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Simulation study on flexible control of cogeneration unit

WANG Guanjie, TIAN Liang, DENG Tuoyu

(School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Large-scale grid connection of new energy power generation makes cogeneration units need flexible
operation to smooth out the fluctuation brought by new energy access. In order to meet the control requirements of
flexible operation of the unit and the safety of the unit operation, a flexible control strategy for cogeneration units
based on flexibility evaluation is designed. Firstly, according to the response characteristics of electrical load,
thermal load and throttle pressure of the unit, a calculation method of flexibility evaluation indexes which can
represent the load adaptability and operation safety of the unit are proposed, and these indexes are used as the basis
for selecting the optimal flexibility factors. Then, the influence of flexibility factor on the system performance under
a single working condition is simulated. Finally, on the basis of determining the optimal flexibility factors under
different working conditions, the adaptive flexibility factors that changing with working conditions are designed
and applied to the flexible control. The simulation results show that, the control strategy can not only achieve a
better control effect when the unit runs under large-scale conditions change, but also achieve a better control for the
unit after the low-pressure cylinder is cut off, which can meet the control requirements of flexible operation of the
unit and ensure the safety of the unit operation..
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Fig.1 Structural diagram of thermodynamic system of
heating and steaming parts of the cogeneration unit
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Tab.1 The values of input and output variables in the model

TiH 1A
B R usl(th™) 74.29~160.00
TRECHL T RV R E ur/% 44.24~80.00
VRECHLAL AR AT E R T u/% 0~55.22
AT U R T ue/% 100
bl T U R B us/% 100
REEHIHLITE /1 p/MPa 14.00~16.67
REEHLH R ETHERE 77 pe/MPa 0.265~0.350
KEIIE Ne/MW 90~235
HERFHR IR an/(thY) 226.8~300.0
TolkAhiRitE ad(th?) 75.6~100.0
—Z}JE 71 p/MPa 6.18~13.33
YRALE F7 pd/MPa 14.15~18.17

% 2 BAREHESHMNHSSHREE
Tab.2 The values of dynamic and static parameters

in the model

T H ¢l
K LEAR B[] o/ 20
A 5P I (8] Tefs 100
B E AR EL Co/(MI MPa ) 3600
FRECHUBT R ) To/s 12
I B AR Te/(MJ MPa?) 1600
JRBHEIE A Ky 1.875
FEZUE RE K 0.000 289
VRECHLIE S Ks 0.225
A AR E R K 6.154
RS & Ks 0.3532
fREFIZIR I HEES Ke 2.119
IR EIR KA LA Ky 1.392 75
Tl iR 5 Ks 0.464 25
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Fig.2 Response curves of fuel flow disturbance and opening
disturbance of turbine governor valve
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Fig.3 Response curves of the opening disturbances of LV
and EV valve
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Fig.4 Structural diagram of the flexible control strategy under large-scale variable operating conditions
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Tab.3 Evaluation indexes of tge unit with different
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ZHEHET K N g P 7
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0.3 0.876 0.913 0.645 0.841
04 0.863 0.923 0.775 0.863
0.5 0.680 0.899 0.776 0.765
0.6 0.624 0.852 0.824 0.732
0.7 0.560 0.821 0.916 0.710
0.8 0.603 0.816 0.947 0.736
0.9 0.632 0.802 0.989 0.754
1.0 0.646 0.794 1.000 0.761
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Tab.4 Basic parameters of different operating conditions

25 THm 1 THE 2 THmM 3 THs 4
Ne/MW 235.0 178.8 119.2 90.0
g/t 1) 300.0 300.0 300.0 226.8
p/MPa 16.67 14.50 1417 14.00
pe/MPa 0.350 0.350 0.350 0.265
us/(t ) 160.00 130.00 98.29 74.29

ur/% 80.00 74.43 57.78 44.24

uL/% 55.22 28.47 0 0

Uel/% 100 100 100 100

us/% 100 100 100 100
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Fig.6 Comparison of response curves of main parameters of
the unit under different control strategies

5 FREHIKREE T HHLETMIEFR
Tab.5 Evaluation indexes of the unit under different control
strategies

23 i) SR T 7N 7q e n
WagpEm 102 1000 0815 0585 0963
EMFTH  2-3 0974 0853 0520 0847
F Pz 3.4 0614 0845 1000  0.969
1-2 1000 0815 0585  0.963

“ gL

Pob s 2—3 1.000 0.802 0.523 0.845
34 1.000 0.893 0.535 0.607
1—2 0.632 0.803 1.000 0.666

“HLERg”
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| o -

3—4 0.614 0.845 1.000 0.969
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