ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 — 1215

2007. No. 7(79)

ELEKTRONIKA IR ELEKTROTECHNIKA

ELECTRICAL ENGINEERING

T 190

ELEKTROS INZINERIJA

Experimental Investigation of Oscillation Center Displacement of
Oscillating Pulsating Current Motor and Springless Compressor Drive

A. Senulis, E. Guseinoviené

Department of Electrotechnics, Institute of Mechatronics, Klaipéda University,
Bijany str. 17, LT-91225 Klaipéda, Lithuania, phone: +370 46 398686, e-mail: eleonora.guseinoviene@ku.lt

V. Jankiinas, L. Urmoniené
Department of Electrotechnics, Klaipéda University,

Bijany str. 17, LT-91225 Klaipéda, Lithuania, phone: +370 46 398686

A. Andziulis, R. Didziokas

Institute of Mechatronics, Klaipéda University,

Bijiany str. 17, LT-91225 Klaipéda, Lithuania, phone: +370 46 398686

Introduction

This article presents an experimental investigation of
oscillation center displacement of oscillating pulsating
current motor and springless piston compressor drive. The
problem of oscillation center stabilization of this type of
aggregate appeared in the beginning of the development of
oscillating motor-compressor construction [1-3]. The
mathematical modeling and experimental investigation on
this issue was already presented in papers [4-7].
Continuing the research of this problem it was investigated
the other peculiarities of energetic parameters dependences
on the center displacement factor. This drive, due to its
springless construction, tends to an asymmetric work and
also, when it works with asymmetric load, or its electric
and magnetic circuits are in some ways made different
(incorrect construction, manufacturing process, air leakage,
etc.). So, the problem only appears in the springless
double-sided aggregates, like piston compressors (Fig. 1),
cryogenic and some other special aggregates.

The double-sided motor-compressor is shown in the
Fig. 1. This also presents the possibility of a displacement
force F, or F’,, which can act in both directions and make
the aggregate work less efficiently. This displacement
force creates uneven current in the each winding of
apparatus, thus creating a DC current in general.
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Fig. 1. The motor-compressor with the additional displacement
forces and a possibility to analyze pressure flow with each part
separated or combined
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There are several ways to stabilize oscillation center:
to use mechanical springs [4]; to use magnetic spring by
making the movable part of the double-sided motor-
compressor with permanent magnets; to use electrical
control involving the direct current /) of the main circuit in
the feedback and advanced type of control algorithm [4]; to
use the control of the valves and change the load of the
motor; to use the magnetic fields difference of the
windings; to use pneumatic spring, and other ways.

In this article we will be more interested in the type
of the electrical control possibility. Analyzing such control
it is important to establish the relationship between DC
current [, and oscillation center displacement AA4. This
relationship was examined by using simulation in Matlab
(it also equivalently might be done in Mathcad and other)
environment and by measuring DC current and oscillation
center displacement A4 visually by using a stroboscope.

The other purpose of the experimental investigation
was to indicate the qualitative dependencies between
oscillation center displacement factor and the used power
P, the main AC current /, coefficient of efficiency # and
power factor cosg.

Analytical analysis of dependence I,=f{4h)

The analytical analysis of the dependence [l,=f(4h)
was made by using simulation in the Matlab environment.
The set of equations used for the modddeling is presented
below:
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where 2 — oscillation coordinate (stroke); v — oscillation
speed; m — mass of moving part of the motor-compressor,
R, — coefficient of mechanical resistance; ¢ — spring
constant (equivalent to compressor rigidity); Fp, —
additional force creating artificial displacement of
oscillation center; L;(h) and L,(h) — inductances of both
winding, which depends on oscillation coordinate % (L(h)
character in this modeling was sinusoidal [4]); 7;(h), T2(h) —
variables which depend on oscillation coordinate #;
715(h,iz1), T22(h, i) — variables which depend on oscillation
coordinate and currents i;; and iy, (for each winding
separately); a, — firing angle of the thyristor; 7;; and r»; —
the resistances of windings which represent electrical loses
in the motor; r;, and ry, — the resistances which represent
magnetic loses in the motor (they are shown in Fig. 11).

The parameters for the modeling were similar to the
real model parameters. Analogous simulation was
presented in other papers [4, 5], but the simulation was
made by using the relative parameters.

The results of modeling are shown in the Fig. 2. The
results show that the dependency is linear and that the
growth of the oscillation center displacement creates an
opposite growth of the direct current in the main circuit.
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Fig. 2. Simulation results: DC current /, of the main circuit
dependency on oscillation center displacement A4

Experimental analysis of dependence I,=f(4h)

This part of experiment was made with an existing
real model by changing the load (p,) differently for each
camera of compressor, thus forcing the compressor to work
asymmetrically.

During the experiment the DC current /, (A) of both
motor windings general circuit and oscillation center
displacement A4/ was measured using a stroboscope. Fig. 3
shows the scheme of an experiment.
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Fig. 3. Experimental scheme

The results of the experiment are shown in Fig. 4.
They are qualitatively similar to what was simulated in
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Matlab environment (Fig. 2). The differences appear
because the real model is asymmetrical by itself and the
measurements might be inaccurate, because they were
created visually, but the linear approximation fits well for
the results.

I, A
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Fig. 4. Experimental results: DC current [, of the main circuit
dependency on oscillation center displacement A4

Fig. 5 shows the curves of the supply voltage U
(dotted line), and the main circuit current /,¢c. Three curves
that indicate different loads — solid line corresponds to the
symmetrical load, the dashed line and the dot-dash one
refers to an asymmetrical load in the opposite directions.
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Fig. 5. Experimental curves of main circuit current /¢

Experimental analysis of the energetic parameters on
oscillation center displacement

This part of experiment was made using a real model
by changing the load of compressor (p,), motor supply
voltage and the direction of the additional force F,. This
force was added as a weight force of the compressor’s
piston by changing the direction of aggregate in space. The
directions were:

- horizontal — no additional force added;

- vertical — turned clockwise by adding force to one
side of the motors-compressor;

- vertical — turned counter-clockwise by adding force
to other side of the motors-compressor.

During the experiment the output power of aggregate
P (W), AC current /¢ (A) and DC current /p (A) of both
motor windings general circuit, also the air flow Q (I/min),
air pressure p, (atm) as well as the supply voltage U (V)
were measured. Experiment scheme is shown in Fig. 3.

All experiment results are shown in Fig. 6-10. The
results are scattered due to incorrect construction of the
motor-compressor, but the tendency shows that active
power consumption P is more efficient, when the direct



current [, is near to zero (thus the oscillation center
displacement is also small — Fig. 8 and Fig. (3-4), and the
current is smaller (Fig. 7). The power factor and the
efficiency is harder to examine due to the scattered data,
but the better performance is shown in the symmetrical
load range (depends on the position of the additional force
and the load; range p, = 1-3 atm for the vertical position
clockwise, range p, = 0-latm — for the horizontal position
(this position is constructionally asymmetrical)). The air
flow dependence was presented in [4].
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Fig. 6. Dependencies P=f(p,) by changing the supply voltage and
orientation
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Fig. 7. Dependencies 1,c=f(p,) by changing the supply voltage
and orientation
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Fig. 8. Dependencies /,=f{p,) by changing the orientation

The control of the oscillation center displacement
could be controlled using the feedback of the direct current

1, of the main circuit of motor-compressor drive as well as
advanced algorithm [4].

Fig. 11 shows a possible structural scheme, where GB
is a galvanic insulation block; DCI — direct current
indicator; DCA — DC analyzer (its aim is to create a
stabilization signal wusing advanced algorithm for
oscillation center control); Control unit — its goal is to
control the optimal work of the motor-compressor drive;
Amp — impulse amplifiers.
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Fig. 9. Dependencies cosp=f(p,) by changing the supply voltage
and orientation
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Fig. 10. Dependencies #=f(p,) by changing the supply voltage
and orientation
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Fig. 11. The possible structure of the motor-compressor for the
stabilization of oscillation displacement center by using the DC
feedback and DC analyzer

The stabilization of the oscillation center would vary
for different range of this motor-compressor due to
nonlinearity of the load and the electric circuit.



Conclusions

The virtual and real experiment have shown that
dependence of I,=f(4h) is linear, but to create more
efficient results and to compare quantitative, both
simulated and real experiment results, it is needed to
eliminate visual observance of displacement and to make a
symmetrical model. The oscillating motor-compressor
drive works more efficiently near the zone where the
displacement of the oscillation center is small or zero.

This paper presents the possible stabilization
structural scheme using the feedback from the direct
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A. Senulis, E. Guseinoviené, V. Jankiinas, L. Urmoniené, A. Andziulis, R. DidZiokas. Experimental Investigation of Oscillation
Center Displacement of Oscillating Pulsating Current Motor and Springless Compressor Drive // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2007. — No. 7(79). — P. 63—66.

This article presents the oscillation center displacement of oscillating pulsating current motor and springless compressor drive
(OPCM-SCD) experiment and results. The goal during the experiment was to determine the efficiency coefficient 7, power coefficient
cosp, input power P, DC I, and AC I, dependence on OPCM-SCD pulsating part center movement. The graphs provided analysis of
the modification of OPCM-SCD position in the space, thyristor firing angle and creating the artificial uneven force for each different
compressor cameras. Experiment results show that pulsating center has effect on the analyzed energetic characteristics: when the off-
center is present these characteristics worsen. During model analysis and during the experiment dependencies /,=f(4h) were received.
We can say that their nature is similar, but because of the natural asymmetry of used model and the slight inefficiency of measurements,
these dependencies only can be analyzed practically. This article also includes the possible structural scheme of control using the regular
general current for thyristor stabilization of the pulsating center. Ill. 11, bibl. 8 (in English; summaries in English, Russian and
Lithuanian).

A. Cenyiinc, J. I'yceiinoBene, B. SInkynac, JI. Ypmonene, A. An3zwiuc, P. Jlnkokac. JkcnepuMeHTHOE HCC/IeJOBAHUE CIBUIa
HeHTpa KoJie0aHMsl JABUTaTe]lsl Ko/1e0aTeJlbLHOIr0 [BHM:KeHHsl MNY/JIbCHPYIOLIEBO TOKa M 0e3CNpy:KHHHOr0 TIOPIIHEBOI0
KoMIIpeccopa // DieKTpoHHuKAa U JjekTpoTexHuKa. — Kaynac: Texnosorus, 2007. — Ne 7(79). — C. 63—66.

PaccmarpuBaroTcss pesyibTaThl AKCIIEPHMEHTAIBHOTO MCCIISNOBAaHMS CIOBHIA IIEHTpa KoJieOaHWH JBHTATeNst KoJeGaTelbHOTOo
JBIDKEHUS ITyJIbCHUPYIOIIET0 TOKa M Oe3cnpykuHHOro nopirHeBoro xommpeccopa (AKAIIT-BK). Llens skcreprMeHTa — OIpeiesuTh
3aBUCHMOCTH KOI(HUIMEHTa MONE3HOTO ASHCTBHS 7, KO3(D(GHULIUEHTa MOLIHOCTU COS®, YNOTPeOIsieMOd MOLIIHOCTH P, IOCTOSHHOTO
Toka I, u obmero Toka / ot casura nentpa noxaswkHoi yactu JKIIIT-BK. IlpencraBieHs! pe3yiabTaTel B BUIE TPadUKOB MEHsS
nonoxenue JKIIIT-BK B mpocTpancTBe, yron 3akuranusi TUPUCTOPA U CO3JaBas pasHyl0 HAarpy3Ky KaXIOW KaMepbl KOMIIpeccopa.
VYcTaHOBIIEHO, YTO MPU HATMYMU CABHIA LIEHTPA KOJIeOaHHH SHEPreTHIecKne XapakTepIUCTHKY PUBOA yXyAIAIOTC. XapaKTePHCTUKU
1y=f(4h), mony4eHs myTeM MOICIHPOBAHHS U SKCICPUMEHTA MO XapaKTepy MOXO0XHE, HO M3-32 HATYPaJbHOW aCHMMETPHH MOAETH U
MOTPEIIHOCTEN M3MEPEHHH MX MOXKHO CPAaBHHBATh TOJNBKO KadyeCTBEHHO. IIpeqyoKeHbl SKCIIepHMEHTalbHAs M CTPYKTYpHAs CXEMbI
yIpaBIeHHs] IEHTpa KoJIeOAaHWH HCIIONB3Ysl IOCTOSHHYIO COCTaBIIIONIYI0 OONIEro TOKa Ui THPUCTOPHOTO YIPABICHUS LEHTpPA
koneOanuid. M. 11, 6n6m. 8 (Ha aHTIIHMIiCKOM sI3BIKE; pedepaThl Ha AHTIINIICKOM, PYCCKOM H JINTOBCKOM S13.).

A. Senulis, E. Guseinoviené, V. Jankiinas, L. Urmoniené, A. Andziulis, R. DidZiokas. Svytuojamojo pulsuojamosios srovés
variklio — bespyruoklio kompresoriaus §vytavimy centro poslinkio eksperimentinis tyrimas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2007. — Nr. 7(79). — P. 63-66.

Aprasomas $vytuojamojo pulsuojamosios srovés variklio — bespyruoklio kompresoriaus (SPSV-BK) centro poslinkio tyrimo
eksperimentas ir jo rezultatai. Eksperimentu buvo sickiama nustatyti SPSV-BK naudingumo koeficiento #, galios koeficiento cosgp,
naudojamos galios P, nuolatinés srovés I, ir bendrosios kintamosios srovés I,¢ priklausomybes nuo SPSV-BK judziosios dalies centro
poslinkio. Pateikti grafiniai eksperimento rezultatai kei¢iant SPSV-BK padéti erdvéje, tiristoriy atidarymo kampa bei dirbtinai sudarant
nevienoda apkrova kiekvienai i§ dvieju kompresoriaus kamery. Eksperimento rezultatai rodo, kad esant Svytavimy centro poslinkiui
pavaros energinés charakteristikos pablogéja. Modeliuota ir eksperimenti§kai gauta priklausomybé 7,=f{4h) yra panaSios, taciau dél
eksperimentinio modelio natiiralaus asimetriSkumo bei matavimo netikslumy Sias priklausomybes galima palyginti tik kokybiskai.
Pateiktos eksperimentinés schemos bei galima $vytavimy centro valdymo struktiiriné schema panaudojant nuolating bendrosios srovés
dedamaja tiristoriniam $vytavimo centro valdymui. Il. 11, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).

66


http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235687%232004%23999759995%231%23FLA%23&_cdi=5687&_pubType=J&view=c&_auth=y&_acct=C000049862&_version=1&_urlVersion=0&_userid=986050&md5=03681ae001b5d634e4b348b7240999bb
http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=5765&_auth=y&_acct=C000049862&_version=1&_urlVersion=0&_userid=986050&md5=d9a7b3b1e031a18b7ea37074af2e06bb
http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%235765%231980%23999969997%23389318%23FLP%23&_auth=y&view=c&_acct=C000049862&_version=1&_urlVersion=0&_userid=986050&md5=be058e4a3e8cb988d668400b2529b104

	A. Senulis, E. Guseinovienė 
	A. Andziulis, R. Didžiokas
	Introduction
	 
	References
	 



	A. Senulis, E. Guseinovienė, V. Jankūnas, L. Urmonienė, A. Andziulis, R. Didžiokas. Experimental Investigation of Oscillation Center Displacement of Oscillating Pulsating Current Motor and Springless Compressor Drive // Electronics and Electrical Engineering. – Kaunas: Technologija, 2007. – No. 7(79). – P. 63–66.     

