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Start-up and Reverse Analysis of Induction Motor
Model in Pump Regime
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Abstract — This paper analyzes induction motor starting and
reversing performances for pump drive. For theoretical analysis
mathematical program MATLAB Simulink is used.
Mathematical model of induction motor was improved with
algorithm which consists of torque-slip function. Consequently,
the results of modeling are accurate. At the end of transition
process load torque circumstances of rotor speed was observed.
During research obtained comparison of theoretical and practical
measurements. In practical experiments was tested induction
motor with wound rotor 0.3kW.
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I. INTRODUCTION

The pump with induction motor (IM) is one of the most
used drives. Most part of generated energy is consumed by
using pumps, for example, it is merchantable in several oil
industries. It is necessary that pump performance depends on
unbalanced voltage value. Net power quality makes influences
on induction motor efficiency. This occurrence causes torque
ripples. To make pump working more efficient, manufacturers
decrease electrical machine loses and researchers improve new
control methods and algorithms for drive control [1]-[2].

Nowadays pump drive systems are sometimes used as
renewable energy sources. For example, produced energy
from wind generator is supplied to pump. After that the pump
transports water to reservoir that is located at high place. At
the end the stored water is derived to hydro generator. In this
case the cost of kilowatt per hour is lower. It means that this
type of accumulated energy system will develop more in
coming future [3].

One of the most interesting researches is made by
professors from Bangladesh. Energy obtained from solar
panels was converted and supplied to pump system pumping
water to users. The objective of the paper was to develop
converter that supplies three-phase induction motor [4].

It is necessary to take into account pump drive system
vibrations. Shaft vibration is deviation from steady state mode.
There are two kinds of vibrations; torsional and -translational.
The value of vibrations depends on rotor eccentricity and not
less important is how singular motor and pump are centered
[5].

As it is written the consumed power of pumps in one of
China’s provinces is 1,92MW. It means that electrical pump
system must be efficient; therefore the authors develop control
algorithm and converter device. Pump drive is designed for
155 kW doubly fed induction motor [6].

Induction motor is subjected for several overvoltage types.
For example, it can be caused by lightening or different
commutation of switches in nearby systems. In addition,
insulation damages in relevant systems can also affect IM. So
the problems can be solved in different ways; first, to limit the
magnitude of the voltage spike that might be impressed on the
system, second, to lower the rate of rise of the voltage surge to
effectively distribute it across many turns of the motor
winding [7].

II. INDUCTION MOTOR MODEL

Nowadays one of the most efficient transition processes
under research can be achieved using mathematical analysis.
Many authors pointed out that not always mathematical model
includes all system elements and load variations. Therefore
authors with the help of voltage and frequency control
methods can make IM performances more efficient. Slip
optimization reduces power loses, stator current and consumed
power [8].

Using program MATLAB Simulink a simple mathematical
model was made. It consists of induction motor standard
voltage equations and function of pump performance. The
objective is to make function which can predict the efficiency
of drive process. During the research, they developed a model
that takes into account core losses and hysteresis losses. In
mathematical model stator and rotor windings are symmetrical
and distributed so that the magnetiomotive forces are
sinusoidal. The effects of hysteresis and eddy currents are
neglected. The motor parameters are independent on
temperature. The advantage of this mathematical model is
pump head and discharge function which overwrite
mechanical characteristics [9].

A. Mathematical Model of Induction Motor

Induction motor mathematical model is widely used for
power system stability calculation [10]-[14].

Synchronous coordinate system is usually used to describe
IM mathematical model in equations [15]-[16]:
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where

Rs, Lis — Stator resistance and leakage inductance,
R'r, L'lr —
Lm — Magnetizing inductance,
Ls, L'r — Total stator and rotor inductances,
Vsq, isq — q axis stator voltage and current,
V'rq, i'rq — q axis rotor voltage and current,
Vsd, isd — d axis stator voltage and current,
V'rd, i'rd — d axis rotor voltage and current,
¥sd, Psd — Stator q and d axis fluxes,
¥Y'rq, ¥'rd — Rotor q and d axis fluxes,
p — Number of pole pairs,
T, — Electromagnetic torque,

- Angular velocity of the rotor,
O, - Rotor angular position,

- Electrical angular velocity,
Toaq - Shaft mechanical torque,
J - Combined rotor and load inertia,
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Fig. 1. d-axis and qg-axis equivalent circuits of the dg-frame-based induction
motor model.

All electrical parameters are referred to IM stator. Figure 1
demonstrates IM equivalent scheme for equations (1) and (2).
Mathematical models exhibit inductances independently on
rotor position. Easy incorporation of magnetic saturation and
rotor skin effect are two additional assets of d—q models. The
air gap flux density retains a sinusoidal distribution along the
circumferential direction.

B.  Mathematical Model in MATLAB

So, modeling of transients is required for power-grid-fed
(constant voltage and frequency) and for PWM converter-fed
IM drives control [16].

From Figure 2 we can see that in several mathematical
programs for pump accelerations process transitions use a
squared function of torque-speed characteristic. But in real
processes it can be otherwise.
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Fig. 2. Torque-speed characteristic of IM in pump performance.

During IM research there were chosen three kinds of pump
characteristics in Figure 3. As it is seen at starting moment
load torque value is small but after acceleration it increases till
nominal. 7 — load torque, 7n — nominal load torque, n — rotor
speed, nn — nominal rotor speed of IM.
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Fig. 3. Function of torque-speed characteristic for IM .

As Pump is started and after 0.5 seconds reversed then slip
in function needs to be changed from zero till two. In
MATLAB torque-slip function is operated with approximate
one-dimensional function.
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Fig. 4. Torque-speed characteristic in MATLAB.

At first the developed algorithm is calculating slip. After
calculations load torque (PU units) value in block output
depends on IM slip. In MATLAB Simulink LOOKUP TABLE
block is using acceleration function from Figure 3. After
simulations for IM mathematical model can chose soft or solid
torque-slip characteristics.

III. EXPERIMENTAL STAND

For the research the induction motor test workbench from
company LEROY SOMMER was used (5. figure). It consists
of researched motor, torque sensor (SCAIME), powder break
and tachogenerator. IM rated data: Pn=0.3kW, Un=400V,
In=1.334, fn=50Hz, Tn=2Nm, IM is connected in parallel to
powder break. Powder break characteristic is able to provide
constant torque for all speed ranges. Rotor rotational speed is
measured from the DC tachogenerator. Torque meter is placed
between IM and powder brake. Its operating principle is based
on tenzometrical sensor operation. Sensor input is connected
to 12V DC supply voltage. It is supplied to strain gauges
bridge, which consists of four sensitive tenzometrical metal
pellicles. Output signal is transported to MODMECA meter
and then strengthened and filtered. The moment of inertia is
determined from the speed characteristic when IM is
connected directly to the network. Friction coefficient is

calculated from motor mechanical losses at no-load figures
and justified. One line figure captions has to be centered.

Fig. 5. Test stand for IM characteristics.

Induction motor equivalent scheme parameters in Table 1
are calculated by means of LVS standard [18].

TABLE I
INDUCTION MOTOR EQUIVALENT SCHEME PARAMETER
Parameters PU units SI units

R, 0.127 254

X 0.108 0.069
X, 1.021 0.65
Xz 0.108 0.069
R 0.124 24.8

J 0.035kgm’

Moment of inertia is solved from deceleration oscillogram.
Solved moment of inertia was calculated when IM was
connected with powder brake. Friction coefficient was
calculated from mechanical losses.

IV. RESULTS OF SIMULATION

From used equations it is seen that induction motor model
can be used in two modes; motor and generator. If load torque
value is positive then IM model is working in motor regime,
but if it is negative then in generator mode. Reactive static
load torque was chosen for IM model. It means, in motor
mode reactive torque is opposing rotor motion. This process
does not depend on rotor motive direction. Therefore, after
stator windings are switched to contrary side it is required to
change load torque value. Otherwise motor starts to work in
generator regime. For correctly IM mathematical model
transition process measurements the time moment when
switch turned stator windings to contrary side is chosen from
practical stator oscillogram. The time at this switching pause
is 0.1ms.

Figure 6 represents that the comparison between
mathematical model and experimentally obtained data has
quite well coincidence. Figure 7 mismatches between
electromagnetic torque are observed only at the beginning of
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start-up process. Mentioned mismatches appear because of
powder brake construction, it means that in start-up process
when slip value is less powder brake load torque is smaller
than nominal. This powder brake performance results in small
electromagnetic torque fluctuations.

From Figures 8 and 9 we concluded that modeling IM
transition process it is not necessary to take into account only
constant load values. Start-up process can take longer time for
acceleration if load torque remains constant. IM
electromagnetic torque ripples in start-up process can be even
10 times more than nominal.

V.CONCLUSIONS

Created IM mathematical model is very practical in treating
the transients and control of symmetrical IMs fed from
symmetrical voltage power grids or from PWM converters. In
working process algorithm or in other words approximation
for torque-slip characteristics was developed. Created
mathematical function can be applied as a supplement for IM
model in MATLAB. Summing up this developed function can
be used to describe ventilator and pump transition processes
and to get more accurate simulation results as well. Created
IM torque-slip function can be changed for the required load.
MATLAB program simulations also include contrariwise
calculations from free acceleration torque-speed oscillogram
to get steady-state characteristics.
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Fig. 6. Stator current in start-up and reverse transition process.
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Fig. 7. Comparison between Electromagnetic torque in start-up and reverse transition process.
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Fig. 8. Electromagnetic torque in start-up and reverse transition process.
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Fig. 9. Speed of IM in start-up and reverse transition process.
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Guntis Orlovskis, Karlis Ketners. PalaiSanas un reverséSanas process asinhrona dzinéja modelim darbojoties siikna reZima

Raksta ir aprakstita Stiknu piedzinas sistémas musdienas pielietoSana ari ka atjaunojamas energijas avotus. Ta piem&ram, ar v&ja generatoru sarazoto energiju
piedzen siikni, kas uzpumpé Gideni tvertng, ta atrodas liela augstuma. P&c tam ar uzkrato fideni piedzen hidrogeneratoru. Sini gadijuma uzkratas energijas cena ir
loti zema, tas lieci par to, ka nakotn& $adi energijas uzkrasanas veidi paradisies ar vien biezak. Tiek izveidoti matematiskie modeli, kad ADz ar centrbédzes sukni
darbojas stabila rezima. Optimizgjot slidi samazina jaudas zudumus, statora stravu un patéréto jaudu. Izmantojot programmu MATLAB Simulink ir izveidots
vienkar$s matematisks modelis. Matematiskais modelis sastav no asinhrona dzingja standarta sprieguma vienadojumiem un funkcijas, kas apraksta siikna
darbibu. S1 darba mérkis ir izveidot funkciju, kas uzlabos piedzinas efektivitati. Ta ka siiknis tiek palaists un tikai péc tam mainits rotora grieanas virziens, tad
momenta funkcija no slides mainas no 0 1idz 2. Praktisko pétijumu darba tiek izmantots asinhrona dzingja testéSanas stends no kompanijas LEROY SOMMER.
Tas sastav no p&tama motora, momenta devéja, (SCAIME), pulverbremzes un tahogeneratora. Asinhrona dzin&ja nominalie dati ir: P,=0.3kW, U,=400V,
1,=1.334, f,=50Hz, T,=2Nm. Darba gaita ir izveidots algoritms jeb momenta un slides raksturliknes aproksimacija. Ar $o izveidoto matematisko funkciju var
papildinat asinhrona dzingja modeli MATLAB Simulink programma. Lidz ar to p&tot parejas procesus ventilatoriem vai stikniem var panakt lielaku precizitati
mehaniskajiem lielumiem.

I'yntuc Opaosckuc, Kapauc Kernepe. IIponecc mycka u peBepca [/1s1 MOe/IH aCHHXPOHHOI'0 IBHraTe Isi, pad0TaloNero B pe;xuMe Hacoca

B nanHO# crarhe aHamM3MpyeTcs MpPOLECC ITyCKa ACHMHXPOHHOIO JIBUrarells JUis PEBEPCUBHOIO IIPHBOJA HAcOCa, KOTOPbIM MCIHOJB3YyET 3HEPTUI0
BeTporeHeparopa. Hacoc HanosHseT Bojioil Oak, Haxoasmuiics Ha 60JbIIoi BbicoTe. BriocsieicTBuu HabpaHHas BO/IA UCHOJIB3YETCs THAporeHepatopom. B stom
Cllydae CTOUMOCTb HAKOIUIGHHOH YHEPIUH MaJa, 9TO IO3BOJIUT B OyIyIieM IMHPOKO HIPHMEHSTH NOZOOHBIC CIIOCOObI HAKOILUICHHS SHEpruu. [ TeopeTHIeCKoro
aHalM3a MCIIOIB3yeTCsl Maremarwdeckuii ammapar mnporpammbl MATLAB  Simulink. Martemarndeckass MoOJeNb aCHHXPOHHOIO JBHraTelisi Oblla
YCOBEPLIEHCTBOBAHA C TIOMOIIbIO aJATOPUTMa, KOTOPBIH ONpeesieT Harpy304HbIi MOMEHT B 3aBUCHMOCTH OT CKOJIbKEHMS B Jrana3zoHe ot 0 j1o 2.

JIst SKCIIepHMEHTAIBHOTO HOATBEP KACHUS MOJEIN ACHHXPOHHOTO JBHTATeNsl PabOTAIONMIEro ¢ HArpy3KoH (LEHTPOOEKHBIM HACOCOM) OBLIM OCYIIECTBIICHEI
uccre0BaHus Ha onbITHOM creHie komnanun LEROY SOMMER . B xojie ucciejoBaHust IpoBeJEHO CPaBHEHUE TEOPETUUECKUX U IIPAKTHYECKUX U3MEPEHU.
B npaxkTuueckux 3KCrIepuMEHTOB Oblila IPOTECTUPOBAHA ACHHXPOHHBIX JBUratesei ¢ ¢pasueiM poropom 0.3 kBT.

B ccocTaB ycTaHOBKH BXOJST: HCCIEMyeMbIi aCHHXPOHHBIH JABUraTelb, MOPOMIKOBEI TOPMO3 U TaXOr€HepaTop. ACHHXPOHHBIH JABHraTelb ¢ HOMHHAIBHBIMU
nanmevu: P, =0.3kW, U,=400V, 1,=1,334, f,=50Hz, T,=2Nm.

B naHHOI craThe pacCMOTPEHO BIMSHHME CKOJIbKEHUS B JuanazoHe or 0 1o 2 Jui ydyera BJIMSHMS CTaTHYECKOTO PEaKTUBHOIO MOMEHTA Harpys3Ku
(uenTpobexxHoro Hacoca). CHopMHPOBAH aITOPUTM, MO3BOJISIONIMN ANNPOKCHMUPOBATH XAPAKTEPUCTUKY 3aBUCUMOCTH MOMEHTA HAarpy3Kd OT CKOJIBKEHHS.
IpennoskeHHON MaTeMaTHYecKoi (yHKIuel MOXXHO IonoaHUTSH B nporpamme MATLAB Simulink Moznenn acuuxponHoro nsuratens. B pesynbrate yero mpu
HCCIIeIOBAHHH NIEPEXOIHBIX IIPOLECCOB ACHHXPOHHOTIO JIBUTATEJIs ¢ BEHTHIIITOPHON HArpy3KOoil MOXKHO ITOJIy4aTh 00Jiee TOUYHbIE MEXaHHYEeCKHE apaMeTphl.
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