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Introduction

The parametrical method of synthesis first was
elaborated in detail for the design of induction control
motors [1]. Later it was applied (created algorithms and
software for verifying and optimization calculations) for
the other types of conventional motors, such as stepping
motors, gyroscopic motors, and special purpose motors.

The main requirements for borehole motors are to
guarantee the maximum reliability in all slip range of the
borehole investigation device under geophysical operating
conditions, such as wide operating medium temperature
change interval from -20°C up to +150°C; operating
medium — dielectric liquid; length till 6000 m 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 [2, 3].

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. So, the
borehole motors usually are two-pole two-phase
asynchronous motors supplied from the single-phase or
two-phase (supply from symmetrical and controlled two-
phase power source) limited power-sources.

Generally the power-supply circuit network, its
parameters, the maximum borehole medium temperature
are known in advance and the motor with demanded
characteristics is necessary to design.

Methodology of parametrical method synthesis

The torque-slip characteristic of the borehole motor

could be reliable starting up and reaching maximum
rotational speed; while the load distribution is large, i.e. the
integral opening time of the spring system is minimal. In
most cases, the motor operation time is short, therefore the
motor efficiency and power factor are not very important
indexes. In this case the design of borehole motors differs
from conventional motors. The conventional induction
motors are designed according to these primary data: rated
voltage and frequency; rated power; rated rotational speed.

The calculation of the designed borehole induction
motor is started by orientationally and expediently
choosing the related equivalent circuit parameters.

The above mentioned related parameter system can
be changed by integral parameter which will characterize
induction motor in the entire slip range. Such parameter

can be average electromagnetic power Pgyay OF its
mathematical analogue — criterion kp :
1 1
kp = Pem.av(s) = 1—s J.Pem (s)ds ; 1)
—S0

So

here sy — the no-load slip.

On the other hand, the electromagnetic power
characterizes the form of torque-slip characteristics and it
is also possible to find out in what scale the supply circuit
is exploited [2]. When the borehole motor operates under
geophysical conditions, the rated rotational speed and rated
torque (or power) cannot be foreknown. It follows, that
neither of the rated parameters, mentioned above, could be
practically used to describe the borehole motor
characteristics.

As the borehole motor has enough limiting factors
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(Dy, p'z = R, motor has no rated operating point, kp or

Temav), it is more expedient to discuss the rational

parameters of the equivalent circuit, but not the optimal
ones, because the concrete rated operating point is not
fixed due to specific operation peculiarities.

Naturally, the same factors are valid for the
efficiency, power factor and other parameters, which
characterize the motor operation at the concrete fixed load
and rotational speed. The established techniques of
electrical machines design do not evaluate those
peculiarities and their application for borehole motors
confront with some difficulties. Surely, the motor can be
designed, but differently in conventional motor case, it is
implied, that the designed motor successfully operates
under geophysical conditions.

Application of the method

The primary data for the design of borehole
investigating motors should be as follows: power supply
source phase voltage U,; power supply source current

frequency f;; supply circuit network and parameters of its
elements (oo, Co, o, Lol
resistance of supply circuit R ; the number of motor pole

pairs (or synchronous rotation speed of the motor); average
electromagnetic power k, or average electromagnetic

maximum active

torque Temay,» When s changes 1-Sp. Generally
fi =50 Hz, 2p=2.

From the equation

2
U
T = > 2
em.av P R, (2)
2n f
we calculate Ton z, OF kp (here @ = =21,

From the calculated dependence kp = f(pl) [2] we

find pq, considering that p'2 =1, taking into account the
electromagnetic calculations and experimental data with
investigated borehole motors for copper-cage solid rotor
induction motors (k,, =1,20-1,40) and for solid rotor

induction motors (k,, =1,40-160). The maximum
electromagnetic power is expressed as follows
U 2
Pem.max = kmkP R_s 3)
C
and maximum electromagnetic torque
1
(4)

T - P, —.
em.max em.max Ql

The calculations of magnetic circuit were performed
changing the number of stator phase turns and the cross-
section of winding wire, supposing that the supply source
was of limited power. Beforehand the determination of the
equivalent circuit parameters is important at the initial
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design stage and later on to use the parametrical design
synthesis.

The outer diameter Dy of borehole motors is limited

(the scale of borehole devices is standardized), but the
length 1; is unlimited (the length is limited due to the
stator winding technological laying problems). One of the
limiting factors is the transit wires which can be laid in
four slots on the outer motor surface. The motor
electromagnetic power is proportional to its active volume,
while the equivalent circuit parameters Ry, Xy, Xy

directly depend on motor length ;. Taking into account

the accumulated design experience of a small power
conventional induction motors, the factor for the first

D.
approach can be accepted as kp =D—'= 0,45-0,55. The
y

|
factor A =—=2,50-350 for borehole motors exceed
i
A1=0,22+1,60 for conventional small power motors.
Relative stator slot area [1]:

4745

nD? iz—l
kb

here Sy — the stator slot cross-section area; Zg — the stator
teeth number; D; - the stator bore diameter.

=0,30-0,40, (5)

kzs =
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Fig. 1. Structure diagram of active part synthesis of borehole
motor taking into account parametrical method

Relative rotor slot area is
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0,20-0,30,

(6)

kzr =

here S, — the rotor slot cross-section area; Zg — the rotor

teeth number. Taking into account the stator tooth width,
technological limits of the slot lay out on the stator surface
for the transit wires, semi-oval stator slot shape is more
suitable.

Results and considerations

The basic geometrical dimensions of the three studied
two-phase and two-pole motors are: outer diameters —
36 mm; 31 mm; 25 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; 50 mm; 45 mm,; inner
diameter of the stator core — 17 mm; 15 mm; 13 mm,; air
gap — 0.15 mm. The number of stator slots — 8, the stator
winding is double-layer former short-pitch; the number of
the rotor slots — 14.

The ratio of stator core length I; and stator inner
diameter D; for the borehole motors depends on the stator
core length, as the stator core outer diameter is strictly
limited.

When the motor values kp and Penmax are known,
the approximate specific active volume of motor can be
calculated according to [1] considering that P,y =kp
average electromagnetic power is equal to rated motor
power.

So, the relative parameters, used for the calculations
of motor characteristics, would be as follows:

R X X
prEoti G=oti En=1m
Re™ TR MR 0
Ry Xy

here p;, & - the relative stator resistance and reactance
values; &, — the relative magnetizing reactance value;

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

Table 1. Construction coefficients of small power investigated
borehole motors when the maximum active resistance of the

supply circuitis Rg =165Q

Dj,
Motor type J kp A kzs | kzgr
mm
. 36 0,472 2,94 0,335 -
Solid rotor
induction 31 0,484 3,33 0,352 -
motor
25 0,480 2,92 0,340 -
Copper- 36 0,472 2,94 0,335 | 0,222
cage solid
rotor 31 0,484 3,33 0,352 | 0,239
induction
motor 25 0,480 2,92 0,340 | 0,248
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In order to realize R'Z =R¢, the optimization copper-

cage solid rotor teeth zone is necessary. The rational
parameters of equivalent circuit, when R¢ is known, can

be calculated according to [2].

The calculations, according to active part synthesis
structure diagram of borehole motor, taking into account
parametrical method (fig.1) are carried out for three motor
types with different rotors (solid rotor and copper-cage
solid rotor) and the results are presented in tables 1 and 2.

Table 2. Real relative equivalent circuit parameters of small
power borehole induction motors operating at

Rc =165Q and @ = +20 °C (parameter change limit for solid

rotor induction motor is in the numerator and for copper-cage
solid rotor induction motors is in the denominator)

Relative Main factors influences on Change
parameter relative parameters limit
o peu Iy, V_Vl' Scy » slot form 140-150
and dimensions
w, |, p,q, 24, kg, slot
& Ll PGy 24K 0,50-0,70
form and dimensions
é ml, fl,é‘, p;erkwllTl 5,00*6,50
- Rthhdii i
Iy, kﬂ, Ks 4,00 - 6,00
pcus b 7, Sey. P My, Zg,
: Wi, Ky o Z4, Gos po0 Mo, 5,50 — 7,50
P2
Kg. X+ 7o. & slot formand 0,90-1,20
dimensions
O o N3 oW Ky Ky,
. 7 s1 K 3,00 -4,50
52 ml’ R qu'GZ'T' X 0,25—0,36
Sxs M2y Yo

Preliminarily calculations of stator core length further
are made more exact, taking into account the stator
winding technological laying process. The individual stage
of the motor optimization, such as stator winding data, is
made according to the parametrical method synthesis
presented in [1]. Electromagnetic properties of the two-
phase windings can be evaluated by performing harmonic
analysis of the rotating magnetomotive force, created by
them and by calculating electromagnetic efficiency factors,
based on the results of this analysis [4].

Preliminarily the determined relative equivalent
circuit parameters are further analyzed by the realization of
real parameters. Parametrical method synthesis at the
initial design stage successfully can be applied for the
devices such as [5, 6] which operates without concrete
stabile rated operating point. The seventh and ninth spatial
harmonics are the first order of tooth-ripple harmonics and
they should be taken into account. Since the solid
ferromagnetic rotor complex impedance is sufficiently
larger (the factor A =250-350, while the rotor outer
diameter is small), the influence of the higher harmonics to
motor operating is rather small, but, in this case, the rotor
referred resistance to stator parameters is more than six
times bigger than resistance of the supply circuit. In this
case the most suitable rotor type, corresponding to



mechanical, electrical and reliability characteristics, is
copper-cage solid rotor. The complex impedance of this
type rotor can be changed in various ranges at design
stage.

There is no problem to calculate and to manufacture
cage rotor induction motor, but at worst, if the rotor is
defective (the contact between rotor bars and end rings,
etc.), the motor could not start. In this case, the copper-
cage solid rotor induction motor will be employable and
will carry out the foreseen functions. On the other hand at
all points the main thing is the reliability of the borehole
motor.

Conclusions

The parametrical method synthesis for small power
borehole motor design is developed, taking into account
the specific operating peculiarities and limiting factors.

The main construction coefficients and change limit
related parameters of the equivalent circuit for design of
the borehole motors, applying the parametrical synthesis
principles, are determined considering the maximum
transmitted active power through the supply circuit to the
motor.

The calculations of equivalent circuit parameters,

synthesis and tests are carried out. It confirms reliable
operation in the concrete supply circuit.
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operating conditions. The parametrical method synthesis for small power solid rotor and copper-cage solid rotor induction motors is
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limit related parameters of the equivalent circuit for the design of the borehole motors, applying the parametrical synthesis principles,
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12.

Merononoruss NPOEKTHPOBAHMS TPAJMIUOHHBIX JBHTaTelell HenmpuemyieMa s JBHTrarelaed Teo(U3HMYeCKNX CKBaKHHHBIX
npuOOpOB M3-3a CHEHU(PUUECKUX U OKCTPEeMAIBHBIX YCJIOBHi paborsl. Jlamee pasBUT mapaMeTpHUYECKUH MeETOJ CHHTe3a UL
MPOEKTHPOBAHHS MATOMOIIHBIX ACHHXPOHHBIX ABUTATENEH ¢ MACCHBHBIMH M MAaCCHBHBIMH C KOPOTKO 3aMKHYTOH KJIETKOW pPOTOpaMH,
NpUMEHAEMBIX Ui paboThl B TeopHU3NYECKHX YCIOBUsX. [IpMMEHNMB NPHUHIOUI MapaMeTPUYECKOTO CHHTE3a, yHaloCh YCTAaHOBHUTH
Hpenensl W3MEHEHUs OCHOBHBIX KOHCTPYKTHBHBIX KOX()(UIMEHTOB M OTHOCHTENBHBIX I1TapaMETPOB CXEMBI 3aMEIIeHHS IS
MPOEKTHPOBAHHSA JIBUTATENEH reo(pU3nIecKuX CKBaXMHHBIX IPUOOPOB, YIUTHIBAs Mepeiady MaKCUMAaIbHOH aKTHBHON MOITHOCTH IETTH
NUTaHUs JBUrarento. [IpuMeHHMB mpemnaraeMelii HapaMeTpPUUECKHI METOA CHHTE3a, BBINOJIHEHBI pPAcyEThl IapaMETPOB CXEMBI
3aMelIeHHs], XapaKTePUCTHK U MPOBEIEHBI UCTIBITAHUS JBUTATeIel IMOITBEPAMIN, YTO OHHU MOTYT Haa&XHO paboTaTh B JAHHOH Lenn
nutanus. Wi, 1, 6ubin. 6, tabn. 2 (Ha aHTIMHACKOM s13bIKe; pedepaThl Ha aHTJIHICKOM, PYCCKOM U JIATOBCKOM $13.).

S. Gedys, P. Smolskas, M. Zmuida. Parametrinés sintezés metodo taikymas greZiniy tyrimo jtaisy varikliams projektuoti //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 5(101). — P. 9-12.

Tradiciniy kintamosios srovés asinchroniniy varikliy projektavimo metodologija netinka greziniy tyrimo itaisy varikliams
projektuoti dél specifiniy ir ekstremaliyju darbo salygu. ISplétotas parametrinés sintezés metodas darbui geofizinémis salygomis
skirtiems mazos galios asinchroniniams varikliams su vientisaisiais ir vientisaisiais narveliniais rotoriais projektuoti. Pritaikius
parametrinés sintezés principus, nustatytos pagrindiniy konstrukciniy koeficienty ir ekvivalentinés schemos santykiniy parametry kitimo
ribos, atsizvelgiant | maitinimo grandinés didZiausios galios perdavima varikliui. Siilomuoju parametrinés sintezés metodu, atlikti
greZiniy tyrimo jtaisy varikliy ekvivalentinés schemos parametry ir charakteristiky skai¢iavimai ir bandymai patvirtino, kad Sie varikliai
gali patikimai dirbti nurodytoje maitinimo grandinéje. Il. 1, bibl. 6, lent. 2 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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