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motor_control_drive_param.h

PEm BT

/* internal clock or external crytal */
//#define INTERNAL CLOCK SOURCE

/* choose MOTOR _EVB BORRD version */
#define AT MOTOR EVB V2
//#define AT MOTOR EVB V1

/* mosfet low side complement (high side
#define COMPLEMENT

/* gate driver low side inverting logic
4define GATE DRIVER LOW SIDE INVERT

|/* choose sensor */

#define HALL SENSORS

//#define SENSORLESS

//#define BLDC_ SENSORLESS ADC
//#define BLDC_ SENSORLESS_ COMP

/* choose remove current-loop-control on
//#define WITHOUT CURRENT CTRL

/* choose low speed control or not */

#define LOW SPEED VOLT CTRL

o EREENEFTWH -

e Ak A P

\\\

TVISIE

BERER — T HK

) ( pwwmmmst ) [ B
V 1-shunt (\ FERA B TR
ik FERRMA | ( ) ( )
|
[ FEPWM | e PR B AT
% OFF | A [ ADC;%KEH{D‘E;EIJ]
E IR | EmEED |
. | {EEREBER A
mc_lib.h \ /

#define SIX STEP CONTROL
#define ONE_ SHUNT

/* include file */
#include <stdlib.h>

f***t******t************ Definition (DON'T EDIT)

WHER |
MARE

ERE R LMEN ‘
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motor_control_drive _param.h

%1‘”}2}?& Motor-related parameter)

/* Motor parameters */
#define RS LL

#define LS LL

#define POLE PRIRS
tdefine KE

#define NCMINAL CURERENT

/* angle detect duty */
#define ANGLE INIT DETECT DUTY
#define ANGLE INIT I DIFF

/* hall learn table */

1#if defined (SENSCRLESS)
HALL LEARN DIR
HALL LEARN L STR
Hrll LErF\ 1

HALL LEARN 3 STATE
HALL LEARN 4 STATE
HALL LEARN 5 STATE

ne HALL LEARN DIR

ne HALL LEARN 0 STATE
ne HALL LEARN 1 STATE
ne HALL LEARN 2 STATE
ine HALL LEARN 3 STATE
n
n
t

M

)]

[{ IS

M

e HALL LEARN 4 STATE
e HALL LEARN 5 STATE

= = G S Sk G Gk S e
( D-Q-Q-Q-Q-Q-Q-m
)

CL Fh Fhobh o Fh Eh D
I

[11]
= m

(1.89) /* Stator resistan
(0.002387) /* Stator inductan
(8/2)
(0.003437£L) /* Back EMF constai
(1.7)

((intl6_t) (0.15*ANGLE_INIT PERIOD))
((intlé_t) 500)

/* Polarity, 0 or 1 */
/* BH-CL */
/* BH-RL */
/* CH-RL */
/* CH-BL */
/* BH-BL */
/* BH-CL */

e s e e
W M oy o= = O
' e !

POLE_PAIRS : BBk %124

RS LL : ALk 32k EEHE

LS LL : ZRABAKISKEBERE
NOMINAL CURRENT : ZE B 7R
HALL LEARN DIR : E/REBZEI¥H

HALL LEARN X STATE : BRIREM I
PN
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motor_control_drive_param.h

IXTHax = 2K (Drive-related parameter)

® IRIZIXTH2E BB IR

123
124
125
126
127
128
129
130
131
132

/* basic */

fdefine VDC_RATED

fdefine BAT LOW_VOLT
fdefine V_SENSE_GAIN
fdefine MAX CURRENT
fdefine MIN_CURRENT
#define CURRENT SPAN SHIFT

( (doukle) 24.0)

( (doukle) 12.0)
(10.0£/(3.9£+180.0£+10.0£))
(35.0£)

(-MAX CURRENT)

(1)

{d=fins ADC REFERENCE VOLT

(3.30)

/* Clock */

133 [Hf#1f defined AT32F413xx

134
135
136
147
148
145
130
151

SYSTEM CORE CLOCE
felif defined AT32F421xx
fdefine SYSTEM CORE_CLOCK

Ffendif

fdefins TMR CLK

fdefine CHANGE PHASE TMR DIV
/* Dead-tims inserted */
fdefine DEADTIME CLE SFT_BITS

152 Hfd=fin= DEADTIME NS

137

/* Current */

158 H#if defined ONE SHUNT

139
160
161

fdefine ADC_DIGITAL SCALE 12BITS

(4053)

(120000000)

(SYSTEM CORE CLOCK)
(TMR_CLE/Z/1000000)

((tmr_clock division type)2)
{{uinth_t}BDm

tdefine R_SHUNT
fde=fine OP GRIN

(0.003£)

(39.0£/(1.0£+435.0£)*(1.0£4+5.1£))

fdefine CURR_OFFSET_ VOLT

N0

AT

S

(3.3£*(1L.0£/(1.0£+39.0£)*(1.0£+9.1£)))

/I?FE?Y Promotion Limited
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SEAXF - EHIFHEXSH

motor_control_drive_param.h
J{W%U#@ (Control-related parameter)

fdefine PWM FREQ (15000) J*1< Hz +/ 4 k
idefine MOTOR CONTROL MODE (motor control mode) (SPEED CTRL) i PR E 2|28 PIFRfRfE 28 1
f§define CTRL SOURCE {ctr]l source type) (CTRL SOURCE SOFTWARE : :
§define UI UART BAUDRATE _ (1500000UL) /*!< bit/s */ Speed T sKps + K sKp; + KIi |1
J* T-SAMDTE DRRAMETER */ _:_’Q_' T s s |
fdefine I_SAMP_MIN_TIME (180) /*1< nsec */ b |
fdefine I SAMP DELAY (1000} f*1< ngac */ 1 1
(7% SPEED */ : Speed :
§define SPEED FILTER TIMES (€) | :
§define SPD LP BANDWIDTH (300.0£) f* 24pitfreqg * 1 a 3 1
fdefine PH’H:IH:FILTER_TIHES (3) : : : %$)-IJ}§$E}$ PIEEJﬁEEﬁ%IJ%E:
§define SPD_CMD FILTER TIMES (5) : + K
/* SPEED PARAMETER */ : iy v 10 |
I 1
fdefine MIN_SPEED REM {10) : 1 s 1
fdefine MAX SPEED RFM (7200) f i< rpm */ 1 0 I :
fdefine MAX CCW_SPEED REM (7200) J41< rpm *f i :
fdefine ACC SPD SLOBE (5) /*1< rpm/ms ¥/ : !
fdefine DEC_SPD_SLOPE (5) : :
I p:i. parameter *f 1 .
fdefine PID_IS_KP_DEFUALT 6000 A e e e !
fdefine PID IS RI_DEFUALT 11300
fdefine PID IS EP DIV 1024
fdefine PID_IS_KEP_DIV_LOG LOG2 (PID_IS_KP_DIV) = /
e wos2 IS_Kp =PID_IS_KP_DEFUALT / PID_IS_KP_DIV
fdefine PID IS KI DIV LOG LOG2 (PID_IS_RI_DIV) |S K| — PlD |S K| DEFUALT/ P|D |S Kl DlV

1?FE?Y Promotion Limited



Mg E XEXMF - MBAENX

MNIETE X EE (mc_hwio.h)

PEHI2EMCU pin map

/* adec reading pin definition */

fdefins ADC CONVERTER &DCl

fdefine ADC_COMNVERTER_CRM CLK CRM ADC1 PERIPH CLOCE
fdefine ADC CONVERTER CRM CLE DIV CRM ADC DIV 8

fdefins ADC SHUNT_ SAMP READY TRQ ADC1 2 TRQHandler
fdefine ADC SHUNT SAMP READY IROn ADCl 2 IROn

fdefine ADC ORDINARY CH LEN 3

/* dmal chl for adc ordinary conversion */

fdefine ADC ORDINARY DMA CRM CLE CEM DMAl DERIPH CLOCE
fdefine ADC ORDINARY DMA CHANNEL DMZ1 CHAENNETL

fdefine ADC_ORDINARY DMA DMAL

fdefine ADC_ORDINARY DMA FLEX DMZ FLEXIBLE &ADCL
fdefine ADC ORDINARY DMA FLEX CH FLEX CHANNELL

fdefine CURR_PHASE A ADC CH ADC_CHANNEL 0O

fdefine CURR PHASE A ADC GPIC CRM CLE CRM GPICA PERTPH CLOCK
fdefine CURR PHASE A ADC PORT GPICH

fdefine CURR_PHASE A ADC GPIC_PIN GPIO_PINS_O

fdefine CURR PHASE B ADC CH ADC CHANNETL 1

fdefine CURR_PHASE B_ADC GPIC_CRM CLE CRM GPICOR PERIPH CLOCK
fdefine CURR PHASE B ADC PORT GPIOR

fdefine CURR PHASE B ADC GPIC PIN GPIC PINS 1

fdefine CURR_PHASE C_ADC CH ADC_CHANNEL 2

fdefine CURR PHASE C ADC GPIC CRM CLE CRM GPICA PERTPH CLOCK
fdefine CURR_PHASE C_ADC PORT GPICR

fdefine CURR_PHASE C_ADC GPIC_PIN GPIO_PINS_2

J’I?FE?Y Promot

Peripheral function AT32F421C8T6 AT32F413RCT7
VBAT 1 VBAT 1 VBAT
STATUS_LEDI1 2 PC13 2 PC13
STATUS_LED2 3 PCl14 3 PCl14
STATUS_LED3 4 PC15 4 PC15
ENCODER_A+ 18 TMRS_CHI1(PF4)
ENCODER_B+ 19 TMRS_CH2(PFES)
MODE_SW1 35 PF6 47 PF6
MODE_SW2 36 PE7 48 PF7
OSC_IN 5 OSC_IN 5 OSC_IN
OSC_OUT 6 OSC_OUT 6 OSC_OUT
RESET 7 NRST 7 NRST
SPEED_VR(F413) 8 ADCI12_IN10(PCO)
9 ADCI12_IN11(PC1)
10 ADCI12_IN12(PC2)
11 ADCI12_IN13(PC3)
VSSA 8 VSSA 12 VSSA
VDDA 9 VDDA 13 VDDA
CURR_FDBK1 10 ADC_INO(PAO) 14 ADC_INO(PAO)
CURR_FDBK?2 11 ADC_IN1(PA1) 15 ADC_INI1(PA1)
CURR_FDBK3 12 ADC_IN2(PA2) 16 ADC_IN2(PA2)
IBUS_FDBK 13 ADC _IN3(PA3) 17 ADC_IN3(PA3)
BEMFI1_LF 14 ADC_IN4(PA4) 20 ADC_IN4(PA4)
BEMF2_LF 15 ADC_IN5(PAS) 21 ADC_IN5(PAS)
BEMF3 LF 16 ADC_IN6(PA6) 22 ADC_IN6(PA6)
VBUS 17 ADC_IN7(PAT7) 23 ADC_IN7(PAT)
ENCODER_Z+ 24 PC4
25 ADC_IN15(PC5)
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1y
Im

E Artery Motor Monitor V2.1.18

x% GE BEAN,

| COM3T: ATLink-USART

v i)

AT32F421_ML V213

4R

=]

k_ )Ikll_.\ (read)

:'=/| ? I_

IR

{m | AY
frti *EEF?)H(%.C\ =% sxiEE EEa J:III.
ESC_STATE_SAFTY_READY | (Power board status [ Speed )
< na errar ) Bus Voltage measured 23.087 volt Maximum application speed 7200 rpm
S:Z:zgiﬁ;:gﬁ_;r Mos temperature measured 20 °C Minimum application speed 10 rpm
over temperature error Speed measured o qFiw
owver current error
encoder error
hall errar q
parameter identify error Diagram parameter setting
hall learn error
startup error Current ‘ Bus Voltage measured ~ ‘
%ﬂ: Jk Maximum Current  34.992 A User defined A o
e ) Minimum Current  -34.892 A )
AN IR E
_ R ETE
=]
s EEhHE LEEE A
|| EmEi || mrsd || | == |
|EETFT
S
SiE80n gl%’lj(:uﬁ@ B}% Target speed
=0E EAVT—I ﬁ Speed reference 0 rpm = ?ﬁ *T
U 1
BiDc-hal TR 22T\ (read)
T=] = 1 21:09:47 Load ok ()
[ricomel  PEBUES, | [278s R R A IS
Y[RRY
o 2 21:09:47 SetREG8 =50k i
O | 3 21:09:45 Exec Stop Motor...ok
| seiiviz e eeriiel v = 4 21:06:25 Load ok .

W Monitor

0r

5r

M) N SRS SK A i

20r

BusVoltage measured(olt)
e
]

User defined AQ
IS
T

1 1
8098000 899000 901000

92 9@ 68 OB

|
898000

| |
899000 901000

Ak OB we

126786
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an P 51T E A FTITIRE - AR

E Artery Motor Monitor V2.1.18

— O * 8
== s
= B2 =3 EIRREZME
= ATL A
." ‘COM37. ATLink-USART v ‘ ‘ 25 ‘ NV éE ’ 1 r Y |
L1 1]
AT32F421_ML V213 [[] - E a 2
o .
7T BERS 2z sxmz ssemm o 2 1
|ESC_STATE_SAI——I'\"_READY I Open Loop Control J:FI$*IH§IJ = ﬁ Speed Voltage Controller(Without Current control loop) @ ar
| no error ) OpenLoop initial valtage  0.728 v Speed Voltage KP 3000 %
over voltage error OpenLoop initial speed 100 rpm Speed Voltage Kl 100
Hneervetage sl OpenlLoop increase valt  0.004 W Speed Voltage KP DIV 1024 2
over temperature error
OWer current error OpenLoop final speed 350 rpm Speed Voltage KIDIV 1024
encoder error OpenLoop times 90
hall error 0 i i i
parameter identify errar

|
901000

hall learn errar

898000 899000 900000
startup error | OpenLooptimes =5 r =
-------------------------------- SR QR EEDE - BOPCEE -
%ﬂ;i%;lkic Increase volt
=] 7.3 e [ '

(\)aBexon

=
=

L .
[ || ween ] | oot [ — = % ui wave param.user define a = (intl6 t)hall.state]
Exmeil fE el : ] : i

p— Initial speed Final speed 99 ui wave param.user define b = (intlé t)rotor speed.val;

Speed(rpm)
__ﬁﬁﬁﬂ:ﬁ ﬁin)lﬁ?&ﬁglz% o -
gaj iy ERE A BITH AR B EIEE SR
=T e | o cedok | EERSIER ’ user_define_a / user_define_b
i — = 20;44;28 Exec Stop Motor...o kWi I-I
|0Pe" Loop control "I [ = 20:39:58 SetREG 10 = 0 ok ‘ . @E"I-HZJ:TM*}-LEPXJ"'g
PEHE T

: y S S | mc_isr.c
= E&hi{E1EE i

B oo =

/l?FE?Y Promotion Limited




an PE5F EAR RS TIRIF -BEEII6E

El Artery Motor Maonitor W2.1.18 — O >
X IBE B
5 i A ]
|COM3?_ ATLink-USART v| | =S5 | NV B -1 ? I_ ?Y
mme.
AT32F421_ML_V2.1.3 -] o
DR R s \og@
e BEERE =x  omAm  SEEOE s “ZEEHIR
H ESC_STATE_SAFTY_READY I Hall phase sequence self-learning /N ¥ g ( Winding parameter Identification )
-
- no error h HALL_LEARM_PROCESS_STATE PROCESS_0_LOCK Identified process state EFIZT
over voltage error HALL_LEARM_DIR o RS_LL 1.89 9]
under voltage error
over temperature error HALL LEARPM_O_STATE 1 LS LL 0.002387 [+
owver current error HALL LEARM_1_STATE o
neoder eror HALL_LEARM_2_STATE 4
hall errar
parameter identify error HALL_LEARM_3_STATE & Al sEE e m ki
~
hall learn errar HALL_LEARM_4_STATE 2 \ J
startup error (
P HALL_LEARM_S_STATE 3 Auto-tune Pl parameter of Current controller
Torque KP S000
o0y P
HIRIRE ) Torque K 11300 BRIA
e
— }E'EjJ/f.E-"]J:EE*}'L Torque KP DIV 1024 P|;§§&§¥E
BT = o < > Torque KI DIV 22768
I | s | | s | I
| ZrEESeS I sEPIEmEET
mEETT ~ g
N AY
[ =eme FESKSERE  Tergespecd
| | =2RE ||EA|‘/TJ7¥ Speed reference 0O rpm
1
sloc-hall  FZEHIEIIC (read)
= = 1 21:09:47 Load ok i M AN >
Spesd conrel_ PERVBR, 7] [smes ERRBIER
= 2 21:09:47 Set REG 8 = 5 ok
| L | 3 21:09:45 Exec Stop Motor...ok
software control ~ =k 4 21:08:25 Load ok
FEHIKIR
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1% 7E B AV =

+ FFIXSMOSFETEENAEIIEIAER » #IZNIKRE B/ ENF =

« = lll_SAMP_DELAYSI|_SAMP_MIN_TIMERYg]

H 1.00us

Measure

L LS L AR S R S S S . 133, BT 3 508,

A

11 i

SampleDelay | |.SAMP_MIN_TIME(nsec)

- s YIS 5, CH1:Vu
""°’°° . CH2:Current sensing signal
e -ttt | | ;_,.:-a"‘:ﬁ‘ , é"f;'_u._ & )1 =100V B a 0.0mv B)

MEVFEER B 8] £ = FE SR A SR B (8] &R 2



P 5T H A FTITIRE - BRI SAKIHE

E Artery Motor Monitor V2.1.18 — O b 1 Manitar _ ] X
ESR . s
- ATL A
.* ‘COM37. ATLink-USART v‘ ‘ 2 ‘ M éE , 1 ? I_ ?Y
ams
AT32F421_MLV2.1.3 D s
= S
s *Eg)lkl&\ EFx PHEE BSETDE EE, IK],I_J D[‘]}T_‘Z:&ﬂﬁiﬁj”’\'g
|ESC_STATE_SAFI’Y_READY I Unit step config 1Q Current control VI XTI m
' no error Y Current Tune target current  0.500 A Torgue KP a000 Eg,:tjﬂ'“fﬁljgﬁ ik ip
over valtage errar Current Tune total period 50 ms Torque Kl 11300 ATz
Hneervetage sl Current Tune step periad 5 ms Torque KPDIV 1024 PI %&
over temperature error
owver current error Torque KIDIV 32768
der errar I Y P
sriode e LTRGBS

parameter identify errar
hall learn errar

startup error Speed Voltage Controller(Without Current contral loop) sk {05
Speed Voltage KP 3000
%&i%’lk%.c\ Speed Voltage KI 100

Speed Voltage KP DIV 1024
Speed Voltage KIDIV 1024

Tarquelcurrent) reference (I q)(#)

N )

o

=% Esh{E1EEBH
| =i i || ‘ 0

BEEMFT

o= Jmmmomn
o l=nne
ETEE

19:53:52 Load ok 1%5 '{k =

S Al lu\lai

soc-hatl  FEHIEYT (read) :3:2?3 EEt:Eie':hk o e 160 7000 50 o
:56: oad o

1Q Tune e B 19:56:11 Get Board Information ok Ql.% [ R ~ W

— I CYE1-SE BN OR =— B DR 8w

o o =

(b)) peunsesw Gusunoienbao |
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P 5T H A FTITIRE - BRI SAKIHE

E Artery Motor Monitor V2.1.18 — O b 1 Manitar _ ] X
ESR . s
- ATL A
.* ‘COM37. ATLink-USART v‘ ‘ 2 ‘ M éE , 1 ? I_ ?Y
ams
AT32F421_MLV2.1.3 D s
= S
s *Eg)lkl&\ EFx PHEE BSETDE EE, IK],I_J D[‘]}T_‘Z:&ﬂﬁiﬁj”’\'g
|ESC_STATE_SAFI’Y_READY I Unit step config 1Q Current control VI XTI m
' no error Y Current Tune target current  0.500 A Torgue KP a000 Eg,:tjﬂ'“fﬁljgﬁ ik ip
over valtage errar Current Tune total period 50 ms Torque Kl 11300 ATz
Hneervetage sl Current Tune step periad 5 ms Torque KPDIV 1024 PI %&
over temperature error
owver current error Torque KIDIV 32768
der errar I Y P
sriode e LTRGBS

parameter identify errar
hall learn errar

startup error Speed Voltage Controller(Without Current contral loop) sk {05
Speed Voltage KP 3000
%&i%’lk%.c\ Speed Voltage KI 100

Speed Voltage KP DIV 1024
Speed Voltage KIDIV 1024

Tarquelcurrent) reference (I q)(#)

N )

o

=% Esh{E1EEBH
| =i i || ‘ 0

BEEMFT

o= Jmmmomn
o l=nne
ETEE

19:53:52 Load ok 1%5 '{k =

S Al lu\lai

soc-hatl  FEHIEYT (read) :3:2?3 EEt:Eie':hk o e 160 7000 50 o
:56: oad o

1Q Tune e B 19:56:11 Get Board Information ok Ql.% [ R ~ W

— I CYE1-SE BN OR =— B DR 8w

o o =

(b)) peunsesw Gusunoienbao |
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)k I:L_. b 4 b~ 4 = o s
E] Artery Matar Manitor V2.1.18 - O ot W Monitor - X
‘X_'I*F RE #& 3000 - 8000
.* ‘COMS?: ATLink-USART v‘ ‘ 25 % 1 ? I_ ?Y
L]
L1 1]
AT32F421_MLV2.1.3 re SR < ST SR atIlA
EERA ] R E IR &N N R A2 S BT i
77 ZIFINS 55 exmm  ameae
IESC_STATE_SAFI'Y_READY I (Speed control(With current contral loop) ) (Speed Voltage Contraller(Without Current contral loop)
- no error Speed KP 1000 Speed Voltage KP 3000 6000 | 4 6000
over voltage error Speed Kl 20 Speed Voltage Kl 100
under valtage errar
aver temperature errar Speed KP DIV 4096 Speed Voltage KP DIV 1024
owver current errar Speed KI DIV 32768 Speed Voltage KIDIV 1024
encoder error Speed lerati 5
hall error peed acceleration rpm/ms
parameter identify errar Speed deceleration 5 rpm/ms

hall learn errar

startup error
BHERIEE ] T HE IR R
EELCS PIBE PIZE

. J/

&% EhH{Z LB
|| Emai || mred ||

BEEMFT
=gk EIRINTS AR IR | Torget speed
=RE Ellﬂﬁ Speed reference 0 rpm - E *,‘J_‘ ‘
. BLDC - hall E’E%IJEEEK’, (read)'
= FE= .| |lsse= 1 20:10:09 Load ok = .

| Speed Control PEHIE T I 5 201008 CtREGE <5 ok 1%5@]’”(:1_,\15%

AR i | 3 20:10:05 Load ok
||soﬂware contral % I =B 4 20:10:05 SetREG 8 = 4 ok v

EHIRT

Speed reference(P L) (rpm)

2000 -

325()()0

LEFE BE OF - - B0 OGE lw

350000 8750()0 925000

(widnin)psinseaw pasds

42000

145065
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2711 AN
ZRep D=

o EFEFIRIEFENBBREIZES - SW1-10)1gE R[]
e T, {Emotor_control_drive_param.h3k3{4H7E X’ CTRL_SOURCE’

] Artery Mator Monitor V2.1.18

we BE ED

COM3T: ATLink-USART v 27 W N
4
B -

AT32F421_ML_V2.1.3 F
s 5% pmAEZ  smTma O-
‘ESC,STATESAFW,READV Power board status Speed O :
Bus Voltage measured 23102 wolt Maximum application speed 7200 rom ] REREIREE]
Mos temperature measured 19 E Minimum application speed 10 pm >
Speed measured 0 om -

.
n:
D te i
agram parameter setting P
Current Speed reference(PL) - '
Maximum Current  34.992 A Speed reforence(®U) - (23 3
Minimurn Current  -34992 A %,
QM.
e Doy
g 'O;
Ex=il il o
F=E m
o
~ —
Target speed —
o |~
=Rz Speed reference 0 pm
START/STOP
‘ELD(V hall |
tm MU\‘F“MM
Speed Control .| =rmaz 1 22:33:20 Exec Stop Motor...ok =) -u'u'u'u'u'uu-u_)b
— 2 22:30:00 SetREGS =10k
ERE EE 3 22:29:35 SetREG 9 = 10k
software control v| =

software contr.u\
AR SR
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