Control of Electrical Drives

Equation set & model salient PM?

Equation set for ‘p’ pole pair machine:

- Terminal : U =1, RS"’%
- Flux (X): gy = igx Lgqg + Py
- Flux (y): 1I}sy= iSy Lsq

- Torque: T,= %(ﬁsx D)

- Mechanical: T,, —T; =1f_tm
- Rotational: Q,, = %m

- Pole pair related: T,, = pT,., 0,, = pO,,

With permanent magnet flux : i, and mechanical

shaft speed Q,,

Generic model based on above equation set uses:

 Voltage vector as input

« Dynamic model of mechanical side
« IRTF model

« Load torque module: T;(2,,)

Current controller?

Source: ‘Advanced
Electrical Drives’

Generic model salient PM
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Simulation model salient PM
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Fleld weakening control Tor non-salient
PM machines

Moved
[ ' from day 2
Recall basic motor equations:

—

% =i, + L5 With, iy, = Li * PM short-circuit current

S S

$S = + LI, ,which can be written as:

U, = josP, + Rl , if weignore Ry, for simplicity, then the stator flux amplitude can be

written as Y ,~——=2 , using uy, = ——
Wg 2
Representation in d,q diagram -axis

« Example given with igz =0

* Modulation index [m| controlled by current B~ [m|Vie /2
controller, If speed increases, |[m| must L. —
increase to maintain same stator flux .
value for given d,q current values [¥s]

L
; . 2 s
- Electrical speed is equal to wg = Ngpay %:(_A
—4 L. )l >

isc
Absolute value of modulation index |m| is \
limited by current controller. PM short-crcuit
We need to reduce length of stator flux

vector if this condition is met and speed

needs to be further increased

wsLg
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Field weakening control for PM

Moved
What is the operating speed which can be reached
WITHOQUT field weakening control?:

The estimate for the speed wgyim » With igg = 0, can
be found using Pythagoras and the d,q diagram

L
“lsc °

namely
g-axis
upc/ N
m
(———2)2= (ig) %+ (isq)?
Wglim Ls
which gives A
_"dq
15 m.u . ?
Nghrim = ( ) ¢ ¢ [¢s]” o meupc/2
anS . 2 . 2 LS ~ We LS
(i5)*+ (isg) ;
) Ls : ‘0 d-axis

* Anumerical example using the Teknic motor with : i;. =35.7 A, iz, = 2.6 A,

p=4, upc=24V,L; =180.0 pH and current controller modulation index of
m.=1gives a theoretical maximum achievable shaft speed
(without field weakening) of ngy;pm = 4450 rpm

How can we extend this speed range?
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