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ABSTRACT

An identification method of fuzzy adaptive control model for the process in nickel matte
smelting furnace is developed. This method is mainly based on the data accumulated in operation
process. An intelligent decision support system (IDSS) on the process of nickel matte smelter has
been designed with this method and put into operation. The electric energy consumption for smelt-
ing has been reduced and the coefficient of recovery of nickel has been increased.
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1 INTRODUCTION matterials.

Calcine is the main charge in electric furnace,
its composition is Ni, Cu, Fe, SiO,, Co, MgO,
CaO, etc. and the quantites of calcine composition

There are three 16 500 kVA nickel matte elec-

tric smelting furnace in a smeltery. If the slow-
change sometimes. Quartzite is slag- making flux

and its main composition is SiQ.. Coke powder as a
reducer has main composition C. The composition

varying factors in smelting process are neglected,
the smelter can be considered as a multi-input and
multi-output (MIMO) system as shown in Fig. 1.

where k is the time inputting and outputting of quartzite and coke powder is generally steady.

In order to increase the yield of nickel and cobalt,
liquidus hot converter slag is partially inputted to

uy (k) the electric furnace.
nickel calcine —

The objective of process control is to reduce
the electric energy consumption per tonne of cal-

u (k) . . . .. .
quartzite —» — yn (k) cine and nickel loss in slag to be minima, which
leads to reduce the energy wastage and increase the
u, (k) smelting yield. The means of achieving the‘targets

coke powder > smelter | nickel matte is optimizing the input of quartzite flux and coke

powder according to calcine welght and composi-

ue(k . o
converter slagL)» sy, (k) tion, then optimizing the power supply and output
of nickel matte and melting slag according to smelt-
u. (k) ing charge and state of the furnace.
power —_ melting slag

Because the composition of smelting charge is

unsteady , measuring devices are unperfect, the er-

ror and delay of measurement are striking, and it is

Fig. 1 Nickel matte smelter difficult to obtain the accurate mathematical model
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on the process of nickel matte smelter, a fuzzy
adaptive control model is developed in this paper
and has been used in the IDSS on the process of
nickel matte electric furnace.

2 IDENTIFICATION METHOD OF
FUZZY CONTROL MODEL

Every group of practical production data is de-
fined as a “sample”. A large number of samples ac-
cumulated in the smelting process fully reflect the
policies of managers and operators at various situa-
tions. The policy obtaining optimal performance in-
dexes is defined as “optimal policy”, and the corre-
sponding sample is defined as “optimal sample”. A
fuzzy control rule can be acquired from an optimal
sample. When enough optimal samples are ac-
quired, effective fuzzy control model can be estab-
lished. Optimal control can be made by the fuzzy
control rules based on optimal samples.

For example, the result of relative analysis
for the input of calcine is shown as follows.

(k) = Flua (b — 1), uaCk — 2), u,(k — 1),
u(k — 2), w.(k — 1), w(k — 2),
uk — 1) ue(k — 2), yu(k — 1),
Pk —2), 4.k — 1), g (k — 2)]

It can be seen that the input of calcine u, (k) is
independent of coke powder.

If a series of fuzzy subsets are properly de-
fined in the promissive space of variables, then a
fuzzy control rule R' based on an optimal sample
can be acquired as follows!!’,
if u,(E—1)is A}, u, (b — 2) is A7, u.(E — 1)

is Ay u (b — 2)is A2, u.(k— 1) is A, u.(k

— 2)is A%, u(k — 1) is A, u(k — 2) is

APy ya(k — 1) is B, y.(k — 2) is BY, y,(k

— 1) is B, y.(k — 2) is B,
then uy (k) = ap + ahun (b — 1) + alouy (B — 2)

+ ayu bk — 1) + avou (B — 2)
+ dahu(k — 1) + asou. (b — 2)
G+ anhur(k — 1) + dpur (B — 2)
+ a5y (h — 1) + dsoya(hk — 2)
+ dahy. (k — 1) + aboy, (K — 2)

+ eh (k) (N
where AY, AY, AY, AY, BY, B/(j =1, 2; 1 =
1, 2400000 m. mis the total of optimal samples) de-

note the fuzzy subsets of the quantity of calcine,

quartzite, power supply, converter slag, nickel
matte and smelting slag output respectively.

Ay Alpy Uhoy soseee ag, are consequence parame-
ters. u, (k) is the input of calcine at time k and it is
decided by the : -th fuzzy control rule. e, (%) is the
error of fuzzy control rule. In the same way, it
can be acquired n fuzzy control rules on the input
and output of the smelter from » optimal samples.
let x={w,(k—1) u,(h—2) u.(h—1)

u(h—2) u(bh—1) . (k—2)
wl(h—1) uy(k—2) g (b—1)

P(k—2) 4, (h—1) ¢, (h—2) " ()
0 = [ab ay dys  ax @y dy dye
ay die dh ds dy as | (3)

Then Eq. (1) may be expressed as

wy (R)=x"+0,~+e} (k) €D
The input of calcine at & time is
u (k) = XA e ub(k)/ X 4, (5)
=1 =1
where  mis the total of fuzzy control rules.

fo = AR Ck — 1) NAR Lun (b — 2) ]\
A Gk — 1Y INA [ (b — 2) ]
ATu (b — D INAZ [ bk — 2) ]
MlucCk — 1) AP (h — 2) ]\

By (h — D I\BZ[ga (b — 2)

B[y, (k — DB g,k — 2)] (6)
where *“\” expresses “and” in fuzzy logic.

At [u,(k — 1) ] expresses the membership func-
tion value of u, (kL — 1) for fuzzy subset A). The
others are similar to A [u, (k — 1) ].

If we insert the Eq. (4) into (5), then

U (k) = 2 T ol T ey e

m

22 X7,
=1 =1
L X w0 (B) (7)
27,
=1
where  e,(k) is the error of fuzzy control model.
Let x= / x’ (8
22
=1
xt=[x xorexn ]t (®
0= 1[N lOyeerln ] (o

Then the optimal control model of calcine input
u, (k) is expressed as
(k) = (x")"eO0+e, (k)

where

(an
# is the unknown consequaence parameter
vector.

By regarding the electric energy consumption
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per tonne calcine and nickel loss in slag as targets
to be optimized, N optimal samples ( N > 12 m )
are selected from a large number of data accumulat-
ed in the smelting process. When these samples are
substituted into Eq. (9), N vectors x', x?,
can be obtained. When N optimal samples and x',
x?, +++, x" are substituted into Eq. (11), A\ linear
equations can be acquired as follows:

u, (k) = (x" )T e0+-e. (k)

o (ky) = (% )7 «8+-e. (k2)

N
ee y X

------ (]2)

u, (kn) = (x¥)T e 04-e, (k)
let ux= I:un(kl) Un(kz)"'lln(kA\')]T (13
@ =[(x)T(x?)Teee ()] (14
e=[e.(ky) e (ks)ren(ky)]" (15)
Then uy=g-0+e (1e
Let J =e'e an

In order to obtain the optimal 4, J should
reach its minimum.

Let 2 =2 (e)=0 (18)
Then @@ +«60— & u,=0 as
If &"dis not queer, then;

G=[D" @] ' -0 2 u, 0

# is optimal estimate of 6.

In the same way, fuzzy control models of
power supply , output of nickel matte and smelting
slag, and input of quartzite, coke powder, and con-
verter slag can be obtained.

3 ADAPTIVE CONTROL
MODEL

Every new optimal sample in the smelting pro-
cess can determine a new fuzzy control rule. If the
worst rule is removed from Eq. (14) and the new
rule is appended to Eq. (14), then new & can be ob-
tained by solving Eq. (20). Then, the fuzzy con-
trol model can be modified automatically and pos-
sesses self-learning and self-adaptive properties.

When we calculate the input of calcine,
quartzite, coke powder and converter slag, it is nec-
essary to understand what the types of nickel cal-

cine are. Because the calcine composition is un-

steady and the results of measurement are not avail-

able during one or two days, the calcine composi-
tion forecasting model on time sequence is estab-
lished by means of model identification and can be
modified automatically®*-.

4 APPLICATION

The IOSS has been used successfully since
May 1992. Comparing the production indexes
from July to December 1992 with that of the same
period in 1991, the improvement made by the ap-
plication of this technique is as follows,

(1) The nickel in smelting slag is reduced
from 0. 247% to 0. 233%. In practice one smelter
operates 300 days every year and produces 600
tonne slag every day, then the nickel production in-
creassed every year is 75. 6 tonne.

(2) The electric energy consumption per
tonne of calcine is reduced by 18 kW +h. And one
furnace smelts 450 tonne calcine every day, then
the electric energy consumption saved every year is
7. 29X 10°kW «h.

5 CONCLUSIONS

(1) A new practical identification method of
adaptive fuzzy control model is developed. The
method can be applied to computer control of indus-
trial process.

(2) The IDSS on the process of nickel matte
smelter based on this method can make optimal con-
trol policy, in consequences, the operating state is
improved gradually, electric energy consumption
and nickel loss in smelting slag are reduced and the
coefficient of recovery of resource is increased.
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