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Introduction

The parametrical method of synthesis first of al in
detail was elaborated for the design of an induction control
motors [1]. Later it was applied for the other types of
conventional motors, such as stepping motors, gyroscopic
motors, and specia purpose motors. The equivalent circuit
parameters are most essential for the performances of the
induction motors. The parametrical optimization of
executive and measuring electrical machines noncrossing
windingsis presented in [2].

The single-phase solid rotor capacitor induction motor
for the borehole investigation devices is analyzed in [3, 4]
and successfully employed in borehole logging.

The main demands for these motors are to guarantee
the maximum reliability of the borehole investigation
device under geophysical operating conditions, such as
wide operating medium temperature change interval from
—20°C up to +150°C or more; operating medium —
dielectric liquid; length till 6000 m or more geophysical
cable; changing of hydrostatic pressure from atmospheric
up to 120 MPa; non-regular short-time and reverse duty-
type; non-constant load due to operating cycle.

Taking into account the above-mentioned demands for
the electric motor it is necessary to have relatively large
starting torque with the small ratio of starting current while
the reliable operation will be guaranteed in al dip range.

Sometimes the design and calculations of induction
motors for borehole investigating devices are carried out
when the stator parameters are aready known. In this case
it is necessary to select the rational parameters of rotor
taking into account the parameters of the stator and the
geophysical cable.

It is necessary to seek forming the torque-slip
characteristic of the borehole motor, which could be
reliably started up and could reach maximum rotational
speed, while the load distribution is large i.e. the integral
opening time of the spring system is minimal.

Primarily at the initial design stage it is important to
determine the equivalent circuit parameters of copper-
squirrel-cage solid rotor small-power induction motor for
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borehole investigation devices and then to use the
parametrical design synthesis. Commonly, the parameters
of the geophysical cable and maximum borehole medium
temperature are known in advance.

Related equivalent circuit parameters of borehole
motor

In case of conventional induction motors, the rotor
resistance R'Z, or in less rare cases, magnetizing reactance

X is selected as the basic parameter [1]. The

disadvantages of the rotor resistance are: the dependence
upon temperature change and the sufficient sensitivity for
technological deviations. The disadvantages of the
magnetizing reactance are: the air gap fluctuations due to
technological deviations affecting the resistance change
and the dependence on the magnetic circuit saturation
degree.

The parameter which uniquely would characterize the
studied motor can be the electromagnetic power of the
motor. It characterizes the form of torque-dlip
characteristic and also shows in what scale the supply
circuit possibilities are exploited. Then this circumstance is
very important for matching the parameters of the motor
and geophysical cable. Considering the fact, that motor
parameters must be matched to the supply circuit, the
geophysical cable resistance R: is accepted as the basic

parameter for borehole investigation device induction
motors. In this case the copper-squirrel-cage winding in a
solid rotor increases in a noticeable degree compared to the
other solid rotor constructions and it is more suitable.

The geophysical cable reactance X makes up to 5 %

of resistance value. In case of the borehole motors
investigated, it is more reasonable to choose the rational
parameters but not the optimal parameters of the
equivalent circuit (Fig. 1), because the concrete rated
operating point, the motor load, the motor voltage, the
motor and supply circuit parameter dependence from the
operation medium temperature change are not fixed.



Fig.1. Per-phase equivalent circuit of the symmetrical motor (the
insulation currents of the geophysical cable are denied)

Thedipss'® , X9 (Fig. 1) are expressed as:
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complex (conjugate complex) impedances of the rotor. The
rotor complex impedance consists from the paralel
connected copper-cage winding, teeth and yoke complex
impedances [5].

So the relative parameters, used for the calculations of
motor characteristics, would be as follows:
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here p;, &; arethe related stator resistance and reactance
values, &, is the related magnetizing reactance value;

p'2, 5'2 are the related rotor resistance and reactance
values referred to stator parameters.

Optimization criterion

The process of finding the maximum or minimum
value of an objective with various limitations is known as
optimization. The software for the equivaent circuit
parameter optimization of the motor is made on the basis
of characteristics modeling algorithms. The maximization
procedure of criterion Jp comprises the basis of

algorithm optimization

=

here k(s) is the weight function; s, is the no-load slip; s
isthe dip.

Therefore, the criterion (3) will not be sensitive to the
local dips of the torque-dip characteristic due to the

b= }k(s)Pem( s)ds} — max ; (3)
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influence on higher harmonics. It is expedient to
supplement it with limitations which will reject that
characteristic where the dips would exceed the fixed
limitr :

Fg"‘—(si)Zr; 1>s5>05.
Pem(®)

The objective of the procedure is the matching of
motor equivalent circuit parameters, the development of
which, in the stage of designing, allowed reaching the most
rational torque-slip characteristics of the motor (form and
maximum T, 4 value), regarding the character of the load
and maximally using the transmitting ability of the supply
circuit. The ratio (5 shows how effectively the
geophysical cableis exploited [6]:

(4)
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here Py, isthe input active motor power; Py max 1S the
limited maximum transmitted active power to motor; Ry,
isthe resistance of the motor complex impedance Z,, .

While the borehole medium temperature changes (due
to borehole depth change) the motor torque-dlip
characteristic (or Py,=f(s)) form aso changes,
therefore, the average electromagnetic power (torque)
becomes an important index.

The recalculating coefficient of the electromagnetic
power from the related values into absolute in watts is
expressed as follows:

us.
ng'

here U iS the voltage of power-supply source.

k (6)

Results and consider ations

The basic geometrical dimensions of the studied two-
phase and two-pole motor: outer diameter - 36 mm (outer
diameter of the stator core is also the outer diameter of the
motor), active length of the stator and also of the rotor -
50 mm, inner diameter of the stator core - 17 mm, air gap -
0.2 mm. The number of stator dots - 8, the stator winding
is double-layer former short-pitch; the number of the rotor
dots- 14.

It is important to remark that the outer diameters of
these motors are strictly limited. The distributed
parameters of the long geophysical cable are evaluated as
the four-pole complex coefficients. The optimization
calculations are carried out at symmetrical supply-source
voltage 260V and medium temperature (the resistance of
the geophysical cableis 200 Q) +150 °C.

The maximum change limits for related equivalent
circuit parameters were set as follows. pq.=0.1+5;

£ =01+5; £,=01+10; p,=01+10; & =0.1+6.



The dip change step is As=0,01 and the step of
relative parameters changeisA =0,1.
The computed criterion J, (2) dependences as the

function of the related parameters p'2 (Fig.2), pr &

(Fig. 3, Fig. 4), &, (Fig.5) are presented when the other
relative parameters (1) appropriately have been constant.
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Fig. 2. Criterion J asthefuncti)on of the relative equivalent
resistance of therotor: @) 1— p1 =0.2,2— p1=05;3—- p1 =1,
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Fig. 3. Criterion J |, asthe function of the stator relative

equivalent resistance and leakage reactance:
1-kp= f(p)i2- Kp= f(&)

The determined rational real related parameters of
equivalent circuit of copper-squirrel-cage solid rotor
induction motor for borehole investigating devices are
such: p1=14+15; £ =04+06; ¢,=4+6;

pr=1+12; £, =0.25+0.36.

Fig. 4. Criterion Jp, as the function of the stator relative
equivalent resistance: 1- p'2=0.2; 2— p'2=0.5; 3-

pr=1 4— py=155- py=4
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Fig. 5. Criterion J, as the function of the relative magnetizing
reactance. @ 1—- p1=02, 2— p1=05 3- p1=1 4-
p1=155- p1 =4 b) 1- pp =05 2— pp=1; 3—

p2=24=pp=3,5-pp=6



Conclusions

The parametrical optimization of equivalent circuit
parameters is applied for the formation of proper borehole
motor torque-slip characteristic taking into account the
known in advance parameters of the geophysical cable and
maximum borehole medium temperature. For this reason
the optimization integral criterion is proposed. The optimal
parameters will be those which will ensure the maximum
criterion value.

The computed criterion dependences as the function of
the related motor equivalent circuit parameters can be used
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In the investigation case of the small-power borehole motors, it is more expedient to discuss the rationa parameters of the
equivalent circuit but not the optimal ones, because the concrete rated operating point is not fixed due to specific operation peculiarities.
Considering the fact, that motor parameters must be matched to the supply circuit, the geophysical cable resistance is accepted as the
basic parameter. The basis of optimization algorithm comprises the integral criterion proportional to the motor average el ectromagnetic
power maximization procedure by changing related values of the motor equivalent circuit. So, before starting the initial stage of
designing the borehole motor, taking into account the parameters of the supply circuit and maximum borehole medium temperature,
agreeably to the computed integral criterion dependences on the related equivalent circuit parameters of the copper-squirrel-cage solid
rotor induction motor for borehole investigation devices, it is suggested to choose the rational motor parameters. Bibl. 6 (in English;
summaries in English, Russian and Lithuanian).
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Hccnenyst MajoOMOILIHBIE IBHTAaTENH IeO(U3MIECKOT0 Ha3HAYCHUs, BHIOOP pAlMOHAJBHBIX [ApaMETPOB CXEMBI 3aMEIIeHHMs, a He
ONTUMAJIbHBIX, SABJISIETCS OoJiee 11esIecO00pa3HbIi, TaK KaK TaKkhe JBUIaTeNd U3-3a cHelu(HUYecKuX 0COOCHHOCTEH paboThl HE MMEIOT
KOHKPETHOH (UKCHPOBAaHHOW pabouell TOYKM. YUMTHIBas, 4TO IapaMeTpbl JBUTATENsl M LIENU JOJDKHBI OBITh COIVIACOBAaHHBI, TO B
CHCTEME OTHOCHTEIBbHBIX MapaMeTPOB B KauecTBE OA3UCHOro mnapaMeTpa MPUHATO aKTUBHOE COMPOTHBIEHHE IienH mutaHus. OCHOBY
ONTHMH3AI[IOHHOTO aJTOPHTMa COCTABISET MpPOIEAypa MAaKCHMHU3ALUHM HHTErpalbHOTO KPUTEpUsi, MPOMOPIMOHAIBHOTO CpexHei
JJIEKTPOMAarHUTHON MOILHOCTH JBUTaTess, U3MEHsS 3HAUCHUS OTHOCUTEIBbHBIX IIapaMETPOB CXEMbl 3aMEIICHUs ABUraTelsd. YKe B
HAYaJIbHOU CTaJUU INPOCKTUPOBAHUS ABUIATEIIS, YYUTHIBAs IapaMEeTphl LENU IMUTAaHUS U MAKCUMAIbHYIO TEMIIEpATypy OKpYKarollei
CpeAbl CKBAXKUHBI, 10 PAcUETHBIM 3aBUCHMOCTSAM HHTEIPAIbHOIO KPUTEPUs OT OTHOCUTENBHBIX I[1aPaMETPOB CXEMBI 3aMEILCHHS
MIPEATONAraeTcsl BEIOpaTh palMOHAIbHBIC IapameTpsl. bubn. 6 (Ha aHmIMiickOM s3bIKe; pedepaTbl Ha AHIJIMICKOM, PYCCKOM U
JIMTOBCKOM $3.).

S. Gedys, P.Smolskas. Asinchroninio variklio su vientisuoju narveliniu rotoriumi, maitinamo per ilga geofizinj kabelj,
atstojamosios schemos parametry par ametrinis optimizavimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009.
—Nr. 2(90). — P. 73-76.

Tiriant mazos galios greziniy tyrimo prietaisy variklius, tikslinga diskutuoti apie racionaliy atstojamosios schemos parametry
parinkima, o ne optimaliy, nes dél darbo ypatumy néra fiksuotas konkretus tokiy varikliy vardinis darbo taskas. Atsizvelgiant i tai, kad
variklio ir maitinimo grandinés parametrai turi bati suderinti, santykinéje parametry sistemoje maitinimo grandinés aktyvioji varza
lalkoma bazine. Optimizavimo algoritmo pagrinda sudaro integralinio kriterijaus, proporcingo variklio vidutinei elektromagnetinel
gdiai, maksimizavimo procedira, kei¢iant variklio atstojamosios schemos santykiniy parametry reiksmes. Jau pradiniame varikliy
projektavimo etape, atsizvelgiant | maitinimo grandinés parametrus ir didziausiaja grezinio terpés temperattura, pagal apskaic¢iuotas
integralinio kriterijaus priklausomybes nuo santykiniy atstojamosios schemos parametry siiloma parinkti racionalius variklio
parametrus. Bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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