Implementing Digital
Motor Control with C2000




Power Flow Block Diagram

_ N _ _ Mech
Power
A.‘C Rectifier Filter PWI Motor
Line Inverter
C2000
Controller

« Power is transferred from the AC line to the motor
through the rectifier, and inverter.

« The C2000 controls the flow of power from the AC line
to the motor.
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The “ldeal” Motor Control

 Achieve maximum torque at every speed
« Good transient control (currents, speed)
« Efficient control

« Low EMI

 Low electrical network pollution (harmonics)
« No reactive power (power factor correction)
 Low acoustical noise level

 Board cost
« Development time

13 TEXAS
INSTRUMENTS




Basic Principles of DC Motors

Torque in DC Motor

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

VW Which turns the

~. DG motor

coil
o
Torque = fnrcé""-i X lever arm B 2 anr
= (ILE}[%} sin 6 x 2 sides =
= |[LBW sin 8 = IBA sin &
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Synchronous Motors: PMSM & BLDC

« From the previous slides we know that if we excite the three stator coils with three-
phase voltages we will get a rotating magnetic field at the centre

« Allwe now have to do to invent our PMSM (or BLDC) is to pivot a permanent
magnet at the centre

« The rotor will always rotate at exactly the same speed as the stator, which is why
this type of machine is called “synchronous”
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Difference Between BLDC & PMSM

'y
E,ops Of PMSM
-
Ey o Of BLDC
¥
« BLDC Control * PMSM control
— Fed W|th d”'ect current - Fed W|th SiﬂUSOida| current
— Stator Flux commutation each 60° — Continuous stator flux angle change
— Two phases ON at the same time —All phases ON at the same time
— High torque ripple — Low torque ripple
— Commuation at high speed difficult — Higher max achievable speed
— H|gh noise — Low noise
i3 TExas
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BLDC control strategy

3 phases BLDC
star connection
with central point N

Two of the three phases are always energized, while the third phase is
turned off.

Switching instant are linked to rotor position

-> need for precise position sensing/evaluation of 30°, 90°, 150°, 210°, ...
positions

300
00 i
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600 :

150° 210° 270° 330° 300  90°
120°; 180°; 240° 3000 360°; 60°;
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-
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C
A
N
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Hall Effect Control of BLDC Motors

For better performance we use closed loop control

* The Hall sensors and associated electronics will generate the signals
necessary for correct commutation

* |nformation from the Hall sensors are also used to calculate and feed
back the velocity

* Only two phases conduct at any one time; for current feedback dc-link
current is measured and fed back

speed
calculatiol

—T A
b

A 4

PWM L |
P| —>®—> P| -+ commutation [} |

4 control
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Hall Effect Control of BLDC Motors

* Only two out of the three phases are energised at any one time
* The phases are energised in a 6 step manner

* The Hall sensors and the associated electronics will generate the signals necessary
for correct commutation

* Current is then injected when the E, . ; of each phase as reached its flat portion.
This will ensure constant torque

v

H1

v

H2

v

H3y
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Hall Effect Control of BLDC Motors

In the Previous slide, we stated that we use the signal from the hall effect to inject a DC
current when the Bemf reaches it flat region

— Flat current & Flat Bemf - Flat torque (i.e. constant torque)
— No need for complex PWM (i.e. Slow switching)

Back EMF of BLDC Motor

300 900 150° 2100 2700 3300 300 900
° 4 60° i 120° N 180° L 2400 ¢ 3000 | 36004 600 «—— Back EMF E
H H : H K H H H H i H : [
Phase A —3 N /: : 6
N e e =i 7
Hall A
pITrEow
; i/ \i >
Phase B tp 7 : N > 0,
e s - —/ H \— -
Hall B :
N\ A T ETITAN

Phase C —+— \ : 4 \

Hall C
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Sensorless Control of BLDC Machines

zero crossing

* The back-emf E . waveform is directly related to the position of the rotor.
If we could detect the zero crossing of the back-emf waveform we could
deduce the position of the rotor

)

* We will then need to wait for 30° for the E to reach its constant region
and then turn on the current in that phase

__/

<—

* The waiting time needed is dependant on the motor speed and can be
deduced by continuously measuring the previous E,; zero crossings.

* Usually operated open loop at low speeds and when E, . becomes large
enough to estimate accurately the loop is closed

* It has been shown* that E, . at the unconnected phase is crossing its

A
* In a BLDC system only two coils are “on” at any moment in time. /|\, Zb
zero point when the terminal voltage at that phase is equal to Vy; i /2 3

* In other words if we measure V,, when V, = V. /2 the E,p=0
Zc

* “Microcomputer Control of Sensorless Brushless Motor”, K. lizuka et.al, IEEE Transactions on Industry Applications, Vol IA-21, No4, May/June 1985, pp. 595 - 601
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Block Diagram of Sensorless BLDC Control

3¢
rapezoidal BLDC
Motor

Idc_shunt

—

. Hall sensors are removed. Resistor dividers and on-chip ADC are used to sense phase voltages.
. Phase voltages are used to detect zero crossing of back EMF and trigger commutation
. See Tl Application reports (SPRA498 and BPRAQ72) for more details

Speed Closed-Loop Control with Current Control
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AC Induction Motors

* Invented in 1888 by Nikola Tesla

* Reliable construction: no brushes

* Simple, low cost design

* Good efficiency at fixed speeds.

* Asynchronous

* Speed and control position are expensive
* Poor performance at low speed operation

* Requires complex control to be competitive

LI Squirrel Cage Rotor

Typical applications: industrial drives, white goods, fans, high speed applications
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Induction Motor Operation

1. The rotating magnetic
field in the stator,
Induces a current in the
rotor

2. This current will have a
magnetic field
associated with it

3. This magnetic field makes
the rotor behave like a

- magnet which will then

follow the stator’s rotating

magnetic field

Important: For these currents to be induced the rotor
must travel slower than the stator this is called slip:

=L

a)e




Scalar Control (V/f) - Limitations

VS
(volt)
Vo b :

rated

0 1:c 1:ra\ted

f (Hz)

€ + Simpleto implement: All you need is three sine waves feeding the motor
€ + Position information not required (optional).
€ — Doesn’t deliver good dynamic performance.
€ —Torque delivery not optimized for all speeds

{/
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Scalar Control (V/f) Limitations

MAXIMUM~— ’
TORQUE| ~ \ . VOLTAGE
NOMINAL}----+-----
TORQUE ;
i TORQUE
Vo | :
LOW SPEED NOM SPEED SPEED
At or near nominal speed: At low speed: Rs is no longer negligible: Vm <V
Stator voltage drop negligible: (Vm =V), A |arge portion of energy is now wasted.
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V/F control definition

Scalar control
= A B ).

Speed loop n

+ Simple to implement: All you need is three sine waves

feeding the ACI
+ NO position information needed.

— Doesn’t deliver good dynamic performance.
— Not so good at low speed.
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Vector Control
Field Oriented Control (FOC)

i . «
S IO -*~ T =Kol
i < / \ em
Ye @= | M e U | E=KODQ
> N T~
®=f(l,)
\. J M vy
y v
Field Circuit Armature Circuit

@ Separated excitation DC motor model
@®Flux and torque are independently controlled
@ The current through the rotor windings determines how much torque is produced.
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Vector Control Concepts

o1,

9
)

Maintain
the ‘load
angle’ at
O ' .

Field Orientation
T =B % B

em stator

/\Back EMF (v)

+ Reduced torque ripple
_ /\Stator Current (Is)
+ Better dynamic response

+ Good performance at lower speeds

rotor

® & o O

- Need rotor position info \
T =constant 1
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FOC control Overview

i)(}\)——) Pl
\i iSdref
Field
Weakening
Speed loop

ISqref

\ector control

VSqref

VSaref

Require MIPS

Require current
information (sensing)

\Vector control:

This method is based on
the dynamic model of the
motor.

The Flux (Id) and The
Torque (1q) are controlled
separately.

Flux and Torque are
controlled in real time.

mm) Some key mathematical components are required!
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Stationary Reference Frame

° Clarke Transform

P

(XX VARV

Three phase reference frame Two phase orthogonal reference frame
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Stationary to Rotating Reference Frame

Again the transformation equations can simply be derived
by resolving f,, along the desired axis:

a)e
dg® to dg¢ transform:
fe = fs COS(@ 1) — g Sin(w,t)
fe = T Sin(@,t) + f Cos(w,t) Qs axis
—
Inverse dof° to dge transform: 0, foe de axis
S
£2 = £2 Cos(a,t)+ T2 Sin(,1) o
fo =— fe Sin(w,t) + fy Cos(a,t) 1
ds axis
i3 TEXAS
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Determination of Torque & Flux from Stator
Currents

3-phase Currents Clarke Transformation Park Transformation

a)stator

O R S iq \ / \k Torque Component
i
4 : g

R AAS oo
M Iy / ‘ \7 _ lux Componen

|

‘ t
Three phase stationary Two phase orthogonal Rotating reference
reference frame stationary reference frame frame
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3-phase Inverter Control

High side current

V-dcBus -1 Sensing

no (e 3A__”§.PH-1
L

1B -—l 2B -—l 3B -—l A Motor 1

Va Vg Ve
I -1 1.-2 \ Voltage
l 1 waveforms for

_1_ debug

Low side current
Sensing

Decisions that need to be made:

+ How to drive complementary PWM?

> Inthe Motor Control and PFC Developer’s Kit we chose to use a Integrated Power Module (IPM) to generate
the co(rjnplementary PWM. We could have used the C2000’s deadband submodule within each PWM module
instead.

. In sensorless, how will we sense current?

> Inthe Motor Control and PFC Developer’s Kit we chose to use low-side sensing.

» Low-side current sensing is more difficult, but more scalable. In high-side current sensing, amplifiers that
allow high common-mode voltages are expensive.
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Why Pulse Width Modulation?

[ Signal

controller p=——p»

Power

A linear power amplifier will:
* waste too much power
* cost money

* heat dissipation

* bad for environment

Motor
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Why Pulse Width Modulation ?

+\Vdc

TN —
e

t
Original Signal /\/

LA
o
i I
s
D R D e b R nas IR Digital signal =7 easy to output
T High efficiency switching

PWM representation
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PWM Signal Generation

A\

¢ Traditional way: comparing three-phase sinusoidal waveforms with a
triangular carrier

V,, = V.sin(wt) (Van phase-neutral voltage)

PWM consideration:
¢ Time Step
¢ Bit width
¢ Update conditions
¢ Dead time

* o
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Space Vector PWM principle

V150 (010) Vg, (011)
B} 7B 2@} B}

an ?
S3 Sl
i V,(100) B C
S(/e S1 A’
V150 (110) 0(111) /) 3(000) 7 d\ e | ’
:
* i 1 .
Zero Vectors (000) & (11 o Van =V _sin(at) +E.sm(3a)t)
V40 (100) V70 (101)
Cmp Valug 1 : .
] /\ « Third harmonic injection
mp Value 2 -
Cmp Value 3>~ ~ « Line to line voltage still sinusoidal
ALl | * PWM technique
B « DSP hardware implemented
C * Increase the maximum inverter
output voltage of 15%
O(000)V 0 Veo 0(111) 0(111) Veo Vo 0(000) P g ]
* Reduce transistor commutations
* Webuitdtherequired-vottage vectorasacombimationof ]
one of the six basic switches configuration i3 TExas
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Current Sensing

P 100 uS R
+ DC_BUS
PWM3—| PWMS—Il:
A |
| @
—> «—— 10 % duty off phase
PWM4—Il: PWMG—Il:
> 4«— ADC sampling window
Shunt 1 Ishunt
3.3v
it o
/7 [ Iphase %
0 V o | N | | AD%< Signal Conditioning
ADC ADCi @
sample sample

 Requires flexibility of triggering sample and conversion in middle of PWM pulse
« Fast ADC S/H is required

« CPU operation promptly

« 3 phase current are available under all load conditions
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Flexible PWM module

Single EPWM module (in detail)

[ T —.
I — I
Time-Base (TB) N . Simple view of EPWM
I o Sync
: TBPRD Shadow (16) —— CTR=zERO —| In/Out \ I
I - Select EPWMXSYNCO —» .
TBPRD Active (16) —— CTR=CMPB —» Mux .
: |
—— Disabled —Jp .
I M ?0 Sfl :
: CTR=PRD I
| 16 \ TBCTL[SYNCOSEL] : EPWM n ¢
. . | epwmxsynel — |
! @BU\% TcTONTLOE] Pl iy : Phase Reg n SyncI EPWMnA
i ,I (16 bit) [ | >
: TBCNT Sync. control |
I Active (16) CTR_Dir | ——— . * CTR=Zero —9
i ! CTR=CMPB —@ EPWMnB
. | | I
. Phase I H
— CTR=PRD —p| .
[ conrol PP ASE caNtrol L EPwmciNTn — SyncO
i \/ I s I *
_ _ Trigger & | .
. YVYVY CTR=CMPA —J» [y EPWMXSOCA —» I
| | | Counter Compare (CC) — crrecmre —»  (ET)
- EPWMXSOCB —p»
. — CTR_Dir —p I
! 16 J-L CTR=CMPA ] I
i Action .
N Qualifier |
i 16 (AQ) !
: I
| CMPA Active (16) EPWMA [ > > EPWMxAO —>DI
I CMPA Shadow (16) Dead 0T Trip :
. Band Chopper Zone I
| 1 (DB) (PC) (T2)
. 16 CTR=CMPB | .
| EPWMB | » > EPWMxBO —>D|
16 :
i CMPB Active (16) <«— EPWMXTZINTh —] I
CMPB Shadow (16) crRezERO [<@=— TZz1n to TZ6n —D |
........................................................... il
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Dual Inverter + Boost

V-dcBus B>—

V-batt -]

\

pl—e—

O—W *

N ')

+ +
= A -—”:% —
4B -—_|&i
I-boostl B>-(}) 1-boost2
& 'C; l l
I-boost -T
Piccolo-B
<— V-dcBus
CFU g
32 bi < ADC <— Igboostl
it <@ 1-boost?
DSP core 12 bit d—@@ V-batt
GOIMHE 5 MSPS <@ 1-boost
A 1.-1(2)
3V3 |Vref| < : .-2(2)
> mcra | PPLEMies e ias
= | Lot | oo ] e sece
Comms —. 4A/4B
26| Lo ] -am suee
UART | [ _Pwme @

V-dcBus

1A =]

(optional)
Ipy-1

1B Motor 1
I

“l_L_Ll

V-dcBus

s =]

oB
|

“l_l_Ll
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Dual - 3 Phase Inv.

for Motor Drives

Ext Sync In
Master r (eptional) — ¢ —
Phase Reg En Syr;cIn
- EPWM1A —p» I I I
CNT=Zero I ‘ I ‘ I ‘
CNT-CMPB—@ |- EPWM1B —» EPWM1A EPWM2A EPWM3A
@ SyncOut I l— l—
A
Va )\
Slave v B V
Phase Reg En Syncln CD @
- EPWM2A —p
CNT=Zero—@ $ VEF
CNT=CMPB—@ ) § |- EPWM2B —»
x—e
©) Syn::)m — — — 3MPh ase
e 4 4 otor
Slave EPWM1B — EPWM2B — EPWM3B
Phase Reg En  Syncln
- EPWM3A —p L
cNT=Zero—@ P — —— ——
cnr-cvre—e 1 L BPWMIB = - =
G T o
A
Slave v Py ;
Phase Reg En Syncln
[0 je—o— | owman—»
CNT-Zero—@ ¢ |_ I_ |_
CNT-CMPB—@ |- EPWM4B —p»
[ ] H H
@ * ® syncout EPWM4A 4 EPWM5A EPWMB6A
A l_ l_ |_
Slave v Va
Phase Reg En SyncIn B ¢
*—o |— EPWMS5A —p» VCD [ ]
CNT=Zero —@ *®
CNT=CMPB—@ J |— EPWM5B —p» VEF
@ SyncOut
3 — 3 Phase
| Motor
Slave v EPWM4B H EPWM5B H EPWM6B H
Phase Reg En SyncIn |— |— l_
[o-0 J—o—o— | cowmer -
CNT-Zero—g@ §
CNT=CMPB—@ |- EPWM6B —p» c— =2 —
® ..
SyncOut
v s
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TI DMC Software Library

Constant

speed_ref_ PWM1
spd_ref 7 TTsod out i ref »
—— )] pid_reg_spd [spd_ou i_ref g ) )
opd.db —V\_’ pid_reg_iq u_out_qA ipark_Q TPARK |park_LUbeta SVGEN DO Ta R Mfunc_c1 PWM2 R
— Q15/Q15 i_fdb_q Q15/0Q15 v . v 4
theta_ip Q15/Q15 Q15/Q15 | Tb R Mfunc_c2 FC_PwM_| BV PWM3 R
Constant | i ref d t d | ipark_D ipark_d Ualf: T f Mf 3 PRV PWM4 !
: : u_out_ ipark_| ipark_ alfa c unc_c
i_fdb_d Pierea td — % > QV/HW [ HW g
- = Q15/Q15 Mfunc_p PWM5
e 3-Phase
PWM6
v Inverter
%
< park_D PARR park_d < clark_d CTARKE clark_a‘L la_out TECIDRVTADC < ADCINX
Q15/Q15 | theta_p Q15/ Q15| clark_b Ib_out Q15/HwW |HW| ADCINy
- 4
hl hl
park_Q park_q clark_q clark_c Q0 |_ch_sel
a 4
N N Q15[ la_gain
Q15]" Ib_gain
; theta_mec
Sco [ DAC 0 ¢ DAC _iptrO —
i 1o spd_fdb Q13| la_offset
ScopeRACL | & | JEW feRACirl T Q13 [T _ofrser
DRV~
i d_ref
Scop& DAC 2 DAC _iptr2 Spa_! Sco &
P HW | Q15/HW P
Scopg-DAC3 «DAC ipr3 theta_elec Encoder
speed_frq theta_elec QEP_A w
¢ shaft_angle ¢ ¢
ISPEED_FRQ - _theta_mecl] QEP_ QEP QEP_B
4
Q15/Q15 D T%EQ-I;/A_ E [
speed_rpm direction dir_QEP QEP_index
< Hw /15 |HW <
index_sync_flg
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Interconnecting Modules

FC_pwmM FPAML—
clark dy[™  Ara Iclark_a, mfunc_c1 DRV P\WM?2
Q15/Q15 Iclark_h, mfunc_c2 QO/HW | pyw3
_Iclark g, Iclark_c, mfunc_c3 P\WMA4
rd_gain " RAND matunc_p. | PWM5
GEN random PWM6G
tnd_offset, mew

At the “C” level:

clarkInv (&dgBuffer, &fcPwm.InputBuffer)
fcPwmInputBuffer.ditherIn = randomGenl.calc (&randomGenl)
fcPwm.calc (&£cPwm) ;
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Digital Motor Control Library (DMC-LIb)

The DMC-LIib contains:

* PID reqgulators,

« Clarke transforms,

« Park (& Inverse) transforms,
 Ramp generators,

« Sine generators,

« Space Vector generators,

« Speed/ Position meas. / estimators
* and more...
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PMSM FOC Sensorless with SMO

PWM1
)
Constant i_ref g ek ark b T i 1 BWM2 4
‘ pid_reg_iq U—OUt—q= park Q PARR _Pard =U e rvoen Do '@ Miunc.c R
b g Q15/Q15 theta_i 15/ Q15 15/Q15 | Tb Mfunc_c2 PWM3
ip | Q15/Q Q15/Q R _c2 | R
Constant0 | iref.d t d | ipark D ipark_d Ualf T Mf 3 PRV PWM4 '
: : u_out_ ipark_| ipark_d Ualfa c unc_c.
i_fdb_d Plerea e > % > QU/HW >
- — | o15/015 Mfunc_p PWM5
)
g 3-Phase
PWM6
)
4 Inverter
%
park_D park_d clark_d clark_a la_out ADCINX
< PARK < CLARKE < TECIDRY ADC <
Q15/Q15 | theta_p Q15/Q15 cIark_b< Ib_out Q15 / HW HW <ADCINy
park_Q park_q clark_g clark_c Qo0 |_ch_sel
d
N N Q15| la_gain
Q15(" Ib_gain
Scope (DACO ¢ DAC iptro_theta_elec
N thetae Q13| la_offset
Scope 241 o Dac_ DAC iptrl Q13 [ offset
DAC 2 PAe DRV DAC iptr2 isalfaerr*
iptr. )
Scope < HW | Q15/HW ;V;Irfﬁgﬁs ksjzz-ltting Scope
Scope RAC3 «RAC iptr3 isbetaerr foc_flg to “1” in Encoder
CC watch
*: debug only variables window w
theta_elec QEP_A
|- 4
» hJ
theta_mec QEP
= = EP
TRETA_ [@
thetae SMOPOS ¢ vsalfa ¢ Ualfa _ DRV~ IE o g
vsbeta ., Ubeta dir_QEP HW QEP_index
Q15/Q15 - < HW / Q15
Jalfa (slidin ¢ isalfa ¢ clark d index_sync_flg
< modeg isbeta < clark g
hJ
¢ zbeta rgstgrrnaart‘grl? speedref < speed ref
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Platform for Motor Control

High Voltage + PFC $599 Low Voltage + PFC $369/$399
TMDSHVMTRPFCKIT TMDS1IMTRPFCKIT / 2MTRPFCKIT
Motor Types ACI, BLDC, PMSM BLDC
Control ACI & PMSM FOC FOC
BLDC Commutation (BLDC Commutationin Q3 HW Rev)

Sensor Interface Sensorless or Hall/QEP Sensorless or Hall/QEP
Communications Isolated USB/UART to JTAG Isolated USB/UART to JTAG

Isolated CAN (Isolated CAN in Q3 HW Rev)
Three Phase Inverter 350V, 1.5 Kw, IPM, Fault Protection 2 x TI DRV8402 IPM, 24-36V, 40W
Current Sense Low-side current sense OPA2350 Low-side current sense OPA2350
Optional Power Digital 750W 2PHIL, 200KHz, UCC27234 Digital 200W 2PHIL, 100KHz
Factor Correction IN: 85-132V, 170-250V OUT:400V DC IN: 13-16V OUT:24V DC

i3 TExAs
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Platform for Motor Control

High Voltage + PFC $599 Low Voltage + PFC $369/$399
TMDSHVMTRPFCKIT TMDS1IMTRPFCKIT / 2MTRPFCKIT
Software controlSUITE controlSUITE SPRC922
IDE CCSv4.x CCSv4.x CCsv3.3
DMCLibrary NEW & OPTIMIZED NEW OLD
GUI YES Q210 NO
PFC SW Q310w/ new PowerLlIb Q310 Yes
Projects ACI FOC, PMSM FOC, BLDC ; All Sensored/-less 2xPMSM FOC 1/2xPMSM, +PFC
Family Piccolo F2803x Piccolo F2803x Piccolo F2803x
Support Delfino F2833x Q2 (minor mods for F2802x) (minor mods for F2802x)
i3 Texas
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DMC - Single Axis + PFC HV

Vac

PFC-2PhIL
—& 3

Filter
-,

_N_

3ph - Inverter

Aux
Supply
100~400 .
vpc X Vin 12V >
5V —>»
1 [
2
™ 3 [
’—}[:/>—} JTAG °
°
USB — [O) Y .
\_.[ >3 UART 13 B
gl

- Driver
N—‘ pwh24 D> 1>_ 1H 2H_| 3H_|
pwM-3A D> 2; 2H
pwM-4A D> 3; | 3H
4&
w28 D> 5' 1L 2L 3L
PWM-3B [lD+—)> L
1 (f—.2 PwM.4B D) [a
5 6 [@D>—¢
Piccolo-A
AH<@:
=P PWM-1
CPU BH@ 2
. AH—@| 3
32 bit _» PWM-2
BH—@ 4
AH—@l s
—pp| PWM-3
| ADC BH—@s
d Ah—aa 7
12 bit —)> PWM-4
B H—@l 8
I Vref
I12C
SPI [€>
UART
L

=
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DMC - Single Axis + PFC HV

PFC - 2PhIL

Caution! . ‘
High Voltage ':_ | Caution! ’
b High voltage §

AL I e ol G e i o DC-AC
3 Ph
Inverter

-
B Toy S
gt Y |

=y
o28 tad vy

[t
~

1E 2 ee ¥
L e R

R10 R11
|

vre (B9 (=)
o \ /(5 A

| ' s

Psve @ava VinSwFT ving

) °

Te"xa's. Instr‘umentos e 2w
® Cligam
3 ;;q DMC + PFC R g M g gl ‘
4
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Dual Motor Control and PFC Developer’s Kit

V:ac |" e DRV8402 -IPM
* ] 3 Phase
_|"‘ 2“_| 3“-| “H_l PM motor
2H
PWM-1A -L} ‘ 3H R
PWM-1B -i) aH S
PWM-2A -i> | ’ spare
I - -
= Q 4
12V o
T sosel ome
F28035 Piccolo | P
A __-
'_» PWM-1 i i i r.Current
CPU B H—a — = E— — Feedback
32 bit A DRV8402 -IPM
> PVM2 | DC-Bus - - - -
12C e AH—a — 3 Phase
HOST€==P UART > FVMS | - —|“* ZH—| 3“—l ““_l PM motor
2H
CAN AH—a PWM-3A -L} ‘ 3H
=P PWM-4 R 4
1 D> B H—@ PWM-3B [+ aH
2 > “H-am pwn-aa D] spare
3 > = PWM-5 pwm-aB [ u'—lE 2"_|E 3'-_|E 44E posio
+> | ADC || B H—am [
5 I>—r 12V 3L
e 2| | [
° s ||
oo bl [m] e =

f f S
Feedback
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Dual Axis Motor Control Board

Control Card Isolated On-Board Emulation

2-phase |3 MEECRMIG SRS (6.
Interleaved "
PFC

--Available--

NS oG
tors and performs PFC

Controls two m
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DRV8412-C2-KIT - Motor Driver for Brushed and Stepper
Motors with Piccolo F28035 controlCARD

F28035 Piccolo DRV8412 -IPM

- BDC Motor
— | DC-EBus * - .
= FWM-1 5
CPU __- [ ] 1H ﬁ 2|-_| El_lE ILlE
32 bit A T
e PWM-2 s H-am PWM-1A -lp- H
= P1s I | a ¢
12C — R LA
. P24
HOST <= uarT | [PP"™3  |I = . " " “
CAN pnezs W _l _l _l _@_
AN L2
! PWM-4 v sl
| > 5 H~ T —
: —t N =] | — BDC Motor
3 PWIM-5 —am
i [—1- ADC _—. EH— I j_ § Carrent
5 [— — — = ——  Foedback
: 12 bit = CAP-1
M
16 [— e Vref == CEP
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DRV8412-F28035 Brushed and Stepper Motors
Control Board

JP1 +12V
+12V Control Control H-bridge CD
Power Power Source Current Sense .
: H-bridge
H-bridge CcD
ng'i‘:::t (] =/ Connections

DC Bus to
Control
Power
controlCARD Regulator
Socket
DRV8412
: DC Bus
Quadrature Connection
Encoder
Interface

DRV8412 H-bridge AB H-bridge AB H-bridge AB
Mode Jumpers Reset Switch Current Sense Connections
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DRV8312-C2-KIT - Three Phase BLDC Motor Kit
with DRV8312 and F28035

F28035 MCU DRV8312
» DC-Bus . . .
AH—aH
CPU * PWM-1 s H-am DC Bus + 12v 3 Phase
weT TR 4R e
- AH—4EH J
] gp-| PWM-2 sl Pwi-1A D aH |
- PWM2A I | . .
CAN A PAMIA B spare
HOST | UART na LN | | H zL_lE 3L_|E A -
12C RESETAn P |2 . Encoder
N RESET Br W= | o
> BH- RESETCn [T | Vollage sensing  ogpy 3
3 - » 3 Phase
+ b ADC > =1 CAP-1 I F(;:g:;:k
5B . 3
e 12 bit 4= QEP : ! DC B
e Current
16 I—» Vref s Feedback
i3 TExas
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DRV8312-F28035 Three Phase BLDC Motor
Control Board

Control Card

= hd =
@so " {8
e-1t e '*:.. J -

u“““ - ¥ ) se SVR . TS
- 4 ; R . -3- -eR1
. ot uﬂ%:--: ::;1 3 c‘rm Ea
VR1 +12 “{,&:'.5'!% . PR i +
.1 G ---..-gv ‘3']‘8
~ - 7’ m}- - l& :
: a & iomuL op OND - é':.:.!g §:§GND
o e SR . MU ¢ - i " i
EnCOdel’ iy 1 v =R= IRV MRESEr — — — - -I .

Interface PR , "-;_ RN Bl . = MoroR
e, 2. E : <
Hall A8 ATE !pffi Fiok: § *| Motor

o o/ | |M0 I
Interface EERN AN oA B | e A IGN Connector

.
.
S 2

i H bRV8312 DC.BUS

RSTA ] R g = COnneCtOr
=== NORMAL OP TCace g
MCU
. RESET
i, e /FAULT "z

]l\STRUMEN'IS

: - 1 R
s, @- STOP STARTG = g A l ‘2Vl§ !5 9% g51yrg|3§2%‘évc
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Getting Started

www.ti.com/c2000tools

High Voltage TMDSHYMTRPFCKIT | 1.5KW digital motor control | $599.00 Control
PFC and Motor | This kit does NOT combined with 700W power SUITE
Control require an external | factor correction using a
Developer’s Kit | JTAG emulator. single Piccolo MCU
Digital Motor
Control Accessories
* Please install the baseline software before installing the board specific software.
Digital Motor Control Accessories
Cornpatible with the High Voltage PFC and Motor Control Developer’s Kit
Part
Kit Number Description Price Software
AC Induction Motor HVACIMTR | AC Induction motor with | $379.00 Control
encoder SUITE
=
Permanent Magnet HYPMSMMTR | PMSM motor with $299.,00 Control
Synchronous Motor encoder SUITE
&'
Brushless DC Motor HVBLDCMTR | BLDC motor with hall $199.00 Control
effect sensors SUITE
I3 TEXAS
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Microcontrollers (MCU)
*MCU Products * MCU Design Support = Getting Started * MCU Selection Tool *Training

MCU Product Tree ©

Stellaris® ARM® Cortex™-
M3-based MCUs (177

1000 Series (40

2000 Series (¢

3000 Series (10

S000 Series ()

6000 Series (1Y)

8000 Series (1)

9000 Series (7)

X00 Series (30)
MSP430™16-bit Ultra-Low
Power MCUs 1

1xx 8MHz Series (36

2xx 16MHz Series (39)

G2xx Value Series (7]

3xx Legacy 8MHz Series (15

4xx 8/16MHz LCD Series (97

Sxx 25MHz Series (36

CC430 RF SoC Series (7]
C2000™ 32-bit Real-time
MCUs 1)

28x Delfino™ Floating-point

Series (9)

28x Piccolo™ Series (26

28x Fixed-point Series (23]

24x 16-bit Series (173
ARM® Cortex™-R4F-based
MCUs (1)

TMS570LS Series (1)

16-bit
performance for
an 8-bit price
New Ultra-Low
Power MSP430™
microcontroller
Value Line starts at 25 cents (in
100K volumes) to give 8-bit
developers up to 10X
—nerfarmance and 10X hattery

C2000™ 32-bit Real-time MCUs

Overview | Product Search l Tech Docs ‘ Tools I controlSUITE I Training I Partners

controlSUITE™

A comprehensive software platform for all your needs. Begin with device-specific
peripheral configuration packs, which contain the baseline software and examples for
you to hit the ground running. When you're ready to harness C2000’s abilities in a real
application, simply add the application libraries or system examples.
Run
controlSUITE™

Installer

Run our smart installer and pick the packages you would like to use. all dependencies
will be automatically selected, downloaded and installed.

@] View the controlSUITE Getting Started Guide.
B View the controlSUITE brochure

Visit the pre-controlSUITE software page for CCSv3.3 software.

Learn more about
Device Support | Libraries | Application Kit Packages | Debug and Software Tools
Looking deeper into controlSUITE s contents, you can see how it’s a comprehensive

top-down set of software and software tools to guide development from beginning to
end

Device Support

Hardware abstraction to get you started quickly regardless of application. These
packages are family-specific.

| C28x MCU |
( Bit-field definitions and headers ]
Peripheral Drivers and
Examples Usage and [ Framework and ]
Examples Examples

pwdolanaq
NS|043U0D

Flash AP1
L Functional Libraries ]

( aman )
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controlSUITE:

Content + Content Management

C2000 Device Library Development Debug and
Device Support Repository Kits Software Tools

( Piccolo \ ( - \ ( Math \ /Hardware\ / \
| F2802x - Bit Fields | Library | Package | IDE
( Piccolo \ ( API \ ( \ (Software\ \
| F2803x | Drivers - 1QMath | Examples - RTOS
| Delfino | Examples | DSP | System | Real-time
C2834x P Library Framework Debug
| Delfino | Application B Gr:&phical 3" Party
F2833x Library - Tool
\ ) \ ) _Interfaces | 00Is
— F2823x — Utilities
\ ) \ ) Please see the Tools Presentation for

Details
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Incremental Build

Level 1

VqTesting

VdTesting

ipark_q Ubeta

Ta

ipark_d Ualfa

SVGEN
MACRO

Mfunc_c1

- Incremental System Build Block Diagram

A 4

Mfunc_c2

Te

A 4

Mfunc_c3

A 4

set_value  mp freq
RC = RG
trat value.| MACRO mp_offset | MACRO | mmp_out
M VN s Vi
| 1 svgen._Ta
2 svgen._Tb

3 L e e

L e am 3

Graph Window

1A) verify 120° SV-PWM outputs

DAC 1
D Rt

2

= DAC2
cope

P DAC3

DAC 4

—

 PwmsA PwmDacPointerd
PwmeA | pwipac | PwmDacPointert
Pumra_ | o | pumacPonter2
;Pwm'fa | PumDocPointers

1B) verify PWM-DACs used for analysis

[M5] Vb-U, V, W test points Inverter Phase
orDAC1t04 Outputs UV orW
or
PWMDAC channels

PWM5A 6A, 7A, 7B

1C) Verify SV-PWM Gen - PWM Outputs / Inverter Inputs

Level 1 verifies the target independent modules, duty cycles and PWM update. The motor is disconnected at this level.
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Incremental Build

Level 2 - Incremental System Build Block Diagram

Ta Mfunc_c1

VqTesting ipark_Q
—_—

A 4

IPARK

theta_ip MACRO T Mfunc_c2 ]

e MACRO
VdTesting ipark_D Td Mfunc_c3
o Q0 / HW
J Mfunc_p
- BB
SpeedRef
mp_out
pak_D park_d clark_d clark_a AdcResult 0 ADCINx (la)
—] + <+
PARK CLARKE
MACRO theta_pf MACRO | clark_b " AdcResult 1 ADCINy (Ib)
pak_Q park_q clark_gq AdcResult 2 ADCINz (Vdc
——] <+
—]

Graph «—
Window ¢«——

2B) Check Clarke (Phase Currents) in WW %

4

¢
Mfunc_V1 Ta
VPhase_ABC <+
) ¢ — | VOLT Mfunc_V1 L1
| PwmDacPointerQ Vaipha MACRO
 pomn ¥ ° —
Low c |, PwmDacPointert Mfunc_V1 Te
e : Vbeta y
Scope " PwmDacPointer2 < DcBusVolt AdcResult 2
PwmDacPointer3
= | ——

2A) Check ADC calc of Voltage using watch window (WW)

2C) Calibrate phase current off-set to enable low load sensorless
Level 2 verifies the analog-to-digital conversion, offset compensation, clarke / park transformations, phase voltage calculations
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Real-Time Debug

Traditional debugging (Stop Mode)

C2000 Real-time Mode:

stops all threads and prevents interrupts from being handled
makes debugging real-time systems extremely difficult

real-time, non-intrusive, continuous

Does not require use of target memory, special interrupts, or SW
Intrusiveness

Allows time critical interrupts to be marked for special treatment (high
priority)

Allows time-critical interrupts to be serviced while background program
execution is suspended

Included on all C2000 devices and integrated with Code Composer Studio

Resources:
Real-Time Mode on wiki

Chapter 7.4 in the C28x CPU Reference Guide
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http://tiexpressdsp.com/index.php?title=Real-Time_Mode
http://tiexpressdsp.com/index.php?title=Real-Time_Mode
http://tiexpressdsp.com/index.php?title=Real-Time_Mode
http://www-s.ti.com/sc/techlit/spru430

Incremental Build

Level 6 Incremental System Build Block Diagram

IqRef (lsw=0) 6) Close all loops — Full Sensorless FOC CL Speed/Current
SpeedRef \
pID MACRO | %=1 ¢ Lretg uoutq ipark_Q park_q Ubeta Ta Mfunc_c1
Fod Spd reg - fab > IPARK - SVGEN S
Loksd LAl thetaip | MACRO MACRO | ™ Mfunc_c2
- i_ref d ‘ v
s out_d D d Ualfa Te Mfunc_c3
T - [ Mfunc_p
l‘ &
in CC watch _ pakD park_d  clark_d cark a AdcResult 0
window o PARK S CLARKE s
MACRO | thetap MACRO | clark_b AdcResult 1
: park_Q pak_q clark_q AdcResult 2
| sel vaye , mp freq |
SpeedRef RC RG
LR MACRO mp_aitsel | MACRO
ays mant AN/
<. Speed SE ThetaFlux
MACRO
S|

ADCINXx (1a)
s

ADCINy (Ib)
—
ADCINz (Vdc)
—
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Demo, Q&A
Thanks!




