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S - BHEZESIAZZC (FOC)

motor_control_drive_param.h

EREL o BERTVELETE 5 ERENIZEIARS

A% gate driwver low =side inwvercing 1

E
#define GATE_ DRIVER_LOW_SIDE_ INVERT 4 l

#define FOC CONTROL leﬁl-}j EE*)'L — FOC
|#:1ef-'_:~_e THREE_SHUNT |
i - T W O

S Edefine ONE SHUNT

BRF BRI

#ifdef TWO SHUNT
U WV SHUNT A

"/ #deLine U _W_SHUNT . .

Fendi £ .\l S'Shunt ﬁlm\ ) ( '\/ %EE.Z )

EFodefine SENSORLESS I 2-shunt

£2iFf defined THREE SHONT || defimed I 1-shunt

#define CURRENT LP FILTER o J TR

#2=1iF defined ONE_SHUNT 4o 34 FY _ ) =5

#endif CrEEETReE e - YmhoEE ] [ BIRferas PSRad =L
Ly =Fm|

23 fodef SENSORILESS
Fdefine OPENLOOEPR STARTUOPR

/

FA#Edefine ALIGHN AMD GO STARTUOPR

FA#EAefine INIT ANGLE STARTUOP .

#endif =] x {ESREEEIR E-Bike
=565 w565

#ifdef SENSORLESS

#Fdefine VOLT SENSE a

Fendi £
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motor_control_drive _param.h

BB EEN (Motor-related parameter)

j-k:'::'::'::':-.':-.':-.i.—:':*t*******ttt******t*t*** Motor-related pan

#define POLE PAIRS (8/2)
#define RS _LL (1.89€)
#define LS LL (0.0023871%)
#define LD LQ RATIO (1.0£f)
$#define KE (0.0034375)
#define NOMINAL CURRENT (1.7%)

/**%* Quadrature encoder **%/

#define ENCODER_PPR (1000)
#define ENC_IDX_ COUNT (11)
#define ENC_STALL TIME (1000)

/* hall learn table */

#define HALL_ LEARN DIR (0)
#define HALL LEARN 0 STATE (1)
#define HALL LEARN 1 STATE (5)
#define HALL LEARN 2 STATE (4)
#define HALL LEARN 3 STATE (&)
#define HALL LEARN 4 STATE (2)
#define HALL LEARN 5 STATE (3)

® POLE_PAIRS : BEAR AT
® RS LL : SALLMLLEEPEE
® LS LL : SARMLEERE
® NOMINAL CURRENT : ZAE B
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motor_control_drive_param.h

IXTHE8 S 2K (Drive-related parameter) o EIEIXcHZSEERE @ IREM KBRS

#define VDC_RATED (24.01)
#define BAT LOW VOLT (12.0£f) J*l'< minimum allowable b4
#define V SENSE GATN (10/(3.9f+180+10))) // 0.05157 C86 || 100pF
#define ADC REFERENCE VOLT (3.30) 1
#define ADC DIGITAL SCALE 12BITS (4095.0%) R144 16k
/* Clock */ [ II rl ]
#1f defined AT32F413xx MOS
SYSTEM CORE_CLOCK (200000000) Ui2.2
#elif defined AT32F421xx | R147 1k
#define SYSTEM CORE_CLOCK (120000000) PGNDll 1 ¢ i _\l\
frendif | R1Imlk 7 'CURR AMP1
VSHUNT 1 — 5
#define TMR CLK (SYSTEM_CORE_CLOCK) //system core_clock ¢ L * +/]/
#define DEADTIME CLK SFT BITS ((tmr_clock division type) 2) . R145 33k
$define DEADTIME NS ((uintlé_t)300) /* in nsec; check the MOS | [} GSB634-TR
3 _ i g RG6 OP_VDD { | 9
#define MIN INTERVAL TIME (2500) /* ns; pwm shift time for one shunt 1-R002 |
#define ADC TRIG DELAY TIME (0.0) /* us; adc trigger delay time for gg BVT 1 _C87
/* Current */ s
#define MAX CURRENT (5.0f) 1U{]pF
#define MIN CURRENT (-MAX_CURRENT)
#define DC_MAX CURRENT (10.01f) — —t
#define CURRENT SPAN SHIFT ((uints_t) 1) ) -
#1fdef ONE_SHUNT PGND DGND
R_SHUNT (0.005f)
OP_GAIN (39.05/(1+39)*(1+9.1/1))
CURR_OFFSET_VOLT (ADC_REFERENCE VOLT* (1.0f/ (1+39) * (1+9.1£/1)))
felse
fdetine R _SHUNT (0.002f) 3—Shunt/
#define OP_GAIN (33.0£/(1433) *(L+16/1))
fdefine CURR OFFSET VOLT (ADC_ REFERENCE VOLT* (1.0f/(1+33)*(1+1&/1)) ;Q WL N Lr
2-shunt=#uzE

:"1 ?r ? 34
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motor_control_drive_param.h
EE%'J%?& (Control-related parameter) v

/* SPEED */

#define SPEED LOOP_FREQ (1000) /% Hz =/

#defins MARX SPEED_RFM (6000)

I#define MIN CONTROL SPEED (200}

#define ACC_SPD SLOPE [5) S* (rpm/ms) */F

#define DEC SPD SLOPE (5) Y ds —5g

—ig = i
dt i, ™

f* State observer parameter */

#define CBS GAIN1 (20000} _

#define OBS GAINZ (-20000) > W

7% DLL gains */

#define PLL_KEP GAIN [3000)

#define PLL_KEI GAIN (5}

#dsfine PLL_KP_GAIN DIV (32768)

#defins PLL_KP_GAIN DIV_LOG (LOG2 (PLL_KP_GAIN_DIV)) \

#define PLL KI GAIN DIV (32768)

#define PLL KI GAIN DIV LOG (LOGZ (PLL_KI GAIN DIV)) |
* start—-up parameter *; :
fdefine STARTUFP CURRENT (O0.5E) f* n =f |
* Open loop startup */

kdefine STARTUFP MAX SPD (400) f*% rpm */ | I
kdefine STARTUP OL SLOPE (500) f% orpmfs %S | I
# Fimed alpha-axis startup =/ !

fdefine STARTUP ALTIGN TIME [(1000) F* ms *f : |
kdefinse STARTUP START TIME (10} S% oms S | !
* hngle init paramsetcer *, I

Lk j=fine DETECT PULSE WIDTH (z0.0f) /* us; range [1l...l1lo0000]] */ : PR I

| A !

# Detect the startup error parameter *,/ I > COSQ :
fdefine DETECT DELAY TIME (500) /* msec; A startup dqrror is L —________ Q-FL
tdefine DETECT REVERSE SPEED (10 f* rpm; A startup efror is t

tdefine DETECT MAX SPEED tH.iX SPEED EPM*1.5 startup

/I?FE?Y Promotion Limited
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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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| COMYT : ATLink-USART
TRAGNZZBEILTE

« REVIRFEE
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AT32F421_ML V2.1.3

- BERE  as cnen  omewe GEARSHLE

N

ESC_STATE_SAFTY_READY

Open loop control

(Sensor-less observer+PLL

no error
over voltage error

Open Loop Voltage 0.000 A"
Open Loop Angle Increments O

Observer C1 20000
Observer C2  -20000

RN AR
H1(8

BN RAEE | oo -

- HEIN—SAESEE | S EFASHRE oo e

hall learn errar

PLL KP 3000

_ N startup error Start up
L 'fﬁ /k l%_ i E % ,:_t 5— % lrg Startup Start Current 0.499 A
Ei%)lﬁ,%& Startup Max. Speed 400 rpm
Startup Open Loop Slope 800 rpmy's

BEIEE - FFHIEE ’
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ZEFIER (read

|SPMSM - sensorless (Open Loop)

10:32:20 Exec Stop Motor...ok

‘OPen Loop control ~ b= 10:31:45 Load ok »
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it
WP =

PEEIES,

1?FE?Y Promotion Limited



an PE5F EAR RS TIRIF -BEEII6E

E Artery Motor Monitor V2.1.18
X IRE #FE

- A
COMT : ATLink-USART ~ | £=H fw é,: -1 ? r ?Y
L L 1}
AT32FA21_ML_W2.1.3 B mIR ] =
2 S
. = oo =
s EFRE =x pmAm SZTmE SESHR5! PIEMBEEE
ESC_STATE_SAFTY_READY (Winding parameter |dentification N\ (( Auto-tune Pl parameter of Current controller )
-~ no error Identified process state  BIFIET Torque KP 7500
owver voltage error RS_LL 1.89 (9] Torque Kl 000
under voltage error LS_LL 0002387 H Torque KP DIV 512
owver temperature error
owver current error Torque Kl DIV 8192
E‘ﬂCDdE‘I' error
hall errar
parameter identify error
hall learn errar
startup error
Ry = N
HRIRS
= Ean/i= LB | SiEEsmRR e sEPIsmEET
= S J\ y,
Ezhes4l = 1EEsHl
|EIETT
= ﬁ Ay == | AY
| =s=e || SHRIRSERR
AS
[] =mE | BEARE ; a0 S P .
— N : o3 o
| ETHE o 1%55']"*/&\15%
FCI%IJEAZ_E% (read) SPMSM - sensorless (Open Loop) 2 11:14:40 Set REG 8 = 0 ok
3 10:32:20 Exec Staop Motor...ok
Open Loop control T2 MIIRT R 4 10:31:45 Load ok
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O \
s *Eg)lk?& Ef SHEE E=ENE EE“tfﬁﬂ%UF]E‘Z:&H’;TET”"'E
I G L < HY
ESC_STATE_SAFTY_READY Unit step config \D Current control /1L = / M m
- no error = Current Tune target current  0.999 A Flux KP 7500 1 11
over valtage errar Current Tune total period 100 ms Flux KI 6000
;:eli:r:pZ?aij:;rror Current Tune step period 2 ms FluxKP DIV 512

over current error A IEAA FluxKI DIV 8192
SHMEBERMSEH

encoder error

hall error dEE EE%E%U%%M %%&

parameter identify error
hall learn errar

startup error

RS

05 105

Fluxicurrent) reference (1d) A

\- v

= ErhiEIE Bl AN

” =il . H 0 YA SAY Y

p—

BEEMT

RIS
_I EAI\K—I@E{# %(read )

11:20:25 Load ok 1?5@&?5.18% l
| SPMSM - sensarless (Open Loop) I

112025 SetREGE =20k 03 942‘000 942:1)25 942‘050 942I075 942‘100 942I125
11:14:40 Load ok
e o[ OB = B 008 &
~ - U R (B Ly w
PEEER A7 IS e oy Y

Beow pa =

G (P ) paansesw (Jusnns)=n|4
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E Artery Motor Monitor V2.1.18
X IRE #FE

ZEHRIR

-* |COMT-’ - ATLink-USART - | | e FAYAYS e 1 I_ Y
u
mme.
AT32F421_ML V213 [-] - E E
=1 S
h%es EERE Ex sHAE S=Ena
”ESC—STATE—SAFW—READV I‘ (Start up N\( 1Q Current contral
-/ no arror ) Startup Start Current 0.499 A Torque KP 700
owver valtage error
under voltage srror Startup Max. Speed 400 rpm Torque Kli 000
owver temperature error Startup Open Loop Slope 800 rpmy's Torque KP DIV 512
owver current error Torque KI DIV | 8192
encader errar i == A
hall error ;:F $IF9&1¥E E EEJ:t *Wﬁ%u @\J‘LF‘H
parameter identify error q ﬁ /}II,Pl T = X E
halllearm error Sensor-less observer+PLL
startup error L
Observer C1 |2 f ID Current control
H 0y A Observer C2  -20000
BIRIRE Flux KP 7500
J| | [Preke 3000 diH B RPHERISHIS E
EEhEIE A Pk s FRE MR BEOEE TR —
. e N =
i =8l 5 L (20 550 32768 Flux KP DIV 512
l | Ea=4l | | =1l || PLLKI DI 32768 Fluxkl DIV - 8182
EIETT \ J
| TRy =RV LY
| =D | E'L*)Ik?&ﬁl},% Torque control d_qt‘:m %ﬁﬁj\%
| | 2= "E)\mﬁ Torque(current) reference (Iq) 0.000 A
8 Flux(current) reference (Id) 0.000 A
SPWMISM - sensarless (Open Loop)
I N
Toraue convol_PERIER I Load ok S A E
2 11:21:39 Set REG 8 = 4 ok
= Lz 3 11:20:25 Load ok
‘mﬂ""a’eco"'"o' i =k 4 11:20:25 Set REG 8 = 2 ok
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E Artery Motor Monitor V2.1.18

PRI

— O *
X IRE #FE
|COMT—‘ - ATLink-USART v| | L2 MV EE
--:
AT3I2R421_ML_V2.1.3 e
2 S
= *EE}%’U(:&\ . = Sl
i =x omE=  SmEma EEPWE%U’?&WE
”ESC—STATE—SA _READY I‘ (Start up Speed control(With current control loop) )
</ noD error ) Startup Start Current 0.499 A Speed KP 2000
owver voltage error
under voltage error Startup Max. Speed 400 rpm Speed Kl 50
ower temperature error Startup Open Loop Slope 800 rpmys Speed KP DIV 4096
ower current error Speed KI DIV 32768
R S
::;:IC;_‘I?FEI et ;:Fi$ I F%&-LRE Speed acceleration 5 rem,/ms
parameter identify error Speed deceleration 5 rem,/ms
hall learn error Sensor-less observer+PLL
startup error
Observer C1 20000 Flux weakening tuning
ﬁi?&’lﬁjc Observer C2 | -20000 Mazx. Flux weakening Current  0.499 A
N
= = ) PLL KP 3000 Flux weakening KP 10
PLL KI 5 Ay — ] -
== BB PLLKPDIV 32768 TRENBRSLILTE Fios veombening K e
Flux weakening KP DIV 2048
l | Ezhesil | | F sS4l || PLL KI DIV 3=ves Flux weakening KI DIV 32768
mBRERTT N s\
S
= TR P GRS IS E
[ =iEsE EEIRIRS BRI Target speed d-gH RS -
| | == ||E)\|/q§ Speed reference O rpm
SPMISM - sensarless (Open Loap) I <
=] = 1 11:28:48 Load ok €2
Speed Control  FEHIFR T ~| | =TEE ease fgtfﬂu)'k/u\ 15%
2 11:28:48 SetREG 8 = 5 ok
- = 3 11:21:39 Load ok
‘mﬂ"‘-‘a'em""'o' i = 4 11:21:39 Set REG 8 = 4 ok g
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EEHIRIER AN EREBIEZES » sifEmotor_control_drive_param.hkX&H7E
Y’CTRL_SOURCE’Y’ CTRL_SOURCE_EXTERNAL’

» IRERR BB R - &E%E200 rpm

E] Artery Mator Monitor V2.1.18 - O X
Xt RE Bm
COMY7 - ATLink-USART v 25 W +
umi
AT32F421_MLV2.13 ] - 4
kil Ex  omEm  SmEDE =
‘ESC_ST‘\TE_SAFW.READV Power board status Speed =
n Bus Voltage measured 23271 wolt Maximum application speed 6000 rpm
f Mos temperature measured 21 °C Minimurm application speed 200 om
Speed measured 0 rpm
oSy TR
.
Diagram parameter sstting
Current Observer BEMF alpha v | = AT32-Motor-Sub
Maximurn Cument 4,992 A e ——— . | [on [ron [ree [m1] 7 4F413 WIF415 WF425 .
Minimum Current  -4999 A vio 2023/08/30
(=3
Target speed
=n= Speed reference 0 pm
START /STOP 3 om o i S SEEN
‘SPMSM-sensnr\ess(DpenLnup] | — T ot e =y ol pmme
- S EhHME LEEB A 1§ DB < POTIY § 3 L
Speed Control «| sme= =] T hor K ouy V) SUSCRCRURC RO J ! LIS H 3
#5EF =3 . )
- “\
external voltage control v| Y y
L
software cantrol
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