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Abstract

This thesis proposes torque optimization control schemes for a Double-Inverter fed
Wound Rotor Induction Motor (DI-WRIM) drive, focusing on Maximum Torque per
Ampere (MTPA) and Maximum Torque per Voltage (MTPV) strategies. Additionally,
it provides an extensive analysis of the flux weakening region in DI-WRIM drives, an
area that has yet to receive much attention in the existing literature. These MTPA
and MTPV control schemes are designed to facilitate wide speed range operation of
the drive.

Existing literature offers numerous PI-based and hysteresis-based control schemes
for DI-WRIM drives. PI-based schemes are typically developed for machine models
in various reference frames, including rotor flux-oriented, airgap flux-oriented, and
stator /rotor current-oriented frames. Hysteresis-based control schemes, such as
Dual-Direct Torque Control (DDTC) and Dual-Direct Current Control (DDCC), are

also widely discussed.

Initially, the present research develops and integrates MTPA and MTPV control
schemes with the PI-based control scheme in the rotor flux-oriented reference frame.
The drive’s operation is analyzed in the stator current plane for both the constant
torque region (CTR) and the flux weakening region (FWR). Based on this analysis,
an MTPA control scheme is developed to enable wide speed operation of the DI-
WRIM drive. Further, the stability, sensitivity, and convergence analysis of the
proposed MTPA scheme is presented with the primary aim to validate its efficacy and
operational soundness. The influence of parameter variation is studied. Moreover, a
comparative study of the proposed control with the existing control techniques is
performed to highlight its advantages. This comprehensive approach ensures that
the MTPA control scheme is robust, reliable, and effective across a wide range of

operating conditions.

Subsequently, the flux weakening region is analyzed in the stator voltage plane,
leading to the development of an MTPV control scheme. The performance of the
MTPV control scheme is thoroughly demonstrated, particularly during variations in
the DC link voltage.

To simplify the implementation of MTPA and MTPV control schemes, additional
machine analyses are performed in airgap flux and stator/rotor current reference
frames. This results in developing corresponding MTPA and MTPYV control schemes

suitable for these frames.

Further, in the airgap flux reference model, the torque components of stator

v



and rotor currents, which are equal in magnitudes and opposite in nature, are
controlled from their respective sides. This leads to large overshoots in the direct
and quadrature axes currents and may also lead to instability. This problem is solved

by implementation of an improved FOC scheme in the airgap flux reference frame.

Finally, MTPA/MTPV control schemes are tailored for integration with the
DDCC scheme. These control schemes are analyzed, simulated using MATLAB
Simulink, and experimentally verified on both symmetric and asymmetric DI-WRIMs,

demonstrating their effectiveness and practical applicability.

The MTPA/MTPV control, in general, minimizes the machine current for a
given torque reference. This ability to maximize machine torque with a restricted
source voltage and inverter current capability increases the performance of electro-
mechanical systems, e.g., traction, wind energy, and industrial systems. As a result
of optimizing the torque to ampere ratio, the motor efficiency that can be achieved is
almost as high as that can be achieved using the minimal active losses optimization

criterion.
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ARIRI
I8 UMY YaY STA-3-a¢R AaIId a8 X 38 HIex (DI-WRIM) 3134 & foIQ el
3IH T =0T ToHTd URaTfad &Ral g, ford ifida eid ufd TR (MTPA) 3R
fYHTH <lh Ufd dleesl (MTPV) UHIA! A g1 $9& 3ifdikad, T§ DI-WRIM
139 T TR s & HT fawqd fa=ayol e &l &, S divel A & ot b
% =0 4 9! H1 fa9g 781 91 g1 T MTPA 3R MTPV =01 TieHTd 3189 & fawqgd
Ty ot ST @1 9el S & o fESeT &1 78

Aol e H DI-WRIM §12d & forg % pI-3eTRa iR ReeR-smemia
=101 TS TR &1 715 81 PI-SHTUTRG SIS AR R TR Aied & faft deu
R T fAaiid 3t St €, o Aex Wa-3iues, TaRiY wWe- 3RS, iR
W/ Hie-3Rucs hr M &1 RIR-eeia Faaur diemm, ol SId-
SR <l deld (DDTC) 3R TIW-SMARGE B derd (DDCC), Yl s w0 ¥ ==f
RG]

URY H, Id0E MY H MTPA 3R MTPV a0 dsmrsit &) pi-3memid o
ST & 1Y e Faa-3ARees Teof v ¥ fawRid ok uaied fosar w81 g18a
& AT BT IRyl We e @A | far T 8, S fRR el 87 (CTR) 3R Ty
T &7 (FWR) aFT & o forar a1 81 39 fa=aw & YR W, DI-WRIM 124
& foxgd fa AT BT GaH B & T Th MTPA o e fasRa &1 18 3|
3T, URATAd MTPA TS &I RURCT, Fde=iadl iR SRR (F-auiw) fa=ewm
TR o T §, oIt T I 30! YHTaRiadT 3R URETE &l B H1g HRl
g1 3% Sffaiad, e uRads & gumal &1 Sier fovan 7T §1 91y g, Ranfad
=01 AT @t o HieleT A dd-ie! § &t 1S § dlfds 39 Al ol SOR o
STk | T8 STUS D10 AT o3l & [ MTPA fd=mr gierr fafte Tares Rufaat
# Aoy, Ay SR uvTd &+ 33|




P dle, TR diees WH § FAR dieHT & &1 fazawor fasar man, o
MTPV FRIUT TIoiT T faer g3iTl MTPV fd=mT Te T & U= & faRiy w0 ¥ St
fii diecs ¥ 9GAd & SR G R I USRI fosar w1 g

MTPA 3R MTPV fda01 di1ef & HrAfaad &1 Wa 9 & forg, sifalaq
AR fIRQIvUr TORIT TAd SR Wex/ReX Fee Ao W ¥ feu U €1 9
IRUMRGEY, 37 Yeu Thi & e Sugad MTPA SR MTPV =01 dier1ef &1 fasmr
foraT T B

3T, TR T dedf Afed #, Wer 3R AeR uRTeft & <l gl dl, Sl
iAo & T dfed Uefa & faudid 8id €, 9% gaftrd ueli ¥ fFifya fear s g
Y SRET 3R BISTR 318 URISH T TS MR 81 Thd 8 AR T8 T +t
TR IR ¢ | 5 AT DI TR ey Y I & U I9d FOC Aol A axdb gd
fora T B

3fdd:, MTPA/MTPV AT GISHISH &1 DDCC TSl & 1Y Thidd R &
forg s ferd faran o g1 5 Fd=r0r disaft &t faers T fasan T 8, MATLAB Rfi®
B SUTNT HIP ST IHRUT fhaT T B, 3R TAMT T SHHT DI-WRIMs GHI TR
TS ¥U § 9 o mar §, o g9a! aHaRiiadr ok smagie Ui
yaRRid gt ¢

IR U °, MTPA/MTPV 38301 fasddt fau e <ids ded & forw o=iq #ie
®I GAqH BT ¢ | 3T &HAT & HRU, TG W dlecsl 3R $aex HRe YIAd gid &, ot
g 3AdeHb e d TN, S & 2avM, uas Foil 3R henfie yunferdt & ez
&1 951 4T 8 | Tleh-g-UUTR SIUTd & SR B P IRUTHRGEY, HIeR G&fdl 3a-]
B SHf% UT Bt o Taball | ot fob gy afehd 81 3dad AMes &1 IUdi
FXP GHT BT B
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Symbol

Definition

System parameters and the associated variables

Rs, R,
L.. L,
Lis, Ly
L,

Os, Op

N N W~ v 9

ref

Vdc

Stator and rotor resistance per phase

Stator and rotor self inductance per phase

Stator and rotor leakage inductance per phase
Magnetising inductance

Stator and rotor leakage factor

Total leakage factor

Number of poles

Moment of inertia

Coefficient of friction

Electromagnetic torque of the motor

Reference electromagnetic torque (output of speed
controller)

DC bus voltage

Ratio of magnetizing flux shared between stator
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Reference frames

a—p
a—>b
d—q
A — G
ds — s
dr — gy

Stationary reference frame
Rotor reference frame

Rotor flux (1) reference frame as seen from (a—3)

kgm?

Nm/(rad/sec)
Nm
Nm

Airgap flux (t,,,) reference frame as seen from (o — 3)

Stator current (i) reference frame as seen from (a — f3)

Rotor current (7,) reference frame as seen from a — b

Torque constants

Kr

Torque constant in rotor flux oriented machine

model
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Krp, Torque constant in airgap flux oriented machine
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A Lagrangian multiplier
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V., I, Magnitude of rotor voltage and current vector in

rotor reference frame
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elec.rad./sec

AZ

V,A

V,A
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S
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If the output is torque reference

If the output is current reference
Integral gain of speed controller

If the output is torque reference

A/rad

Proportional gain of flux controller
Open loop gain
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Sensitivity function
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