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Abstract

Dual composition control of binary distillation columns
is proposed and solved based on observer design and
an elementary state elimination procedure. A particu-
lar observer allows us to recover the unmeasured feed
composition, which is used in the controller design in
order to maintain desired compositions. The method is
an alternative against the disturbance decoupling.

1 Binary Distillation Column

A binary system (two components) is assumed with
constant relative volatility throughout the column. Any
delay time will be neglected. The vapor rate v(t)
through all trays of the column is the same, the lig-
uid flow rate leaving the trays is [(t). The measured
feed flow rate is f(¢), and the unmeasured composition
is z(t) at time ¢.

Thus, the nonlinear state equations are

My = —o(t)es + o(t)k(es),
Hig; = @) (w1 — i) +
+o(t) (k(wig1) —k(xg)), i=2,...,m—1,
Hoptm = 1) (#m-1—2m) — f)oem +
olt) (Fms) — Fezm)) + 107,
Hiz; = U(t) (zio1 — &) + f)(wio1 —2) +

Fo(t) ((zis) — k(z:))
t=m—+1,...,n—1,

ann = l(t) (xn—l_xn)+f(t)(xn—1 _xn)+
+o(t)en — v(t)k(zy),

where y; = ®1, 21 = #, are the top and the bottom
components, respectively. Our purpose is to design a
nonlinear observer to recover the unmeasured distur-
bance z(t), in order to control more robustly, the de-
sired output compositions y; and z1.

2 Observer design

We notice that from the last equation

(U0 + FO) ens = Has + (1(0) + F(0)) 21 —
—v(t)z + v(t)k(z1), (1)

hence @#,_1 can be expressed by z;. Let us de-
fine new, computed outputs za,zs,...,2Zn—my2 and
Y2,Y3, - -, Ym41 10 order to express the unmeasured
states xo, %3, ..., 2n_1, similarly to expression (1):
n
zr = Z Hiz; +
i=n—I+2
+l+f—vey, 2<I<n—m+2,
y» = —(Hidi +vz),
yr = l(xy—xq) —vey —
I-1
—ZHii‘i, 2<I<m+1.
i=1
Then, recursively
1
Ty = 7 (Zn—r41 + vk(zr41)),
I=n—-1,n-2...,m,
1
ITm—-1 = Y(Zn—m+2 —|—Uk’(l‘m) —fZ) .
On the other hand,
yr
rp=——F————— =2 ... m
av+ (o — yr

Let us consider the sum of all equations of the dynamics
using the expressions from yp,41 and zp_ 41

Zn—m+1 — Ym4+1 — lxy = fZ (2)
Then, the observer is

5 o —Y2
H = - 1 k| ——————
121 (v+ D+ v (av+(a—1)y2) + Y1



i . —Yi+1
Hiz, = —(4+Dz;+v |k -
v ( Y&+ v ( (ow + (o — l)yH_l)
—k( —yi )) 3 lyi—1
av + (o — 1)y av+ (o — D)y
SR | —— .
av+ (o — Dy
Hpim = —(+f+1Di,+ v<k’(l‘m+1) -
av + (o — 1) ym av+ (@ — 1) ym—1
av+ (o — Dym
Hptm = —(+f+1)am —|—v<k(xm+1) -

—k ( —Ym )) _ {Ym—1
av + (o — 1) ym av+ (@ — 1) ym—1

_ (l — 1)ym
av+ (o — Dym

Here formula (2) is expressed in terms of the outputs,

+ Zn—m+1-

Zmy1 1s also computed recursively from z1,...,2p_m.
Analogously, for ¢t = m+1,...,n—1, the corresponding

Z;, iy1 can be computed from outputs 21, 29, ...

The observer must be stable, which means that the
error e(t) = x(t) — z(t) must tend to zero at infin-
ity. In our case, the vapor rate v(t), liquid flow rate
l(t), feed flow rate f(t), and the physical constants
H;, i = 1,...,n are positive, hence the error equation
is asymptotically (exponentially) stable.

3 Controller design

The dual composition problem supposes the measure-
ment (modelling) of the quality of the top or bottom
product. The quality may depend on the states, and
the disturbance terms. That dependence can be identi-
fied, and it is supposed to be functions of all variables

ys(t) = grop(e(t), v(t),1(t), f(1),2(1)),

y4(t) = gBottom($(t)’ v(t)’ l(t)’ f(t)’ Z(t))
The purpose 1s, to control the distillation column such
that ys3(t) = C1, ya(t) = Ca, using the computed distur-
bance term. First, let us show the case n = 5, as an
example. In this case, the computed outputs are

ya = —(Hi#1 +oxr) =—(Hipr +vyr),
vy = ——— 2
av+ (o — 1ys
ys = l(xy —x9) —vry — Hyty — Hois,
ya = l(z1 —»3) — fes —vey — Hiq — Hody — Hais,
zo = Hsis+ (I+ f—v)ws,
z3 = Hats+ Hsds+ (I + f—v)zs,

za = Hs@z+ Hata + Hsis + (14 f—v)as.

Hence,
Jz =123 —ys—lxs.

Now, let us suppose that the desired output composi-

tions y1 = ye, 21 = Ze are constant. Then, z; = 0,
5 = 0, and from v # 0 and 0 = H10 = —vy. + vk(z2),
To = m, obviously y. # =%+ is supposed. 3

i1s also a constant. Therefore the system dynamics is
reduced to

_ _ Ye _
0=t (= g ) ol )

0= (4 )xa = zc) +vze — v(k(z)) (4)
By substituting the unmeasured term

fz=Hgts+ Hyta+ (I +f —v)ze + (v — Dye

Ye
(l+f)$3—lm

—v(k(zs) —k(x3)) + (v =1 — fz. (5)

Hyzxy = + (= v)y. —

Considering the coupled system (3), (4), (5), 3, and x4
can be expressed algebraically in terms of [, v, f. For
example,

iy = di (lif) (k(z) — 20). M)
(

i
z3), and k(z4).

and

Similarly for zs, k&

The obtained equation is the implicit form of the control
law with one free control term. For example choosing
[(t), v(t) is computed.

4 Conclusions

Dual composition control of a binary distillation
columns based on the unmeasured feed composition es-
timation has been proposed. Unmeasured composition
is estimated by using elementary state elimination pro-
cedure. This procedure simpler than the disturbance
decoupling.
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