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BLDC Six-Sector Commutation PMSM Field-Oriented Control
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—_ Sector
————, Rotor Magnetic Reference

| . ) Curreni Vector

|
= I —
Commutates every 30 mechanical Current vector leads rotor magnetic
degrees reference by 90 mechanical degrees
One mechanical rotation sees two One mechanical rotation sees wo
electrical rotation electrical rotations
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e rrentation...As £asy as

1. Measure the angle of the rotor, and
thus the angle of the rotor flux, 6, i =1 sinot

.l
i
T Encoder

Bd

. 2
i, =1 sin(ot+—r)

s

. A
i =1 sin(of+—r)
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2. Measure 75 and l'tt] . From
Kirkoff's current law, calculate 7_.

A, B, and C axes are “fixed” with
respect to the motor housing. This
reference frame is also called the
“stationary frame” or “stator frame”.

net current vector ——

B —_
“ -
A
Controller |, I-b
with A/D I‘
"~/ “
AR TN KRB 20505 1O
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3. Resolve the stator currents into two
orthogonal components with respect to
the magnetic axis. This is accomplished B

by performing a “3-phase to 2-phase”

transform, followed by a “stationary to
synchronous” transform.

0
8y ————»| 3-phaseto .
2-phase }—— & Iq
transform
f, — | Gynchronous|— + i =1, cos (mr— 6, + 9[})
/ ,| transform d .
- \ ) i, =1, sin(ot-6,+6,)
i; =cos(8,)i, +cos(6,; —120%)i, + cos(8,; +1207)i.
i, =—sin(8,)i, —sin(6, —120°)i, —sin(6, +120°)i,

The flux reference frame (d axis) rotates with respect to the motor housing.
It is called the “rotating axis”, “synchronous axis”, or “field axis".
-
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4. Regulate fd and fq independently. Since the regulation is
performed in the rotating frame, motor AC frequency is not seen by
the control loops. Thus, 1 and 7, are regulated as DC quantities!

W+
o_‘ Y

Id (commanded) .!.

(measurad)

Ig{cammand) Tt m

I_ _ 0 Iq fcommanded) .!. error(t)
d (command ) i

| :
fq {measured) .l [_] a7/ +

14 can be used to weaken the field of the machine.
Iq controls amount of torque generated by motor
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5. Reflect Y4 and Y; onto the stationary
three phase axis. This is accomplished
by performing a “synchronous to
stationary” transform, followed by a “2-
phase to 3-phase” transform.

SR

Synchronous

to Stationary | . )
transform d

— > T

2-phase to = T/
3-phase c

v

transform

-~/
v, =cos(8,)vy —sin(,)v,
v, =cos(8, —120°)v, —sin(6, —120”)1'q

v, =cos(8, +120%)v,; —sin(6,; +1207)v,

TV S SR PET PRGN 7L




3.3 15X Y HL I B Al R A i ) i HL AL IR s A2 il
SRR —ABC AL bR T4 LK IR BOR

6. Apply V,, vV, ,and V. to the three motor phases.
)

PWM
Module

-~/

6 Transistor
Power Stage

Over time, under steady-state conditions, the three voltages
will be sine waves phase shifted by 1200°.

v d v D v C

%% %%%
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Put It All Together

Current
Measurement

|

Synchronous Motor S
Field Orientation!

6 Transistor
Power Stage o d
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3. MR LA P iR AR IR CRET A, @A PIEHE, FH Vi Ve
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