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ANALYZING THE OPERATING STATES OF THE POLYMERIZATION REACTOR ON
THE BASIS OF THE MEASURED PARAMETERS OF THE DRIVING SPECIALLY DESIGNED
INDUCTION MOTOR
Abstract. This article proposes to identify the modes of polymerization reactor on the basis of the measured values
of electrical feed parameters of the special induction electric motor, which sets in motion the device of the polyethylene
mixing. The algorithm of calculations that allows you to get enough accurate value of useful electromagnetic torque of
frequency controlled induction motor taking into account the losses in copper and steel is developed.
A. Pycek, IOKTOp TEXH. HayK
AHAJII3 POBOYI CTAHY PEAKTOPA MOJIMEPU3AIIIL HA OCHOBI BUMIPSIHUX
IMAPAMETPIB ITPUBOJHOI'O CIIEIAJIBHO PO3POBJEHOIO ACUHXPOHHOI'O
JABUI'YHA

Anomauia. 3anpononosano idenmughixysamu pesicumu podomu HONIMepU3AYIHO20 PeaKmopa 3a GUMIPAHUMU
SHAYEHHAMU eNeKMPUUHUX NAPAMEMPIE HCUGTEHH CHEYiaNbHO20 ACUHXPOHHO20 eNleKMPOOBUSYHA, AKULL NPUBOOUMb 6
PYX npucmpiii pazmiuiyeanna noiiemunery. Po3pobneno aneopumm pospaxyHkis, AKuil 0ae 3mMozy ompumamu 0ocmam-
HbO MOYHe 3HAYEHHS KOPUCHO20 eNeKMPOMASHIMHOZ0 MOMEHMY YACMOMHO Pe2yibO08aAH020 ACUHXPOHHO20 O8USYHA 3
8PAXYBAHHAM 8mpam y Mioi ma cmaii.

A. Pycek, JOKTOp TEXH. HAyK
AHAJIN3 PABOYUE COCTOAHUA PEAKTOPA NOJIMMEPU3ALIMU HA OCHOBE
U3MEPEHHBIX TAPAMETPOB IPUBOJHOT'O CIIEIIUAJIBHO PASPABOTAHHOM
ACHHXPOHHOT' O JIBUT'ATEJIA

Annomauyus. Ilpeonazaemcsa udenmuguyuposams pexcumvbl pabomsl NOAUMEPUIAYUOHHO20 PeaKmopa no usme-
PEHHBIM 3HAYEHUAM DNIeKMPUUECKUX NAPAMEMPO8 RUMAHUA CHeYUAIbHO20 ACUHXPOHHO20 2NEeKMPOOSUAMEsl, KOMo-
Ppblll npUOOUm 8 0BUJICEHUE YCMPOUCME0 pasmeuueanus noausmunena. Paspaboman aneopumm pacuemos, noseo-
JAOWUT NOTYHUMb OOCIAMOYHO MOYHOE 3HAYEHUE NOJIe3HO20 INeKMPOMASHUMHO20 MOMEHMA YACMOMHO pezyupye-

MO20 ACUHRXPOHHO20 osuzamers C yuemom nomepbo 6 Meou u cmanu.

Introduction. The specially designed asynchronous
motor (AM) is used to mix the polyethylene mass under
high pressure in the polymerizer of ethylene. The motor
works vertically whereas its rotor together with the long
mixing mechanism is supported on the lower slide bear-
ing. The drive system is fed directly by the grid or the fre-
guency converter. In the drive systems for the polymeriza-
tion reactors, the prototype of the motor can substitute the
motor made by the English METHER-PLATT Co. from
Manchester.

The drive system of the polymerization mixer is
characterized by the exceptional, untypical construction
and especially complicated operating conditions, e.g.:

¢ the location of the motor of 55 kW in the enclosed pipe
socket with the diameter of 302 mm and the entire length of
919 mm;

o the impossibility of using ventilation in the motor as
well as the impossibility of a standard feeding due to the
operation of the motor directly inside of the reactor under
the working pressure up to 2800 atm;

¢ a single-point suspension system for the vertical op-
eration of the motor together with the mixer in the lower
chamber of the reactor (the upper bearing is used in order
to align the rotor in the stator);

o the work of a single-point vertical suspension system
applying non-greased swinging slide bearing made of
large-diameter rings of sintered carbides.

Formulation of the problem. The following phenomena
may occur during the work of the drive system for the po-
lymerization reactor. These phenomena exceed the work
of standard drive systems and they have a direct
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influence on the work of the drive system as its load:

e agglutination of the stator and rotor from the driving
side as a result of polymerization occurring in this area of
the chamber of the polymerization reactor;

¢ sliding friction in the large-size slide bearing made
of sintered carbides and cooled by the ethylene stream
through the guide apparatus of a cooling unit;

o the filling of the mixer construction with polyethyl-
ene in the mixing chamber of the polymerization reactor;

o sliding friction of the mixer filled with polyethylene
in the area of the charge of the mixer chamber of the po-
lymerization reactor by polyethylene;

¢ the mixing of the ethylene stream by the mixer in the
lower chamber of the polymerization reactor in the area
unfilled with polyethylene or the mixing of the ethylene
stream by the mixer when the drive system works with an
uncharged mixer.

The inaccessibility of the AM and the mechanical
system makes it impossible to identify these phenomena
and the operating states of the drive with the use of tradi-
tional ways because it is necessary to keep the parameters
of the technological process.

The aim of the paper. The aim of the paper is to
develop a method of analyzing the operating states of the
polymerization reactor on the basis of the continuous
monitoring of the motor operation using the parameters of
feeding voltage with variable frequency.

Description of the method. The AM torque is a
general parameter which allows distinguishing between
the phenomena during the operation of the drive system
for the polymerization reactor. If the tests of the asyn-
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chronous drive are carried out for two cases, i.e. for the
polymerizer with ethylene and without ethylene, the value
of the torque increment in the second case determines the
level of the filling with polyethylene in the area of the
charge of the mixer chamber of the polymerization reac-
tor. The agglutination of the AM rotor and stator can be
identified if any torque increment limit is exceeded. Thus,
the continuous monitoring requires the development of a
calculation method for determining the AM torque on the
basis of the measured parameters of the motor feed.

The energy diagram (Fig. 1) reflects the operating
conditions of the drive for the polymerizer of ethylene.
The electric energy W, consumed by the AM is trans-
formed into mechanical energy of the rotor W,., and the
respective losses of electromagnetic energy AW, in
copper and steel of the AM. A part of the produced me-
chanical energy AW,, is lost due to the overcoming of the
agglutination of the rotor and the stator. The main part of
mechanical energy is transformed into thermal energy
AW, as a result of friction in the lower bearing. This part
may be divided into three parts: the loss AW,, coming
from friction caused by the rotor weight, the loss AW,
coming from friction caused by the mixer weight and the
loss AW,, coming from friction caused by the polyethyl-
ene weight. The first one and the second one may be in-
terpreted as constant internal losses of the drive. The third
one, depending on the filling of the mixer with polyethyl-
ene, should be interpreted as external losses caused by the
technological process. The last part of the mechanical en-
ergy together with the energy AW,, caused by the friction
of the mixer against the air (ventilation loss) and the en-
ergy AW, caused by friction of the polyethylene against

the reactor wall may be interpreted as the output energy
W
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Fig.1. Energy diagram illustrating the work of the drive
for the polymerizer of ethylene

The well-known equivalent circuit of the AM [1]
may be used and developed in order to describe mathe-
matically the steady-state processes in the drive for the
polymerizer of ethylene. This development concerns the
part of the equivalent circuit connected with the mechani-
cal load according to the energy diagram shown in Fig. 1.
The quantities describing the equivalent circuit of the
phase winding of the symmetrical AM are as follows: U,

and I, are complex voltage and the current of the stator
respectively, R, and X, are resistance and leakage reac-

tance of the stator phase winding, R, and X, are resis-
tance and leakage reactance of the rotor phase winding
transformed into the stator phase winding, X,, is mag-

netization reactance, R, is resistance corresponding to
the iron loss, 1, is the complex current of the rotor trans-

formed into the stator winding, U ,, is the complex volt-

age of rotor (EMF) transformed into the stator winding.
The electromagnetic power in the air-gap of the AM con-
verted into the power of the mechanical load is divided
into three parts being equal to the losses of mechanical

energy: AW, , AW, and W, respectively, and they are
represented by resistances R,, R, and R,, in a parallel
connection.

Rl
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Fig.2. Equivalent circuit of the AM phase winding

In accordance with the theory of the asynchronous
motor, the mechanical load is represented in equivalent
circuit by the following resistance

ri1ZS R;[1—1j,
s s
where s is slip.

The load may be divided into three abovementioned
parts corresponding to the increments of the load torques:
AM,, AM,, AM , respectively. These increments cause
increments of slip while the general slip is as follows:
S =As, +As, + As,, . Hence, the following terms of the
parallel connection of the resistances representing the
load are obtained

R ZJ-A_S' Rtllezl S; uz — '\2 .

S, As, As,,

The AM in a version SAR-55/1500/09 is used in or-
der to drive the polymerizer. The rated parameters of the
AM are as follows

P,=55kW, U, =380V, f,=50Hz, M,=374N'm,
Mmax = 842,85 N'm, n,=1420rpm, p, =2,

=R

Z|

ln=108 A, J=102kgm?, G=385kg. (1)

The parameters of the stator winding, the rotor wind-
ing and the magnetization branch are as follows

R,= 0,156 Ohm, X, =0,4765 Ohm,
R,= 0,156 Ohm, X,= 0,4765 Ohm,
R.,= 200 Ohm, X, = 16,286 Ohm. @)

Mathematical model of the drive for the polymer-
izer. In accordance with the directions of voltages and
current flows marked in Fig. 2, on the basis of the first
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and the second Kirchhoff’s law, the following system of 2
g y AI:’Fe = |lFe| RFe : (6)

equations for complex variables may be written [2]
ll(Rl + iX1)+Qlo =U,,
LeRee =Uyg

lm'jxm:ulo’
=1 -1 _—1.

217 2Fe T Im T L2

w

leo = lz R, T : 3
The values of feeding phase voltage U, line current
I, and active power P consumed from the supply grid

may be measured on the input of the asynchronous drive.
These measurements allow determining the following
variables of the equivalent circuit

u1 =x/EUf,
1,=+21,¢e7, (4)

where ¢ is phase angle and S is apparent power of the
drive

= arccos P
@ s’

S=3Usl,.
Considering the parameters of the equivalent circuit
(2) and the measured input quantities of the drive, the four

variables of a working point: 1'2, I | and s come

—Fe?’ —m
from the system of equations (3). These variables can be
obtained using a computer method of numerical calcula-
tions. On the basis of the obtained variables, the following
variables may be calculated afterwards:

- electromagnetic torque of the motor [3]

T= Poecn _ g‘lz‘z Rzl_Ts — 3‘12‘2 R,

) wo(l—s)

: (4)

2,58

where P, is mechanical power of an asynchronous mo-
tor, e is angular velocity of a motor, w, =27 f,/p, is
angular velocity of an idle-running motor, f, is frequency
of the feeding voltage, p, is number of pole pairs;

— angular velocity of a motor
a):wo(l—s); ®)

—iron loss of a motor

Values of resistances and reactances of the AM
equivalent circuit can be obtained as a result of investiga-
tions into the idle run and short-circuit, whereas the resis-
tance R, representing a steel loss is unknown. This resis-

tance is changed by frequency variation of the AM feed-
ing voltage. A number of equations in the system is suffi-
cient in order to calculate the value of resistance R, if

the additional equation of active power balance (7) is
taken into consideration

2 2 2R, 2
|l1| R+ |lFe| Ree +‘|_2‘ ?2 = §P : (7
However, the numerical calculations, which were
carried out in the MathCad environment, showed that the
obtained system of equations is not convergent. Thus, an-
other method of calculation has to be applied.

Analytical solution of the mathematical model of
the polymerizer driver. The following vector diagram
corresponds to the equivalent circuit of the asynchronous
drive shown in Fig. 3.

Applying the vector diagram shown in Fig. 3 and the
measured data including input voltage, current and active
power of the AM for the polymerizer, an approximate but
not accurate enough analytical solution of the system of
equations (3) and (7) can be found.

Applying the results of measurements and the law of
cosines, the exact absolute value of voltage U,, may be

calculated, which is shown in Fig. 3

|L_J1o|2 :|llzl|2 +|U1|2 _2|1121| |U1|Cos(a —(p), (8)

where Z, = /RZ + X? and a =arctg(X,/R,).

Considering the measured data, the dependency (8)
may be transformed into the following form

Uy =\/E IF?(RIZ + X12)+Uf2 _ZIPUf \ Rlz + Xlz % .
x cos[arctg(X, /R, ) - o]

A fragment of the vector diagram (Fig. 4) is taken
into account for further calculations. Henceforth absolute
values of variables will be considered.
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Fig.3. Vector diagram corresponding to the equivalent circuit
lilo

Fig.4. Fragment of the vector diagram shown in Fig. 3

The sine term follows from the triangle OCD

. I,X
sinfg =-2-2,
10
The values of the triangle sides are given as follows

(10)

OA= l,cos B+, AB= l,sing+l,.

In accordance with the Pythagorean theorem, the fol-
lowing dependency among the triangle sides may be writ-
ten

(1cos e f+(1,sing+1,f =12,

Putting the term (10) and I,=U,/X,,
I, =U,, /R, into the dependency (11), assuming subse-
quently cos 8 ~1 in order to solve the dependency ana-

Iytically and finally applying the measured data (4), the
following meaning of the rotor phase current is found

(11)

LU R o [Un/ReT 20 /%)
| o X[ZIPZ_(UlO/Xm)Z_(Ulo/RFe)z]

= . (13

z 1+2X,/X, 13)
The slip comes from the triangle OCD

o R 14

Applying the formula (14), the electromagnetic
torque of the motor given by (4) is transformed as fol-

lows:
3l, Y
T= szo YUz - (5% F .
Thus, the system of equations (9), (13), (14) and (15)
describes analytically the operation of the asynchronous
drive for the polymerizer of ethylene. There is one pa-

rameter — R., — that is difficult to evaluate, apart from the

known parameters of the equivalent circuit of the motor.
This parameter can be found by solving the system of
equations with the use of the method of successive ap-
proximations. The measured values of the AM feeding
variables should be considered in the system of equations.
The voltage U,, is independent of R, . This voltage is

calculated according to (9). In the first approximation, the
steel loss may be omitted by assuming the infinite value
of R, . Applying the equations (13), (14) and (15) respec-

(15)

tively, the variables 1,, s and T may be calculated and as
a result, the active power may be derived from the equa-

tion (7)
, .
P=§(|5Rl+ﬁ+|f&} (16)
Ree S

2
and compared with the measured value. If errors of calcu-
lations exceed the acceptable level, the new value of R,

should be found for the measured value of P and then the
calculations according to the formulas (13), (14) and (15)
have to be repeated. A simple computer program may be
used in order to calculate the accurate values of variables

I,,s, T, R, according to the above algorithm.

Conclusions. The proposed method of calculations
of the AM torque is simple and also accurate enough. It
allows for a continuous analysis of the operating states of
the polymerization reactor of ethylene on the basis of the
measured variables of the electric energy consumed by
the AM. Future researches will be direct to experimental
study of proposed method of analyzing of the modes of
the polyethylene polymerization reactor.

References

1. Bose B.K. Modern Power Electronics and AC
Drives / B.K.Bose // Prentice-Hall, N.J., 2002. — 711 p.

2. Chapman S.J. Electric Machinery and Power Sys-
tem Fundamental / S.J.Chapman // McGraw-Hill, Inc.,
2001. - 333 p.

3. Chiasson J. Modeling and High-Performance
Control of Electric Machines / J.Chiasson // Wiley Inter-
science, 2005. — 709 p.

Received 14.07.2011

Rusek Andrzej,

Dr of Science, prof. of the
Department of Electric
Machines and Electric Drives,
In-te of Industry Electrotech-
niques, Technical University
in Czestochowa, Poland.

Tex. +48 034 3250 821,
e-mail: rusek@el.pcz.czest.pl

245



