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Pin Define Function Description
PA.O" UH High side PWM for U
PA.1" UL Low side PWM for U
MCU PA.Z: VH High side PWM for V
PA.3 VL Low side PWM for V
PA4" WH High side PWM for W
PAS5 WL Low side PWM for W
PGA PB.3 PGAI PGA input for shunt Isum
PC.3 PGAO PGA output for OCP
PB.O Hall U Hall sensor aligned to U
Hall PB.1 Hall V Hall sensor aligned to V
PB.2 Hall W Hall sensor aligned to W
ADC PC.0 DCV Bus voltage detection
PC.1 | Bus Bus current detection
PD.A4 LED Error LED index for error
PD.3 TestPad User defined I/O for test use
PB.4 FG MCU Frequency output for motor speed
10 PC.2 VSP Analog speed CMD input
PD.5 X UART Tx
PD.6 RX UART Rx
PD.2 DAT User defined /0

* MCU PWM output pins are wired to gate-driver in the chip
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el 117 1) BE Fi 21

Pin Define Function Description
UHO Gate-driver PWM QOutput Drive high side MOS in phase U
ULO Gate-driver PWM Output Drive low side MOS in phase U
PWM Out VHO Gate-driver PWM Output Drive high side MOS in phase V
VLO Gate-driver PWM Output Drive low side MOS in phase U
WHO Gate-driver PWM Output Drive high side MOS in phase W
WLO Gate-driver PWM Output Drive low side MOS in phase W
U U Coill U-Phase input
3-phase Coll V V_Coll V-Phase input
W W _Coil W-Phase input
UB Bootstrap Cap U High-side Cap-U bootstrap supply
Bootstrap Cap. VB Bootstrap Cap V High-side Cap-V bootstrap supply
WB Bootstrap Cap W High-side Cap-W bootstrap supply
VIN Power input 24\ Power input
Power VSS Ground Ground for digital circuit
LDO5V 5V LDO output LDO for MCU power
LDO12V 12V LDO output LDO for gate driver
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» Demo System : Sine-wave
» Current Feedback: 1R (R : current shunt resistance)

Speed Current

|
|
|
\PWM
|
|
|
|

Gate Driver
System | CMD Speed CMD Il @iy 0-5 +
FOC[ epwm}—+—m
Program Controller Power
- - SVPWM MOS =
SDEEd Current +Over current, Brake I
feedback Angle & Speed feedback

estimate Current detect
Idc
. PGA/OP |g4—2%  Shunt 1R
ECAP and estimate !

T :

Hu, Hv, Hw

Hall sensor feedback

Demo System
Hall + FOC + 1R
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FOCHREIBIZ P

» void luvw_to_ldq_Transfer(AMotor* Motor, int32 sin, int32 cos)
= Do Clark Transfer: Transfer lu/v/w to lalfa/beta
= Do Park Transfer: Transfer lalfa/beta to 1d/q

» void Vdqg_to_SVPWM_1R(AMotor* Motor, EPWM_T* epwm, int32
pwm_full_scale, int32 pwm_max_duty, int32 sin, int32 cos)

= Do Inv_Park Transfer: Transfer Vd/q to Valfa/beta

= Do Modified Inv_Clark Transfer: Transfer Valfa/Vbeta to Vrefx/y/z
= Do SVPWM calculation to produce Duty0/2/4

= Update duty to EPWM->CMPDATI[0/2/4]

I CMD +
& »(? » PI_Iq Va Vo PUMO(0/1)
; Clark™ PWM2(2/3)
Park™ >
Id_CMD + vd ar VB SVPWM PWM4(4/5) - qu_tO_SVPWM
PI_Id | VP
SIN/COS SIN 6
cos -—
Lookup table
Id Ia Tu
[ He————
I i || etk EI: luvw_to_Idq .
q < B Iw
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» Pl_Speed.kp_15 Info.i16_Id, info.i16_Iq
el 16—r°t°r—~°’pﬁed—target PI_Speed.ki_15 Info.i16_lalfa, info.i16_Ibeta
spec.i16_speed_slope_cnt_target | | i35 Speed_control_limit_dig | cmd.i16_Vd, cmd.i16_Vq :
cmd.i16_Duty0

ctrl.i32_Speed_control_limit_dig_ui | cmd.i16_Va, cmd.i16_Vb, cmd.i16_Vc
other.i32_Hall_Step_Theda_Q26

cmd.i16_Duty2

cmd.i16_rotor_speed other.i32_Hall Accumulated_Q26 cmd.i16_Duty4
cmd.i16_Iq
cmd.i16_Id
I
/ |
Speed Current 1a/ld Ctr :PWM Gate Driver
System | CMD Speed CMD qFOC@—.—bl o " —«»—.
Power
Program S Controller A SVPWM | owe o
I
Speed Current +0vercunent,Brake |
feedback Angle & Speed | feedback AT
estimate
Current detect
,ml and estimate PGA/OP |l !9C  shunt1r Ll
() | AID
[/3 I Hu\Hv, Hw
: Hall sensor feedback
I
:”Io' '236;|h5|‘|”—|f”91.e Info.i16_Iu info.i16_IDC_ref ADC
N1o.uo_mall_Fosition Info.i16_|v

Info.u8_rotor_direction

Info.i16_|
Other. other.i32_Capture_Value_Q15 nfo.i16_lw
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z% E EIEEZ] :EI:E %u *ﬁ Z_EQ@system parameter.h

#define P_1R_FOC
//#define P_2R_FOC

Vg Mode (=

#define P_SIX_STEP_CONTROL 0 l

FOC

g Mode

NuMotor

//#define P_1R_FOC
#define P_2R_FOC

Speed Mode g
-

Vg Mode

Ig Mode

Speed Mode =

SIX-STEP ~[:

| #define P_SIX_STEP_CONTROL 1 |

Open Loop
#define P_SIX_STEP_OPEN_LOOP 1
#define P_SIX_STEP_CLOSE_LOOP 0

Close Loop
#define P_SIX_STEP_OPEN_LOOP 0
#define P_SIX_STEP_CLOSE_LOOP 1

N2

Bl

=

Open Loop e
Close Loop

Input_Square

Input_Square

Vg Mode
#define P_Vq_CMD_MODE
#define P_Iq CMD_MODE
#define P_SPEED_CMD_MODE

1
0
0

Input_Sine
Input_Sine
Input_Sine
Input_Sine
Input_Sine

Input_Sine

Ig Mode
#define P_Vg CMD_MODE
#define P_Iq_ CMD_MODE
#define P_SPEED_CMD_MODE

Speed Mode
#define P_Vg CMD_MODE
#define P_lq CMD_MODE
#define P_SPEED_CMD_MODE

TR HVIERIR T B EEET -
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Flow Chart of main.c

» Main program to initialize MCU and system

( START )
Y (

Initialize system clock)

)
0‘0

SYS Init_Clock
Delay_Xmsec

X3

%

¥ (initialize MCU IP function)

'f‘ In!t!al!ze_EPWM % Initialize_Motor_System
s Initialize_ECAP :

s Initialize _ADC ) 4

X8 |n|t|allze_PGA o Main |00p

s Initialize_ OP (Stayed in loop and interrupted by the
< Initialize_ ACMPO IRQHandlers of TMO, ECAP, EADC,
s Initialize_Timer0 BRAKEQ)

s Initialize_Timerl v

s Initialize_GPIO

s Initialize_HDIV

X3

*¢

Initialize_ UARTO
Initialize_ DCV_GPIO
Initialize _Ibus GPIO

(Initialize system function)

X/
X4

L)

X/
X4

L)
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Flow Chart of TMRO _INT (for FOQ)

» TimerO INT for system timer handles the user interface

Time-Base Management:
e  Speed control
e  Userinterface

TMRO_INT
TMRO_IRQHandler

and speed control

Handle timing control flags
ul6_timer0_int_counter ++

“ Do Speed PI Control to update cmd.i16_lq
% Setcmd.il6_ld=0
% ul6_lms_timer_counter ++

timer0_int_counter> 0
(1ms loop)

% VSP contorl

%  Check direction command

% Read_VSP(Dirln)_Check_ON_OFF_Motor(&MotorA)

% read_VSP(Dirln)_to_speed_cmd(&MotorA)/
read_VSP(Dirln)_to_lq_cmd(&MotorA)/
read_VSP(Dirln)_to_Vq_cmd(&MotorA)

“ ul6_10ms_time_counter++

<+ Error Detection
“ Hall_Error_Detection;

< OverVoltage_Error_Detection;
<+ UnderVoltage_Error_Detection

1ms_timer_counter = 10
(10ms loop)

% 100ms_counter ++
<  StartUpDelay;
“  Locked detection;

10ms_timer_counter = 10
(100ms loop)

« 500ms_counter ++

100ms_timer_counter = 5 % LED PIN ++ (flash LED: program is in running)

(500ms loop)

&
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Flow Chart of EPWM _INT (for 1R)

» EPWM INT: for current control and FOC (1R)

EPWM_INT:

EPWM interrupt is periodically
triggered by PWM every 66.6us. It will
call PWM_Period_INT_1R() to handle
the current detection, control and
FOC.

EPWM_INT
EPWM_IRQHandler \—/_\

Call PWM_Period_INT_1R() to do the following task
Store last two measurement of phase current

Set ADC is HW triggered by PWM falling edge

Set HW_ADC Read OP1 O 1R by Indpt_Mode()
Re-construct 3 phase current info.il6_Iu/lv/lw

Clark and Park transform: luvw_to_Idq()

Current control: PI_Id_current() & PI_Iq_current()
Inv(Park), Inv(Clark) and SVPWM: Vdq_to_SVPWM()
Update hall angle: info.i16_hall_angle

v

7
°g

7
e

3

o8

5

S

7 7
LCR X4

3

o8

7
£ X4
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Flow Chart of ECAP_INT(for FOC)

» ECAP INT for capturing hall sensor signals to update the
hall angle and rotor speed. ECAP T

ECAP interrupt which is triggered by
any edge change of Hall Sensor

handles hall angle update and rotor
speed estimation.

ECAP_INT
ECAP_IRQHandler

Read Hall Position
Check rotor direction: Check_Rotor_FW_RW_MO()

.

% Estimate rotor speed: HallSpeedEstimator()
% Re-load ECAP_CNT
% Set other.u8 operation_state = C OPEN_LOOP

®,
'

Capture counter overflow?

.
*

Check the condition to enter in CLOSE_LOOP state

According with Hall_Position to update the
info.il6_hall_angle

Estimate rotor speed: HallSpeedEstimator()
la

)

20
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Flow Chart of TMR1_INT (for CCAP Time Out)

TMR1_IRQ(CCAP TIME-OUT CHECK)

Time-Base Management:

e  Speed/lg/Vq control
( TMR1_INT > . User interface
TMR1_IRQHandler

. Error Detection

« Direct input Frequency =0 & \/—\

Direct input Period =0

Direct input pin =1

no

« Direct input Duty = 100%

®,

« Direct input Duty = 0%
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1000P
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> MELE - LU IEBEE  BEERIIeHECNBERT -
> FEUEE - B% 8 AEERDHall_U/Hall_V/Hall_W(5 LE) - 51
W RBEMF S Hal lSR2ER0BI 1 - LIS Hall Type - I T 5 7IE -

Hall Type 1
Hall Type O
360°
360° HALL STATE =
HALL STATE = (Hw Hv Hu) <1807

(Hw Hv Hu) 41800,
| A
A
Hall_x Hall_x

- AN N
BEMF_x \//\\ //\\//\ - / \/ \/ \/

> REBKEFRBEEHRREASRR EHENU/N/WERRE - 5
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Step 2. %IE RiC /MY Lﬁﬁ %ﬂ

> O UIEEERBEESIERT -

> W HEEH  STEEEEEE —E RS RE -

> R EBEIEA C MOTOR_POLE - (in  "system_parameter.h” )
> BHEIDemol FHiERSR -
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\

Step 3: IEAMSIEE

> EEVSPEFin < AR @system_parameter.h
> BAMEETHEAMSTIRRHBE@Tuning_Parameter.h K &%
£0 [ (B A A SE R A TG IE ) HERTER KRR )

< ARIUERE
Read CMD From VSP 1
Read_(MD_From Dirln_Freq ©

Read CMD_From DirIn Duty ©

VSPE R EERE m< ENNER R E

C_MIN_VSP_12b_ADC 600
C_VSP_SPEED_CMD_SLOPE ((CMX_SPEED_CHD_rpm - C_MIN_SPEED_CHD._rpm)*32768/ (C_MAX_VSP 125 ADC - C_MIN_VSP_12b ADC

C_MAX_SPEED_CMD_rpm
C_MIN_SPEED CMD rpm

#define C_VSP_SPEED_CMD_SLOPE
((C_MAX_SPEED_CMD_rpm - C_MIN_SPEED_CMD_rpm)*32768/(C_MAX_VSP_12b_ADC - C_MIN_VSP_12b_ADC))
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H X

/8 T =

-

il

Step 4:FF14E

\

>t

> KR RAAFEEZNIRG S EREREEPHES S
(C_lg_Kp/C_lg_Ki/C_ld_Ki/C_ld_Ki)

> B ER R B ELPIER a8 (C_SP_Kp/C_SP_Ki)
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