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e Separately exited DC motor

e Basic Terms

* PWM Modulation techniques for DC and BLDC

drives
 BLDC Motor Theory
e Microcontroller MC56F8006
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e Separately exited DC motor

— Motors clasification

— Separately excited DC motor theory
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DC

AC

universal (series)

— brush
PM — brushless
Excit. winding
— polyphase — synchronous —E PM
induction
— synchronous
— single ph.

— induction split phase
shaded pole
capacitor run
capac. start

— universal (series)

Stepper & Switched Reluctance
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ASYNCHRONOUS

Induction

Wound Field

Brushless

Reluctance SR

e Stator same

If properly controlled

DC

VARIABLE RELUCTANCE

Stepper

 Difference in Rotor Construction

» Provides constant torque

 Low torque ripple

INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNE -

)




'

Equation describing dynamics of
electric circuit

V. =R -1 +L -y
ot

bemf

State equations — motor
dynamics

di, 1
dt I—a (V R Ial_Vbemf)
do 1
S(T-T
-3 T-T)

Steady state
operation
VazRa‘|a+Vbemf Vb f:C.¢.a)
em
oo Ve Raz'T T =c-¢-1,
¢4 (c-9)
w _ VaN
ON —
c-%
Awy = =T
(c-9)
O,
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o A4
N B
o(T) T
T :
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e Basic Terms

— Operational Characteristic of the Drive
— Unipolar versus Bipolar Switching
— Independent versus Complementary Switching

— Edge versus Centre Aligned PWM
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Mechanical Characteristics of the Motor

@ —
- Load

@ [rpm)

| <t}

* Active load characteristic
— Mechanisms with change in the
potential energy

— When the speed changes the direction
the active load remains unchanged —

Active load characteristic

v

A

TN.m] sign of torque is unchanged
— Typically — springs, lifts, crane, etc.

o [rpmy Passive load characteristic

v

* Passive load characteristic

— When the speed changes the direction
the passive load changes direction as
well — sign of torque changes

— Typically — fans, friction, machining, etc.

A
N

T [N.m]
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o [rpm]4 / o [rpmp o [rpmj =
P
/ T

T [=N.m] T [=N.m] T [=N.m]
P [W] P [W] P [W]
Mechanical characteristics of a crane Mechanical characteristics of a fan  Mechanical characteristics of a reeler
) 1
T=sgnw-c, T=sghw-C, w T=sghw-Cc,-—
a
P=T-w=sohw-C,-® P=sgna).c2-a)3 P =sgn w-c, = const
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Motor characteristic

‘/m M

o (Tp)

™\

Load characteristic

[

'F[N.m]

(P

'(T _TL)

o
—~

Mode of drive operation

— Acceleration

T(a))—TL(a))> 0
— Deceleration
T(w)-T, (w)<0

— Steady sate

* Point of intersection between motor
characteristic and Load characteristic

T(a))—TL(a))z 0

‘* * ** .
* *
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Motor characteristic

Weight = Elevator _cage +% Load

Weigh \ Weigh
Cab Cab
1 I
Load characteristic
T [N.m]
1 IV
\,\Weigh

Weigh Cab

Cab
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Modes of drive operation

l. quadrant

Motor mode

Lift-up - full elevator cage

lll. quadrant

Motor mode

Move-down - empty

elevator cage

Il. quadrant

Generator mode
Lift-up — empty elevator

cage

IV. quadrant

Generator mode
Move-down - full elevator

cage

B8 "Crr
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@ [rpm],

»

CW rotation CW rotation
o ®
T T

[l. l.

1. V. T [N.m]

o o
T T
CCW rotation CCW rotation

‘* * ** .
* *
* o K [ B
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* Single Quadrant Operation  pm,

A
CW rotation CW rotation
[0 (0]
T T
. |
Il AV T [N.m]
@ )
T T
CCW rotation CCW rotation
v
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 Two Quadrant Operation o [rpm],

A
CW rotation CW rotation
() ®
T T
. [
I V. T [N.m]
« ®
3 T
CCW rotation CCW rotation

v

= Efl\| ﬁ . ‘PHM”%
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* Four Quadrant Operation

A

o [rpm]
CW rotation CW rotation
@ o
T A

[l I
111 A2 T[N.m]

@ [0}

T T
CCW rotation CCW rotation
v

_— - RN ﬂ{mu[lly
= Eflﬁr Ty
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* The terms “unipolar” and “bipolar” are related to how a
motor can see voltage on its terminals.

INVESTICE DO ROZVOJE VZDELAVANI



!
g

L N

* Unipolar switching
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* Unipolar switching

)

Q

e
G
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* Bipolar switching

t [s]
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* Bipolar switching
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 The terms “independent” and “complementary” are
related to how the transistors are switched in one phase.
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The top or bottom transistor is switched during whole period.
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Both transistor are switched
in complementary manner
during whole period
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* The term “Edge/Center Aligned PWM” is related to how the PWM
pulse is aligned within PWM period

ON ON

Phase A Phase A

PWMO OFF PWMO OFF
ON ON

Phase A Phase A

PWM1 oFF PWM1 -
ON ON

Phase B Phase B

PWM2 oFF; PWM2 OFF
ON ON

Phase B Phase B

PWM3 OFF PWM3 OFF

PWM period R PWM period
Edge Aligned PWM Center Aligned PWM

Doesn’t make sense for DC and BLDC motors from EMI and EMC point of view

e ﬂj{luumy
* x . '
" L]
***ﬁ* Ll 8
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e Sinusoidal PWM Generation

High noise at beginning of period

Phase A
PWMO

Phase B
PWM2

Phase C
PWM4

Center Aligned PWM is better from EMI and EMC point of view for

PWM period

Edge Aligned PWM

sinusoidal generation

ON

OFF

ON

OFF

ON

OFF

Phase B
PWMO

Edges spread over whole period

Phase C

PWM2

Phase C
PWM4

/

PWM

eriod

/
L

A

Note: Complementary channels PWM1/3/5 not shown.
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Center Aligned PWM

ON

OFF

ON

OFF

ON

OFF

*
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PWM Modulation techniques for DC and BLDC drives

— DC Motors — Single Quadrant Operation

* Single Switch and Freewheeling Diode
— DCand BLDC Motors — 2 & 4 Quadrant Operation
H-Bridge & 3-Phase Bridge

* Independent Bipolar Switching

* Independent Unipolar Switching

* Complementary Bipolar Switching

* Complementary Unipolar Switching

* Independent/Complementary Unipolar Switching

*
* *
* gk
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9 & Pulse Width Modulation Technique

 DC Motors — Single Quadrant Operation
— Single Switch and Freewheeling Diode

e DCand BLDC Motors —2 & 4 Quadrant Operation

— H-Bridge & 3-Phase Bridge
* Independent Bipolar Switching
* Independent Unipolar Switching
 Complementary Bipolar Switching
 Complementary Unipolar Switching

Independent/Complementary Unipolar Switching

2.-3.6. 2011




T
:

L N

* DC Motors — Single Quadrant Operation

— Single Switch and Freewheeling Diode
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DC and BLDC Motors — 2 Quadrant Operation
— Independent Bipolar Switching

€
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 DC and BLDC Motors — 2 Quadrant Operation

— Independent Bipolar Switching — Acting Transistors

@1 L Q3

2

Q1=Q4=PWM

INVESTICE DO ROZVOIJE VZDELAVANI mopsmmEEf i : Il




TTTITTT

 DC and BLDC Motors — 2 Quadrant Operation

— Independent Bipolar Switching — Freewheeling Diodes

@ D Q3

il 40
(P

Q1=Q4=PWM

W
%@
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 DC and BLDC Motors — 2 Quadrant Operation

— Independent Bipolar Switching — Period Details

Q1
PWMO

i ON

i OFF

Q2
PWM1

i ON

Q3
PWM2

Q4
PWM3

PWM period

, A

INVESTICE DO ROZVOJE VZDELAVANI

| OFF

i ON
i OFF

i ON

i OFF

Advantages
« Simple implementation
« Do not need deadtime

» Disadvantages

» Dramatic change in system parameters as
current transitions between discontinuous and
continuous modes.

» Motor exhibits low torque in discontinuous
current mode.

e 0-100% duty cycle for full speed range means
minimal pulse width required to provide BEMF or
current sensing.

« Higher switching loses comparing to unipolar
independent switching

v . J[mumy
: 4 T
i*ﬁ*
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 DC and BLDC Motors — 2 Quadrant Operation

— Independent Unipolar Switching — Acting Transistors

@1 L Q3

2

Q1=PWM; Q4=ON
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 DC and BLDC Motors — 2 Quadrant Operation

— Independent Unipolar Switching — Freewheeling Diodes

Q1

e,

€

1P

55
59

Q1=PWM: Q4=ON
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 DC and BLDC Motors — 2 Quadrant Operation

— Independent Unipolar Switching — Period Details

Q1
PWMO

i ON

i OFF

i oN

Q2
PWM1

Q3
PWM2

Q4
PWM3

PWM period

AT

Y
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i OFF

i ON
i OFF

Y ON

i OFF

>Adva ntages

« Simple implementation

« Do not need deadtime

e« 3 PWM channels + 3 GPIO enough for
implementation

« Excellent motor behavior (motor exhibits
good torque, even at low speeds).

e Lower switching loses

» Disadvantages

e 0-100% duty cycle for full speed range
means minimal pulse width required to
provide BEMF or current sensing.

** ] {]\Hl[l]y
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Bipolar Switching (1.Q) — Acting Transistors

ST D
i <P

Q1=Q4=PWM: Q2=0Q3=0Q1
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Bipolar Switching (I. Q) — Freewheeling Diodes

B P

-+

CQ— P

Q1=Q4=PWM; Q2=Q3=Q1
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« DCand BLDC Motors —4 Quadrant Operation
— Complementary Bipolar Switching (I11.Q) — Acting Transistors

T

ag)  o®

Q1=Q4=PWM: Q2=0Q3=01
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Bipolar Switching (lll. Q) — Freewheeling Diodes

g 0@

@0 9P

Q1=Q4=PWM: Q2=0Q3=0Q1
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Pulse Width Modulation Technique

 DCand BLDC Motors — 4 Quadrant Operation

— Complementary Bipolar SW|tch|ng Period Details

Q1
PWMO

Deadtime

Q2
PWM1

Q3
PWM2

Q4
PWM3

PWM period

2.-3.6. 2011

i ON

i OFF

ON

OFF

ON

OFF

ON

OFF

» Advantages
« Excellent motor behavior (motor
exhibits good torque, even at low
speeds).
« Full 4-Quadrant operation (Motoring
and generating modes).

» Disadvantages
« Complementary generation by SW or
external MOSFET/IGBT driver

« Deadtime generation by SW or
external MOSFET/IGBT driver

« Higher switching loses

w *t M uj 42
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DC and BLDC Motors — 4 Quadrant Operation

— Complementary Unipolar Switching — Period Details

Q1
PWMO

Q2
PWM1

Q3
PWM2

Q4
PWM3

eadtime

“

OFF

OFF

ON

OFF

" ON

i OFF

PWM period
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Unipolar Switching — Freewheeling Diodes

A @

Q1 Q3

Y 5
20O

Q1= 50%*DC; Q4=50%3DC: Q2=01; Q3=0Q4; DC — duty cycle
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Unipolar Switching — Period Details

eadtime :
ON

Q1
PWMO i OFF

Q2
PWM1 ; OFF
ON

Q3
PWM2 A

Q4
PWM3 ; "OFF

: PWM period :

e Eflﬁr : ‘EHW”%
* *
.
* 5K
EVROPSKA UNIE i i '
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Unipolar Switching — Acting Transistors

Q1 L Q3

2

==@ 40 Q@D
Qﬁ} — i

Q1= 50%*DC: Q4=50%3%DC: Q2=01; Q3=0Q4; DC — duty cycle
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DC and BLDC Motors — 4 Quadrant Operation

— Complementary Unipolar Switching — Period Details

Q1
PWMO

Q2
PWM1

Q3
PWM2

Q4
PWM3

eadtime

“

OFF

i OFF

i ON

| i OFF

" ON

i OFF

PWM period
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« DCand BLDC Motors —4 Quadrant Operation

— Complementary Unipolar Switching — Freewheeling Diodes

m,

Q1

g

Q1= 50%*DC; Q4=50%%DC: Q2=01; Q3=0Q4; DC — duty cycle
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Pulse Width Modulation Technique

 DCand BLDC Motors — 4 Quadrant Operation

— Complementary Umpolar SW|tch|ng Period Details

Q1
PWMO

Q2
PWM1

Q3
PWM2

Q4
PWM3

2.-3.6. 2011

Software deadtlme

i ON

i OFF

PWM period

ON

i OFF

i ON

i OFF

ON

i OFF

» Advantages

Lowest current ripple

Excellent motor behavior (motor exhibits good
torque, even at low speeds).

Full 4-Quadrant operation (Motor and generator
modes).

Lower switching loses

» Disadvantages

Complementary generation by SW or external
MOSFET/IGBT driver

Deadtime generation by SW or external
MOSFET/IGBT driver

0 —100% duty cycle for full speed range means
minimal pulse width required to provide BEMF or
current sensing.

Hwk
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 DCand BLDC Motors — 2 Quadrant Operation

— Independent/Complementary Unipolar Switching — MOSFETs only
— Acting Transistors

Q1 L Q3
-\
Complementary " . Independent
switchin I e — switchi
g - — switching

@@w — 6))*@

Q1=PWM, Q2=Q1; Q4=ON

INVESTICE DO ROZVOJE VZDELAVANI



TTTITTT

 DCand BLDC Motors — 2 Quadrant Operation

— Independent/Complementary Unipolar Switching — MOSFETs only
— Freewheeling Transistors

A

Q1 Q3

L 4.()*

. Q2 Q4
Q2 on during —>

freewheeling
reduce loses in Q2

Q1=PWM, Q2=Q1; Q4=ON

= Efl\| ﬁ . ‘PHM”%
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e 1/2/4 Quadrant Operation
— Single Quadrant Operation

* Single direction of rotation (DC motors only)

— Two Quadrant Operation

* Both direction of rotation

* Can not work as generator (brake)

— Four Quadrant Operation

e Both direction of rotation

 Can work as motor and generator as well

INVESTICE DO ROZVOJE VZDELAVANI
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- ummary

* Independent/Complementary switching

— Independent
* 2 quadrant operation only

* do not need complementary and dead-time logic

— Complementary
* 4 quadrant operation

* Unipolar/Bipolar switching

— Unipolar — lower loses, preferred

— Bipolar — higher loses against to unipolar

* Edge/Center Aligned switching

— Doesn't make sense for DC and BLDC motor
— Center Aligned PWM reduce EMI noise
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* PWM Techniques
— Independent Bipolar PWM

* Not recommended due to discontinuous current

— Complementary Bipolar PWM

e Use for 4 guadrant drives

— Independent Unipolar PWM

* Best choice for 2 quadrant drives

— Complementary Unipolar PWM

* Best choice for 4 quadrant drives

— Independent/Complementary Unipolar PWM
* Best choice for MOSFET H-bridge and 2 quadrant drive
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%S?UP?E 1004 1@ Of 5O L OR e
Vlor 10U0E 20 ek e ey nose

i%o%i H0.J00 20, @F 0. 0f,.,
R T Th ) s

Motor Voltage
VS
1 2 3 4
Gnd
5 6 7 8
_Vs
Advantages Disadvantages

' Motor PWM frequency doubled.

INVESTICE DO ROZVOJE VZDELAVANI

between four PWM signals.
Requires center aligned PWMs.
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Regeneration

LOE | 08 60 ep
et Boel L, e e

C A0, jen xel o gl

Regeneration T
A

0 % | %, =

Motor mode

Motor Voltage

Vs /—\ /—\

Advantages Disadvantages

- between two PWM signals.
current detection and limiting. AV seen by motor is 2Vs.
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 BLDC Motor Theory

— Brush DC Motor Principle
— BLDC Motor Principle
— Basic Control Techniques

— BLDC versus PMSM motor
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 Basic Structure

Stator Pole

RN
o

Commutator
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When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the

The turning torque
of the motor is

proportional to the
magnetic field.

field is directed
from the Morth
pole to the South
pole.

R Nave

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#cl
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When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC motor

the currant each half
revolution to keep the
torque turning the
coil in the same
direction.

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#cl

* ¥ 3
w
4 x
*
**ﬁ
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When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the

F=ILB
acts perpendicular
to both wire and
a commutator magnetic field

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#cl

* X
w
4 x
*
**ﬁ
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F = |LB When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
W which turns the

tﬂr
N

Torque = force |\ x lever arm
- (ILB)[%} sin® x 2 sides
= ILBW sin 6 = IBA sin

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#cl
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To keep the torgue from
reversing, the commutator
changes the direction of the
current at the point where
the torque is zaro.

Since the lever arm for the torque
varies with the sine of the coil angle,
a DC motor produces a variable torque.

Source: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#cl
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e Brush DC motor control

Single quadrant operation 2 & 4 quadrant operation
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* Advantages
— Ease of control (self commutating).
— Low rotor inertia (coreless rotors).
— Lowest total system cost for basic motion.

— Wound field motors exhibit high starting torque, (series wound) and can run with AC
or DC.

* Disadvantages

— Higher maintenance cost due to brush wear.

— Electrical noise due to mechanical commutation.

— Maximal speed limited by commutator

— Heat is generated in armature, which is difficult to remove.
— Friction losses associated with mechanical commutation.
— Not usable in “intrinsically safe” environments.

B8 7 7 e
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 Basic Structure

Reversing

Switch \

4 + Permanent magnet (usually ferrite,

+ - samarium cobalt, or neodymium iron boron)

Requires mechanism to sense rotor
position to commutate field properly

This is usually a hall effect
sensor array or an encoder

= Efl}ﬁ - . ‘PHM”%
INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNIE. ; |




o8

* Brushless DC motor rotation B0l Ple 2 o

« BLDC motor rotates because of the magnetic attraction
between the poles of the rotor and the opposite poles of the
stator.

« If the rotor poles are facing poles of the opposite polarity on
the stator, a strong magnetic attraction is set up between

them.
« The mutual attraction locks the rotor and stator poles Figure 1- No-load condition
together, and the rotor is literally yanked into step with the axisof Npole 1 & axisofSpole
of rotor = ‘4—  of stator

revolving stator magnetic field.

** ] +HHH||
y I.‘ % '
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e Six Step BLDC Motor Control

— Voltage applied on two phases only

Upbcs >
Q1 Q3 Q5
v v v
PWM_Q1 >>Q'§}D PWM_0O3 ))Q’}D PWM_O5 >>£'§D
_-— 1
Q2 Q4 Q6
v v v
PWM Q2 ))—Q‘,\.D PWM_Q4 ))@D PWM_Q6 ))—Q‘,\,D
GND

F’hvase_A thase_B Ph‘v'a se C

Power Stage
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e Six Step BLDC Motor Control

— Voltage applied on two phases only -

Phase A

Voltage

+UDCE _—
Phase A
" Phase C Phase B
+UDC8
Phase B
"vncl

+ 300 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Electric;I
angle

Phases voltage

*
* w
by o
* *
* 5K
EVROPSKA UNIE i
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e Six Step BLDC Motor Control

— Voltage applied on two phases only +Vocs

Phase A

Voltage 4

+Upeq] ——

Phase A

U Phase C Phase B
+Uped]
Phase B B —
'Vncn

-UDCE-

+U,
Phase C

U]

.

v 30° 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Ejectrical
angle

Phases voltage
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e Six Step BLDC Motor Control

— Voltage applied on two phases only

Phase A

Voltage

+Upeq

<

|
'Vnc! +Vocs

Phase A

“Uoce
+Upcq

Phase B

+ 300 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Electric;I
angle

Phases voltage

*
* w
by o
* *
* 5K
EVROPSKA UNIE i
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e Six Step BLDC Motor Control

— Voltage applied on two phases only Vocs
|
Phase A
Voltage
+Ugee
Phase A ) - B
" Phafji))_,rj we B
g )

Phase B

+VDCB

+ 300 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Electric;I
angle

Phases voltage

*
* w
by o
* *
* 5K
EVROPSKA UNIE i
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e Six Step BLDC Motor Control

— Voltage applied on two phases only Vocs
|
Phase
Voltage
+Ugee
Phase A — B
U —_ jfj)))')/ \A"\'j\"'\Phase B
g

Phase B

+VDCB

+ 300 60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Electric;I
angle

Phases voltage

*
* w
by o
* *
* 5K
EVROPSKA UNIE i
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e Six Step BLDC Motor Control

— Voltage applied on two phases only

Phase A

>

Voltage 4

+Uocel

>
Phase A f—

y Phase C Phase B
g
Phase B . . |

+Voes Vocs
U,

+U f——

Phase C

R N . = N N N = . N ,
\ 4 30° 60° 90° 120° 150° 180° 210° 240° 270° 300°

330° Electrical
angle

Phases voltage
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Six Step BLDC Motor Control

— Voltage applied on two phases only

— It creates 6 flux vectors

— Phases are power based on rotor position
— The process is called Commutation

Voltage A
+Ut

Phase A : B ! ! B .
'UDCE"
+Upest

Phase B i Phaijj)))/
'lea
+U s

Phase C
Ut ) . : - . = 3 . X . | ) %

v 30°  60° 90° 120° 150° 180° 210° 240° 270° 300° 330° Electric;I

angle

Phase voltages

+VDCB

Phase A

Phase B
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One phase is unpowered at any given time.
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 Commutation example

— Stator field is maintained 60°, 120° relative to rotor field

+VCC

Phase A

|

-VCC

Actual flux
vector

Before commutation

+VCC

Phase A

|

-VCC

New flux
vector

After commutation

* ¥ 3
* w
by o
* *
* *
EVROPSKA UNIE i
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(D)
SPEED o
CONTROL ™ 4:
-
S

REVERSING SWITCH = 1

1

0

PRINCIPLES OF OPERATION
Source: Eastern Air Devices, Inc. Brushless DC Motor Brochure
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 Example of commutation table

Brushless DC Motor Control

2.-3.6. 2011

Hall Sensor A | Hall Sensor B | Hall Sensor C | Phase A | Phase B | Phase C
1 0 0 Ve +Vpee NC
1 0 1 NC +Vpes -Vpeg
0 0 1 +Vpep NC -Vpeg
0 1 1 +Vpep -Vpes NC
0 1 0 NC -Vpes +Vioeg
1 1 0 -Voes NC +Vies

*

Ef
LS
EVROPSKA UNIE hal?”
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e Sinusoidal BLDC motor Control

VAo, fundamental = (UAo)1

o-\_‘—l
il
/
|
1
|
)

/jl'.ﬁ t=0
Ycontrol
{TA_: or:. ;Av:r:l oﬁ} ‘—l ‘t

Ucontrol > vy
Tay: on, Ty_: off

All three phases are powered by sinewave
shifted by 120°

INVESTICE DO ROZVOJE VZDELAVANI

ISc

We are able to generate stator field to

any position over 360°

L]
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e Six step control versus sinusoidal control

Six step control Sinusoidal control
+ Simple PWM generation 1 More complex PWM generation
(sinewave has to be generated)
1 Ripple in the torque +  Smooth torque
(stator flux jumps by 60°) (stator flux rotates fluently)
1 Alittle noise operation +  Very quite

(due to ripple in the torque)

+ Simple sensor 1 Requires sensor with high resolution

e Eflﬁr : J[mumy
* : 4 7
.
* g K

EVROPSKA UNIE b g '
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* BLDC Motor versus PMSM Motor

— The both motors have identical construction. The difference is in stator
winding only. The BLDC has distributed stator winding in order to have
trapezoidal Back-EMF. The PMSM motor has distributed stator winding in
order to have sinusoidal Back-EMF.

25.0k5frs 143 Acq_ls‘: .
1.89 v
oV o © o
® ® FLUX LINES
. L
o/ : 7 &o
N /<\e
ry S =Y COIL AXIS
ROTOR
ELEMENTAL
: COIL
______ I A BT A STATOR
Elh-lf; %gg¥ 52&)(]&3 M2.00ms Chl -5 1.2V 17 Nov 1995
Math3™  50.0vV  2.00ms 12:00:14 Sinusoidal winding distribution
Trapezmdal Back-EMF VOItage Source: Hendershot J. R. Jr, Miller TJE: Design of brushless permanent-magnet motors

B8\, 7
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0, Commutation Table

* The commutation table is fundamental for six step
commutation BLDC control algorithm

 Motor commutates and thus rotates according to the
commutation table

* The commutation table must be created depending
on the actual motor configuration

2.-3.6. 2011
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9 & How to Get Commutation Table?

* There is a simple method using power supply with
current limit

e Step 1 - Preparation for Hall Sensors measurement

1. Mark all phases and all sensors as you want

2. Set current limit of power supply to 20-30% of nominal
motor current

3. Choose direction of motor rotation (clockwise,
counterclockwise)

4. Connect any phase to “+” terminal

o »”

5. Connect remain two phases to “-” terminal (All phases are
always connected to power supply)

2.-3.6. 2011
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* Step 2 — Hall Sensors Measurement

+VCC

PhB

-VCC

INVESTICE DO ROZVOJE VZDELAVANI



e Step 2 - Hall Sensors Measurement

| Phase | HallSensor |
A B C a b ¢
+ - - 1 1 0

-++-010

+VCC

!

PhB b

[010]

+VCC \/CC

INVESTICE DO ROZVOJE VZDELAVANI MOPSMUN'EEf i : II




e Step 2 - Hall Sensors Measurement

-VCC

CAaTe e e e Te
+ - - 1 1 0
+ - 0 1 0
+ - 0 1 1

PhB

+\CEC

INVESTICE DO ROZVOJE VZDELAVANI



e Step 2 - Hall Sensors Measurement

-VCC

CAaTe e e e Te
+ - - 1 1 0
+ + - 0 1 0
- + - 0 1 1
PhB - + + 0 0 1
~
+VCC
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e Step 2 - Hall Sensors Measurement

-VCC

-VCC

INVESTICE DO ROZVOJE VZDELAVANI

A B C a b c
+ - - 1 1 0
+ + - 0 1 0
- + - 0 1 1
- + + 0 0 1
- - + 1 0 1




e Step 2 - Hall Sensors Measurement

!

V' abc |
vee 1100

CAaTe e e e Te
+ - - 1 1 0

+ + - 0 1 0
- + - 0 1 1
- + + 0 0 1
- - + 1 0 1
+ - + 1 0 0

This is not commutation table!!!
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no
connected

PhA

\4

PhB "K{:?

Wwee / Jee

abc
[110]

INVESTICE DO ROZVOJE VZDELAVANI

* Step 3 - Making Commutation Table

=

~ = O O O
OO O O K Bk
O R Kk Lk O

a2 b ¢ A B C
1 1 0 NC + -

* ¥ 3
* w
r x
* *
* 5K
EVROPSKA UNIE i




_HallSensors | Phase
a2 b ¢ A B C
1 1 0 NC + -

0 1 0 - + NC
0 1 1 - NC +
0 0 1 NC - +

[ng]jfﬁf v\wihlc 1 0 1 - NC
no 7 \ 1 0 0 N C =

connected

This is our commutation table
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e Microcontroller MC56F8006

— Microcontroller roadmap
— Microcontroller overview

— Peripherals

INVESTICE DO ROZVOJE VZDELAVANI mopsm.,.EEf i j II
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DSCS - 56F8006/2
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* 32 MHz/32 MIPS 56800E core

* 1.8-3.6V operation

* 12K - 16K Bytes program FLASH with Flash security

* 2K Bytes program/data RAM

* Tunable internal relaxation oscillator and 32 KHz clock

* Phase locked loop (PLL)

* Up to 96 MHz peripherals — timers, PWM & Hi-SCI

* 6 output PWM module with 4 programmable fault inputs
with selectable PWM frequency for each PWM signal
complementary pair

* Two programmable gain amplifiers with x2, x4, x8, x16
gains (clocked in order to cancel input offset)

* Two 12-bit ADCs with up to 24 inputs, 2.5us per
conversion

* Programmable delay block provides precise control of
ADC/PGA sample times relative to PWM reload cycles

* Three high speed analog comparators

* 2 multiple function programmable timers

* Computer operating properly timer

* One periodic interval timer (PIT)

* 1 high speed serial communication interface (Hi-SCl)

* 1 serial peripheral interface (SPI)

* |I2C communications interface

* Upto 40 GPIOs — versatile pin usage

* JTAG/EONCE™ debug port

* Industrial temperature range: -40C — 105C

INVESTICE DO ROZVOJE VZDELAVANI

12-16KB
Program
Flash

2KB
Program/
Data RAM

56800E
Core
32MHz

JTAG/EONnCE

56F8002, 56F8006

System Integration Up to 40 GPIOs
Module (SIM) 1 SCI
Interrupt Controller 1 SPI
11IC

A 2 X 16bit Timers

3 x Analog
Comparators

Relaxation OSC

Crystal OSC
1 Period Int Timer 2 x Programmable
Gain Amplifiers
12ch 12bit ADC
12ch 12bit ADC

Voltage Regulator

GOl Programmable

)E DIOCK

Power-On-Reset

Package: 28SOIC, 32SDIP , 32LQFP, 48 LQFP

T
6-ch PWM Output

In Production

* %
* *
* *
* *

* 5k

EVROPSKA UNIE
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[ |sers002 56F8006 | 56F8011 56F8013 56F8014 | 56F8023 56F8025 56F8036 | 56F8027/37

Performance 32MHz/MIPs 32MHz/MIPs  32MHz/MIPs 32MHz/MIPs 32MHz/MIPs  32MHz/MIPs 32MHz/MIPs | 32MHz/MIPs  32MHz/MIPs
Temperature Range (V) -40C~105C -40C~105C -40C~125C -40C~125C -40C~125C -40C~105C -40C~105C | -40C~105C -40C~105C
Voltage Range 1.8V-3.6V 1.8V-3.6V 3.0V-3.6V 3.0V-3.6V 3.0V-3.6V 3.0V-3.6V 3.0V-3.6V |&0V—3£V 3.0V-3.6V
Voltage Regulator On-Chip On-Chip On-Chip On-Chip On-Chip On-Chip On-Chip On-Chip On-Chip
Program/Data Flash 12KB 16KB 12KB 16KB 16KB 32KB 32KB 64KB 32KB / 64KB
Program/Data RAM 2KB 2KB 2KB 4KB 4KB 4KB 4KB | 8KB 4KB /8KB
Program Security Yes Yes Yes Yes Yes Yes Yes Yes Yes

On Chip Relaxation Osc. Yes Yes Yes Yes Yes Yes Yes Yes Yes

PLL Yes Yes Yes Yes Yes Yes Yes | Yes Yes

COP (Watchdog) Yes Yes Yes Yes Yes Yes Yes Yes Yes

PWM (96 Mhz Clock) 1x6¢ch 1x6ch 1x6ch 1x6ch 1x5ch 1x6ch 1x6¢ch 1x6¢ch 1x6¢ch
PWM Fault Inputs 4 4 4 4 3 4 4 |4 4

12-bit ADCs 2x8ch 2x12ch 2x3ch 2x3ch 2 x4ch 2x3ch 2 x4ch | 2x5ch 2x8ch
12-bit DACs 0 0 No No No 2 2 | 2 2 (Pinned out)
Analog Comparator 3 3 No No No 2 2 | 2 2

Prog Gain Amp 2 2 No No No No No No No

16-bit Timers 3 3 4 4 4 4 4 4 8

Prog. Interval Timers 1 (RTC) 1 (RTC) No No No 1 3 | 3 3

GPIO (max) (+/-8mA) 23 40 26* 26* 26* 26* 35% 39* 53*

Inc 1 1 1 1 1 1-qlic 1-qlic 1-qllc 1-Qlic

SCI (UART) / LIN Slave 1-SCI 1-SCl 1-SCl 1-SCl 1-SCI 1-QSCI 1-QScI | 1-QScI 1-QScI

SPI (Synchronous) 1-SPI 1-SPI 1-SPI 1-SPI 1-SPI 1-QSPI 1-QSPI |1-QSPI 1-QSPI
CAN No No No No No No No | MSCAN MSCAN
JTAG/EONCE Yes Yes Yes Yes Yes Yes Yes | Yes Yes

Power Consumption

Package

IDD = 45.6mA;IDDA = 4.5mA

32LQFP (.8p)

INVESTICE DO ROZVOIJE VZDEL

28S0IC
32LQFP
32SDIP

48LQFP

s

IDD =42mA; IDDA = 13.5mA

32LQFP

s s

AVANI

32LQFP

32LQFP

IDD = 48mA; IDDA = 18.8mA |
44LQFP

32LQFP

48LQFP

% ] +I [T
y I s % '
***** LE
EVROPSKA UNIE i g S

IDD = 48mA; IDDA = 18.8mA

64LQFP



32 Bit Core,
100MHz, DMA,
FAST ADC &
PWM
100MHz, DMA,
FAST ADC &
PWM
32 Bit Core,
100MHz, DMA,
FAST ADC &
PWM
32 Bit Core,
100MHz, DMA,
FAST ADC &

KPin Compatible

FAST ADC
Accurate PWM
FAST ADC

B8 "Crr

w
5
P
2
o)
m

Large Capacity
Mid Range

Ultra Low Cost
il Ultra Low Cost

Low Power
Low Cost

%.m g%095> dX08c> @AYYT> @iy9>  @ige>  DI9T>
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o @ Pulse Width Modulator
O

* Up to 96 MHz operation

* Six PWM signals
— Allindependent
— Complementary pairs
— Mix independent and complementary

* Features of complementary channel operation
— Independent top and bottom deadtime insertion
— Separate top and bottom pulse width correction via current status inputs or software
— Separate top and bottom polarity control

— Can be controlled from internal PWM generator, software, external digital pins, timers or results of
ADC

* Edge- or Center-Aligned PWM signals

* Asymmetric PWM outputs

e 15-bits of resolution

* Half-cycle reload capability

* Integral reload rates from 1/2 to 16

* Individual software controlled PWM output
*  Programmable fault protection

*  Write protected registers
— Protection for key parameters

2.-3.6. 2011 as
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S

O

BUS

DSC56F80xx Pulse Width Modulator

Safety - Write protected
registers

Prescaler
PWM Generator

MUX Swap & Current
sense

Deadtime Insertion
Top/Bottom Generation

Software Output Control
Fault Protection

Fault Pin Filters

Polarity Control
Interrupt Control

PRSC1 CLOCK LDFQ0
PRSCO LDFQ1
PRESCALER LDFQ2
LDFQ3
IPOLO
,E“e;,',;g,; Laed PVWIMF IPOL1
IPOL2
PUWIVAL P = INDEP
GEMERATOR | HALF
e oo ouTo ouT 1
Reiatats bt {PWIMEN ouTa ouT 3
ouT4 ouT 5
DUTCTL OUTCTRL 1
L PsYNC  foUTCTLY OUTCTRL 3
burcTid~] |or o5 OUTCTRL 5
PMDEADTH
w| SWAPs | DEADTIME INSERTION Register
ro. Curmrent
SENSE ToPBOTTOM | ~TOPNED
GENERATION ESThES
L ¥
o
TSENS0 IlZ‘IN plh' F}FN ] L PO PIN
ISENST - - PR PIN
PMDISMAR FAULT |- POLARITY | Pyimaz PIN
Registers PROTECTIOM} ] CONTROL | PWM3 PIN
FTACK :> . L YIS PIN
Ficld of PMFSA WG
S L - L YIS PIN
L RELOAD INTERRUPT REQUEST F
OEE =8
FMODED La— FAULTO PIN
FFLAGO - FAULT
- | . FMODE1 PN bt— FAULTT PIN
0
FFM& FMODEZ FILTERS |y FALLTZ PIN
= INTERRUPT
. FMODES — bt— FAULT3 PIN
FINTT e COMTROL -
FFLAGZ| - . FFLAGO) FPINGD
FINTZ | FFLAG FPINT
FFLAG 3| FFLAGZ FPINZ
e FALLT INTERRUPT REQUEST
FINT? [ FFLAGH FPING

RS

EVROPSKA UNIE il
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PWM - Safety

S

O

. Safety critical setting can be protected by the write-

BUS
PRSCA CL?CK LDFQ0 protect bit (WP)
PRSCO tgig; Once set it prevents any further writes to write-
PRESCALER —— protected registers or bits.
o Protection can be cleared only by RESET !
] P IPOL1 e Thellist of write-protected registers (their bits) and
— pon fe EDGE IPOL2 functions:
GENERATOR |adTiorr INDEP —  PWM polarity
i AR o =il —  Complementary PWM pair operation
bt {PWIMEN our2 out? .
ouTa ot e —  Centre aligned PWM channels
buTeTL OUTCTRL 1 — Deadtime value
—w PSYNC  foUTCTLY OUTCTRL 3 - PWM fault disable mapping matrix
ouTCTLY %?l QUTCTRL S —  HW acceleration features
. - PWM generator channels swapping
PMDEADTM _ . . .
o Uk DEADTIME INSERTION C Enable PWM |n'D'eF)ug ?r Wait mode bits
> Cunent - 56F80x Compatibility bit
i ' TOPNEG . . . .
CENERATION ] . The functions which are still available:
- alue setting, requency setting
] o PWM Val tt PWM F tt
ISENSI 50151158 - P PIN —  PWM Clock Prescaller setting
1SENS - W PIN PWM Re-| dF + Half Cycl | d
FUDISMAR LARITY | PWMZ PIN - é-load rrequency + Halr Lycle reloa
Registers CONTROL —FEV::\E E:rf:j - Deadtime Correction Method setting, odd/even
FTACK - PN . ; /
— il ot PIESA o bvus PN PWMVALx selection for Dgadtlme Correctlgn
.’.“ Bas | o RELOAD INTERRUPT REarEaT - Fault I.nterrupts Enable/Dlsque, Fault Clearing Mode
UL EHODED e FAULTO FIN selection, Fault acknowledging
FFLM‘TD* e FMODE1 t— FAULTT PIN - PWM Pins SW Output Control
F;'EE;'1 : —— FMODEZ FITERS L FAULTZ PIN —  PWM channels masking.
FINTT fe] CONTROL [ Frone L [ FAULTIPIN . At fault the PWM'’s are forced to INACTIVE state ! It is
FFLAGZ| - . FFLAGH FPIND faster than tri-stating PWM'’s.
FINTZ | FFLAGH FPINT
FFLAG3]- FFLAGZ FPINZ
Hi= FALULT INTERRUPT REQUEST
FINTZ | Full HW path [Fred FPIN3

102
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0, PWM - 6xPWM Generator

O

PRSC1
PRSCO l +
PRESCALER

BUS
CLOCK

Y

LDFQO
LDFQ1
LDFQZ2
LDFQ3

PWMCM
Registers

Registers

PMCNT
Registers

-
PWMWVAL D
&

PWM
GENERATOR

PWMF
EDGE
HALF

l—1
jail—}
— LDOK
e PWIMEN

— PSYNC

PWM
RELOAD ¢
ISR

2.-3.6. 2011

L the PWMF is cleared
and LDOK is set by

* Prescaler-1,2,4,8
*  PWM Generator

— Contains up/down counter counts
- 15 bit resolution
- up to 96 MHz max — 10.417 nsec
resolution

— Alignment - edge/centre-aligned
— Period - set by PWM Counter Modulus

— Pulse Widths - defined by PWM Value
Registers
Resolution:
-12.2bit @ 20 kHz PWM(edge-aligned)
-11.2bit @ 20 kHz PWM(centre-aligned)

— Reload Frequency - half to 16 cycles

— Load Enable interlock bit - prevents
reloading of the PWM parameters before
software is finished calculating them -
coherent update

— Synchronization output - high-true pulse
occurs for each PWM reload

— HW Acceleration - enables multi-write
access of the PWM Value Registers

PWM Reload Interlock Mechanism for Coherent PWM Update

PWM updated

BRI COr e
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PWM - MUX, SWAP, MASK, Deadtime, SW
OUT CTRL

PMDEADTM
Register

IPOLO |y
IPOL1 |
IPOL2
INDEP |
ouTo OuUT 1
ouT2 M b— OUT 3
ouT4 — OUT5S
DUTCTLOH —OUTCTRL 1
ODUTCTLA —OUTCTRL 3
oUTCTLY—] |PT0—5 L—OUTCTRL 5
—_—
™ MUX, <:
— = SWAP & DEADTIME INSERTION
—_— Current
— - SENSE TOP/BOTTOM
GENERATION
PEE— ©
ISENSO 0151152
PIN PIN PIN
ISENS1
2.-3. 6. 2011

MUX Swap & Current sense
— Channel Mask & Swap - individually swaps
and masks PWM generator channels
— MUX & Current Sense - enables SW Output
Control and Dead time correction

— SW Output Control - individually controls
the PWM outputs with respect to deadtime
and complementary operation settings

Deadtime Insertion & Top/Bottom
Generation

— Deadtime generators automatically insert
software-selectable “deadtimes” into each
pair of PWM outputs

— The Pulse Module Deadtime register
specifies the number of PWM clock cycles
to use for deadtime delay

— Every time the deadtime generator inputs
changes state, deadtime is inserted

Software Output Control

— Inanindependent mode the output bit
OUTx controls the PWMx channel.

— Inacomplementary channel operation the
OUTO0/2/4 bits control the top/bottom pair.

Hwk
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= Block Diagram

PSRC Inputs

OUTCTRLO

ouTo

ouT1

OUTCTRLA1

1 . |
PWM Gen 0,2,4;J ' | ' nBx =0 !
1
1
1

PWM Gen 1,3,5!

! |
PWMO024 ! I :
1
PWM1,35 !
i

MASK1n :

PWM Gen 0,2,4;J

PWM Gen 13,51

! 1
! 1
PWM 0,24 I "_I: ! >< !_I
1
PWM135 | !
i

SWAP 0-1 or 2-3 or 4-5

uan=1u i
SR S ) B

* ¥ 3
* *
w *
* *

* 4o
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TOP (PWIO)

TOP/BOT TOM TO FAULT
OUT1 [—-™SENERATOR PROTECTION
BOTTOM (PWM1)
DEADTIME " !
GEMERATOR|
ouUTCTLO
TOPBOTTOM TO FALLT
| CENERATOR PROTECTION

BOTTOM (PWM3)

DEADTIME [

L.-.ENEF'ATDR-/ STATUS

GEMERATOR

...... N[ CURRENT

et

2.-3.6. 2011
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TOP (PW4)
™ TOFAULT
FROTECTION

BOTTOM (PWME)

TORBOTTOM
| CENERATOR

DEADTIME [
SENERATOR| |

Modulus = 4
PWM Value = 2 J i
PWMO, No Deadtime —I_I_I_I_I_I_I_I—
PWM1, No Deadtime _I_I_I_I_I_I_I_I_

PWMO, Deadtime = 1 | | | | | | I |
PWM1, Deadtime = 1 | |

P4 &
PWMS

[ Y I B

Deadtime Insertion in Centre-aligned Mode

PWM - Deadtime Generators

e Deadtime Generators

Deadtime generators
automatically insert
software-selectable
“deadtimes” into each pair of
PWM outputs

Every time the deadtime
generator inputs changes
state, deadtime is inserted

In Software Output Control
- Deadtime generators
continue to insert deadtime
whenever an OUT0/2/4 bit
toggles.

- Deadtime is not inserted
when the OUT1/3/5 bit
toggles.

The Pulse Module Deadtime
register specifies the number
of PWM clock cycles to use
for deadtime delay

*x **
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+ Passing active vector

| _critical edge

ICCTRL

PWM_BASE+$13

14 13 12 11 10

PWMCM

PWMVALO

PWMVAL1

move critical edge

PWM_TOP

PWM_BOT

PWM_TOP

PWM_BOT
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PWM - SW Output Control - Details

OUTx
bit

Complementary channel operation

Independent channel operation

OuTO

1—PWMQO is active + deadtime insertion
0—PWMO is inactive

1—PWMO is active
0—PWMO is inactive

OuUT1

1—PWM1 is complement of PVWM 0
0—PWM1 is inactive

1—PWM1 is active
0—PWM1 is inactive

ouT2

1—PWM2 is active + deadtime insertion
0—PWM?2 is inactive

1—PWM2 is active
0—PWM2 is inactive

OUT3

1—PWM3 is complement of PWM 2
0—PWM3 is inactive

1—PWM3 is active
0—PWM3 is inactive

ouT4

1—PWM4 is active + deadtime insertion
0—PWM4 is inactive

1—PWM4 is active
0—PWM4 is inactive

ouTs

1—PWM5is complement of PVWM 4
0—PWMS5 is inactive

1—PWM5 is active
0—PWM5 s inactive

Complementary channel pairs still cannot be active simultaneously !

The OUTO0/2/4 replace the PWM generator outputs as inputs to the deadtime generators.
Deadtime generators continue to insert deadtime whenever an OUTO0/2/4 bit toggles.
Deadtime is not inserted when the OUT1/3/5 bit toggles.

Setting the OUTCTLx bits does not disable the PWM generators and current status sensing circuitry!
They continue to run, but no longer control the output pins.
When the OUTCTLX bits are cleared, the outputs of the PWM generator become the inputs to the deadtime

generators at the beginning of the next PWM cycle.

Software can drive the PWM outputs even when PWM enable bit (PWMEN) is set to zero.

During software output control, TOPNEG and BOTNEG still control output polarity !

2.-3.6. 2011
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® =
Loads

Desired load voltage To |
N

| —»J’.\:x

PWM to top transistor |
: -

L;

Fum
PWM to bottom J_ _I»Jhx<_'

transistor

: > < - l
Actual load voltage ! ; Ton - 1xdeadtime Ui
(for i+) ' ' i

5 5<Tm, + 1xdeadtime

Actual load voltagq |
(fori-)

PWM - Distortion Caused by Inductive

No Deadtime Correction
T

Desired

oad

Amplitude

voltage

i
/L

12 volts
peak-to-peak

— Current

Output Voltage

Time

I Negative Output Voltage During Deadtime
[ 1 Positive Output Voltage During Deadtime

v Both transistors are “off” during deadtime.
Load inductance keeps current flowing through the diodes
and thus defines an output voltage.
v Positive current flow causes negative output voltage during
deadtime — top transistor controls output voltage.
causes positive output voltage during
deadtime —

v' Causes poor low-speed motor

performance

v' Torque ripple

v' Distorts current

v" Produces noise in audible

region

2.-3.6.2011 .." ’
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BS orrection

Actual waveforms taken on a 1/2 horsepower motor

Voltage with Correction Disabled
1 1 1

: Voltaqe with Colrrection Er|1abled

I]I:I Motor Voltage

Quieter operation
Before Smoother operation

Curent with Correction Disabled L ess m Oto r h armon I C I 0SSsesS Current with Correction Enabled

T T T T

”:I Motor Current

1/2 horse 3 phase motor
PWM Frequency = 7.3 KHz
Dead Time =3 uS

Output ® = 1.7 Hz. : :

More details in dedicated presentation

T

|
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PWM - Fault Protection

PMDISMAP
Registers

FAULT

FTACK
Field of PMFSA

D

D PROTECTION

REQUEST

FMODEOD

FMODEA1

FMODEZ2

FMODE3

FFLAGO

FFLAG1

FFLAG2

FFLAG3

Full HW path

2.-3.6. 2011

FAULT
PIN
FILTERS

-t— FAULTO PIN
-— FAULT1 PIN

— FAULTZ PIN
FAULTS PIN

FPINO

FPIN1

FPINZ

FPIN3

. Fault Protection

Fault protection can automatically disable any combination of
PWM pins !

Faults are generated by a logic 1 on any of the FAULT pins.

When fault occurs, only the output pins are deactivated - the
PWM generator continues to run !

The fault protection is enabled even when the PWM is not
enabled. Service faults before PWM enable.

Automatic Fault Clearing - the disabled PWM pins are enabled
when the FAULTX pin returns to logic 0 and a new PWM half
cycle begins.

Manual Fault Clearing

- FAULTO0/2 - the disabled PWM pins are enabled when software
clears the FFLAGx flag + next PWM half cycle begins regardless
of the logic level detected by the filter at the fault pin.

- FAULT1/3 - the disabled PWM pins are enabled when
software clears the FFLAGx flag + the filter detects a logic zero
on the fault pin at the start of the next PWM half cycle.

. Fault Pin Filters

After every IPBus cycle setting the FAULTX pin at logic 0, the
filter synchronously samples the pin once in each of the next
two cycles. If both samples are logic 1s, the corresponding fault
bits (FAULTx, FPINx, FAULTx, FFLAGXx) are set.

The FPINX bit remains set until the pin returns to logic 0 and the
filter samples a logic 0 synchronously once in the following
IPbus cycle.

* % 3
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O

PWM - Fault Pins Mapping

[oismaps|pismap2|pismar 1| Dismaro|

Fault 0

v FAULT Pins Mapping

v" The fault decoder disables PWM
pins pre-selected by the disable
mapping register.

Each FAULT pin can be mapped
arbitrarily to any of the PWM pins.

v' Each bank of four bits in the
disable mapping register control
the mapping for a single PWM pin.

-
Fault 1 DISABLE PWM PIN 0
Fault 2
-
Fault 3
-
PWM Pin to Fault0 Fault1 Fault2 Fault3 PWM Disable Mapping
be disabled ! ! Register
lto assign Fault apd PWM pin set DISMAP bit #
PWMO < (V 1 2 - 3/ PMDISMAP1 [0:3]
PWM1 4 5 6 -+ ?/ PMDISMAP1 [4:7]
v
PWM2 8 ~— 9/ 10 -+ 11‘/ PMDISMAP1 [8:11]
PWM3 12 13 14 - 15‘/ PMDISMAP1 [12:15]
Example ¥
PWIM4 16 17 -+ 1V -+ 19/ PMDISMAPZ [0:3]
PWM5S 20 21 22 -« 23/ PMDISMAPZ [4:7]
Fault Pins vs. PWM Pins Mapping
2.-3.6. 2011
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PWM Fault Decode And Automatic

Clearing
DISMAP3 | DISMAP2 | DISMAP1 | DISMAPO
Faul’ﬂ» Digital Filter .
FaUIE» Digital Filter .
Fault 2 ————
— Digital Filter
Fault 3 ————
— Digital Filter
PWM Value \/ v
A A
PWM Modulo ’, —
PWM Output
Fault Input
PWM Enable PWM Disable | PWM Enable PWM Disable PWM Enable
*When Fault logic returns to logic 0, the PWM restart at beginning of the next half cycle.
2.-3.6.2011 - _,-' Pﬂf—ﬂ
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9 & Multiple Fault Inputs

S Motor Drive inverter

er

Z# Filter

Capacitor

AaanRRRARRRRRNNY
Fault 1
Fault 2 @
XX
Fault 3 DET2G
SSAC0116-A

Fault 4

v Fault inputs can independently monitor critical system parameters, and
generate an interrupt when asserted.

v' Each input is mapable to immediately disable any or all PWMs
v' Each input is programmable to allow Automatic or Manual PWM restart.

2.-3.6. 2011 Ef Iﬁr
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Different top/bottom T | |

polarity N
- 8 mA T é(
C——
PWM 0 )
PWM 1 —
PWM 2 Bottom Switch

g% »| Input

Direct PWM pin-optocoupler connection

Input

INVESTICE DO ROZVOJE VZDELAVANI

Polarity Control

= Positive polarity means when the PWM is
active - its output is high.

= Negative polarity means when the PWM is
active - its output is low.

= Separate control of top and bottom PWM
outputs.
TOPNEG - controls PWMO0/2/4 polarity.
BOTNEG - controls PWM1/3/5 polarity.

High Current Capability
8 mA current sink / current source capability

e Ao 4l

L8 N S N SN

- ] _EHHI[I]%
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PWMF

PWMRIE

FFLAGO

FINTO

FFLAG1

FINT1

FFLAGZ

FINTZ

FFLAG3

INTERRUPT

Y Y Y Y YVYYVY

FINT2

—i RELOAD INTERRUPT REQUEST

—i= FAULTO INTERRUPT REQUEST

— FAULT1INTERRUPT REQUEST

—e-FAULTZ INTERRUPT REQUEST

- FAULTS INTERRUPT REQUEST

INVESTICE DO ROZVOJE VZDELAVANI

The PWM module can generate
up to 5 interrupt requests.

Reload flag (PWMF) - PWMF is set
at the beginning of every reload
cycle.

The reload interrupt enable bit
(PWMRIE) enables PWMF to
generate CPU interrupt requests.

Fault flags (FFLAGO-FFLAG3) - The
FFLAGX bit is set when fault pin
filters recognises a logic 1 on the
FAULTX pin.

The fault pin interrupt enable bits
(FIEO—FIE3) enable the FFLAGx
flags to generate CPU interrupt
requests.

** ] ‘E]HUH]
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» Two ADC modules allowing

parallel conversion ADCSC1A ADCSCAB
» Input voltage range from VSSA to VDDA [ ]
» Up to 28 analog inputs XU Te—sampesded® oo e |
> OUtpUt in 12_’ 10_ or 8'b|t [ SSEL[1:0] = {PreTriggerB, PreTriggerA}

. . . | ADCCFG

right-justified format ADCSCT y

. . . . Z|0
» Single or continuous conversion (automatic 29 olf gduse J3
. . . o é 3] E = & z C| | Async

return to idle after single conversion) =! 2[ &l 2832 2 Qf*ClockGen

» 2.5 us conversion time bsc + 4 ADACH
. . . ] "

» Configurable sample time and conversion CORE T ok o ?Busclcd(

Speed/power ADHWT »| Control Sequencer|™ Divide
» Conversion complete flag and interrupt E % F § 5 ALTCLK
» Input clock selectable from up to ADo —Y AR AN EC exported clodk

four sources : ADVIN v Interrupt
» Operation in wait or stop modes for lower AD27 0 . SAR Converter

noise operation -
» Asynchronous clock source for lower noise Y

. VDDA 0 1 sample_select
operation veann |

» Hardware and software triggering
» Temperature sensors that are routed
to ANA26 and ANB26
» Support up to four samples per conversion

ADCO_ADCRA ADCO_ADCRB

' Ef . J[mumy
INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNE b i : Il ; —




0, Programmable Gain Amplifier (PGA)

O

» Sampled PGA architecture

» Common _mode noise and offse'; cancelation ﬁ Peripheral Bus

» Synchronized with PWM operation

> 0.14 MSPS maximum JL PGA tigger &

» Sampling time can be precisely controlled
(to less than 0.1 ps) Bus Interface

» Programmable gains (1%, 2%, 4x, 8x, 16X, Gain & Power Controls| Sequence Control .
and 32)() . ADC trigger

Vin+ & pre-trigger

» Selectable tradeoff for slower/low power S R outputs
versus faster/more power * * +

» Rail-to-rail input voltage range X2 x4 y To ADC

» Single-ended output routed directly to on-chip Vi - ’ - analog input
ADCs ANA15 and ANB15 in- SMH Diff Gain Stage DIf2SE Gain Stage

v

Software and hardware triggers are available

» Includes additional calibration features:

Offset calibration eliminates any errors in the
internal reference used to generate the
VDDA/2 output center point

Gain calibration can be used to verify the
gain of the overall datapath

Both features require software correction of
the ADC result

2.-3. 6. 2011
*** _uj 118
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 ADCsampling helps to filter the measured current - antialiasing

PWM Period

P »
< »

Asynchronous

Inductor Currgnt/samp“ng

Average Current__|
/W

Sampled Current 7

M

Synchronized
Sampling

PWM 0O

ADC trigger Signal ]

1

o S

A/D
calc. ;

Data Processing and New PWM Parameters Calculation

INVESTICE DO ROZVOJE VZDELAVANI
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* Phase current can be sensed for certain time only

eeade

+U/2

PWM At I
PWM AbI

Shunt
resistor

PWM Bt I

Phase A
—

PWM Bb I

Shunt

PWM Ct I

Phase B
——

resistor

PWM Cb I

-y N

INVESTICE DO ROZVOJE VZDELAVANI
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3-ph AC Induction Motor
3-ph PM Synchronous Motor

Phase C
——

Ground

DC Bus

| sense_A

time to sensing

current
sampling
window
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0, ADC to PWM Synchronization: MC56F800x

PWM —-‘ Programmable Delay Block

TriggerA Pre-TriggerA Pre-TrigqgerB TriggerB
e i S — o T iy e .
| PGA 0 sw_trigger 0 o sw_rigger 1 PGA 1|

= —
! trigger from DB < | I < trigger from PDB :
| g 1 2 |
| y ix 1 E y |
| swien 0 1 = I | = ! 0 swten1 |
I 1! I
|
| dol |
I pre-trigger | I pre-trigger I
I delay from PDB o 1 I | 1 e from PDB deley :
I basead 1| based I
i an 1| on 1
I PGA config I l PGA config I
: | |
I I I I
: I i ™ D1 I
I I l I
: I 1 ' L 2 L ] I
I I : N O 1 pgaen 1 2//’=
: : I ]
I | I
I 1| I
L I T I s S |
ADC trigger ADC pre-trigger ADC pre-trigger ADC trigger
¥ ¥ ¥
ADHWT SSEL[D] SSEL[D) ADHWT
ADC A ssELH] [T — o SSEL[] ADC B

2.-3. 6. 2011 as
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0 = Programmable Delay Block Operation
(e
Modes

I ltrigger input
» Individual Operation Pro-Trigger M
Each ADC is controlled individually TriggerA [
Pre-TriggerB rl
TriggerB H
» ORed Operation [ rgger inpur
Both ADC converters operate in |
ping — pong mode. Up to four rre-Tgger? 1
samples can be taken per Pre-TriggerB M
Convel’Slon Sequence TriggerA or TriggerB |—| |_|
» Pulsed (PWM) Operation
- This mode can be used for * [igger inous
window operation of high speed
comparator Pre-TriggerA [
- The output can be connected to Pre-TriggerB [
pin and generated PWM signal Pulsed Output ] |

2.-3. 6. 2011
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PWM Programmable Delay Block

TriggerA Fra-Triggqﬂ'A Pre-TriggerB TriggerB
! !
v \ 4 ; /
ADHWT SSELD) ‘ I SSEL[D] ADHWT
ADC A SSEL1) #{ SSELI1] ADC B

Eflﬁr s ‘PHM”%
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PWM Programmable Delay Block
TriggerA Fra-Triggqﬂ'A Pre-Tll'iggerE Trigqeer
v ' h £
ADHWT SSEL[Y I‘J SSEL[0] ADHWT
ADC A ssey [ o sseuin ADC B
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ode

PWM Programmable Delay Block
TriggerA Pre-Tri A Pre-TriggerB TrigqerB
m? ! !
\ 4 Y / /
ADHWT SSEL[] I ~ SSEL[0] ADHWT
=

ADC A

SSEL[1]

P> SSEL[Y] ADC B
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4x 16-bit general purpose up/down timer/counters per module
Up to 96 MHz operation
Individual channel capability

— |Input capture trigger

— Output compare

— Clock source

— Prescaler

Max. count rate
— external events counting - peripheral clock/2
— internal clock counting - peripheral clock

Counters are pre-loadable

Count once or repeatedly

Programmable count modulo

Input pins are fully shareable within timer module

Pins available as general I/O when timer(s) not in use

Counters in module can be daisy-chained to yield longer counter lengths

Master operation
“Broadcasts” compare function
— channel re-initialization for coherent operation

Up to 12 operation Modes

n
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o = Quad Timer Module
©

PRESCALER QTimer Channel OUTPUT L |

Primary Input
~ _INPUTS 0 ) * T ﬁ Output

COUNTER COMPARATOR COMPARATOR

‘ OTHER INPUTS/ + * *

CONTROL
Secondary Input TMRLOAD TMRHOLD CAPTURE TMRCMP1 TMRCMP2

STATUS & A A
CONTROL CMPLD1 CMPLD2
A >

DATA BUS
*  Unique architecture with - 2x Inputs (Primary + Secondary) and 1x Output
*  Powerful MUX - Primary Input, Secondary Input and Output can be connected to ext. pins
* Individual channel capability - Input capture trigger, Output compare, Clock source, Prescaler
*  Counters are pre-loadable, Count once or repeatedly

*  Master Operation - any channel can be a master that broadcasts its compare signal to the other channels. Such
way they can be configured to reinitialize their counters and/or force their OFLAG output signals to
predetermined values.

*  Compare - The TMRCMP1/2 registers provide the compare values (up/down) for the counter. If a match occurs,
the OFLAG signal can be set, cleared, or toggled (polarity is selectable). If enabled, an interrupt is generated, and
the new compare value is loaded into TMRCMP1 or 2 registers from TMRCMPLD1 and 2 (as enabled).

*  Capture register stores a copy of the counter’s value when an input edge (positive, negative, or both) is detected.
Once a capture event occurs, no further updating of the Capture register will occur until the Input Edge Flag is
cleared.

2.-3.6. 2011 as
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——— System Clock

INVESTICE DO ROZVOJE VZDELAVANI

v e 3x System Clock OU;UT

Prescaler
; SIM GPS MUX | OFLAG
_F.
I +
Inguts.
Other Counters | COUNTER
1 COMPARATOR| | COMPARATOR
CONTROL * A A
LOAD HOLD CAPTURE COMP1 ComMP2
STATUS & ‘ ‘
CONTROL
Data Bus CMPLD1 CMPLDZ

Maximum count rate equals System Clock, or 3x System Clock
for internal clocks

Maximum count rate equals System Clock/2 for external
clocks

** * ** :
* * ..
* *
* 5K A 3
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Stop Mode - the counter is inert. No counting will occur, but interrupts are still possible
according to input transitions on the selected input pin

Count Mode - counts on rising edges (generating periodic interrupts, timing purposes)
Edge-Counting - count edges (counting of simple encoder wheel)

Gated-Counting - counts primary input signal if signal on secondary input is high (signal width
measurement)

Quadrature-Counting - counter will decode the primary and secondary external inputs as
quadrature encoded signals (movement monitoring)

Signed-Counting - counter increments/decrements primary clock source accordingly to level
of signal asserted on secondary source

Triggered-Counting - counts primary clock source if rising edge of the secondary input
detected and stops counting if either rising edge or compare event occurs

One-Shot Mode - provides timing delays (ADC acquisition of new samples until a specified
period of time has passed since the PWM sync signal)

Cascade-Count Mode - the counter’s input is connected to the output of another selected
counter. If any counter is read the values of other counters are captured in hold registers

Pulse-Output Mode - supports stepper motor systems and provides change of signal
frequency and number of pulses

Fixed- Freq. PWM - fixed frequency variable duty cycle generation (driving PWM amplifiers)
Variable-Freq. PWM - variable frequency and duty cycle generation (driving PWM amplifiers)

B8 7 7 e




* The operating modes are mainly combination of

— Count Mode
000 = No operation
001 = Count rising edges of primary source
010 = Count rising and falling edges of primary source

011 = Count rising edges of primary source while secondary input high active
100 = Quadrature count mode, uses primary and secondary sources

101 = Count primary source rising edges, secondary source specifies direction
110 = Edge of secondary source triggers primary count until compare

111 = Cascaded counter mode (up/down)

— Count Once setting |—|pREscALER
0 = Count repeatedly

1 = Count till compare and then stop

Yy

ML

QUPUT

-’| COUNTER |

- INPUTS |
gzugg | II-_ec)r\‘/getrh OTHER CNTRS
1 = Count till compare, then re-initialized CONTROL

- output Mode STATUS &

¥

Yooy

Y

| MUX |-p| OFLAGl
Y

CDMF‘ARATOR| | COMPARATOR

| TMF{LOADl | THMRI

HOLDl

| CAPTURE ‘ TMRCMP1 TMRCMPZ

CONTROL

000 = Asserted while counter is active
001 = Clear OFLAG output on successful compare
010 = Set OFLAG output on successful compare

:

Y

1

i

¥

¥

A
i -

011 = Toggle OFLAG output on successful compare

100 = Toggle OFLAG output using alternating compare registers1
101 = Set on compare, cleared on secondary source input edge
110 = Set on compare, cleared on counter rollover

111 = Enable Gated Clock output while counter is active

INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKAUN'EEf i : Il




9 & Quad Timer - Compare Pre-load - 2
Optlons

Compare Preload Cycle ; 3—
P CLK ’—‘ |_| — “’—| ss—‘ milmE W_‘ 1 ’—‘ TCF1 TCF2
Counter[15:0] [ ci1-1 | ci | 0 ] Sicm [0 | 0 | SSJ 21 ] | 0 l T T l
TMRCMPA[15:0] ! CEO Al ﬂ:ﬁ c0 Si ! cl | COMPARATORL OMPARATOR2
TMRCMP2[15:0] | ' cnﬂ:ﬁ | Si 2 ' | f f
TCF1 (s { - (¢
: Tl\/lRCI\/IPl! s—'—j TMRCMPZ’ ) l TMRCVRL MRCMA2
TCF2 Update 5ﬁ ss v Update ss .
TMRCMPLD1[15'O]i —<b fs— 9 \/ o §§ I | CMPLDL CMPLD2
TMRCMPLD2[15:0] | ' o ﬂ]:si ! = sg | >
‘e : DATA BUS
OFLAG ! I {< (s [ ) I
e The Compare Pre-load cycle begins with a compare event on TMRCMP2, causing TCF2 to be
asserted.

e TMRCMP1 is loaded with the value in the TMRCMPLD1 one IPBus clock later.

e Additionally, an interrupt is asserted by the timer and the interrupt service routine is
executed. During this time both Comparator Load registers are updated with new values.

*  When TCF1 is asserted, TMRCMP2 is loaded with the value in TMRCMPLD?2.
* On the subsequent TCF2 event, TMRCMP1 is loaded with the value in TMRCMPLD1.

e The cycle starts over again as an interrupt is asserted and the interrupt service routine clears
TCF1 and TCF2, calculating new values for TMRCMPLD1 and TMRCMPLD2

2.-3.6.2011 - ..-.
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IP Bus CLK

External Pins

v" Unique architecture with
v' Primary input
v' Secondary input
v Output

v Powerful MUX

v' Primary Input, Secondary Input and
Output can be connected to ext. pins

v' Channels can be daisy-chained
v' Output — Primary input - yields longer
counter lengths

v' Output — Secondary input - time
window counting of ext. event

v' Master Operation

v'any channel can be a master that
broadcasts its compare signal to the
other channels.

v' Such way timer channels can be
configured to reinitialize their counters
and/or force their output signals to
predetermined values.

* ¥ 3
¥ *
* 3
* 4o

EVROPSKA UNIE i

INVESTICE DO ROZVOJE VZDELAVANI




IP Bus CLK

How to toggle - pin0 each 0.1 sec ?
- pinl each 1 sec ?
- pin2 each 1 min ?

0.1 sec -pin3each 1 h ?
I

v' QT ChO operates in the “Count Mode”

sec v QT Ch1, Ch2 and Ch3 operate in the
1] “Edge Count Mode”

v' QT ChO compare is set to reflect 0.1 sec
and to toggle the OFLAG

1 min v' QT Ch1l compare is set to reflect 1 sec
I and to toggle the OFLAG
v' QT Ch2 compare is set to reflect 1 min
and to toggle the OFLAG

_l—lrll— v' QT Ch3 compare is set to reflect 1 hour
and to toggle the OFLAG

v ChO0, Ch1, Ch2 and Ch3 are “daisy-
chained”

B8 "Crr
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How to measure the position and support the speed measurement ?

IP Bus CLK

Position
increment

QT ChO operates in the
“Quadrature Count Mode”

QT Ch1 operates in the “Cascade
Count Mode” and provides
current position

QT Ch2 operates in the “Cascade
Count Mode” and provides
position difference

QT Ch3 operates in the “Count
Mode” and provides time
difference

e difference
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 Three 16-bit general purpose up counter with a 4-bit
prescaler

* Individually programmable time interval based on
system clock source

* Counter roll-over generates interrupt request if roll-
over interrupt is enabled

* Counter roll-over signal can be used as DAC
conversion start signal.

e All PITs can be synchronized with PITO
 Low Power Mode support
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Prescaler Bits

System Clock
—_—

—> SYNC_OUT

SLAVE

> PRF

b— Interrupt

MSTR_CNT_EN—>

CNT_ENIlZ
MSTR_CNT_EN1 PRIE —
— CNT_EM PITo
MSTR_CMNT_EM

—={ CNT_EM PIT1
= MSTR_CHT_EN

— CHT_EM PITz
+| MSTR_CMNT_EM

Figure 16-3. CNT_EMN Connection Between Multiple PITs
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9 @ COP and Power Supervisor

 Computer Operating Properly

— Free-running down counter that resets the device once the terminal count has been
reached

— Can be used as a mechanism for recovering from errant software.

— Has an associated reset vector in the interrupt vector table

— Allows COP Resets to be handled differently than Hardware or Software Resets.
— Features write-protectible registers for added protection.

— Capable of selecting different clock sources to prevent primary clock failure caused
safety concerns

* Power Supervisor

— Holds device in reset until there is enough voltage (VDD > 1.8V) for on-chip logic to
operate at the oscillator frequency
* Precludes any problems associated with false restart
— Low Voltage detectors generate high-priority interrupts

* Two low voltage detect signals used to initiate a software controlled shutdown when the supply
voltage drops below acceptable either 2.2V or 2.7V levels

— Eliminates need for external power monitor

2.-3.6. 2011 as
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= Independently clocked watchdog = Block diagram
g_‘ LOR_RST <
RNAL
CLOCK
EERIREE 0CCS_LOR
MSTR_OSC
-
RLX_OSC _
L
IPBus CLK x
O,
RLX_OSC
MSTR_OSC
- IPBus
°
Ommm@
= Option to use independent RC relaxation oscillator COP_RST <

(RLX_OSC) for COP
= CPU s clocked from MSTR_CLK (External Clock Source)
= COP can be clocked from MSTR_CLK or RLX_OSC

= If OCCS selects RLX_OSC for MSTR CLK, then both COP
and CPU CLKS are the same source
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http://wej.en.alibaba.com/product/50109296/51473424/Crystal_Oscillators/Crystal_Oscillator__49U_.html

¥

= Block Diagram = Power Supervisor Operation
v 1.8V I/0 Vpp = 3.3V
/ Detect Core Vpp = 2.5V
27 +r——-h—————" """ —"—"f—~-—————"{f - - ————— -
POR Output |
— Y A . Y /AL N
' (active low) 1 1 1 N
PoR N Y U 11\ POR~ 1.8V
33V a7 2E7”‘\’/b'e > LVIS27S 'H—LV|27 Bit Clear,<'— LVI27 Bit Set —»: : :
Interrupt Source :1— LVI22 Bit Clealj :4_ LVI22 Bit Set _.: 1
(active high) w__| : : . | | : :
; |
1| 64 Oscillator I 1
2.7V 1 |Clock Cycles Iy 1} JI_ _
Interrupt Low Voltage Interrupt T r Loy o
(active low) v, oy 1
% | POR vy vV |
LVIE27 =2.7V LVI !
Interrupt Enable —’O—> LV I
2.2V interrupt Clear Interrupt Flags

v

LVIS22 =22V
Interrupt Source
= (active high)
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LVIE22 =22V
Interrupt Enable

LVI

—> LVIS22S

s
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Thank you
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