Vol. 15 N 4

Trans. Nonferrous Met. Soc. China Aug. 2005

Article ID: 1003 ~ 6326(2005) 04 = 0873 ~ 05

Simulation of fuzzy control systems for nont(; errous alloy
vacuum counter- pressure casting

YAN Qing-song( /& #2)', CAI Qrzhou( %JHAH ",

WEI Bo-kang( ZR1[1) ', YU Huan( 4

XK) 2 YU Zrrong( ﬁﬁ%%) 2

(1. State Key Laboratory of Die Technology,
Huazhong University of Science and T echnology, Wuhan 430074, China;
2. Nanchang Institute of Aeronautical T echnology, Nanchang 330034, China)

Abstract: Through simulation analyses of vacuum counter pressure casting fuzzy control systems based on MAT-

LAB, fuzzy control systems designed by simulation can track technical route established well. When transmission

functions of vacuum counterpressure casting controlled objects are changed in operation, fuzzy control systems can

carry on self-regulation and stabilize quickly, and embody the advantages of fleet response velocity and little adjus-

ting quantity. The design of vacuum counterpressure casting fuzzy control systems is accelerated and improved

greatly by simulation based on MATLAB. Meanwhile, their design is accurate and reliable. Moreover, microstruc-

ture and properties of thin-wall aluminum alloy castings are improved effectively by using fuzzy control systems.
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1 INTRODUCTION

Vacuum counter-pressure casting technology
is a kind of advanced counter-gravity method. It
has characteristics of vacuum suction casting, low-
pressure casting and pressure kettle casting con-
currently, and its technology theory adopts to fill
mould under low pressure or vacuum and to crys-
tallize under high pressure, so it has predominant
filling hydrodynamics and solidification mechanics
condition'". Tt shows enormous vitalities in near
net shape, large-scale, thin-wall and complicated
nonferrous alloy castings in many fields such as
aviation, spaceflight, national defence and automo-
bile industry. To obtain high quality nonferrous
alloy castings the whole technology must be con-
trolled accurately, therefore, adopting advanced
intelligent control systems is an assurance of the
whole technology'> *'.

Fuzzy control is one of the most advanced con-
trol algorithms in current intelligent control sys-
tems, and adapts greatly to control industry pro-
duction process and big systems. However, the
design methods of fuzzy control systems depend on
trial and error analyses, which limits their use.
Therefore, how to design and improve fuzzy con-
trol systems quickly and accurately is a problem
explored in present intelligent control field ** . At
counter

present, control systems of vacuum

pressure casting adopt advanced fuzzy control

mostly'> 7 ¥

, but it is a very time consuming and
troublesome task to adjust fuzzy control parame
ters such as vacuum pressure. Moreover, they a-
dopt mostly general programming language such as
C language. Not only their design cycle is long,
their design and debug are difficult, but also con-
trol error is relatively heavy, so it is difficult to
satisfy the demand of accurate control of the whole
technology. MATLAB is a famous mathematical
software collecting mathematical operation, graph
processing and language design in a whole, and it
is the widest language and tool used in internation-
al control field” . The functions of MATLAB nu-
merical analysis, simulation and operation are very
strong, and it is a convenient and feasible utility
tool which carries on computer aided design of con-

[ 10712]

trol systems , moreover, it adapts to simula-

tion and design of fuzzy control systems especial-
Iy'"* ™ In the paper the authors adopt MATLAB
to simulate and analyze vacuum counter-pressure
casting fuzzy control systems.

2 TECHNOLOGY AND CHARACTERISTICS OF
VACUUM COUNTER-PRESSURE CASTING

2.1 Technology theory

Working theory of vacuum counterpressure
casting is shown in Fig. 1. Its technology is divided
into five stages: vacuumization, filling mould, ris-
ing pressure, keeping pressure and releasing pres-
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sure. Its technical route is shown in Fig. 2.

Fig. 1 Working theory of vacuum
counter-pressure casting
1 —Upper kettle; 2 —Down kettle; 3 —Crucible;
4 —Rising tube; 5 —Clapboard; 6 —Mould;
7 —Molten metal; 8 —Foundation;
K1~ K5 —Switch valve of pneumatic membrane;
T1, T2 —Regulating valve of pneumatic membrane

P
Down kettle
Upper kettle
5
AD | _
Vacuumi- Rising . f
zation pressurg Keeping presure
Filling Releasing
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Fig. 2 Technical route of

vacuum counter-pressure casting

During vacuum counter-pressure casting,
three technology stages which include filling
mould, rising pressure and keeping pressure must
be controlled accurately, meanwhile, they must be
kept in continuous and steady transition between

each technology stage.

2.2 Control model

The broad sense objects of vacuum counter
pressure casting technology include electric valve
positioner, regulating valve of pneumatic mem-
brane, vacuum counter-pressure casting machine
and pressure sensor etc, and their transmission

function'™ is

G(s) = L3 (1)
s(s+ 8)

In control systems, continuous transmission

function G(s) of controlled objects must be conver-

ted into dispersed transmission function G(z), and

Aug. 2005
Eqn. (2) is obtained by Tustin conversion rule:
s = .2. J;Z;l (2)
‘ T 1+ 2!

By substituting Eqn. (2) into Eqn. (1), dis-
persed transmission function G (z ) of vacuum
counter-pressure casting control systems is ob-
tained, meanwhile, vacuum counter-pressure cast-
ing fuzzy control systems in which sampling time is
100 ms are designed:

027 x T2 1+ 227 '+ 272

C(2)= "0.8x 16 2+ T- 4z '+ (2- T)z"?

(3)

3 SIMULATION ANALYSES

By utilizing Fuzzy Toolbox of MATLAB, rea-
soning systems of vacuum counter-pressure casting
fuzzy control are designed. The reasoning systems
are a kind of construction of double inputs and sin-
gle output, in which double input variables include
fuzzy error(E) and fuzzy error variable( EC), and
single output variable is fuzzy control variable
(U)''*" Supposing all fuzzy control field of E,
EC and U are - 6 7+ 6, they are described with
seven kinds of different fuzzy language variables
such as NegativeBig ( NB), NegativeMiddle
(NM), NegativeSmall(NS), Zero(Z), Positive
Small( PS), Positive Middle(PM) and Positive Big
(PB). Subjection functions of fuzzy language vari
ables corresponding to fuzzy error E, EC and con-
trol variable U are designed with MATLAB, and
they are shown in Fig. 3.

INB NM NS

=

o
(Y

Subjection degree

-6 —4 -2 0 2 4 6

Input variable “inputl”

Fig. 3 Subjection function of fuzzy error E,
EC and control variable U

Because the systems are of double inputs and
single output control, their control sentences are

If E; and EC; then U

Every sentence corresponds to a fuzzy rela
tion:

Ri= E:* EC* Uy

According to the experience, control rule can

be described in T able 1.
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Table 1 Control rule of fuzzy control systems
Error(E)

Control variable
(0) PB PM PS Z NS NM NB

PB NB NB NB NM NM NS Z
PM NB NB NM NM NS Z PS
PS NB NM NM NS Z PS PM
Error
variable Z NM NM NS Z PS PM PM
(EC)
NS NS NS Z PS PM PM PB
NM NS Z PS PM PM PB PB

NB Z PS PM PM PB PB PB

Through inputting subjection functions of in-
put and output variable corresponding to fuzzy lan-
guage variable and fuzzy control rule into Fuzzy
Toolbox of MATLAB, and adopting the center law
to solve fuzzy, the design of vacuum counterpres-
sure casting fuzzy control reasoning systems is fin-
ished. By using View Surface command menu of
Fuzzy Toolbox, three-dimensional cubic chart of
input and outout fuzzv control relation of fuzzv
controller is observed and shown in Fig. 4.

Finally, by using Simulink toolbox of MAT-
LAB, simulation systems of vacuum counterpres-

sure casting fuzzy control are designed and shown
in Fig. 5.

4 RESULTS AND DISCUSSION

4.1 Simulation

][)/w”” < _1~

Fig. 4 Three dimensional cubic chart of input and
output fuzzy control relation

Through adjusting fuzzy control parameters,
and after running simulation model of vacuum
counter-pressure casting fuzzy control systems,
following MATLAB command is input:

Mplot (t, in, ‘1", t, out, ‘b’);

Daxis ([ 49 60 293 301]);

Simulation results of transitional technical
route from rising pressure to keeping pressure
stage of vacuum counter-pressure casting fuzzy
control systems are obtained and shown in Fig. 6.

Because controlled objects of vacuum counter
pressure casting can suffer from interfering with all
kinds of exoteric factors, their transmission func
tions are not single in the course of whole opera-
tion. In order to be consistent with actual control
conditions, certain interfering signal shown in

Fig.7 is added in feedback line of fuzzy control
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Fig. 5 Simulation systems of vacuum counter-pressure casting fuzzy control
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simulation model. Interfering signal is arranged to
appear when pressure of keeping pressure technol-
ogy stage has been already steady, that is to say,
time is on the position of 60 s. Respectively, inter-
fering signal is written into kz. mat file( Fig. 5)
and simulation model of fuzzy control systems is
run. At last, interfered segment of output signal is
amplified, and output simulation results of fuzzy
control are shown in Fig. 8.

Simulation results indicate fuzzy control sys
tems of vacuum counter pressure casting can follow
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Fig. 6 Simulation results of fuzzy control systems
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Fig. 7
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Fig.8 Simulation results of fuzzy control systems
under condition of interfering signal

technical route established well. When transmis-
sion functions of vacuum counter-pressure casting
controlled objects are changed in operation, that is
to say, they are interfered by exoteric factors,
fuzzy control systems can carry on self-regulation
and stabilize quickly, and embody the advantages
of fleet response velocity and little adjusting a-
mount.

4.2 Production experiment

On the basis of simulation analyses based on
MATLAB and tuning of fuzzy control parameters,
fuzzy control systems of vacuum counterpressure
casting have been designed and improved quickly.
Adopting such technology parameters as vacuum
degree of 20 kPa, filling time of 5 s, pressure
difference of 40 kPa, time of rising pressure of 10
s, keeping pressure of 240 kPa and time of keeping
pressure of 80s, and using resin sand mould, pro-
duction experiment of casting thirrwall aluminum
alloy castings is carried on in which the smallest
thickness of wall is 0. 8 mm. Practical running re-
sults of fuzzy control systems are shown in Fig. 9,
meanw hile, the tensile strength and elongation of
thirmwall A356 aluminum alloy castings after T6
treatment is 330 MPa and 7%, respectively, and
its microstructure observed by LEICA-DMIRM im-
age analyzer is shown in Fig. 10.

2401

200

0 60 120 180 240 300
t's

Fig.9 Practical running results of
fuzzy control systems

It can be seen from practical running results of
vacuum counter-pressure casting fuzzy control sys-
tems that practical technical route is steady and
smooth, and it is consistent with ideal technical
route. Production experiment proves that the time
consuming and troublesome tasks of tuning fuzzy
control parameters can be executed efficiently by
simulation analyses based on MATLAB, and the
design of vacuum counterpressure casting fuzzy
control systems is accelerated and improved great-
ly. Meanwhile, their design is accurate and relia-
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Fig. 10 Microstructure of thimmwall A356

aluminum alloy castings

ble. Moreover, dendrite of thin-wall aluminum al-
loy castings by using fuzzy control systems is fine,
and its microstructure is dense and uniform; mean-
while, its mechanical properties are improved

greatly.
5 CONCLUSIONS

1) Through simulation analyses and design
based on MATLAB, fuzzy control systems of vac
uum counter-pressure casting can follow technical
route established well. When transmission func
tions of vacuum counter-pressure casting controlled
objects are changed in operation, fuzzy control sys-
tems can carry on selfregulation and stabilize
quickly, and embody the advantages of fleet re-
sponse velocity and little adjusting amount.

2) The time consuming and troublesome tasks
of tuning fuzzy control parameters can be executed
efficiently by simulation analyses based on
MATLAB, and the design of vacuum counter
pressure casting fuzzy control systems is acceler-
ated and improved greatly. Meanwhile, their de
sign is accurate and reliable. Moreover, micro-
structure and properties of thinrwall aluminum al-
loy castings are improved effectively by using fuzzy

control systems.
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