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Control of a Glass Cooling Forehearth

z 0RWLYDWLRQ

X 'RZQVWUHDP SURGXFW TXDOLW\ GHSHQGHQW RQ

WHPSHUDWXUH

X 2SHQ�ORRS XQVWDEOH SURFHVV

X 5HTXLUHV WLJKW UHJXODWLRQ RI WHPSHUDWXUH

Illustration source: (http://www.brainwave.com/industry/d3_furnace.html)
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Glass Cooling Forehearth
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Steady-States & Eigen Values

Zone Temp. oC SS1 SS2 SS3

T1 581.8 979.6 1093.9

T2 581.8 979.6 1093.9

T3 501.8 850.5 1035.3

T4 501.8 850.5 1035.3

T5 763.1 837.2 1016.5

T6 763.1 837.2 1016.5

Eigen Values
SS1 SS2 SS3

1 -0.0119 -0.0673 -0.1732

2 -0.0104 0.0052 -0.0142

3 -0.0007 -0.0422 + 0.0257i -0.1238 + 0.0609i

4 -0.0008 -0.0422 - 0.0257i -0.1238 - 0.0609i

5 -0.0044 + 0.0074i -0.0206 + 0.0263i -0.0640 + 0.0612i

6 -0.0044 - 0.0074i -0.0206 - 0.0263i -0.0640 - 0.0612i
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Control System Description
z &RQWURO RI WHPSHUDWXUH LQ � ]RQHV RI WKH IRUHKHDUWK
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z 1HHG WR RSHUDWH DW RSHQ�ORRS XQVWDEOH VWHDG\ VWDWH

RSHUDWLQJ SRLQW

z ([LVWHQFH RI PRGHO PLVPDWFK EHWZHHQ SODQW DQG

PRGHO LQ DGGLWLRQ WR XQPHDVXUHG GLVWXUEDQFHV DQG

PHDVXUHPHQW QRLVH

z (.) EDVHG QRQOLQHDU 03& LV XVHG IRU VWDWH

HVWLPDWLRQ DQG FRQWURO

X H[SOLFLW KDQGOLQJ RI FRQVWUDLQWV

X LQIHUHQWLDO FRQWURO
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Estimation and Control Strategy
z ([WHQGHG .DOPDQ ILOWHULQJ �(.)� LV XVHG WR REWDLQ

FXUUHQW HVWLPDWHV RI PRGHO VWDWHV�

z 'LVWXUEDQFHV DUH PRGHOHG DV LQWHJUDWHG ZKLWH QRLVH

VWDWHV DXJPHQWHG WR WKH RULJLQDO PRGHO�

z 1RQOLQHDU 03& DOJRULWKP XVHV (.) VWDWH HVWLPDWHV

WR SUHGLFW IXWXUH YDOXHV RI VWDWHV DQG FRQWUROOHG

RXWSXWV� ZKLFK DUH WKHQ XVHG WR FDOFXODWH WKH RSWLPDO

PDQLSXODWHG YDULDEOH DFWLRQ�

z %RWK WKH (.) DQG WKH QRQOLQHDU 03& DOJRULWKPV DUH

EDVHG RQ VXFFHVVLYH OLQHDUL]DWLRQ RI QRQOLQHDU PRGHO�
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EKF Equations
z 0RGHO SUHGLFWLRQ

z .DOPDQ ILOWHU JDLQ DQG FRYDULDQFH

z 0HDVXUHPHQW FRUUHFWLRQ
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MPC Strategy

controlled variable

FuturePast

past input moves

setpoint trajectory

optimal future
input moves

optimized future
model trajectory

prediction horizon

control horizon

present time
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Interaction of Estimation and Control
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z 6HWSRLQW WUDFNLQJ

z 3DUDPHWHU HVWLPDWLRQ

X 9LVFRVLW\ SDUDPHWHU α

z 8QPHDVXUHG GLVWXUEDQFH

X IOXFWXDWLRQV LQ IORZ UDWH 0
�

z %LDV LQ KHDWLQJ FLUFXLW >7
F�
� 7
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� 7
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@

z %LDV LQ RXWSXW PHDVXUHPHQWV >7
�
� 7
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� 7

�
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z &RQWURO SDUDPHWHUV�

X VDPSOH WLPH �� PLQXWHV

X FRQVWUDLQWV RQ LQSXWV � GHJ� & SHU �� PLQ

X SUHGLFWLRQ KRUL]RQ 3  ��� FRQWURO KRUL]RQ 1  ��

RXWSXW ZHLJKWV 4 ������ LQSXW ZHLJKWV 5 ������

*DXVVLDQ QRLVH ��� GHJ� &

Results
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Summary
z $ ILUVW SULQFLSOHV PRGHO ZDV GHYHORSHG DQG

SDUDPHWHUV ZHUH LGHQWLILHG IURP SODQW GDWD

z (.) EDVHG 1/03& ZDV GHYHORSHG DQG WHVWHG LQ

VLPXODWLRQ VWXGLHV

z 6HWSRLQW WUDFNLQJ DQG UHJXODWRU\ FRQWURO LQ WKH

SUHVHQFH RI GLVWXUEDQFHV ZDV DFKLHYHG
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