1kW 2?7?2222 (AWD EV)
2227777

1.1 ??7?? (Powertrain)

e 1111 : 13s[I1IT] (LITTTTT] 1000W (0 20.8A)0
e (111 : 40 x 500w 200 01T (OIm 2000W[TTIT] )
o[l (Front Axle): (T] 110 (Overrunning Clutch)[]
o [ . [IIIIIITITITIIT (1] /m 0O
o[l (Rear Axle):[I] (Direct Drive)[]
o[ :OIIIIIO 111 (Regen) [J 1101 (Vectoring) [T

Gemini_Generated _Image_yli7ppyli7ppyli7

1.2 ??7?? (Control Unit)

e MCU: STM32F446 (Cortex-M4F, 180MHz)[]

e OS: FreeRTOS (CMSIS-V2 AP

e [T] : CAN Bus (500kbps) [T1 40 VESC[IIT]

e [I11 :

o [TI1] (ADC)O

o [TIIIIII (ADC [] Encoder)[]

o IMU [I111J (I2C/SPI, MPU6050/ICM20600)[

[(LTTIT] 1kW [T 2KWIITIT I 0 11T gall
2.1 ??2°?°7?7?7?? (Drive Mode FSM)
e 1 A:[I11 (4WD Mode)

o[l :[M <35km/n (1] )J



o[ : I
oM :[M 0O 40% /[0 60% (IITITIIITITIITT] )0
e [I1 B: [l (RWD Mode)
o[I] :[M > 35km/h[]
oM :0 0% /[0 100%[]
o Il : [IIITITITIITTIT] 1kW T (Field
Weakening) [(I111]

e [T1T] (Electronic Differential): [TTTTTTTTTIIIIIITIITIIIIL0

o [T1T] (Torque Vectoring): *[] IMU 11111} (Understeer)
LTI
o ] - [IITTTTTITITIITITTTTTTT] (Clamp to 0)g

3. 72?7?7777 (Detailed Logic Analysis)

(1110 RTOS [T

e CalcPower (1111 ): (IIIII1T
o M1 $Max Current = 1000W /V_bat$
o I : M
e CalcSpeed ([1T1T] ):
o I M1 [I1 (Rear Wheels) [] ERPM[]
o I - [ITTTTTTIITIITITITTI I IqaTa71T1d

3.2 ??7? (Strategy Layer) - ??

e Modelogic ([T11] ):
o 4WD [T] :[I] Splitterd0 O 33%/0 67% (I 250w/ 500W[TT] )
o RWD [I] :[I] Splitter 1T 0 0% /[ 100%]]

o EDIff (1111 ):

o [TITIITIITI
o [0 : [IIIIIIIIITIL $\Delta I$[TTTIIITIIT $\Delta 1$[]
e TCS ESP (1111 ):
o [MITTTTTIITTTIT] (Target Yaw)[IT] IMU [OTITI1T] (Actual Yaw)

[



o [T (11 Understeer/Oversteer)[I11111] $\Delta |_{ESP}$[]

NERRRRNNNNRRNNNNNRRRRNNNNEE

e 1111 (Rear Logic - [T] ): $$1 {Rear L} = (I_{Total} \times Ratio_{Rear} \times 0.5)
+ \Delta |_{Diff} + \Delta | {ESP}$$ $$I {Rear R} = (I_{Total} \times Ratio_{Rear}
\times 0.5) - \Delta |_{Diff} - \Delta | {ESP}$$

o [I] - [IITTTTTITITITIIT] /OTITIITIT]

e [T1T] (Front Logic - [TTT111T] ): $$1_{Front L} = (I_{Total} \times
Ratio {Front} \times 0.5) + \Delta | _{Diff}$$ $$I {Front R} = (I_{Total} \times
Ratio_{Front} \times 0.5) - \Delta |_{Diff}$$

o [T ¢ (LITIITITTIIT Mixer [TTT11T] (LT (Clamp to 0)
NERRRRRRRRRNNNNNNNNNNRNNNEEEE
3.4 72?7?77 (Limiter Layer)
00  VESC I
1. Imo ¢ [T (1M Max 10A)0
2. 1M T $\sum I \le |_{max_battery}$[IT11T] ESP

HINRRRNNNNNRNNNN (Scale Down) [IT1T]

4. 2?7?77 (Implementation)

?7?7?7? (Software Architecture)

(0 FreeRTOS [TTTTTITTTTITTITIITIIIT M (int32) 1] STM32
(LT1T]
a1 am M 11
Task_Control Realtime 1kHz (1110 (I1m

10 ->CAN[] )

Task_CanRx High Event 0 VESC[IIO (
11T )T

Task_Input Normal 100Hz a1 ADCTIITIT]
IMU 1]

ITTT1] STM32 HAL[I] CMSIS-0OS V2[]

->



4.1 ??7?7?? (main.h)
/* main.h - 0000000 */
#ifndef _ MAIN H

#define  MAIN H

#include <stdint.h>

// --- 0000 ---
#define POWER LIMIT W 1000 // 000000
#define BATTERY VOLTAGE NOM 48 // 0000

// 00000 (mA) = 1000W / 48V = 20833 mA
#define MAX TOTAL CURRENT MA  ((POWER LIMIT W * 1000) / BATTERY VOLTAGE NOM)

// --- 0000 ---
#define ERPM THRESHOLD RWD 10000 // 000000000 (ERPM)
#define ERPM _HYSTERESIS 500 // 0000
#define STEERING GAIN 50 // 0000000 (O000)
#define VECTORING GAIN 80 // 00000000
// --- VESC CAN ID ---
#define VESC_ID FL 1
#define VESC ID FR 2
#define VESC ID RL 3
#define VESC_ID RR 4
#define CAN PACKET SET CURRENT 1
// --- 00000000 ---
typedef struct {
int32 t avg erpm; // 0000 (ERPM)
int32 t throttle adc; // 00 (0-4095)
int32 t steering val; // OO0 (-2048 [ ~ +2048 [])
int32 t vyaw rate imu; // IMU ZOO00
uint8 t drive mode; // 0: 4wWD, 1: RWD

} VehicleState t;

#endif

4.2 RTOS ?7?? (freertos.c)



/* freertos.c - 00000 */
#include "main.h"
#include "cmsis o0s.h"

#include "can.h"

// 00000 Handles
extern VehicleState t g VehicleState;
extern osMutexId t VehicleMutexHandle;

extern CAN HandleTypeDef hcanl;

// 0000000 CAN

void VESC Send Current(uint8 t controller id, int32 t current ma) {
CAN TxHeaderTypeDef TxHeader;
uint32 t TxMailbox;
uint8 t TxDatal[4];

TxHeader.ExtId = (CAN PACKET SET CURRENT << 8) | controller id;
TxHeader.IDE = CAN ID EXT;

TxHeader.RTR = CAN_RTR DATA;

TxHeader.DLC = 4;

// Big Endian Packing
TxData[0] = (uint8 t)(current ma >> 24);

TxData[l] = (uint8 t)(current ma >> 16);
TxData[2] = (uint8 t)(current ma >> 8);
TxData[3] = (uint8 t)(current ma);

if (HAL CAN GetTxMailboxesFreeLevel(&hcanl) > 0) {
HAL CAN_AddTxMessage(&hcanl, &TxHeader, TxData, &TxMailbox);

// --- Task 1: 000000 (1lkHz) ---

void StartControlTask(void *argument)

{
uint32 t tick count = osKernelGetTickCount();

const uint32 t period = 1; // 1lms

// 0000 (OO0 Mutex 0O0)



int32 t cmd FL=0, cmd FR=0, cmd RL=0, cmd RR=0;
int32 _t loc_rpm=0, loc_thr=0, loc_ steer=0;

uint8 t loc mode=0;

for(;;)
{
// 1. 000000
if (osMutexAcquire(VehicleMutexHandle, 2) == 0sOK) {
loc rpm = g VehicleState.avg erpm;
loc thr = g VehicleState.throttle adc;

loc_steer = g VehicleState.steering val;
loc mode = g VehicleState.drive mode;

osMutexRelease(VehicleMutexHandle);

// 2. 0000000 (Base Torque)
// 000000 (>>12) 0000 409600000
int32 t total ma = (loc thr * MAX TOTAL CURRENT MA) >> 12;

// 3. 000000 (Hysteresis)
if (loc_mode == 0) { // 4wWD

if (loc_rpm > (ERPM THRESHOLD RWD + ERPM HYSTERESIS)) loc mode
} else { // RwD

if (loc_rpm < (ERPM_THRESHOLD RWD - ERPM HYSTERESIS)) loc_mode

// 4. 000000000
int32 t base front

0;
0;

int32 t base rear

if (loc_mode == 0) { // 4WD Mode
// 0000 40%, [J 60%
base front = (total ma * 40) / 100;

base rear = total ma - base front;
} else { // RWD Mode
base front = 0; // J00O

base rear = total ma; // J0000



// 5. 00000000000 (Differential & Vectoring)

// 00000000 * 00 = 0000
int32 t diff adj = (loc steer * STEERING GAIN) / 100;

// 6. 00000 (Mixing)
// 100 (0000000O000)
int32_ t fl temp = (base front / 2) + diff_adj;
int32 t fr_temp = (base front / 2) - diff adj;

// Clamp logic for front clutch (No regen)
cmd FL

(fl _ temp < 0) ? 0 : fl temp;
cmd FR

(fr _ temp < 0) ? 0 : fr_temp;

// 00 (0DO000C0OO00)
// 000000000 IMU 0000 (Yaw Control)

cmd RL = (base rear / 2) + diff adj;
cmd RR = (base rear / 2) - diff _adj;

// 7. 000000 (Total Current Limiter)

// 000000000000000
int32 t total req = cmd FL + cmd FR + cmd RL + cmd RR;

if (total req > MAX TOTAL CURRENT MA) {
// 0000000 (Scaling Down)
// 000000000000
// 00000000000000000

// 8. 000000
if (loc_mode != g VehicleState.drive mode) {
if (osMutexAcquire(VehicleMutexHandle, 0) == 0s0K)
g VehicleState.drive mode = loc_mode;

osMutexRelease(VehicleMutexHandle) ;

// 9. 00 CAN [0

VESC Send Current(VESC ID FL, cmd FL);
VESC Send Current(VESC ID FR, cmd FR);
VESC Send Current(VESC ID RL, cmd RL);



VESC Send Current(VESC ID RR, cmd RR);

// 10. 0000
tick count += period;

osDelayUntil(tick count);

5. ?2?2°?7?7?7?7?7?7? (Wiring Notes)

1. CAN Bus [I11] ;[ CAN H/L 1110

2. [I1 (Common Ground): [TT] VESCI[II]

3. VESC[I] (VESC Tool):
e App Settings: [J] CAN Uart [J CAN[]
e Controller ID: [TTT1T] 1, 2, 3, 4 [11111
e Baud Rate: [T] 500K [IT] STM32 [11]
e Current Limits: [TTT11T]

(Battery Current Max) 11111 BMS [11]

6. 277777

1. 10 (Field Weakening): [ RWD 111111
1kw [IITIIITO

2. [1111 (TCS): 0 Task_Control [TTTTTTTT]
ITTTIn cmd [T

3. IMU [T1T] : [TIIIIIT11 (11
(T
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(GND) 0T

(Motor Current Max) [11]

0 [T

(MCU 1111 VESC)[J
STM32 [J GND [IT1]

20A (500W[M] )III1O

VESC Tool [TTITITTITTITI

(Wheel RPM - Avg_RPM) > Threshold

Yaw Rate



