fuel Oil flow 5 (0.0~40.0) KL/Hr 15.4 22.7 30.0
Air flow A Faa (0.0~500.0) Ton/Hr 228 330 420
Air flow B A (0.0~500.0) Ton/Hr 228 330 420
Exess Air Ratio 0. (0.1~10.0) % 1.2 0.8 0.4
Div. Wall S/H A in Temp Toai (300.0~650.0) C 420.0 420.0 420.0
Div. Wall S/H B in Temp Tobi (300.0~650.0) C 420.0 420.0 420.0
Div. Wall S/H A out Temp T peo (350.0~650.0) T 450.0 450.0 450.0
Div. Wall S/H B out Temp Toro (350.0~650.0) C 450.0 450.0 450.0
Fin. S/H in Temp T (350.0~650.0) C 470.0 470.0 470.0
Fin. S/H out Temp Tro (350.0~650.0) T 540.0 540.0 540.0
R/H out Temp Tru (350.0~650.0) T 540.0 540.0 540.0
Feedwater Temp Trw (0.0~250.0) T 240.0 240.0 240.0
Drum Level L (—15.0~15.0) inch 0.0 0.0 0.0
Deaerator level Lo (0~100) % 50 50 50
Hot-well level Lo (0~100) % 50 50 50
E: 2 st 254 W HAAdezt
Table 2 Pressure Variable Steady-State Value
OP Point 50% 75% 100%

PV Ref. Real Err. Ref. Real Err. Ref. Real Err.
PWR (MW, 68.5 68.5 0 103 103 0 137.5 137.5 0
Fms(T/H} 200 197 1.5 320 320 0 440 442 0.1
Fo(KL/H) 15.4 15.1 2 22.7 22.7 0 30 30.6 2

Pdr (Kg/cm?) 128 128.1 0.1 132 132 0 136 135 .4 0.5
Psh (Kg/cm?) 126.5 126.2 0.2 128 128 0 129.5 128.9 0.5
Pth(Kg/cm?) 126 126 0 126 126 0 126 126 0

Al 471 o]} [8]. o xuigd Aeirl i x HAE GHAE F7 3

o F&7) g 5 F7) Aoy L FrlY e A47txel 8 £FE FAsE Ao
et gt o4 F7|E A Al F) o},
e Aog, o F7| X Aolv]: zdr] P AR 9
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Table 3 Comparison of Simulator with commercials
PROPOSED Commerical
PURPOSE controller test Engineering Design
Operator Training
. Fossile/Nuclear
TARGET Drum Boiler Overall Power Plant
H/W 16-bit CPU Board Upper W/S Level
Signal 1/0 Board Color Graphic Console
Man/Manchine LED/Motor Disply Dedicated Panel
Interface Recorder (Controller Identical)
Start-Full Load-
— [))
50~100% Power Range Shut Down (Full Range)
. . On-Line Graphic
Off-Line Coding Configuration
MODEL Dedicated (Drum Boiler) General-Purpose
Steady-State I/O Data Thermal, Construction Data
HEURISTIC
APPROACH ENGINEERING BASED
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