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Introduction

The single-phase asynchronous capacitor motor with
solid ferromagnetic rotor for the borehole investigating
device drive is successfully used in the borehole of which
medium temperature does not exceed +200°C. [1, 2].
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Fig. 1. Supply scheme of two-phase symmetric induction motor

For the boreholes of which medium temperature
exceeds +200°C it is expedient to use two-phase or three-
phase symmetric induction motors with  solid
ferromagnetic rotors. The special demands for these
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motors  obligate to and the
characteristics.

In general the single-phase asynchronous capacitor
motor for borehole investigating devices is made as
symmetric two-phase motor with solid ferromagnetic rotor
[2], but it is supplied from single-phase network.

The supply scheme of two-phase symmetric induction
motor supplied through the long three-core geophysical
cable is presented in Fig. 1. It is important to note that the
thermal resistance capacitor for symmetric motor is not
necessary. Commonly for the borehole investigation self-
contained supply is used. The measuring of a borehole
ground parameters and remote control needs less electric
power than for the supply of motor and as a rule the power
supply-source has limited power. The motor reversing is

carried out with starting on-off switch Q (Fig. 1).

design investigate

Critical Slip of Induction Motor taking into account
Long Geophysical Cable and the Inner Complex
Impedance of Power-supply Source

The case when conventional induction motor is
supplied from the voltage source (i. e. when the inner
complex impedance of the power-supply source is
significantly smaller than the input impedance of motor and
the supply complex voltage of motor is constant) is widely
analyzed according to general theory of many researchers.
The peculiarities and characteristics of an induction motor
supplying from limited power-supply source can be
changed essentially compared with the case when motor is
supplying from unlimited voltage source.

As a rule the critical slip and maximum
electromagnetic torque of the symmetric induction motor
are determined taking into account L equivalent circuit
parameters per phase. But this L equivalent circuit does not
evaluate the distributed parameters of the long geophysical
cable as well as the input impedance of the power-supply
source and the known expression of critical slip of the



symmetric induction motor with solid ferromagnetic rotor
[3] is unfit for use.

Let’s change the geophysical cable to the four-pole
switched on between the power-supply source and electric
motor (Fig. 2).
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Fig. 2. Supply circuit of induction motor operating in the limited
power system: Us is the complex voltage of power-supply
source; s is the input complex current; P is the four-pole; Zs is
the inner complex impedance of the power-supply source; Z;, Z,,
Z>, is the L equivalent circuit complex parameters of induction
motor; s is the slip; /j, L, is the stator, equivalent rotor complex
currents

We would try to deduce a formula of critical slip
which evaluate the inner complex impedance of a power-
supply source and distributed parameters of a long
geophysical cable.

By applying the calculation rule of four-pole to
supply circuit (Fig. 2), the complex of stator current can be
expressed as follows
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re, 1s the average specific resistance; 7o ~ is the

specific resistance of the cable according to catalogue data
at temperature @.,; ®, is the temperature at the

borehole surface; ® ¢, is the temperature in the borehole

depth ¢,; a; is the temperature coefficient of the
conductor resistance; ¢, is the cable length on the ground
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surface; ¢, is the let down in borehole cable length;
L=0,+1,.

The complex of equivalent rotor current (Fig. 2) is
expressed as:

1,=1 = . ?2)
7Tz, 2 Ns
Then the electromagnetic power of motor can be
written as:
R R,
By = m ] 22 3)
1 2‘)z \/;

where m; is the number of phase; R, is the equivalent of
rotor resistance.

Substituting the equation (2) into equation (3) and after
the simple transformation electromagnetic power is
expressed as:
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After differentiation of the electromagnetic power
equation (4) according to slip
oP,,,
—=0 5
3 s (&)
and further solving this equation, then the critical slip
therefore is given as
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We aim to prove that the obtained critical slip
formula equation (6) is the general case as it is known in
scientific literature [3]. In this particular approach, if the
motor is supplied from a high-capacity power-supply
source and directly connected to power-supply source (i.e.
Z,=0, 4,,=1, 4,,=Z =0, the insulation currents of the

geophysical cable are denied) then the equation (6) can be

written as:
) 2 . 2
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After the simple transformation equation (7) becomes

as follows:
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We showed that the formula of critical slip (8)
absolutely coincides with data presented in [3]. It is
important to underline that equation (6) is the general case
of a critical slip formula of the magnetic rotor taking into
account the inner complex impedance of power-supply
source and the distributed parameters of long geophysical
cable.

Characteristics of Motor and Discussion

Substituting the expression of critical slip s, equation
(6) in place s into equation (4) and after the simple
transformation the maximum electromagnetic power is
therefore given as:
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The electromagnetic torque of motor can be written as:
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where p is the number of pole pairs.
The supply voltage of motor is not constant and
changes in the slip range (0-1). Then it can be written as:

Uy=1,-Zy- 1

Table 1. The computed main parameters of the borehole motor at
the different temperatures in borehole depths and supply voltages

Conditions — 1990

O, =22 0, =+250°C;
£,=8,6 km; :

{=10,=8,7km

0,=0,1 km

parameters U280V Ug=220V | Us=280V | U=220V

S 3,75 3,75 4,50 4,50
P, W | 1079 | 66,60 65,67 40,54
Ponis—). W_ | 96,93 59,84 57,16 35,29
Toms—p. N'm | 0309 | 0,191 0,182 0,112
Uy, V| 1956 153,7 187,9 147.,6
Lioen), A 0,54 0,42 0,41 0,32
Toein A 0,35 0,28 0,22 0,17
Py W 74,19 45,8 42,79 26,42

The characteristics of the borehole motor can be
effectively computed at any borehole dept if it is known
such data: the temperature at the borehole surface; the
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medium temperature at the borehole depth ¢, ; the let down
in borehole cable length 7, ; the length of cable ¢ and the

parameters of cable.

The computed characteristics of symmetric two-
phase induction motor with solid rotor (the parameters of
equivalent circuit per phase at +20°C are: Z, =46+j48 Q;
Z,=0+j612 Q; er=390+j234 Q; and of the cable:
Toeox =25,5 Q/km; Cy=0,2 pF/km; gugox =0 S/km; Ly=0
uH/km) are presented in table 1 and Figs. 3 and 4. The
comparison between the cases when motor operates at
borehole depth (=/,=8,7 km (O, =+250°C) and

£,=0,1km (/;=8,6 km; ©,, =+22°C) it electromagnetic

torque T,.s-1 as well as and power P,,,-; differs
approximately 1,7 times (table 1).
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Fig. 3. Torque-slip characteristics of the motor at Ug=280 V
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Fig. 4. Related torque (power), currents and voltage as function of
the slip at ©, =+250°C, 0,=8,7 km, Us=280 V (relative

quantity A/A . is the part of maximal value 4 )

The borehole motor load torque is not constant due to
operating cycle [4], then the motor working point changes
and therefore the characteristics of motor which depended
on slip are as the main.

It is expedient to decrease the supply-source voltage
till 220V, because the main characteristics of motor are just
the some as it operates at the big depth when motor
operates at small depths.

There is a possibility to control the voltage of power-
source taking into account the value of the geophysical
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cable active resistance R,q =7 0,220 4 ¢ |, which is
co ='ooy| F17- 2

00y
proportional to the borehole depth and borehole medium
temperature.

Conclusions

For the boreholes of which medium temperature
exceeds + 200°C it is expedient to use two—phase
induction motor with solid ferromagnetic rotor.

The critical slip and the maximum electromagnetic
power expressions of the symmetric induction motor with
solid rotor taking into account the inner complex
impedance of the power—supply source and the distributed
parameters of the long geophysical cable have been
derived. It has been proved that derived critical slip
expression is the general case of a critical slip formula.

The algorithm for the study of the motor
characteristics taking into account the parameters of the
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If the borehole medium temperature did not exceed +200°C, it is successfully used single-phase asynchronous capacitor motor with
solid ferromagnetic rotor for the borehole investigating device drive. For the boreholes of which medium temperature exceeds +200°C it
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taking into account the parameters of the equivalent and the supply circuits is presented. Developed program gives possibility to
compute the motor characteristics when it is placed in any borehole depth at various environment and borehole medium temperatures.
I1L. 4, bibl. 4 (in English; summaries in English, Russian and Lithuanian.).

C. I'tunc, II. Cmoiabckac. KpuTnueckoe ckoJIbikeHHE M XapPAKTePUCTHKH ACHHXPOHHOIO JBMIrartessi Uil reou3sHyecKux
CKBaKHHHBIX YCTPOICTB // DJIeKTPOHUKA M dJeKkTpoTexnuka. Kaynac: Texnosorus, 2006. Ne 4(68). P. 95-98.

OnHo(a3HbI ACHHXPOHHBIM KOHACHCATOPHBIH IBUTaTeIb ¢ MACCHBHBIM POTOPOM YCIICIIHO IIPUMEHEH B IPHBOAE Fe0(pHU3MICCKOr0
CKBa)XHHHOTO YCTPOIICTBA INpPH TeMmmeparype cpeabl B ckBaxumpe g0 +200°C, Ho mpm Temmeparype mnpesbmmatomeii +200°C
[[e7IeCO00Pa3HO UCHONb30BaTh ABYX(asHbIM win TpExdasHbI ABHraTeNlb ¢ MAacCCHBHBIM POTOPOM. IIpelcTaBieHBI BBIPaKCHUS ML
KPUTHYECKOI'O CKOJIBKEHHST M MAaKCHUMAaIbHOW 3JIEKTPOMArHUTHOM MOIIHOCTH ACHHXPOHHOTO JIBUIaTels ¢ MAacCHUBHBIM POTOPOM,
YUYHTBIBas BHYTPEHHEEC CONPOTHBIICHHE HCTOYHHKA IHTAHHMS W PACIpPEIENEHHBIC MapaMeTPhl UIMHHOTO reo()H3UYEecKOro Kalens.
Jloka3zaHo, 4TO BBIBEACHHOE BBIPAKEHHE KPUTHUYECKOTO CKOJILKEHHUS, SIBISCTCS OOIIMM ClydyaeM M3BECTHOW (OpMyJIbI KPUTHYECKOTO
CKOJIBXKEHHS. [Ipe/cTaBlIeH aNropuT™ pacdyeTa XapaKTCPUCTHUK JIBUTraTels, YIUTHIBAs MapaMeTphl CXEMbI 3aMEILCHHS U LICTH TUTaHHs.
CocraBiieHa mporpamma JUisl pacyera XapaKTepUCTHK JBHIaTeNs Uil JIOO0O0H TiyOMHBI CKBaXHMHBI M NPH Pa3HbIX TeMIIEpaTypax
OKpY»KarolIei cpefibl U cpebl B ckBaxkuHe. .4, 0ubmn. 4 (Ha aHIIIMICKOM si3bIKe; pedepaThl HA AHTIIMICKOM, PYCCKOM U JIATOBCKOM
SI3BIKAX).

S. Gedys, P. Smolskas. GreZiniy tyrimo prietaisy asinchroninio variklio kritinis slydimas ir charakteristikos / Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2006. Nr. 4(68). P. 95-98.

Kol grezinio terpés temperatiira nevirdija +200°C, jo tyrimo jtaiso pavarai sékmingai naudojamas vienfazis asinchroninis
kondensatorinis variklis su vientisuoju feromagnetiniu rotoriumi, o kai virsija — tikslinga naudoti dvifazj ar trifazj asinchroninij variklj su
vientisuoju feromagnetiniu rotoriumi. Pateiktos asinchroninio variklio su vientisuoju feromagnetiniu rotoriumi kritinio slydimo ir
maksimaliosios elektromagnetinés galios israisSkos, atsizvelgiant | maitinimo S$altinio vidaus varza ir ilgo geofizikos kabelio
paskirstytuosius parametrus. [rodyta, kad iSvestoji kritinio slydimo israiska yra bendrasis Zinomos kritinio slydimo formulés atvejis.
Pateiktas variklio charakteristiky skaiiavimo algoritmas atsizvelgiant i ekvivalentinés schemos ir maitinimo grandinés parametrus.
Sudaryta programa apskaiciuoti variklio charakteristikas bet kuriame gr¢zinio gylyje prie jvairiy aplinkos ir grezinio terpés temperatiry.
1.4, bibl.4 (angly kalba; santraukos angly, rusy ir lietuviy kalbomis).
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