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THE EQUIVALENT CIRCUIT OF A SPECIALLY
DESIGNED INDUCTION MOTOR
OF ADRIVE SYSTEM
FOR POLYMERIZATION REACTOR

ABSTRACT The way of consideration of a loss in large-size slide
bearing on the basis of the idle current measurements is presented
in the paper. The motor is not loaded by mixer of polymerization reactor.
A large-size slide bearing cooled with polyethylene stream in polymerization
reactor chamber or a rolling bearing is taken into consideration. A system
of equations allowing for determination of the rotor current and electro-
magnetic torque on the basis of measurements is presented. The elec-
tromagnetic torque is equal to the torque occurring in the large-size
slide bearing. Results of measurements of the stator current during
operation of the motor in polymerization reactor and measurements
carried out at a testing station are presented.
A bearing set with thrust-rolling bearing was included in the motor.
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1. THE EQUIVALENT CIRCUIT OF THE
SPECIALLY DESIGNED INDUCTION MOTOR
WITH THE CONSIDERATION OF PHENOMENA
IN A POLYMERIZATION REACTOR

Considering the assumed technology, reactors of ethylene polymerization
are equipped with a pressure chamber where the drive system, including
specially designed induction motor and mixer, works vertically. The movable
part of the drive system is hung on the large-size slide bearing located in the
lower part of the asynchronous motor. A general view of the specially designed
induction motors in a pipe version SAR-55/1500/09 is shown in Figure 1.
A motor-in-use system concerning the drive system for polymerization reactor
is depicted in Figure 2.

The equivalent circuit of the specially
designed induction motor was extended for
elements allowing to consider phenomena
occurring in polymerization reactor chamber.
The phenomena exert an influence on
operation of a drive system located in the
chamber and concern: friction in large-size
slide bearing caused by rotor weight, friction
caused by mixer weight and agglutination
of rotor with stator during various phases

- ' of polymerization. The analysis of a general
gig'.l' General view of the specially equivalent circuit is limited to a possibility

esigned induction motors in a
pipe version SAR-55/1500/09 [1, 2] of experimental verification. The equivalent
circuit considering a phase winding of the

asynchronous motor is presented in Figure 3. A vertical operation of the motor
equipped with the large-size slide bearing as well as an agglutination of the rotor
and stator caused by polymerization in reactor chamber are taken into account.

As the analysis is limited to a measurement feasibility, some branches of
the equivalent circuit (Fig. 3) are omitted. These branches represent an agglutination
of the rotor and stator as well as losses in the large-size slide bearing coming
from friction in the bearing and divided into the loss caused by rotor weight and
the loss caused by weight of suspension system together with mixer.
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Fig. 2. Suspension system of the motor SAR-
-55/1500/09 in the drive system for polymeriza-

(@\/ tion reactor, where:
QY

1 is the upper bearing,

2 is the upper ending of the motor shaft,

3 is rotor,

4 is the lower ending of the motor shaft,

4 5 is sliding ring of the lower bearing,

N : 6 6 is self-aligning bushing of the lower bearing [3]

1o

Fig. 3. Equivalent circuit of the specially designed induction motor of the
drive system for polymerization reactor

The slide bearings having flat or conical or spherical contact between
bushing and ring are examples of the most frequent solutions of the slide bearing
set. The abovementioned constructional solutions are depicted in Figure 4.
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Fig. 4. Variants of realization of the large-size slide bearing in specially
designed induction motors in a pipe version:

a) flat, b) conical, c) spherical, where: 1 is hollow shaft of the motor, 2 is thrust
ring, 3 is bushing [4]



88 A. Rusek, A. Popenda

2. DETERMINATION OF THE ADDITIONAL
ANTI-TORQUE WITH THE USE OF NO-LOAD
MEASUREMENTS CONCERNING THE SPECIALLY
DESIGNED INDUCTION MOTOR

The current consumed by unloaded motor was measured in order to
determine the anti-torque coming from the large-size slide bearing. The following
variants were considered:

e measurement of stator current of the unloaded motor with thrust-rolling
bearings at testing station;

e measurement of stator current of the unloaded motor with slide bearings
in polymerization reactor.

Results of measurements for various constructions of the thrust bearing [3]
are presented in Table 1. Measurements in polymerization reactor concerning
the respective slide bearings were made in the same conditions, including pres-
sure of ethylene, size of forcing and flow as well as temperature of every level
of polymerization reactor chamber.

TABLE 1
Measurements for various constructions of the thrust bearing

Construction of the thrust
Lp. .

bearing
1 2 3 4 5

According to the
research work
PC-6 T10
2003C/06105

Rolling bearing for According o the
research work

2. | measurements with double- 12,96 Testing station

Figure Ip [A] Measurement

Rolling bearing for
1. | measurements with single-line
thrust path

12,00 Testing station

_ PC-6 T10
line thrust path 2003C/06105

N Slide bea_rlng with a flat Fig. 4a 56,40 Polymerization reactor
construction

4 Slide bea_rlng with a conical Fig. 4b 68,60 Polymerization reactor
construction

5. Slide bea_rmg with a spherical Fig. 4c 51,40 Polymerization reactor
construction

Measurements of current in items 1 and 2 concerning operation of the
motor with ball thrust-rolling bearings may be interpreted as measurements of
current of the unloaded motor resulting from components |Ig. and I,,. They may
be related to the currents of unloaded motor with slide bearings having different
construction. This relation is described by dependencies (1):
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lp2-2 =051y +1p2)
|p3b: Ip3_|p1—2
Ip4b= Ip4_|p1—2

Ip5b:|p5_|pl—2

The respective increments of the measured stator phase current of the
motor with slide bearings over the current of the unloaded motor with ball

' 1
Ip1—2 =1p1-2 T
N1
' 1
Ip3b = Ip3b |_
N1
' 1
I'pab =1 pap T
N1
' 1
Ip5b = Ip5b T
I'ng

bearings and their relative value are given in Table 2 while Iy, =95 A.

TABLE 2

Increments of the measured stator phase current

Construction of the

Increment of current I,

Lp. thrust bearing set over current 1, , [A] Relative current I,
1 2 3 4

1. | Thrust-rolling bearing - I‘pl—2 =0131

2. |Flat slide bearing I pap = 43,92 I'p3b =0,462

3. | Conical slide bearing I pap = 56,12 I 'p4b =0,591

4. | Spherical slide bearing I psp = 38,92 I 'pr =0,410

The following system of equations based on [4] is given for calculation
of the anti-torques coming from friction in large-size sidle bearing of the

specially designed induction motor:

Uso =J§\/|§[(R1+Rp)2 e X2 = 21,0, JRy R, P+ X2 cos[arctg X1

|' _ \/Ilge+(1+2|m X‘Z/Uloxllz_lr%_lée)_lFe
’ 1121, X5/ Upq

B8, [ o (o
M, =—24U;—(1,X, ],
p 201, 10 (2 2)2
P
S =slp, (p:arccosg

-

R +R
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The equations (2) are transformed into the following form:

; 0,5
Uso =\/§{|§[(R1+ R, f + X2 [+ U2 —21,U /Ry + R, + X2 cos [arctg %1 —Q)J}

Ri+Rp
2 N 0.5 1\
Iy (U_j reaXeizuz[ Lo Ll Yol X0
Ree Xm )| X&  XE Rre Xm
3, AL
M :—Z[UZ ~l15Xx } 3
o= e U1 @)

Introducing the additional terms, the formula for calculation of the anti-
torque coming from friction in the large-size slide bearing is given as follows.
The anti-torque is determined by measurements and parameters of the equivalent
circuit of the asynchronous motor.

0,5

-1

Mp=—o —ﬁRF{l §B+Uf2—2|puf\/§cosAJ +C‘1H|§B+
2ax C

0,5
+Uf2—2Ipr\@COSAJRE§+C[I12—(ZB+U$—2Ipr\/§COSA)(Xr;2—R,E§) ]} } x

1 0,5
x 2{|§B+uf2—2|puf\/§cosAJ—(x'2)2 —\/ERCF{ISBJrUfZ—ZIpr\/ECOSAJ +c—1H|§B+

2105

0,5
+U7 —21,U; VB cos A]RFeZ Jrc:[ll2 —2(||§|3+Uf22|puf VB cos A)(X 2 —RFeZ)]]

(4)

where: A=arctg X1 —¢,B:(R1+Rp)2+X12,C:1+2&
Ry+Ry X

The torque given by (4) is a function of constructional parameters of the
motor, measurements and angular velocity @,. The anti-torque coming from

friction in large-size slide bearing of the specially designed induction motors in
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a pipe version is significant in relation to the rated torque. Therefore, the relative
additional anti-torque of the motor referred to the rated torque is determined (5)
in order to compare of anti-torques among the various constrictions of the
specially designed induction motor with large-size slide bearing.

2

' fi ] 1-s

M :4772(—1J SONM(1, U kg )
Pp Py

M (1 5,U ¢ kg, )= M paop™ (5)

where: |, is the measured stator phase current, U; is the measured phase

P
voltage, kg, is parameter of the equivalent circuit coming from dependency (4).

The shortened formula for calculation of the relative torque coming from
friction in large-size sidle bearing (5) was obtained by introducing the additional
term M, = M (I 0 U ,ksz). Taking into account the dependency (5) and mea-

surements made for the same operating parameters of the polymerization
reactor, the relative anti-torque coming from friction in large-size slide bearing

was determined for various constructions of the slide bearing:
* flat bearing (Fig. 4a) M;,_; =0,4116

* conical bearing (Fig. 4b) M},_, =0,5202
* spherical bearing (Fig. 4c) M,_; =0,3865.

3. CONCLUSIONS

On the basis of the abovegiven dependencies for calculation of the
additional anti-torque coming from friction in large-size slide bearing and on
the basis of the proposed method of calculation of this anti-torque with the use
of measurements made for unloaded motor, the following conclusions may be
formulated:

¢ the additional anti-torque coming from friction in large-size slide bearing
and given by dependencies (4) and (5) may be determined considering
all parameters of the equivalent circuit on the basis of the measure-
ments of voltage, current and power in switching station feeding the
specially designed induction motors placed in polymerization reactors;

o the large-size slide bearing causes the additional load of the specially
designed induction motor being equal to 30-50% of the rated torque.
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The carried out measurements and analysis show that the additional cal-
culations done in order to determine the additional anti-torque of the motors with
large-size slide bearings, applied in the drive systems for polymerization reac-
tors, are necessary. The assumed rated torque of the motor resulting from the
technological process should be increased by the determined additional anti-
-torque at the stage of the designing efforts concerning construction of the
motor.

The abovegiven analysis deals with steady states of the drive system.
However, the analysis may also be applied in order to widen the mathematical
models for analysis of dynamical states of the drive systems containing the
induction motors with large-size slide bearings [5].
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SCHEMAT ZASTEPCZY SILNIKA INDUKCYJNEGO
SPECJALNEGO WYKONANIA
DO PRACY W UKtLADZIE NAPEDOWYM
REAKTORA POLIMERYZACJI

Andrzej RUSEK, Andrzej POPENDA

STRESZCZENIE W artykule przedstawiono sposoéb uwzgledniania
strat w wielkogabarytowym fozysku Slizgowym na podstawie pomia-
row pradu biegu jatowego dla pracy silnika nieobcigzonego mieszad-
tem z wielkogabarytowym fozyskiem Slizgowym chtodzonym struga
etylenu w komorze reaktora polimeryzacji oraz dla pracy silnika nie-
obcigzonego mieszadtem z zespotem tocznego fozyska oporowego
na stanowisku pomiarowym. Przedstawiono uktad réwnan umoZzli-
wiajgcy wyznaczanie w oparciu o przeprowadzone pomiary pradu
wirnika oraz momentu elektromagnetycznego silnika, ktory dla biegu jato-
wego przedstawia moment wystepujgcy w wielkogabarytowym fozysku
Slizgowym. Przedstawiono wyniki pomiarow pradu stojana podczas pracy
silnika w reaktorze polimeryzacji oraz pomiary przeprowadzone w stacji
prob dla zespotu tozyskowego z fozyskiem oporowo-tocznym.






