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Abstract
Multivariable strong coupling control of natural circulation boilers has long been a challenging
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problem in the industrial field. Considering the difficulty of applying complete decoupling in practical
engineering, this paper proposes a multivariable partial decoupling control strategy based on Sie-
mens PCS7. Through process analysis, this study first identifies the control requirements and cou-
pling relationships among key parameters such as drum level, superheated steam temperature and
pressure. A partial decoupling control architecture is then innovatively designed, with drum level
feedforward-feedback cascade control and superheated steam temperature cascade-split range
control as the core. This design not only achieves precise temperature control but also eliminates
the secondary disturbance to drum level caused by feedwater regulation through split range control.
The hardware configuration, industrial Ethernet communication architecture design, continuous
function chart CFC and sequential function chart SFC programming are completed in PCS7. Simula-
tion verification on the SMPT-1000 platform shows that under rated load (21 kg/s) and variable
load (30 kg/s) conditions, the steady-state errors of key parameters are all less than +1%, and the
system has good anti-interference capability, providing a solution with both theoretical rigor and
engineering practicality for high-performance control of industrial boilers.
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Figure 1. Process flow diagram of industrial natural circulation boiler
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Table 1. Key process parameters
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Figure 2. Principle diagram of drum level feedforward-cascade control
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Figure 3. Principle diagram of flue gas oxygen content cascade-ratio control
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Figure 4. Principle diagram of superheated steam outlet temperature cascade-split range composite control
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Figure 5. Industrial Ethernet architecture
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Figure 6. CFC implementation diagram of flue gas oxygen content cascade-ratio correction
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Figure 7. WINCC configuration design
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Figure 8. Dynamic response curves of key system variables
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