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KEY WORD: PERFORMANCE INDEX / MAGNITUDE BOUND/ RATE OF CHANGE BOUND /
OPTIMAL CONTROL / CONVEX OPTIMIZATION / BINARY DISTILLATION COLUMN
WATHANYOO KHAISONGKRAM: PERFORMANCE ANALYSIS AND CONTROLLER
DESIGN FOR A BINARY DISTILLATION COLUMN UNDER DISTURBANCES WITH
BOUNDED MAGNITUDES AND BOUNDED DERIVATIVES, THESIS ADVISOR: DAVID
BANJERDPONGCHALI, Ph.D., 177 pp., ISBN 974-17-2939-1

There are several ways to model system disturbances, depending on their physical characteristics.
This thesis presents an approach to model disturbances as signals with bounds on their magnitudes
and bounds on their rates of change. The performance index considered in this work is the maximum
magnitude of the system output under the aforementioned disturbances. The analysis of the basic features
and properties of the performance index is given. Then, we show that the performance analysis can be
reformulated as an optimal control problem, whose necessary conditions can be readily determined. In
addition, the computer i)r.o.gram for calculating this performance index is also developed. We observe that
this performance index is a convex function with respect to the closed-loop control system. Therefore, we
can integrate the performance index in the framework of the controller synthesis via convex optimization.
To demonstrate the effectiveness of the novel approach, we apply the design technique to a binary
distillation ‘colurnn. The performance objectives are the maximum deviations of the product compositions,
and the performance constraints are the maximum peaks of the control signals. The magnitudes of
disturbance vary within the specified bound and their rates of change are also bounded. The simulation
results show that the control signals are maintained in the acceptable levels, and the deviations of the

product compositions do not exceed their minimized objectives. A tradeoff curve between composition

~ “deviations is also ilustrated. The results of this thesis reveal the potential to employ the performance

" analysis and controller synthesis to rea! industrial processes.
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BImuae UL h(z) Feuiniu 2 Fadudanns @2) dovinduimueld za(t, ) Dudyao

fanTaNIeul hd LLQWI‘H@TE’D%E{N??E‘WT@GT‘UU halt) Nﬂ'lL‘ﬂ’m‘U 24 AT WU

= sup suplz(t w)| sup sup |w(t) * hg(t)] = sup sup
weW t2>0 ; wit>0 weW t>0

/t ha(Tyw(t — T)dTl 2.30)
0 |

RasnHanay h(t) Aenniugudaoudiagt 0 fe o dedusAshisuiudesiansondynin

1
=

001 z4(t, w) wnm t <714 uuﬂ almwLﬁu@aowmsmﬂm’mwms w(t) * hd(t) mamnauwm Tq &N

a

n'jmummmma:it}éﬂmmmmmsmLmnm t=20 faan t = Td vLﬂ muumnaumi (2.30) ¢

24 = sup sup
wEWLt>Tq

/hd wlt — T)dr - 2.31)

W

nn

HHLR R lmmmumnm a LLW%@’JLLH?L’J&W t mu

g = t—17g4



27

alihassriianssous 5 luannms @30 arautasidaglugy

© 23 = sup sup (2.32)
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Approximated performance Index
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Lﬁ%‘ﬂ%‘ﬂ%@?'} W’JW'J‘UQN@\?ﬁ%ﬂﬂ%ﬂiﬁ?ﬁUUI%aNﬂ'ﬁ 5.4 HIEDATAWR B

[ Ap = BuFin — LotsCy | —Lobs ]i (5.6)
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URBUY HIURIL TR WINTUADULINGIaLNNInaa e lan Q W B‘L‘?il,‘i_luﬁ\'m’ﬂquﬂi?.ﬁﬂﬂ LRI Q‘HVL‘H

]

aaa %

) v. - L4 1A o A B & g 2 .3 o
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22 Qs @ Qs U 13 ﬂ' s 3 A’ 1 U
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' 1
o  ar 2 @ o av

al <k o a  aan o & s ' Iw I @ A & a o LY
Ngmwummﬂuuﬂ ﬁs:mmﬁmﬂumauummmum Q mﬂuﬂmﬂm’mmmmm FNIENTT
- Useaneul3fA- 3l (Rayliegh-Ritz approximation) B38a19L380&1 9 11N 7L IzR ATl
ada ar LY 1 ol aa a
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,. U 2 a : an o s l«d’ & 1 e &
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du & mSunstadtnsdszanmied (Ritz approximation) luﬁr;ymm'iaammm"hmuqumauam
legdeuaaunvdnddialon GEAAMNAY n, x ny (H8 n,,n, AOUIUUDIFLLIMODNUAS

Fygronth audew)

Hy, Hy, Hs,... € Hgap (5.1
AnueL
7
Hy = {Ho+ Y o:H;:zeR"} (5.12)

=0
WA AR DN TNNTIAUDY Heap TOrMUALE Hy Uazdreuaasmvdndiialoudn N wnindg
HaennnsuLaean = € Ry wlniae M,y Sanunzduwsss aoiuwelduaauingun Heap 19
w P P o o 9w A : & & A « o
Cilwienduesuiandun ¢ ¢e iFTenlueaundun H., Hwdeulvaswandun z e uaz
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midenamindaalan Qi, Qa, Qs,...Qn THAMMAY ny xn, (D ny,n, AaIUIL
TS IMEan UAsAYYIMINTIAILaNAIHEI0L) '»nﬂﬁfuﬁ’ﬂgﬂszumﬁﬁﬂlﬁmﬁﬁugmmulu

. 0 YR o &
aNMT (5.12) IR IAIen H; luaunis .10 udedl

Hy = T LR H, = ToQxTs wWia k=1,2,...,N " (5.13)
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2. suiietis s 07 #1114 (Interior point method)
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& ar & A & o oA w  as o U ar & add & =t
: W@nmug@ﬂﬁmﬂmaﬂmwumauvhjmﬂuma\aifcgmmmm‘sﬁi‘:qﬂc&ﬂmumumaumLfmmqs
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lag aullwnnfsundasuad ¢ 7t v neeifia ¢ ITuweRTuRBUdULY V uas
d(v) > d(vo) + 6B —1w), VvEV (5.16)

{ o & 1 P U <4 s 1 d’ < L% 1 IS

8INOUWUDEDE Fg(ve) ATUILNBUMIBINIALUNGDLTDY ¢ AR vy FUNAGILIT BB(vo) Duter®
&€ o o« [ N Fo 3 & o Py )2 " < [ T 4w

P9I ATUNRI ZVF LU V UanIINRAIWIN ¥ = R® WINTWITAuUn V szl suuyniilu ¢To i

FaanaasiLtEINTaLnN TR auntae lUaNN1T (5.15)
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Taeit
2Ty = sup{w(T)=*h(t)} (5.18)
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W = argsup{w(T)*ho(T)1 - (5.20)
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18 ho(f) = £} (Ho) \enangatianifuennsidsundagveefefiduasoiansaou 1l fait
< [ 24
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luaeuf 5.1.2 aun1s (5.12) 1a2 (5.13) nan W suueile H,, Qnm:mm@immw‘%nsﬁdm

Tau Q1, Q2, Q3,...QnN él\'id’

)

N
Hya = Ti+ Y zi(T2QiTs) (5.21)
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o« & & o < - ar 1 oo s o ° n N A w X
AIUBNINTUA TITRINTIOUSVAIA LU T IUHAING 2 Taunueng o : RV - R azdiaaeii

N
©"(z) = (Tl + Zzi(T2QiT3)) - (5.22)
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= : - € 8p™(z) . - (523)
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minz : (f"obj (CC}
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infinite dimensional convex optimization
of the closed loop system design

Reformulate the system into a standard control scheme.

Find the parameterization of the closed loop
system, i.e., calculate transfer matrix T, T,, 7,.

Compute the finite dimensional
approximation of the closed loop system.

finite dimensional
convex optimization

Solve this convex programming by ellipsoid aigorithm.

C the desired controller )
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FagR et usssuanal luLsazas
Mp = 100 Ib-mol Tp = 0.98000
Mp = 100 ib-mol Tao = 0.96079
=2 F1o = 0.93458
B =01 _ min T1s = 0.89995
Ny =20 Ui %17 = 0.85603
Np =10 7 F16 = 0.80319
AP LA sz Ty5 = 0.74345
L.=12801, n=11,...,20 ol T14 = 0.68052
=22801, n=1,..,1 [Dmol . T3 = 0.61896
M, = 10 Ib-mol 12 = 0.56295
AU F11 = 0.51526
2%° = 0.98 F1o = 0.47688
set =0.02 Ty = 0.43391
ﬂ')ﬂ"lﬂﬂ?ﬂuaﬂ Tz = 0.37948
F =100 ol T7 = 0.31618
Tr = 0.5 b-mo! Tg = 0.24951
A8 Ts = 0.18622
D =50 ‘br'nfi’;of Z4 = 0.13180
B =50 Ib-mol T3 = 0.08885
V = 178.01 B = 0.05719
T = 128.01 fo-mol 7 = 0.03500
Z5 = 0.02000
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AN 6.2: endrzanmnaniziuardarumanzuantasisituinolan  Gu(s), Gauls), Gia(s),
Ga2(s), Gri(s), Gra(s) Fuiudmimznavvaaunvidnddrolau G(s) uaz Gr(s) '

WenTuaialow | edseaimnalszde | 8aTusanIsuaan I -
G (s) 2.2 min 9.4 x 1073
Gai(s) 1.0 min 1.02 x 102
G12(8) ' 2.2 min —8.9 x 103
Gaa(s) 0.0 min ~1.07 x 1072
Gri(s) 4.2 min 3.9 x 1073
Gra(s) 0.0 min 6.1 x 1073
9.4 x 1078223 1.02 x 107218
Culs) = 12725 + 1 Guls) = 12725 + 1
' —8.9 x 107 3¢—22s —1.07 x 102
G - G T el X 6.23
12(5) 12.72s + 1 2(s) 12.725 + 1 (6:23)
3.9 x 1073e~428 6.1 x 1073
Grils) 12.725 + 1 Crls) = i
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