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Requirements

Main conditions what should be met
to achieve good IM drive for trams
and metro:

> wide range of speed control,

» high dynamic of flux and torque,

> high starting torque,

» maximum use of available torque in flux weakening region,
> low sensitivity to motor parameters changes,

> low torque ripples,

» minimization of switching losses :
= constant and low switching frequency,
= unipolar inverter output voltage (elimination of
+/- Udc) switchings.
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Classification of high performance IM
control methods
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High performance FOC control
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Vector diagram and block scheme of rotor FOC. Torque is controlled
indirectly via torque current I, control loop
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~ S

vector movement by selection of appropriate forward/backward active
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Stator flux vector moves on circular path
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High performance DTC-SVM control
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Direct Torque/Slip Control with Space
Vector Modulation (DT/SC-SVM)
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Direct Torque/Slip Control with Space
Vector Modulation (DT/SC-SVM)
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DT/sC-SVM method with direct torque/slip control and flux weakening. VC - voltage controller,
VS - speed controller, VF - flux controller, VT/S - torque/slip controller
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Field Weakening Operation

_I_C TJ—;‘_

—

. -

1

: € S base €2 Critical L@ 5
: CONSTANT TOROQUE COMNSTANT POWER CUNSTA_NT sLIP

: REGION REGION REGIOMN

« operation at constant power and constant slip region ,
« maximum use of available DC voltage,
e high dynamic of torque generation .
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Field Weakening Technigues

% V/Hz adjustment (Scalar Control)

3% Flux Program Reference 1/Q., (Vector Control)
% Maximum Torque Capability (Vector Control)
% Operation at Voltage limit

#* Sensorless Voltage Controller
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Field Weakening in DT/S-SVM Control
Method
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ETS T, Speed 7
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: o ~
§E ¢ a, stimato isg
s Q< . .
=S s DT/SC-SVM scheme operates in three drive ranges:

constant torque (Me = const.), constant power (P = const.)
and constant slip (or = const)
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| ! Classification of flux & speed estimators
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Flux and speed estimator
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Flux and speed estimator
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Advantages and disadvantages of
proposed solution

Advantages: Disadvantages:

> elimination of speed sensor, > higher sensitivity to motor

> low complexity of flux and parameters changes than with
speed estimator, speed sensor use,

> direct slip control, » additional PI controller in field
wide range of speed operation, weakening path

> low sensitivity of field

weakening to motor parameter
changes,

» adaptation of field weakening
method to available voltage in
DC link, speed and load torque,
> high dynamic of flux and torque
generation.
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Laboratory setup
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Flow diagram of control algorithm
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Experimental Results
Sady state operation
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Experimental Results
Steady state operation

Measurement of the stator current THD
GOSSEN type Mavowatt 50 M816A
Current probe Metraflex 3003
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Experimental Results

Stator current THD

Lp.| U, | fs |, | THD | Comments
[V] | [Hz] | [A] | [%]
11625 30 | 26 | 5.8 No load
2 1625| 30 | 88 | 1.9 Rated load
31625| 50 | 28 | 54 No load
4 | 625 | 50 88 | 1,9 Rated load
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Experimental Results
Constant torque and field weakening region

Tek JL ® Stop M Pos: 380.0ms TRIGGER
-

gl L T 3 [ERp—
1 |
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- .\Il.- 1 J
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X l.[“'l'w (0.2 Whb/div)

When

Pulse Width
358ns

Te (60 Nm/div)

+

L

- more -
page 10f 2
M S00ms CH3 11 -240mY
CH3 2.00v 14 26-Mar-12 1429 <10Hz

Operation in torque/slip control mode:
torque reference changes +/-50 Nm
Speed changes from 1000 rpm to 1500 rpm
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Experimental Results
Constant torque and field weakening region

Tek AL @ Stop M Pos: 320,0ms HORIZONTAL
¥

M
WoND.2 Wh/div)
P T ————

Window

PM Zone

‘ Window

.,

Te (60 Nm/divy~"

Set
Trigger
Holdof{
500.0ns

H2 . M 500ms CH4 /S 32.0A
CH3 1.00%¥ CH4 S00A  1-Apr-12 1221 <10Hz

Operation in torque/slip control mode:
torque reference changes +/-100 Nm
Speed changes from 1000 rpm to 1500 rpm
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Experimental Results
Constant torque and field weakening region
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Experimental Results
Speed response

Tek JL ® Acq Complete M Pos: -1.380s TRIGGER
+

W, (0.2 Wh/div) ype

g (50 A/div)

A \ A A Source

# 4 f l '.f -l : ‘-.
I\ ( 1 -~

2o Slope

/7Y

L1 | Y [
r )
& J 1 |
rw
-
" 3

L Mode
W ".{ Mormal
1 Te (150 Nm/div) +
i Coupling
0C
M S00ms CH3 "\ 240V

CH3 5.00v H4 S0.0A 26-Mar=12 13:08 <10Hz

Speed response to the load step change
in speed control mode
Speed 20 rpm/min, Load torque 120 Nm
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Experimental Results
Speed reversal

Tek s @ Acq Complete M Pos: 400.0ms TRIGGER
ey BEPAC :
H et ‘::: 'i':: "l':'-.l"n'l :‘2[] "‘""' ';-]I-"' :I:ﬂ‘- J.‘ 1 :. & '.. 1 TYDf
I , [ l '1\' ( ";‘ r 1/ L '] [ A II
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-

Speed tracking performance for
slow reference changes +/-60 rpm
in the time period of 6s
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Presentation outline

Introduction

Direct Torque/Slip Control Method
Field Weakening Operation

Flux and speed estimation

Experimental Results

Ok Ok Ok %%

Final Conclusions
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Final Conclusions

& Presented control method allows for direct slip control

& Simple flux weakening method allowing for adaptation
to all conditions of speed, load torque and available
voltage in DC link

& Maximum use of available DC voltage
% High dynamic of torque generation

% Proposed simple flux and speed estimator operates in
wide range of speed

& Elimination of speed sensor
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& Whole control system was tested on 50 kW tram |M
motor
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