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2 HIEHER
2.1  TEHFBEEE

i SLUE A BRI H 32 2 HE PMSM(BLDC)HIAL. AT-Link 558 =77 0 T 808 LA S —Hep LT R 45

i AT-MOTOR-EVB, HHEHAC & 7 275 UMOO11 1% T FALEZ il T AAR A T 5 M

®m  PMSM(BLDC)HiHL: JK42BLS01-X056ED

E 1. Bl JK42BLS01-X056ED

R 1. BISHR
B JK42BLS01-X056ED
SEL 8
BIE L DC 24V
BIE ek 4000 RPM
BIE e 0.0716 N.m.
THA 0.3 Amps
i Th % 30w
2] FLRE 1.8Q
TR 6800 RPM
S HL B A 4.36 V/Krpm
LR L 0.042 N.m/A
G ds R 1000 P/R
AL 1] Class B
SRPE R 7 3 =H

B R

B BRI AR AT-MOTOR-EVB V1.x 8t V2.x it (iE#E DL NE—41i AT32F413RCT7.

AT32F421C8T7. AT32F403ARCT7. AT32F415RCT7. AT32F423RCT7)
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& 2. EHLFF R AT-MOTOR-EVB V1.x

SECNGRONCRCKC,

N\l

o) &%}wm f //

AT32 MCU #1R, LIBYS AT32F413RCT7 Al

USB type B # RS-232 411, £ USB %4 A\ PC. FI TRl sEp L S i fs H
FLRA NS CNT 2 24 (R HLE

UK A e 1 CNS UVW 20l 2 NHIAL = AEEI N3G 2%, JE 4k

AT_Link 8% Jlink #2 0 T30~ %

R RRERAE T I U IR AR R R AR K IR AR R N

Bk£k % E: JP2 CLOSED. JP3. JP4. JP5. JP6 OPEN
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& 3. N R AT-MOTOR-EVB V2.x
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AT32 MCU #%1%, AR5 AT32F413RCT7 K

AT_Link 2 0 AT 0 F #8000 0% UL S L S 508

HEL A NTE O CNT $22 24 (R

IXZf a1 CN4 UVW 203 N AL = AREI N TG 4. 154k
Jlink # 0H T- K 4%

FERARIRAR I I3 K I HLE IR AL AR AR IR R
Bk E: JP2 CLOSED. JP3. JP4. JP5. JP6 OPEN

22  BENSEHEE

1) DL AT32F413 R, JF)a T4 yuf] T AT32F413_MC_Library_Project\motor_evb_2v0
\at32f413\pmsm_foc_hall_sensor_E-Bike-Scooter(7F[1])

2) AN PC #4F ArteryMotorMonitor.exe (AMATE 2%, R HZBIT AT HATREF) .

3) AT32IDE (WL E 75 RHE %~ AT32 MCU 1IN R MBS Id SCPF, a2k 2,
AT32F413RCT7 HINAFA7iER/N 256 K 7711, W3 IROM1 Fitiafr By 08000000, K/
4 0x3F800, H: IROM2 fEedhifi & iy 0x803F800, K/)Jy 0x320, IROM3 HyAL a4 B A
0x803FB20, K/)Jy OX4EOQ, AT32F413RCT7 (& Su it 4 Fis .

R 2. MENFFMERZ ROM ELER

QOO

Flash size 1024K 512K 256K
IROM1(adress) 0x8000000 0x8000000 0x8000000
IROM1(size) O0xFF800 0x7F800 0x3F800
IROM2(adress) 0x80FF800 0x807F800 0x803F800
IROM2(size) 0x320 0x320 0x320
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IROM3(adress) 0x80FFB20 0x807FB20 0x803FB20
IROM3(size) 0x4E0 0x4E0 Ox4E0

Flash size 128K 64K 32K 16K
IROM1(adress) 0x8000000 0x8000000 0x8000000 0x8000000
IROM1(size) 0x1FCO00 0x0FCO00 0x07C00 0x03C00
IROM2(adress) 0x801FCO00 0x800FCO00 0x8007C00 0x8003C00
IROM2(size) 0x320 0x320 0x320 0x320
IROM3(adress) 0x801FF20 0x800FF20 0x8007F20 0x8003F20
IROM3(size) OxEO OxEO OxEO OxEO

] WP T A HF T # & keil complier version 5 LI& O0 (L1t 77 451%, 151E/H keil complier
version 6 ZG{L 1L O1 1745 i%. 16/ keil v5.33 I, 15 AT32 BSP JifG A% #F V6.15 4iiF#E, &1/
keil complier version 5 Jik K LIK O1 (L1 ZE 179 1o

/& 4. AT32F413RCT7 2 ROM K& (AT32IDE)

=] AT32F413xC_FLASH.Id X

31 /* Specify the memory areas */

32 MEMORY
34 FLASH (rx) : ORIGIN = @x@3000000, |LENGTH = 8x3F800 |
35[MC_DATAL (r) : ORIGIN = ©x@803F800, LENGTH = ©x320
36|MC_DATA2 (r) : ORIGIN = @x@803FB20, LENGTH = @x4£Q

37 RAM (xrw) : ORIGIN = @x20000008, LENGTH = 32K

e

40 /* Define output sections */

41 SECTIONS

42{

43 /* The startup code goes first into FLASH */
44 .isr_vector :
{
. = ALIGN(4);
7 KEEP(*(.isr_vector)) /* Startup code */
. = ALIGN(4);
} >FLASH

4
(Y

1| .mc_datal :

{
. = ALIGN(4);
. = ORIGIN(MC_DATA1);
_MC_VectStoreAddrl = .;
*(.MC_VectStoreAddrl);
. = ALIGN(4);

} >MC_DATA1

N

W ob W

N Oy

oowviuviuvuvuuuunmumunds b d >
® O 0 i g )

® O ™

.mc_data2 :

. = ALIGN(4);

. = ORIGIN(MC_DATA2);
_MC_VectStoreAddr2 = .;
*(.MC_VectStoreAddr2);
66 . = ALIGN(4);

67| } >MC_DATA2

W N

69 /* The program code and other data goes into FLASH */

70 .text :

O

72 . = ALIGN(4);

73 *(.text) /* .text sections (code) */
74 *{text") /* .text* sections (code) */
75 *(.glue_7) /* glue arm to thumb code */
7 *(.glue_7t) /* glue thumb to arm code */

77 *(.eh_frame)
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3

PMSM HATEE S 1 A

K5 N HLE XSG MWK, W B EXHEP &S XHZEBRR, Hh
motor_control_drive_param.h Sk 3CAHR LA & BAT A AL, B EHRS . 36
w245, VLI me_hwio.h SkSCHFRTHRYE MCU #hix 5 # il BRE 25 3 IRt R OC &R, E MCU bk
MY 2% . MKW i e 2 % T mc_foc_globals.h (mc_bldc_globals.h) # & 5 , F
mc_foc_globals.c(mc_bldc_globals.c)H (1) & £ is & AR EWIME, FeftmLZEREEH . fi7E MCU 4%
FRIES Sy W me_hwio.c SCAFATHH AN WAL 13 2 -

B 5. RALESESHHAE

2024.02.27

mc_hwio.h mc_lib.h motor_control_drive_param.h

1/0 mapping Include file Drive mode Control param. Motor param.  Board param.
- PWM_ADV_TIMER » Include mc_hwio.h » FOC_CONTROL - MAX_SPEED_RPM -+ RS_LL « VDC_RATED
+ PWM_BRK_PRT * Include mc_delay.h + ONE_SHUNT + PID_IQ_KP - LS L . MAX_CURRENT
«  UART_TX_PORT * Include mc_type.h « SENSERLESS + PID_IQ _KI + POLE_PAIRS . DEADTIME_NS

mc_foc_globals.h / mc_bldc_globals.h
mc_hwio.c mc_foc_globals.c/ mc_bldc_globals.c
mc_type.h
BSP API mc_foc_kernal.lib / mc_bldc_kernal.lib

user_flash_table.c user_interface.c mc_isr.c

JaB TRERISCRY TREGE M WP 6 o user UM BB FE S ERF . NIRRT . SHGFEAN
flash F2£/7 LL & S HE LS. firmware SCHIE08 BSPF2 7 SO, FEHLERE P UE £ melib SCHF5,
BLEIERS BRI AL EIRREL. 2R E R TS EALUEREEE . AL R E0 B AT 225 AN0064 Hi L
A FE P

B 6. HALIER TREEH

Project Project
3-8 Project: pmsm_foc_hall_sensor 3-%$ Project: pmsm_foc_hall_sensor
-} %4 demo -l %4 demo
+ L user =) 3 user
# L d firmware U] at32f413_clock.c
+ . cmsis _] at32f413_int.c
# (d cmsis_dsp _] main.c
= £ mclib _] mc_hwio.c
_] mc_delay.c _] mc_isr.c
] mc_foc.c B mc_hwio_v1.h
] mc_curr_fdbk.c _] mc_hwio_v2.h
_] mc_encoder.c _] mc_lib.h
j mc_pid_controller.c _] motor_control_drive_param.h
_] mc_foc_globals.c
__] mc_math.c
_] mc_field_weakening.c
_] mc_hall.c

_] mc_foc_sensorless.c

_] mc_comm_uart.c

_] user_interface_foc.c

_] motor_control_foc.c

] mc_foc_kernal.c

_] mc_flash_data_table_foc.c

£ 101 hZ 2.0.1




1[-3 AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

# 3 BN L SR I3, BUR R AR SRS 23 5l AT 1 B
& 3. HNEEER

e =F:% R
mc_lib.h kg —E 1
motor_control_drive_param.h P SCHMLIREN SRR (FRIAURAE R, AR R ) £
MRS H AT SEL RS %
mc_hwio.c A SR I B
mc_hwio_v1.h T 10 2 1 22 52 SOE & (L KW AT-MOTOR-EVB V1.X)
mc_hwio_v2.h fiE 10 2 1 7 52 SUE & (L KR AT-MOTOR-EVB V2.X)
mc_isr.c AH 2 FEATL A i1l H 1T o 44
mc_flash_data_table_foc.c B flash ¥
mc_flash_data_table_foc.h B flash ZHER A CHL &
mc_type.h R ERBE X MEsE X
mc_delay.c FF [B] X 35 FH 5% R 4
mc_delay.h FF A1) 2 18 H 56 R 455 B
mc_comm_uart.c JE TR TE AR DG A B
mc_comm_uart.h TR vart AHOCRREE IR, L E
mc_pid_control.c PID #2325 #H ¢ R 54
mc_pid_control.h PID #2345 #H 2 R 20 B
mc_curr_fdbk.c R ARSI A 0% bR 2L
mc_curr_fdbk.h R AT I A O B 20 B
mc_math.c TEVE AR AH DS PR AL
mc_math.h T8V AR A O PR U B
mc_hall.c R AR AR B
mc_hall.h FE IR A% IS AH O R U B
mc_foc_kernal.lib HHLZEZ O B E(Keil £ H)GEH T8 7 FPU)
mc_foc_kernal_noFPU.lib FLLPEAZ O BRI (Keil & ) (E R & 6 FPU)
Libmc_foc_kernal.a ML % 0 B B (AT 32IDE £ ) (& T8 A FPU)
Libmc_foc_kernal_noFPU.a FLHLZERZ O BB (AT32IDE % ) G&E 145 F K FPU)
mc_foc_kernal.h ML A% O BRI A
motor_control_foc.c R TLA%S 1) A D% BR 4L
motor_control_foc.h B AL 1) A DG B 40 1
mc_foc.c PRt PR
mc_foc.h IR AR A DG MR O
mc_encoder.c E Ry IR
mc_encoder.h o b 245 A 5% bR B 7 B
mc_field_weakening.c S5 R AH < e B

2024.02.27 B MMH &2 2.0.1
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mc_field_weakening.h SSTAR 5% R 5 B
mc_foc_sensorless.c Totk A FH R R 3L
mc_foc_sensorless.h Totk A G R 2 1
mc_foc_globals.c 2R RETE X SBIME. &RREHEN
mc_foc_globals.h EfRATRE. ERREEH. FEX
user_interface_foc.c B TR TH AR DR R 2L
user_interface_foc.h B TR TH AR DG R 2O B

1) motor_control_drive_param.h (A%

® ST I EGY, SREUE S BAT RO AL R, LS EL RIS SR
SHEIT R R -

® RANHAZENL, FETH/ESRYECE, e GEH MR, EG] AL E A R
BRI E AR RS, WK FE IRYE SR W EORBEATRCE, =W XU FHS B —5E o
5 T4 ) U 75 SR B T 5 75

K4 BAREX

F & LAHK ik
FOC_CONTROL KPR
THREE_SHUNT = HLBH FL IR R A
TWO_SHUNT L HL B LI R A
ONE_SHUNT B L BE FL IR R A
U_V_SHUNT HEEA U LA V shunt BLFH(TWO_SHUNT % f)
V_W_SHUNT HEER V LA W shunt HLFH(TWO_SHUNT % )
U_W_SHUNT HEE A U LA W shunt HEFE(TWO_SHUNT £ )
AT_MOTOR_EVB_V1 & F T EALAR VA RiA
AT_MOTOR_EVB_V2 & F T AR V2.x hiA

GATE_DRIVER_LOW_SIDE_INVERT | JfJ3 N'& MOS fz [ H

HALL_SENSORS B IRAL R

FIELD_WEAKENING Sk

CURRENT_LP_FILTER A5 diq iR IE S S 5 (R E IS H)
INTERNAL_CLOCK_SOURCE i FI MCU W &5 di %

MOTOR_PARAM_IDENTIFY HIHLZ e 240 H 3R

E_BIKE_SCOOTER HL BN ML BB 22 T AR 2 X
DC_CURRENT_LIMIT BE£L B3 BR 41 (E_BIKE_SCOOTER % M) (3%[2])
RDS_AUTO_CALIBRATION MOS W BH H 31#% 1E(E_BIKE_SCOOTER £ ) (VE[2])

JE[2]: fE /] AT-MOTOR-EVB #HIH X #, & X DC_CURRENT_LIMIT 2 RDS_AUTO_CALIBRATION 1551 7
PE1E M one-shunt H#1)7 RFE H 7545 LA F 714 e, AT-MOTOR-EVB V1.x :R148=10kQ.C91=0.1uF : AT-MOTOR-
EVBV2.x : R154=10kQ. C80=0.1uF. t4b, %€ X RDS_AUTO_CALIBRATION Zj5Ew4 75 45 H Ji RAF LS 15
20 =1 MOS P 1 )i ReFF

2024.02.27 121 &2 2.0.1
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HR LI 2 H0E XNk 6 Uil ARIEAFRIBECE . HLF SR SRR, 7 SOHXS R
Iz H. JRATEAT IS, e R dL g Bl PLEEHIES . P PHEHIESE, 7R It TR

BIAHRZHUE Lo
*® 5. BHISHEE X
%58 LA ik
PWM_FREQ PWM % 4% (unit: Hz)

MOTOR_CONTROL_MODE

R R (R s ] e ) 55+ TE L type.h B

motor_control_mode)

CTRL_SOURCE

iy RV B (S B A2 1)

UI_UART_BAUDRATE

Fh BLS I T L 1 e

TUNE_TARGET_CURRENT

P PL 500 1) H bR K/ unit: ampere)

TUNE_CURRENT_TOTAL_PERIOD

Y PIZE (12 8 (unit: ms)

TUNE_CURRENT_STEP_PERIOD

W PIZE PR (unit: ms)

SPEED_LOOP_FREQ

HEE IR (unit: Hz)

MAX_SPEED_RPM

PR =85 (unit: rpm)

MIN_CONTROL_SPEED

FAL AP o422 ) A W] 42 P B R B (uniit: rpmn)

STABLE_SPEED_RPM H LS E R (unit: rom) (B /R AEEES L H)
SLICK_SPEED_RPM FHLIIIE 3 (unit: rom) (B8 /RAE AR T )

ACC_SPD_SLOPE

I ERER (unit: rpm/ms, 24 systick #i#%=1kHz)

DEC_SPD_SLOPE

PWEFERIZR (unit: rpom/ms, 24 systick 4% =1kHz)

SP_MAX_VOLT A A A SRR ¥ B K HEL (unit: voltage)
SP_THRESHOLD A A A SRR R BN R E (unit: voltage)
SP_RUN_VALUE A ER a2 RIEAE S, THUR KB R 5 (I F R AE (unit: voltage)
SP_STOP_VALUE AR i RYEAE I, 45 1R IKEN 1 55K L R A (unit: voltage)

PID_SPD_KP_DIV

ey B2 LB 3 25 B 2 (Q16 mode)

PID_SPD_KI_DIV

e FER T 1 2 B4 (Q16 mode)

PID_SPD_KP_DEFUALT

HPHEAIE S (Q15 mode)

PID_SPD_KI_DEFUALT

P HERIIEE (Q15 mode)

PID_ID_KP_DEFUALT

d FlFER LGS (Q15 mode)

PID_ID_KI_DEFUALT

d AR 23S (Q15 mode)

PID_ID_KP_GAIN_DIV

d B L e 25 B %L (Q16 mode)

PID_ID_KI_GAIN_DIV

d Bl S 3 2 FR 3L (Q16 mode)

PID_IQ_KP_DEFUALT

q FFERELEIE S (Q15 mode)

PID_IQ_KI_DEFUALT

q MRS (Q15 mode)

PID_IQ_KP_GAIN_DIV

q iR LE B 2 B %L (Q16 mode)

PID_IQ_KI_GAIN_DIV

q Bl S 3 2 FR 3L (Q16 mode)

B/ 13 W
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F e LB iR

CURRENT_BANDWIDTH

HIVR P18 58 CRIR PI 2808 5 E T H)

CURR_LP_BANDWIDTH

R LR 30 2% 7 98 (unit: Hz)

OLC_ANGLE_INC

TEIR PR iy LG N (B PWM i )

OLC_VOLT

TEE | i Ef ) (unit: voltage)

ALIGN_VOLT

HALL B % I X 5FHUE (unit: voltage)

LEARN_OLC_VOLT

HALL H 2SI i IF R HLE  (unit: voltage)

LEARN_OLC_ANGLE_INC

HALL H22 R A nE (B PWM AR )

LEARN_TIME

HALL H2:>TRIHE (unit; ms)

LEARN_ALIGN_TIME

HALL H 2 > B 5550 B (unit: ms)

FW_MAX_ID_CURR

SO d BV (unit: ampere)

FW_KP_GAIN SRS (Q15 mode)
FW_KI_GAIN SRR S (Q15 mode)

FW_KP_GAIN_DIV

Sy LE GG 25 FR ¥ (Q16 mode)

FW_KI_GAIN_DIV

S9fLFERI AR 1 25 FR 2 (Q16 mode)

REVERSE_MAX_SPEED_RPM

B KR B (unit: rppm) (E_BIKE_SCOOTER * )

REVERSE_CURRENT

S LR /4 (unit: ampere) (E_BIKE_SCOOTER % )

BRAKING_CURRENT

R % B9 /74 (unit: ampere) (E_BIKE_SCOOTER * 1)(7E[3])

T3] P 7 R FE 25, 1+ BRAKING_CURRENT 1#£470, HIPLIYZ 1 3£ i# 7Y L) GE -

2024.02.27

® K TIKENERAHKSHOE L, GFEIXIS A, AR IR ARBORIE 78 - 554 . FE RN H
UL TR BIA R S HOE XK 6 Piow, AR R LRGN, 75 B o X B 2 4.

& 6. WahRSHREX

TR XA iy
VDC_RATED EL B S E
V_SENSE_GAIN FH, P B 42 1) LG 431
ADC_REFERENCE_VOLT ADC Z% Hi JE (unit: voltage)
ADC_DIGITAL_SCALE_12BITS ADC 43 ¥

SYSTEM_CORE_CLOCK

REGMWZEEE (unit: Hz)

TMR_CLK

PSR (unit: Hz)

DEADTIME_CLK_SFT_BITS

U DR B 72 5

DEADTIME_NS

BEIX BT E (unit: ns)

MIN_INTERVAL_TIME

PWM A% I PIAH{E 5 /Al BRI ] (unit: ns)

MAX_CURRENT

ML H (unit: ampere)

MIN_CURRENT

HHLE/NE (unit: ampere)

DC_MAX_CURRENT

KR KHLIR (unit: ampere) ( DC_CURRENT_LIMIT % )

CURRENT_SPAN_SHIFT

LU bR 4 AP 75 B B2 A% 4L

£ 147 hZ 2.0.1




-7 AT32 PMSM FOC Hall Demo (E-Bike-Scooter)
FEe AR iR
R_SHUNT Shunt FLFH (unit: Q)
OP_GAIN FELIAL SO 2

CURR_OFFSET_VOLT

FHMEE (unit: voltage)

RDC_SHUNT 2% Shunt HLFE (unit: Q) (DC_CURRENT_LIMIT £ )
DC_OP_GAIN R FRBOK 25 ( DC_CURRENT_LIMIT % )

IDC_OFFSET_VOLT

FHEF RS E (unit: voltage) (DC_CURRENT_LIMIT % FH)

OVER_CURRENT_VREF

i I S A (unit: voltage)

OVER_VOLT_THRESHOLD

i IR S A (unit: voltage)

UNDER_VOLT_THRESHOLD

REEIG S A (unit: voltage)

VO_V NTC [ H 55 E ¢ R TR L 2k 2 S48 VO [4])
TO C NTC [ &5 ¢ R a2k 2 240 TOGE[4])
dv_dT NTC [ &5 R IR 2k 2 40 dVIdT(7E[4])

OVER_TEMP_THRESHOLD

B A5 (unit: Celsius degrees)

MC_ERROR_MASK

PRAP RSN 2 e

AL i J 5 e 2 T 26 7 FE 2 VIVI=VO0+dV/d T|V/Celsius]*(T-TO)[Celsius]

2024.02.27

o HXHNSEIIEE S, W HL MibaS8. B RERSRS . I TR

MRZH, MR 7 FioR.

R7. BHSHEREN

P B EA

)

POLE_PAIRS

SR

NOMINAL_CURRENT

HHLAE B3 (unit: ampere)

HALL_LEARN_DIR

HALL H 54> Ja i L 17

HALL_LEARN_0_STATE

HALL 1% 215 LU O BEREE AR (EL3))

HALL_LEARN_1_STATE

HALL H 54> J5 A 60 B IR (E[3])

HALL_LEARN_2_STATE

HALL %% ] Ja UM 120 BRI RS (FEL3)

HALL_LEARN_3_STATE

HALL_LEARN_4 STATE

IR
HALL B % 2] Ja B 180 FERIEE/R
HALL B % 2] J5 B 240 BERE RS (FE(3])

HALL_LEARN_5_STATE

KR E3])
HALL [ %% > Ja B0 300 BE R ZRRES (FEL3)

VE[5]. BRHF HEHLIR HE 355 7 2R KBS HIXT L T 8% B R AN ARG5S A HE T o

7 9 JK42BLS01-X056ED HHLx H 35 EI/RIRAS S HAMIE HALL_LEARN_DIR=0 KX R .
LML= A PR 2 ] f F 38 R0 SRR, s O BEXS R VW SRR S H 3 R oK AL, FEAUA 60 2 It
UV Z&18] e 3 g /ME. . DA EHE, R4 AS B IR B P AN [F] B . P AT B AT M,
5 FH FEPLEE ()82 R B 2 2] DhRE o] B B0 REAEXS (R RS E, R 204G 5% 21 J5 I E KRS XS BL )
R XHP], R A I DR UL 1S 2 &Y 5.9,

F 1571 hZ 2.0.1




SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)
& 7. PMSM k%, BRRESHSAKRXRE(HALL_LEARN_DIR=0)

Hall State 1 s {4 6 2| 3
H1 Lo | 1

H2 0 0

H3 I

EVW

0 60 120° 180° 240° 300°

2) mc_hwio.h 3%

® IO BRI A P AR 10 Be . LT e R E . R HEL S me_hwio.c U R 2
AR, T AETEEIAE S ML B A5 4% ADC. TMR. USART. EXINT 50 & 5 o b ek %5 LA
S DMA GEITE [0 ¢ R ANEE 8 FTn .

% 8. HIRAMEELE (A AT32F413RCT7 H#)

S BAEFR Hh b R DMA j&i& g

ADC1 N/A DMA1_CH1 | ADC1 il i&# #:(BUS HiJE
MOS RS SRR ar 4
=R BB HE)

ADC1 ADC1_2_IRQn N/A ADC1 #3818 F546e (FH HRIR Bl BE
L)

TMR1 TMR1_OVF_TMR10_IRQn N/A FAL FOC $aiil H I

TMR1 TMR1_BRK_TMR9_IRQn N/A PWM #i tH 4% fit

TMR1_CH4 N/A DMA1_CH4 | S AR 2 FH T e SRR e ]

TMR3 TMR3_GLOBAL_IRQn N/A IRTE R AL NS

TMR11 TMR1_TRG_HALL_TMR11_IRQHandle | N/A THURE F ) B B

2024.02.27 £ 161 &2 2.0.1




- AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

USART1_TX | N/A DMA1_CH2 | USART1 TX f&ém¥dia

USART1_RX | N/A DMA1_CH3 | USART1 RX # ¥t

EXINT EXINT15_10_IRQn N/A Ja 3 HALL B 5 > 5 sk 2
START/STOP #%4H (Rtd)/ 4% 1k 78
1)

3) mc_hwio.c (k4

® ORI EKIE A R B TICE . W TMR. ADC. DMA. GPIO... 5555, AIRYE A
AOREAFRIBEATHCE . RN A S LED KT $RIRIT S5 RE. AEINHI S b TR vu A 5%

BRHUE LR 9 s .
£ 9. SMREEMHREH
g €S iR
nvic_config TR Se e B
tmr_pwm_init PWM % HAH < BS 4F (tmr). crm clock. GPIO. DMA B &

2024.02.27

4)

hall_timer_init

B IR AE ISR B (trr) . erm clock. GPIO Bt &

adc_ordinary_config

ADC ¥iBiEiE M ><2 ADC. DMA. GPIO i2 &

adc_preempt_config

ADC 6 5iEiE M52 ADC. DMA. GPIO i2 &

speed_timer_init

T B 4541 I B (tmr) . crm clock Bt B

uart_init

UART #H5% crm clock. GPIO. UART fic &

button_exint_init

A TP TS EXINT & &

led_config LED #7145 GPIO. crm clock Fil &
led_on LED /%

led_off LED Tk

led_toggle LED & (ST 5248 KT KEUAT B AR AT °K)
led_init LED #ligRASHE

led_blink LED [Nk

mode_switch_init FRIIF AN LB

motor_parameter_ID_config

HLZE B 2 shPFRAHS% tmr. ADC it &

mc_isr.c (Y

BESCH EZON IR 3, B ADC ~ TMR ~ SYSTICK it Sh{X 31 i bt TR i fIAH < i

BN 10 Fros .

£ 10. HEHLFEHIAE U RSB AT32F413RCT7 A4)

RE AR

iR

ADVTMR_PWM_CYCLE_IRQ

(TMR1_OVF_TMR10_IRQHandler) IS U N bR il

TIMERT SR Wred$e SRIBUAE . REEH. JFIAER B

ADVTMR_PWM_BRK_IRQ

TMRA R =56 N A 17 o8 25 PWM %

AA
N

ok
He

EATH

hRA% 2.0.1



SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

(TMR1_BRK_TMR9_IRQHandler)

ADC_SHUNT_SAMP_READY_IRQ B
ADC1 TR e 58 HLIAER A
(ADC1_2_IRQHandler)

HALL_CAPTURE_IRQ \
SRR R SRR IRI
(TMR3_GLOBAL_IRQHandler)

SPEED_LOOP_TIMER_IRQ o
T ) A T R 2
(TMR1_TRG_HALL_TMR11_IRQHandler)

SysTick_Handler RGP WRE(1Tms): RSHLDIHIR SRR
BUTTON_EXINT_IRQHandler A8 10 TR HG: F3h HALL [ 2% ] i ik 5 START/STOP
(EXINT15_10_IRQHandler) T (D 11 EE HE)

2024.02.27 £ 181 &2 2.0.1




SRR AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

1
4.1

2024.02.27

LI FPIRZSHL
REYLHR

BARE LRI GE B B h E AR (Main) BT EI IR A, RS D528 I8 T ¥ B3R S R0 UG g 1tk
48, IRZSHLUIZATE Systick Handler thi s ¥t B, R — PRV AT — R LA R SEI A ERIR S WL FE
IRASHEAT ORI, — L A S BER ZS WLUHE N Error BRASE 1 IRE) LA & 4 B HLER E M LOR EhAR 515%,
B R LA B UGB ST . BT E-Bike-Scooter T i I IR ZS AR 4 I A AR 2 5 AR S 4
B, HORS IR, ISR SEE A SRR, ML A RS AR, K 8 Jydkksaisiat
HPRSHLRFLIE, TS RAS AR RIS g 11 .

& 8. REVLIEE ([FFHEER)

If control mode is not et ptaE

Press Identify Winding

ID_MANUAL_TUONEor
1Q_MANUAL_TUNE . Fau tcleared’,/

Re-check for failure

Press stop motor

Press|stop motgfr auto-lean’ hall state

______ Failure detected If motor runs

EHPLNIRA A Idle. Safety ready. Running. Braking. Reverse run. Free run. |_tune PLK&
Error. AR RIRER LT

Idle
PR VUAIIEIRES, RS T Bk wFRE, I@ERROUE R G 2 B B RS .
Safety ready

TGRS (dle) AT A S B C v B . CHUSHIA offset I, BHIARNLAT L2 4453 shrR
&

BN o

Running
BRAEA, R B AR . AT UL A sem R S5 (i B AR . H AR AR )

£ 1971 hZ 2.0.1
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2024.02.27

o R A A I ik
Braking

PR, R SR RS . AR SR IEFERIRE T, S THRGS 0 B
AR . AT % % X BRAKING_CURRENT # & 21 4 B fiv & (G A PAT 21 4548 2 )
BRAKING_CURRENT #£4 0, FEHLEEMCRAS A AR IRIE), 45%53 (LT STABLE_SPEED_RPM EJ
HEN Free run U5 1IR30 28 4 B 246 E BE4 O,

Reverse run

I ZERE S, AR Bk ) mia s . P AR S HL ik w R RS B0 TR 8] 4 il b reverse_flag)
BiZ, Bt NHOIRES, 5T % % X REVERSE_MAX_SPEED_RPM 5 REVERSE_CURRENT % &
B e R R DA S AR 2R F A 2

Free run

T I, R T IRSh b5 b, SR i FUE R8N 0, 78 SIAE A1 Ik ark
SIERAVRES, Dk se 45 1L ) 25 [0 ] Satety ready IR .

|_tune

UEoM IR LA PID fE 2 28R, R G 8 Ul 5 8 H AR R Z KP. K
B, oAb, Al bg i TGS B 2SS 25

Winding param Id

UEoN LR R 2 BRSSP T T UL FE A 30 B s S 800FRDIRE, 85 AL R ET LN i i =
BoR, HHRJE L8 S 80T F o ft R R Bz i DL R PHZE RIS A €

Auto learn

PN 2 2PIRES, BTN SR RIGE B2 1 Te, /NP bR B aE .

Error

A R AR B X AR

UL AL TREE B A AR A RS IR A IRES . S5 HUIRZS DR DI 5 R0 VE LU Ak 11 FoR .

R M. FREEIGRE R A (R HEENR)

BIPRE ZRRE kS Jis
M GIRIE A _EALHLE HAT46 2805 5E 52
IDLE SAFETY REDAY SRR Y AL BN . POTENTIOMETER fir -4 &/
TBRIME A W46 S H0E 56 L
LEd R AN ID_MANUAL_TUNE = IQ_MANUAL_TUNE
RUNNING i, 4%~ FAZHLE) START MOTOR &k Bl % ik START/STOP
T
LA ID_MANUAL_TUNE 5 1IQ_MANUAL_TUNE K,
SAFETY REDAY | TUNE ¥R _EAZHLAK START MOTOR 8 HHLEEHIHR START/STOP $%
e
WINDING_PARAM_ID | #% T A7 HLE) Identify Winding parameter %41
AUTO._LEARN HALEERIIR 12C T%D(AT—MO]’OR—EVB V1.x:J3; AT-MOTOR-
EVB V2.x:J5)/¥] SCL {7 5t 4 %% GND J& A i
RUNNING FREE_RUN % T LAHL STOP MOTOR B HLHLIZ IR START/STOP i
SAFETY REDAY LT IR
FREE_RUN
FREE_RUN Efiy b e g n
T m20m T T k204




R AT32 PMSM FOC Hall Demo (E-Bike-Scooter)
SAFETY REDAY 2 PHRE Ry ID_MANUAL_TUNE 2% IQ_MANUAL_TUNE i}
| TUNE FREE_RUN %N EATHLE) STOP MOTOR kL% #IHR START/STOP $44#
WINDING_PARAM_ID FREE_RUN FHLEL BB S HO R D BEPAAT T2 1
AUTO_LEARN FREE_RUN FEIRRAS B D REPAT B
ERROR IDLE R L R

K 9 NHAEARCHPIREHIRAE AL, 1A IR ARG ~ S50 R VIS AR ek 12 Fior .
B 9. RENLIAERE (FHEKK)

2024.02.27

/
,/ Fadlt cleared. -~
’ o

Failure detected

'/Iq ecmd 30 &&

Set parameters

If motor runs

® 12. BRSEHRS RUIBFA AN

RIIRE ERRE VS Jis
M IRIR A BN BA 4 2 508 5 56 1
IDLE SAFETY REDAY | il Ryl L R . POTENTIOMETER 5 4435 /)
TERUMAE L AR ZHOKE T8
LRI AL H A TORQUE_CTRL I, Hijjifir
SAFETY REDAY RUNNING 4 (Torque reference) kT 0 LL X reverse_flag 4 0

25 I RIR R s L AR B # 8 TORQUE_CTRL i,

B 2R WA 2.0.1




137 AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

POTENTIOMETER ir & KT BRAE L FE TR I 9 SW1 19 1 %
&N OFF

2 5 1 R IR O B AL AL H 3% 8 3008 TORQUE_CTR Bl

reverse_flag & it
REVERSE RUN

2P HIRIE N AL AR Bz # B TORQUE_CTRL BLK
TERTIT L SW1 1) 1 % &N ON

WINDING_PARAM_ID | #%F A7 HLEJ Identify Winding parameter %4

LI HIR 12C 8 0(AT-MOTOR-EVB V1.x:J3; AT-MOTOR-

AUTO_LEARN -
- EVB V2.x:J5)(%) SCL {7 54 % GND J5 Fi T %

M RUE A AL B 3Ed Ay TORQUE_CTRL PL & ML

4 (Torque reference)y 0

RUNNING BRAKING
2 ) SRR A LR AR B3 By TORQUE_CTRL HY,

POTENTIOMETER 54/ 20ME

MR AL H iy 4 (Torque reference)&: T 0 DLK
#:38/NT STABLE_SPEED_RPM

FREE_RUN
SR JE N LAE HI . POTENTIOMETER 4 /N T 2RA

BRAKING {8 VL J2 8633 /T STABLE_SPEED_RPM

2RI _E AL E L 6y 4 (Torque reference) KT 0

RUNNING il Sk R L HAR . POTENTIOMETER 654 K F#kA
=

SAFETY REDAY 2 AL LR

FREE_RUN Y HENLIZ R

FREE_RUN LSRR _EALHLE A 2 (Torque reference) KT 0

RUNNING s il Sk R FL L AR . POTENTIOMETER 4 K F#kA
18

Mok ON AL B s TORQUE_CTRL BL &

reverse_flag v 0

REVERSE RUN FREE_RUN
2 SRR N AL SR B3 Ay TORQUE_CTRL LK
a2 SW1 1Y 1 W Bl OFF
WINDING_PARAM_ID FREE_RUN FEATLER [ S 2R DI RE AT SERK
AUTO_LEARN FREE_RUN ERIRTS B 2 S T REHAT 5E K
ERROR IDLE (AR E] 43

2024.02.27 g 21 &2 2.0.1




? AT32 PMSM FOC Hall Demo (E-Bike-Scooter)

5 LEMERHHA

51 #iER
TEROR 56 B AE 2 AR AR HE &S S, FRATTPT DAEAT DU AR Ul Sl idsE. vEgnapl
Ul FH 369715 2 1 ANO063 3CH4.
STEP-1
IR EEBL. AT_Link/Jlink JTACAR RIS LT AR B, # USART 21117 USB £k A\ PC.
STEP-2
{H MDK %1% demo T A2XAY, A Jlink 2% AT_Link &2 AR P H
STEP-3
PATFEF ArteryMotorMonitor_V2.1.14.exe(V2.1.14 ¥ AS), £ File -> Open Porject %L1
1%+ ArteryMotorMonitor _V2.1.14.atmex->7 )5
STEP-4
#i% Serial Port S8 EIFR(1.) e RO B () 5 H°5(2.), 12658 /i Open(3.)BI AT I J5 8 H SIS,
ERAEA BRI 10,
Bl 10. EBERAIEHH
Bl Artery Motor Menitor V2.1.14 - O X
l%!mw ;,ML;V:::Q : 2L V” p;n |;| ' :':/] ? |- ?
STEP-5
P T FRIRCEE (4. ) BRI RT AL BE T UL 482 VRO DS S B RS ARG I B SRR IEAE, a0 Rk a8 3/ 1k
HLI A4 SERHREE . IR PID 28U iS5 Hlm e 4.
5.2 JFHEH]
A TR R a0, ANTEA BAL A R A3 L, AR L2 & rl IR s 5ia i
J7 W& B, JFE S A R R 0 & X7 2nT W s LS e T B 5 LA FER K/l O JFER 1S
el i1
STEP-1. R4zl N hi #1 y Open Loop control
B 11, 5 R R BT A 2]
PMEM - encoder
Cpen Loop comntmal -
STEP-2. ¥ JF ¥ HiJE(Open Loop Voltage) 5 £ £ 1 & (Open Loop Angle Increments )8 1814 i 3 1 ¢
R R/, BRI . T R g ad K DL A i s F L #Ai 5%)

2024.02.27

#£ 23 W hZ 2.0.1
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B 12. FFARERHIFERSE

(Open loop control

Open Loop Voltage 1 W
Open Loop Angle Increments 10

5.3  HEEH]

WA A 7 B AR SR T A P R R P S s P Fa L D il 5 QA . (B AR ISR I iR AE )

STEP-1. ¥4zl N ik %Ny Voltage Control

Bl 13. EHIEEBOTHER]

PREM - encoder

Yoltage Contol

STEP-2. %] Q i ff IS I I LIZHE, T2 D At v s nlRe rE LRI € 74 D 4l

& 14. BEREHIHERSH

Voltage control

Vqreference 1 WV
Vd reference 0 W

54 D HiERIAR
BB R &7 — MBI, WP 15, WTOLBRES R B, B Y H
9T BB IS D LA PID USRS LR e

& 15. ZHrERs=E

I(A)

Target current—

Step period

-

Total period

Time(ms)

7 BRFCIHE D FE I AR Q JHE i, 1 IS IR BT EHF D #15 Q I KP 5 Kl i B0 0, #4%
AVEBCHIEL A A2 Dt Z 4 e -

2024.02.27

PRI D IRAT

STEP-1. ¥zl FHi ik N ID tune

2247

WA 2.0.1
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& 16. KA E ID BRRIF AR

PMSM - encoder

ID Tune e

STEP-2. W& PID ZH UL SH, WK 17

& 17. PID 28U BB iS5

Basic Tuning Parameters

Unit step config ID Current control

Current Tune target current  0.999 A Flux KP 25000
Current Tune total period 100 ms Flusc KI 3000
Current Tune step period 2 ms FluxKP DIV 2048

FluxKIDIV 4096

STEP-3. % F 33l (Start Motor) %41

STEP-4. {32 X 1 H % N Flux reference(ld)bA & Flux measured(ld)3:4% T Save #
& 18. AEEERESE(ID BAIFHIR)

Diagram parameter setting

Flux reference (1d)

Flux measured (Id)

Save

STEP-5. siidt2e K41 R a] wpny i 1 & 1

STEP-6. A MMM &S WA, w19, FHAMmMAN % FFiLEyL, HEE STEP-2~STEP-
6

.| ] ]
2024.02.27 25

WA 2.0.1
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B 19. R R

M Manitor

|I J/\J\ \
y \
\

~405

Tongue reference (Ig)ih)
=]
in
-_-\1“-—\_
—_—
/f——
(Wa(hD) parnzeaur snbao]

05 - +-0.5

L L L L L
947020 947040 947060 947080 947100

55 QHHEFARIAR

PR 2 AP i i, WilEl 15, W RUHEL B R RIAR RS, AR s H R
N T BRI QR PID RS EUS KRN, AP IRINT .

STEP-1. 3zl F R Bk R 1Q tune

STEP-2. W& PID 4L} L it S8
& 20. Q # B PID 2 UM RS

Basic Tuning Parameters

Unit step config 1 Current control
Current Tune target current | 0.999 A Tarque KP 25000
Current Tune total period 100 ms Torque Kl 3000
Current Tune step period 2 ms Torque KP DIV 2048

Torque KIDIV 4096

STEP-3. #% T R ah b4

STEP-4. %4 B X )25 Wi 4% Torque reference(lq)LA & Torque measured(lq) 3f3% F Save ##

2024.02.27 £ 261 &2 2.0.1
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B 21. AEEERESH(Q REFHER)

Diagram parameter setting

Torque reference (1) ~
Torque measured (1q) ~
Save

STEP-5. iz BRIy iy H i 2 i 1

STEP-6. A MMM EE W, w19, FHA AN % M FiLEyL, HEE STEP-2~STEP-
6

5.6  EIRIFIEH]
WA SR AT E AR RS BRG], TR AT TR A B A, PR E PR T
STEP-1. R4zl N hi3¢ #ik iy Torque Control

STEP-2. % & Control source A software control & H #x Hiii 2%t (Torque reference)

& 22. BirHERERE

Torque reference (Ig)  0.100 A
Flux reference (Id) 0.000 A

STEP-3. 2K X ZE 1 la LLI Ib J54% T Save ##4H.
23, HREEBES B (BRI AR)

Diagram parameter setting

Save

STEP-4. sz [KIZLRI AT I I 2 1

STEP-5. & MM AT Wi, Wk 24

2024.02.27 g 2TH &2 2.0.1
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B 24. HFFHIEHIFEE

M Manitor

-0z

0z

UJ

Tafk)
(a1

-0

02k --0z

I I I I I I
294000 004250 894500 204750 885000 295250

5.7  EEIFEEH
1E. E-Bike-Scooter 15 x0 N AN SCREE AP, (H R IR SCRE R PRI T REAT 75 TR s PID #%iH S44
599 PID 6 2 8 (35 JF )3 39 W 4% # iF) . 3% K motor_control_drive_param.h & i 3|
pmsm_foc_hall_sensor i, i s 45 6] 2405 G901 S 505 PRI 6 2 208 0] TR RI ] .
VR FE PR3 IS VA1 2 1 ANO167 SCRY.

5.8 frEIFEH]
7t E-Bike-Scooter #iX N A SR B

59  HIEHRFARE
FEMCA o LS, DERRRRAE K EAP IR . KR R T 3T, AP IR TR
JEA AT RSP ER
STEP-1. HHAH BN S 5T motor_control_drive_param.h SCff:(i1: POLE_PAIRS. RS _LL(/E
[4])\ LS_LL(3%[4]). NOMINAL_CURRENT. VDC_RATED. MAX_CURRENT. MAX_SPEED_RPM:--

28, SHVEMIIES R 5. K 6. K 7)IFHEIH LR,

/f[4] P2 T H G 7] 7 STEP-5-1 HI[ 26 /8 240 1 51 H R 75
STEP-2. Z &7 5.1 B8 Ul B, IR I s HlafiA a2 & IE R s (SR &7 5.2).
STEP-3. PUTERIREH2: I TheE, S STEP-3-1~ STEP-3-5,

2024.02.27
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STEP-3-1. #E NI, W hall_learn_state_table LA hall_learn 254k

STEP-3-2. 12C #[(AT-MOTOR-EVB V1.x:J3; AT-MOTOR-EVB V2.x:J5)i] SCL iz Jc ki GND
JE I

STEP-3-3. W HHUITIRIZHE LI, SEfF LT bz e . 5 LIS AIRETE 12z e T 18 184
ALIGN_VOLT H-E g ¥ ke » HFPATEACIRE B 2R - BRUvahlEE Rk, HEDRE
STEP-3-2~ STEP-3-3

STEP-3-4. 7E¥iX# =T ¥ watch /1 [i#fiiA hall_learn.process_state JR# /& 75 4 4
PROCESS_4_FINISH

STEP-3-5. & A hall_learn.dir 5 hall_learn_state_table #({E %" hall learn table” 7 X
(motor_control_drive_param.h) Jf 5 ¥4 500 .

Rl 25. AL RSB A SR

Watch 1
Name Value
=% hall_learn 0x200001A0 &hall_learn
| # process state 4 PROCESS_4_FINISH |
7 ‘1% hall_state 0x200001A4
@ start flag O RESET
_:I ¢ dir 0 I
," ¥ learn_pericd 0
,.’. ¥ learn_angle_inc 5
7 ¥ learn_volt 1182
v 1. eable 4/ ," ¥ align_time 500
/" nall learn table ,
fdefine HALL LEARN DIR )]* ;o .
gerine ! ' v step 139
define HALL LEARN 0 STATE (€) @ check flag 0 RESET
ne HALL LEARN 1 STATE (2) - ¥ hall_learn_state_table 0x20000E6A hall_learn_state_table
ne HALL LEARN 2 STATE (3) *m °
ne HALL LEARN 3 STATE (1) oo :
= HALL LEARN 4 STATE 51 R ! Egi :
ine HALL LEARN 5 STATE (4) O 5
¥ [5] 4
<Enter expression>

STEP-4. /IR H A e, A AT /R R B AT U2 (S &Y 5.3). i H] Q fli
JEAE RIS AL, IS BN B la, Ib KNS5 SEhriiit— 2. Biitmiz a2 R%IL 0 Lk la
FARL R B b AHAL 120 (S HRIE 24).

STEP-5. 7E3 AT AP H 4 il j 7% B F it Pl #2248k, ol BAT (SR F T 5.4, 5.5)8 5 %%
% ¥(STEP-5-1, STEP-5-2) -

STEP-5-1. fi[] Ul %A, EARSHLEPIRZA N safty ready 4% K Identify Winding parameter %411 E]I
HUT L2 B Z50A 3h#HR, 1 Identified process state 814} 75 % TI(SUCCEED)31:3k3 RS_LL LA
M LS_LL S EEIE N motor_control_drive_param.h SC#F%25¢ X RS_LL A LS _LL %,
(HA AL RS_LL BLE LS_LL #ikg 28I A kAT STEP-5-1 A25%)
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| 26.

HHLE B 2 35 B 3hHHR

Status

‘ ESC_STATE_SAFTY_READY

Basic  Tuning Parameters  Auto Tune

Winding parameter Identification

Identified process state SUCCEED

no error
over voltage eror RS_LL 1.93041 0
' LS_LL 000231822 H
Command Identify Winding parameter
Start Motor Stop Motor

STEP-5-2. TEARSHLIIRAS A safty ready B 3%~ Ul #44-1f] Auto-tune Current Pl parameter 324 Ef
PATHIGL PI IS8 A e, a2 BaEH QL& D #idn PIHERISE, wE 27 Fik.

& 27. B Pl EHSHEEE

Auto-tune Pl parameter of Current controller

Torque Kl
Torque KPDIV 512
Torque KIDIV 8192

Torque KP 7717

6110

Auto-tune Current Pl parameter

STEP-6. 58 AL Z K el B B € J5 rl AT F AR | (S =Y 5.6).

STEP-7. ZM &1 6.7 AT H LM =M, (HAER A2 TS BhUE SORHU B RSN, EEMEH S

B 5 B 5
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R 13. SUERRCA I 2

H# FA R
2023.10.03 200 |EHIRA
HrIEAT-MOTOR-EVB V2.04: 430 . 3G IHENIZE SH A3 FHR . HRPHERZ
2024.02.27 2.0.1 | B EBE ULURERIRES B 2 ST 8 SCSRESHLEE I DURRER . 38 I vy L BE i
VRSP
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HEGRA - HFAE
KT EAT SO BTR AR I3 7 SRR 55 (KRR, R JO BEAS AR 0 5 30 56 BB P A S B AR 3 7 B R 35 A G PR A 54 E

Tt WA AR AR, AR LR 7 sCRHEAT R B AT AR W% BB R B A B A o SR AS AR 2338 S AT AT
HZ 7 RS s AN BN SR T U 5 =0 7 R %, BRVE T P R A R AL, BB B K DA 7 A AT
P23 =T 7 T B 55 B AR R R 7 U BRAIE

ERAEFERERS A I 2 kb A UL, I, R IR R A0 KRN s S AT T R BRI PRIE, BRI T S0E
Ve B AREE S AR T RVEE R X AR RIS LR RS SR At k0 7= UK BRR TR -

HERF I IR AR B BB T TR T R &R dh: (A XT 2 AR SRR, Blin: Earscff. BaA B s I RE 2 4 h 2
RIARG: (B) SR (C) BIRRASEMAHE: (D) R, H/E (B) HALTRESEASOIE . JEr =M E MR H. R
P E R T RTR NI, RIS ) FERE 0t 7 F5 T AT, XU BB SRR LRI r SR 8, HRI R Ak 7 SR S 2 i 3
R TR R AIE K

LRI 7= A AR T A SO PR R I A R/ BRSO, RS B S EUHERR B AR R )07 il BUIR 95 B2 T AT e £
ERA IF HANRL WA 3 sRE K AR 1 AR 14T
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