11.
12.
13.

2.1
2.2.

221
2.2.2.
2.2.3.
224
2.2.5.
2.2.6.

2.3.
24,

3.1.
3.2.

3.2.1.

© g M 0w D PRF

Table of contents

INEFOAUCTION ..o e e e e e e e e e e e e ee 1
Motivation and ODJECHIVES .........oi it 1
Review of Previous Research ..o 3
ThesisOutlineand Mgor Results  .......ooviiiiiiii e 7
Modeling of the VSI-Fed PMSM Drive System  .......c.cooviiiiiiiiiiineenn 10
Modeling APProach ... e e 10
Module Model Library ... 12
Three-Phase Voltage Source Inverter (VSI) Module ...t 13
Permanent Magnet Synchronous Motor (PMSM) Module...................... 17
FIter MOOUIES ... e e 21
Cascade Controller Module ..o e 23
PWM Modulator MOdUIE ... e e e 23
Interface MOAUIES ... e 26
MOEIING ISSUES ... .. e e e e e e e e e 28
Model VENfiCation ..........ooiiinirie e e e 30
Design of the VSI Fed PMSM Drive System with ActiveLoad ................ 37
System SPECITICALIONS ...ttt 37
CONIOl DESIGN ... e e e e e e e 40
SMall-SIgNal DESIGN ...t e e 43
Plant DESCIIPLION ... ..ttt e e e e e e 46
D] oo 11 o] 1 0o U P 50
Current Loop Controller DeSIgN ......c.vvve i 53
Sampling Delay ConSIAerationsS .......ccc.vveiie it e e 58
Speed Loop Controller DESIGN ....c..ieiieie et e e 61
Speed Loop Stabilization ..o 63



w
N
N

w
N
©o o & A 0O DN P W o 00k~ 0w DR

Appendices.

Al
A2

B.1
B.2
B.3

Large-Signal DESIGN .....vveiie it e e e
Natural Output (Torque vs. Speed) Characteristics of the PMSM ..............
PMSM Current and Voltage Vector Diagramsin DQ Coordinates .............
Reference Motor Torque Profile ...
VLPL COMPENSALON ...t et e e e e e et aeee
Voltage LImItation .......ccouiii i e e e e e e e e
Series and Parallel Operating MOGES .......c.viviiiiiiiie e e
Flux-Weakening Control Design and AnalySIS ........ovviiiiiiiieiie i
Constant-V oltage-Constant-Power (CVCP) Control ..............ccoveiiiinenn e,
Constant-Current-Constant-Power (CCCP) Control ..........ccccoovviiiiniennns
Optimum Current Vector Control (OCV) Control ..........cccoeoeeiiiiiiiinnnnnn.
Flux-Weakening Control Small-Signal Models ...
SIMUIAON RESUITS ... . e
CONCIUSIONS ...ttt e e et e e e e e et e e e e e

REMEIENCES .o

Rotating Transformation and Space Vector Modulation Basic Principles ...
Rotating Transformation ...........ocooe i e
Space Vector Modulation BasiC PrinCIples ..........cccoovvi i,
Derivation of the Flux-Weakening EQuUations ................coveiiiiiinnann .
Constant-V oltage-Constant-Power (CVCP) Control ............ccoovveiennes
Constant-Current-Constant-Power (CCCP) Control ...........ccccoeevieniennes
Optimum Current Vector Control (OCV) Control ............ccoovviiiieinnnnns
Program Listings for the PMSM Drive Small and Large Signal Analyses....

Vi

128
128
130
132
132
133
134
136



