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1. 27?77

1. 27777

(LTI [T
FSAE EV [TITTTTIITIT]

o I [T
o I  [MITTTIITITTITTITITITTITITL

HERRRANNRNRRANNNNNRE

e 000 O

e 010 0 Accumulator [TT] BMS/AMS 1]
o 000  [ITITTITIIT]

o I [IIIIIIIIITIIT]

D0 OO cod eI
debug M

FSAE EV [TTITITTITIIT]

1111 Tractive System, TS[]
o [TIII111 300V-600V DC[]] Accumulator [IT1T]
e [[I] Accumulator[] Motor Controller]] Inverter[IT1] HV [T
o A I 0 TS [IIIITII10 Grounded Low Voltage, GLV[ITITIT]

110 Grounded Low Voltage, GLV[]

e [ITITTT] 12v [ 24V
e [I11 VCUIIID CAN Bus[TITITIT Shutdown Circuit [T]

e [ITIT11 GLV [T



(ITITITIT] a

e TS[] GLV[IID IMD[] Insulation Monitoring Device[] [I11]

e [TT11TI Contactor [TTT11] (111 [] isolated gate driver(I] [O00 11
e [ITITTIT] GLV [ 0 HV ITI11T

1.3 27??27°?7°?7°7?77

ooog- (Ts)
|
[Accumulator] —- [AIR+] —- [Precharge] —- |
—- [AIR-] — [Motor Controller]

{

|
|
[AC Motor] |
|

TS OO0OAMSOIMDOOO TS 000

+ AIR 00000000 + IMD 0000

0ooo - (GLV)

[GLV Battery] - [Shutdown Circuit] —- [SDC OK] |

' 1 |
[VCU / ECU] [BSPD, IMD, AMS, BOTS, TSMS, |

. HVD, Inertia Switch, etc.] |
[CAN Bus] |
— Motor Controller |
— AMS / BMS |

L— Dpashboard / [ |

[TSAL 001 [RTDS OOl [Brake Light]

a4 1] OITTTTI GLV[I] HV[I GLV[Q] Shutdown Circuit [TIIT] SDC
0 HVIIIIm
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2. FSAE EV 277770707777

2. FSAE EV 7?7?77?7?77?7777

[0 2026 FSAE Rules[TIIIII[

(LITTITITITT]

EV X.X.X[] TS X.X.X

2.1 Shutdown Circulit?????

(LIT] 0 Shutdown Circuit] SDCTTTTTITITIITIIT (]

HINRRNNNNNRRRNNNNNEED
(ITITTITTIT

Accumulator Isolation Relay[] AIR

{TT11] (0 0 Shutdown Circuit [1] 2026 1111

m

Master Switch[ITTT]

Master Switch[IT1T]

Brake System Plausibility Device
Inertia Switch

High Voltage Disconnect

IMD [T1T]

AMS 1117

(10

10 0

(M i
TSMS Tractive System Master Switch
(11
MSMS NERRRNNNNNNN
BSPD 11 + 1111
— (LTI
HVD 110 HV 1T
IMD (LTI
AMS (1111
— (T

GLV_POWER —- [TSMS] —- [MSMS] —- [BSPD 0K] —- [IMD OK]
—- [AMS OK] —- [Inertia OK] —- [E-StopxN]

—- SDC_CLOSED —- AIR (000



11 Fail-safe [T1T] O T T HV 1]
INNRNRNNRNRNERNRNENNED

« MO0 0 SDCOIIn — — I GPIO
M High = Active TN

BSPD 7?77
AN [OBSPDIN [IIII (I EV.5.7[T]
BSPD [1T11]
e (1111 (T111] > [11] AND 1110 0 > 5 kW equivalent]] = [T] SDC ]
[ITIT]
o (11111 LM393 [ITIIIIIITTIT
e 11110 Hall Effect Sensor[ITIT11]

e (111N AND [TTTTITTIT]

(00000001 — [oo0 11 —
AND —- [000001 —- SDC OO0
(000001 — [ooo 21 -

2.2 Tractive System Active Light?TSAL?

A1 IO 7SO 60V TSAL[O M I

0 OO

[LIT] i
 TSAL [ITITITT] AR TS IO (LTI
o [IITIT Accumulator [TTTTTTTTITTIIT] LED (1111

o II1 VCU GPIO [[II] TSAL[[] VCU[I] TSAL [III]
[TS+ / TS-1 —- [0000] —- (00000 66V] —- [TSAL 001 —- [00]

1< 60V[]
[TSAL 001 —- [O010000

2.3 Ready-To-Drive Sound?RTDS?



A 1T 110 TS (111 RTD[ Ready To Drive[TTITTTTITIT] 1 [I1T]
(1111

(0 [T RTDS [TITTTTTITITT

(LI (LT

1. TS I110 AIR [TT] Precharge [I1]

2. 110

3. 11 RTD 1]

4. VCU I1111 -] RTDS[ 10 - RTDM

(111 0
o [T VCU GPIO [T]
e [ITITITITI =1[]
e Scrutineering [JTTTTTIIIITITIIIII buffer[TT1T] = 85 dB[]

80 dB

2.4 Accumulator Management System?AMS?

AN [0 AMS QI Cell [[IITIIIIIIIIII SDC[]

[LITIITIN a

e [[1 Cell[I1 Over-voltage[] /111 Under-voltage[]
e [T1TT1 Over-temperature[]

[LIT] i

[Cell Voltage Sensors] —- [AMS MCU[J LTCe811]] —- [0 MCU / VCU]
[Cell Temp Sensors NTC]—- «[JCAN 000000
[AMS OK O] —- SDC

(T 0 AMS_OK 117 [T11 [TITITTI GPIOIIT] MCU [T
AMS_OK [TITIIIT

a4 [T1111 0 AMS [T  Scrutineer [TTTITTTTTITITTIITITT
Cell [ITTTTIITITT] AMS [TTT1T] SDC[

2.5 Insulation Monitoring Device?IMD?



AN 0 IMD I TSI GLVID /O
SDC[]

(I1T] 11 500 Q/V[I1 TS III1 400V [IJ - 200 kQ[]
(11 0 TS MM
(1111 I

e Bender ISOMETER® [II]  FSAE [IIIII]
o (0110 OK/Fault[IIT] —[ SDC
e [T CAN[ RS485[1] VCU [III11 SDC [T

(111 0
e IMD[ITI  AIR [TITIIIIIIIT Precharge [TTTT1T]
e IMD [IT] GLV [ITI1I111 TS []
e IMD [TTTTTIT1T] GLV T
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3. 07077707077

3. 27?777?27777

3.1 ????7?HV?

HV [T T T

Accumulator ?7?

[Accumulator ][]

— Cell StackOOOOoOOO

— AMS[BMS[}—- AMS OK - SDC

— 00000 /7 ooo

— HVD[High Voltage Disconnect[J—- SDC
L— TS+ / TS-0OO00000

[Accumulator ]
AIR+[JAccumulator Isolation Relay 00
AIR-[JAccumulator Isolation Relay 00

Precharge Relay + Precharge Resistor

Contactor / AIR ??

e ][I HV Contactor{]] TE Kilovac EV200[] Tyco EV series[]
e [TI111] 12V [] 24Vl GLVI[II1 SDC 1]
e [T11 ™II10 Auxiliary Contact] 110 VCUIDl AIR 1110

[11T] 0 AIR+ [J AIR- 1111 Contactor

3.2 ??7?7LV [ GLV?

GLV 1111 [

e 11111 GLV [TIT111 or [I111J Accumulator [TT]

o GLV [T CAN [ITTTITIT]
e [I11 DC-DC [TT] 5V for MCU[] 12V for [I11] 3.3V for [T11]



GLV 1111 [

e [TIT] 0 Single Point Grounding[TTTTTT] GLV
T

o [TIII1T1 Ground Loop[T111]

o [TIT] Signal GND[ITTIT] Power GND[TIITIIIIIIIT]

a4 A 1111 NENRRRNNNNNRANNNNNRRRRNNNNEE
(TLITITITTTI debug[TTTTTTTIT]

« D EMI [1T]

[VCU] CAN Bus{O000 1260x2[]
|— [Motor Controller / Inverter]

— [AMS / BMS]

— [Dashboard / [0l

L— [DataloggerlQOon

0 0 1 MbpsIIIIIIIIT] 1Mbps [TI1T]
[T 0
o [ITTITIT] Shielded Twisted Pair]

o [(ITTTITTITIITIIT]
e [[] Bus[IIII] 120Q 1117

3.4 ??7?VCU /| MCU?

VCU[] Vehicle Control Unit[] [ITIIIIIL

CAN Bus



e [[] RTDS[] TSAL [IIITIIT
e [T] CAN[] Motor Controller] AMS [T]

0 O
e« STM32[[] [I] STM32F4/H7[] FSAE I CANIIIIT
e NXP S32 [T] [TTITTTITITITI
M PCBvs[I[] [T PCB

a4 (1] (1111 0 VCU I
Watchdog

?7?

(LITITTIIT] (11 0 HV 110 GLV




4. Shutdown Circult ???7??7?77?

4. Shutdown Circuit ???7?7?7?7?7

aa [TTTTTTTITTI00T] Scrutineering 50% [TTITITIT] SDC[]

4.1 7?77?77

[0 SDC I

GLV+ (12V)
|
F— [Cockpit E-StopO0OO]
— [External E-Stop 100001
— [External E-Stop 200001
F— [TSMSOMaster SwitchO000000000]
F— [MSMS[Maintenance Switch{O00]
F— [HVD InterlockOHVD [OOO00]
— [Inertia SwitchOOoOooool
[— [BSPD_0KOOOOO00]
— [IMD_oKOOooooo]
L— [AMS_oKOOOO0o00]
|

v SDC_CLOSED
[AIR+ 001 + [AIR- OO1000000
|

GND
(IITITTIT] 0
E-Stop (I [0 *™IIJ Normally Closed, NC[J **IITIIIIITT] SDC [IIT111 NO
(11111 ——[II  Fail-safe [I1]

TSMS / MSMSTTTTTITTTTTTIITITITIT SDC [T




Inertia Switch[[TI1T] T Ford [I111T1 Sensata [IT]
(LT T LTI

[0 10 GPIO[] SDCI[I

0 I VCU [T GPIO [ITTTITIT] SDCO

0 IO SDC [ITII111 Normally-Closed [TT] VCU I1111J SDC
(ITITIT] SDC [TITTT1T]

M O0vcum@m bugl MCU 11111 — GPIO [ITTITTT] - [[ITT1T1]

[0 20 AMS_OK /IMD_OK [I1IT]

0 [T AMS MCU [TTTTTITITII GPIO 1 Low[IITITTIN

0 I (IIT11] Watchdog[] + [I1T] AMS MCU [TTITITIT] toggling
output[T] Watchdog [11T] - [11111] MCU [I] - Watchdog [1]1 - [II10J - SDC [IT]

[ 30 SDC [T

HENRRRNNNNRRRNNNNRRRRENY

e SDCIN [IMO (CTTITITTIITTITTIITT
e [ITTIITIN

[0 400  SDC[IIN

SDC[I] = AIR [IIIIIT] 0.5A-2A

Scrutineer [TII111] 0
1. SDC [T1111] (IITIT] SDC 11111 AIR [TITITITIT] TS 1111 0
0
2. BSPD [I]T] [T111] + 111111 SDC[T]

3. AMS [II] [0 Cell [III0 AMS_OK [T]
4. IMD [IIT] [IIIIIIIIIIIILI




5. TSAL[I] 0TS =>60V[Q TSALIIT

110 0
e 1111 SDC [11] [IMIIIIIIIIInO Scrutineering
o [TTTTITITITITIT IMD_OK[IT1 AMS OK[T]
e [II1TT] SDC [T
o [TTTTITTITT] (I TTITTTIT]

aa A 1171 1 Scrutineering [T11T] BSPD
(O SDC T
Scrutineering 1T}

272

SDC [T (11




5. Accumulator ??7?7??

5. Accumulator ???77?7?

5.1 AMS ?77?7?7

AMS[] Accumulator Management System[] [ FSAE [TTTTTTTIT]

Management System[T] FSAE [TTITIIIIIIM

?77?7?

[
o
SOC [T

[Cell Stack[]125[]]

|
[LTC6811-100120Ce L]

|Odaisy-chain SPI[]
[LTC6811-20000012001

|

[AMS MCUOSTM32[]]

|
— [AMS_OK Oooool - Sbc
— [CAN O] - VCUu
L— [s0C O] - Dashboard

I LTC6811[]

o [[] Li-ion Stack [TIIIIIII]

M Cell 110
111 NTC
M Cell 110
M Cell[I1TJ
M CellIIO

(11

< 1mV[]

BMS[] Battery

(1T

I ICO LTCe811[]

ADC [TTITIT]

nuanN + SDC [IT]
[

1

1 or 1T



e Daisy-chain [TTTT1T]
e [[1 ADC[I] Cell balance[] Passive Balancing[]

o [ITTITTITIT]

5.2 Precharge ??

(11110 Precharge[]

Motor Controller [TTTTTITITIITI MFITITIT AIR
ERRNNNRRRRNNRNRREEND

e [[1 Contactor [TIIIIIT]
e []] Motor Controller [T]

e [IIIT]

Precharge [I] [

Precharge Relay [

1. AIR- [O000000C

2. Precharge Relay (000000000 MC 00000
3. 00 MC 00000 TS 000 = 95%000 1-5 00
4. AIR+ [

5.

6

- 00 RTD 0OCO

Precharge [T} 0

110 T=R X C

o [IT111DT 3t 95%110 1-3[

e MC 1111 Motor Controller [ITT]

e[[1 R=71/(3x0Q)

e [IT1T] P = V2 / RO 3-5 11

Precharge 1] 0

e [I] Motor Controller DC Bus [I]
e [T] Accumulator [T]
o [[1 < 5%[III10 >[I AIR+ [I]

a4 A 111 0 Precharge [T1111] SDC[II] SDCI[II
(11T

Precharge Relay



5.3 Contactor ?7?77?7?

[0 Contactor 111 0

[IDLE / 00001
| sDC CLOSED & Q00000
0

[AIR- 001000 56ms 000
|

1
[Precharge 01000 MC 00000
| MC Voltage >= 0.95 x TS Voltage
{
[AIR+ 01000 56ms 000
|

{

[Precharge O]

{
[HV READY](O0 RTDS 00000
|

{

[RTDOReady To Drive[]]

000000 sbC 00 - 0000 [FAULT] - 0000 Contactor

(LTI I

[I1 Contactor [IIT1T] Auxiliary ContactTTT1T] VCU[IIIIIT

e Contactor [ITTTTITTTIIIITITITIT

e Contactor [TTIITIIIIIIIIIIII welded contact(]
T ——0  HV I
27
Accumulator [ITTTTTIT] (T

T OO T OT T Precharge
I




6. 77?7?7777

6. 2777?7777

6.1 CAN ???ID 7?7

CANID[II] [

an M ID [TI111
1n 1D[] 1111 SDC[II] AMS Fault 0x001-0x0FF
0 I 0x100-0x2FF
0 T 0x300-0x5FF
M 11 Log @I 0x600-0x7FF
(I 0CANOO IDOIO 1D 0TI (I Bus
(I
CAN [TTT1T] AMS IT1 [
CAN ID: 0x05000000
DLC: 8 bytes
Byte 0: Status[JOx00=0K, 0x01=0V, 0x02=UV, 0x03=0T, OxFF=Fault[
Byte 1: Max Cell Voltage [LSB = 1 mV]IQQ 8 bits[]
Byte 2: Max Cell Voltage[]] 8 bits[]
Byte 3: Min Cell Voltage[J 8 bits[]
Byte 4: Min Cell Voltage[]] 8 bits[]
Byte 5: Max Temperature [°C, offset -40]
Byte 6: SOC [0-100%]
Byte 7: Fault Code00000O
(I 0
e [ITIT1T] 10-50 msTTIT]
e [TT1T1 5-10 ms
e [T11T1 50-100 ms
e 11110 100-500 ms



6.2 ??7??7?Fail-safe?

Fail-safe [T]]] O OO T IO LT

CAN [11T1] a

// 0000
void CAN_RxCallback(uint32 t id, uint8 t *data) {
if (id == MOTOR CONTROLLER STATUS ID) {
last mc heartbeat = get timestamp();

update mc_status(data);

void safety check task(void) { // 0O 1l6bms [
if (get timestamp() - last mc_heartbeat > MC TIMEOUT MS) {
// Motor Controller OO0 - O00OOO ©
set torque command(0);

set fault(FAULT MC TIMEOUT);

}
}
(LTI 0
e AMS[] 100 msITTTIITITIIIIIIIIIT HV[
e Motor Controller[] 50 ms[TTITIT] o[J
o [0 20 ms
(111 0
m [ 1
Warning (T I
Soft Fault I M0 50%
Hard Fault IIII10 an o1 RTD
Critical Fault 1o M SDC
I

6.3 State Machine????7?7??7?

(LT L T T T




| |
| L
[INIT] - [LV _READY] - [HV_PRECHARGING] - [HV READY] - [RTD]
1 | | |
| Fault/SDC Open Fault/SDC Fault/SDC
| f Open Open
L——— [FAULT] « I :
|
(SbC OO
00 Contactor [0)

(11 0
INITITIITTIITT SelftestTTTTTTITIT SDC 111111 CAN 11117
LV_READY[] GLV [T11T1 HV [TTIIIIIIID TSMS [I] HV Precharge [11J
HV_PRECHARGING[I]] AIR- - Precharge - AIR+ [TTTT1T] 10M@ MC IIIIIIT1T
(0 FAULTQO
HV_READY([] HV [TTT1T1] RTD [IT1T] + RTD [I1T1]
RTD[] Ready To Drive[] [ITTTTITITTTTIT] RTDS [111]
FAULTIIIIIIIIIIIIIIIIO O[] SDCI[IIM Fault [TT11] Watchdog
(I TSMS [TI1T111]

4« [T1I110 I TITTITTTITT FAULT

T Reset T

?7?
(LITTITITIITI (IITIIIT] M  CAN
T IO T TT bug




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

1.1 ??7?? (Powertrain)

e [I111 : 13s[IIT] (LIITTTT] 1000W (0 20.8A)0
e (111 :40 x 500W 200 OIT] (OIIm 2000W[IITIT] )
o [I] (Front Axle): [T] [III1] (Overrunning Clutch)[]
o [ : IIIIIIITITIT (11 /m 0
o[l (Rear Axle): [I] (Direct Drive)[]
o[ :OIIIIm 11 (Regen) ] 1111 (Vectoring) [T}

Gemini_Generated_Image_yli7ppyli7ppyli7

1.2 ??7?? (Control Unit)

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

e OS: FreeRTOS (CMSIS-V2 AP

e [[] : CAN Bus (500kbps) [T] 40 VESC 111

e 7] :

o [TI1] (ADC)O

o [(TITIIIT (ADC[] Encoder)[]

o IMU 11100 (12C/SPI, MPU6050/ICM20600)[]

(1110 1kW I 2KWITIT I 0 I gall
2.1 ??2°7?7?7?? (Drive Mode FSM)
e I A:[II0 (4WD Mode)

oM :M <35km/nh (@ )0
o 1] - [IIITTITI



o[ M 0O 40% /[0 60% (OITITTITIITIIT] )
e [I] B:[II] (RWD Mode)
o[ :[M > 35km/h[]
oM :0 0% /0 100%[
o [I] - [IITTTTTITITIIT] 1kW T (Field
Weakening) [T111J

e (1111 (Electronic Differential): [TTTTTITTTTTTTTTTTTTTITIIT]

e [T1T] (Torque Vectoring): *[] IMU 11110 (Understeer)
(T
o] - [IITTTTTITITIITITTITTITT] (Clamp to 0)g

3. ??27?7?7?7?7?? (Detailed Logic Analysis)

[LITTIT] RTOS [TIITTTITITITITIIN

(T T ITTTITT T

e CalcPower ([T11] ): (TIIIII1
o [Tl $Max_Current = 1000W / V_bat$
o [ r MIITHIITTIITTIITTITIITIITTI
e CalcSpeed (1111 ):
o[ :0OI0O [1 (Rear Wheels) [] ERPM[]
o ] - [ITTTTTIIIIIIIT I IqaTa011T1d

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

e ModeLogic ([T1T] ):
o 4WD [IT] :[I] Splitter (IT] 0 33%/[] 67% ([II1 250W/[] 500WI[TIT] )N
o RWD [I] :[I] Splitter 1T 0 0% /[ 100%]]

« EDiff (TTT]  ):

o [IIIIIIIIT]
o ] - [IITTTTITTITIT] $\Delta I$[TTTTITITIT] $\Delta I$]
e TCS_ESP (111 ):
o (TIIIIIITIIIII (Target Yaw)[IT] IMU [ITI1110 (Actual Yaw)
(0

o [II10 (1 Understeer/Oversteer)TIIII1] $\Delta | {ESP}$[]



e [T11] (Rear Logic - [T] ): $$l {Rear L} = (I_{Total} \times Ratio_{Rear} \times 0.5)
+ \Delta |_{Diff} + \Delta | {ESP}$$ $$| {Rear R} = (I_{Total} \times Ratio_{Rear}
\times 0.5) - \Delta |_{Diff} - \Delta | {ESP}$$

o (1] - IITTTTTTITTITITIT] /O]

e [TI1] (Front Logic - [TTT111] ): $$1 {Front L} = (I_{Total} \times
Ratio_{Front} \times 0.5) + \Delta |_{Diff}$$ $$I {Front R} = (I_{Total} \times
Ratio_{Front} \times 0.5) - \Delta |_{Diff}$$

o 1T : [IIIIIIIIT] Mixer [TTT111] T (Clamp to 0)
(LTI T L e oIl
3.4 72?27?77 (Limiter Layer)
00  VESC QI
1. 1117 (LTI IOTT IO (1M Max 10A)[]
2. [111 ¢ (I $\sum I \le |_{max_battery}$[1111] ESP
[TTTTTTTTTTTITTT (Scale Down) [IT1T]

4., 2?7?77 (Implementation)

?7?7?? (Software Architecture)

[[1 FreeRTOS [TTTITITIIIITITIIIIILIIT M0 (int32) 11 STM32
(ITIT]
1 i 1l 1
Task_Control Realtime 1kHz 11110 (011

i ->CAN[T )

Task_CanRx High Event 0 VESC[I1[] (
11 )OI

Task_Input Normal 100Hz a1 ADC[IIIIIN
IMU [T]

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

->



/* 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 (D000)
#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 Z0O000
uint8 t drive mode; // ©: 4wWD, 1: RWD

} VehicleState t;

#endif

4.2 RTOS ??77? (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)
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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]
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(Battery Current Max) 11111

6. 277777
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(Wheel RPM - Avg_RPM) > Threshold

Yaw Rate
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BSPD Testing Standard
Procedure

Revision

e 2024/11/17, William, First version release.

Purpose

This document outlines the procedure to verify the proper functionality of the Brake System
Plausibility Device (BSPD) while ensuring compliance with EV7.7 regulations. The testing ensures
that the system performs accurately under any circumstance.

Related Rule

e EV7.7 Brake System Plausibility Device (BSPD)

Test Steps

:::danger Ensure the HV system remains disabled throughout the entire test. :::

1. Driver Preparation
The driver gets on board and prepares for the test.
2. Activate GLV System
Turn on the GLV system.
3. Simulate Hard Braking Condition
a. Instruct the driver to press the brake pedal as hard as possible to simulate a hard
braking scenario.
b. Verify that the Interlock remains closed.
4. Reset to Normal Condition
Ask the driver to release the brake pedal.
5. Simulate Accumulator Output Exceeding 5kW
a. Set the laboratory power supply to 2V and 3A.
b. Connect the positive terminal to the upper green banana jack and the negative terminal



to the lower green banana jack on the LV-BOX panel.
c. Activate the power supply's output.
d. Verify that the Interlock remains closed.
6. Test Interlock with Combined Conditions
a. Instruct the driver to press the brake pedal as hard as possible again while the
simulated accumulator output exceeds 5kW.
b. Verify that the Interlock opens.

Core System Explanation

How to Detect Accumulator Output Power
Exceeds 5kW?

To monitor whether the accumulator’s output power exceeds 5kW, we installed a Hall effect sensor
“LEM DHAB/S118"” on the positive HV bus inside the HV-BOX.

Given that we are using LiFePO4 batteries with a nominal cell voltage of 3.2V and a configuration of
108 cells in series, the total nominal voltage of the accumulator is:

$$ 345.6V = 108 \times 3.2V $$
At 5kW output power, the corresponding current is calculated as:
$$ | = \frac{5kW}{345.6V} \approx 14.46A $$

The current sensor, functioning as a transimpedance amplifier, converts the measured current into
a voltage signal using the formula:

$$ V_{out} = 2.5V + (\text{Measured Current} \times 66.7mV/A) $$
At a current of 14.46A, the output voltage of the sensor will be:
$$ V_{out} = 2.5V + (14.46A \times 66.7mV/A) \approx 3.464V $$

To determine whether the output power exceeds 5kW, we use an operational amplifier (OPA)
configured as a comparator with a precise voltage reference set at 3.464V. When the sensor’s
output voltage exceeds this threshold, the comparator outputs a high signal, indicating that the
power has surpassed the 5kW limit.

How to Detect Hard Braking?

To detect hard braking, we installed a pressure sensor “TE M3041” on the brake pipe.



This sensor outputs a voltage proportional to the brake pedal travel. To determine the threshold
voltage for hard braking, we conducted a calibration by asking the driver to press the brake pedal
as hard as possible, simulating a hard braking scenario. The corresponding sensor output voltage
was recorded as the threshold.

Similar to the method used for detecting when output power exceeds 5kW, we use an operational
amplifier (OPA) configured as a comparator. A precision voltage reference and a potentiometer are
included in the circuit, allowing us to easily set the threshold voltage. When the sensor’s output
voltage exceeds this threshold, the system identifies a hard braking event.

How to Simulate Accumulator Output Exceeds
5kwW Without HV Operation?

To simulate the accumulator output exceeding 5kW without operating at high voltage, we wound a
wire 5 times around the current sensor. Each end of the wire is connected to separate green
banana jacks located on the LV-BOX panel.

BkXcSlIMke.jpg

By applying a constant current, such as 1A, through the wire using a laboratory power supply, the
sensor detects an equivalent current of 5A due to the 5 turns of the wire. Therefore, to simulate the
accumulator output current for 5kW, we only need to apply:

$$ | _{simulate} = \frac{14.46A}{5} \approx 2.892A $$%

This method allows for safe and accurate testing of the system under conditions equivalent to high-
power operation.

Is the System Non-Programmable?

Yes, BSPD circuits only use operational amplifiers, voltage references, counter ICs, and oscillators
to achieve all functionality and requirements.
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1300 mm [T 2000 mm [[TIIIII0

HINRRRNNNNRRNNNNNNDED

EV.5.10.4 Ready to move light(RTML)IT] a.[] GLVI[II[ b.

HERRRRNNNRRRRNNNNRRRRNEED EV.6.5. 411111111 C.
T T.9.1.110 2Hz[Q SHz[O0 50% 110 d. [T
EV.5.11 [[IIIIII0 (TSSI) EV.5.11.1 [[IIIIIIIILLLI

EV.5.11.2 [T a. [I11] b. 1T



EV.5.11.3 QT a. [I11T] 130 mm? 11T} b. (T o
(IIITTITTITT

EV.5.11.4 [QTITIITITITTIIIT a. [T b. TITTIT C.
I F.1.130 d. Q1000 150 mm e. [IIIIIIIIT f.
(I

EV.5.11.5 [TITTITTITIT] GLV [IIT1110

0 |mM |0 |a|O0 |00 |0 b.BMS (EV.7.3.5) [ IMD (EV.7.6.5) [ITIIIIIL] 0 M

2 Hz[] 5 Hz] 50% [IT]

EV.c 7?77

EV.6.1[I]] EV.6.1.1

EV.6.1.2 [T 100 mm 1] 6 mm I
EV.6.1.3 T IP65 1]
EV.6.2 [ EV.6.2.1 I a. (111 b. IO 90°C

EV.6.2.2 [T

EV.6.3 [ EV.6.3.1 I

EV.6.3.2 (TITTTTT11T] a.

AERNRNRNRNNRNRNRNRNRNRNRNRNRRRRRRRNRNRRRRNNEY

(ITITTITTIT b. [TITTTTIT] 90°C

EV.6.3.3 [T a. [T b. [ITITITT c. 110
(LTI d. [T

EV.6.3.4 [T a. [IITITTIT]

(ITITTIT] b. [T 200 N [TTTITITTTT] o
(TITTITTIT

EV.6.3.5 TIITTTITIITIIIIITIT

EV.6.4 [[] EV.6.4.1 [[IIIIIIIIL a. LI b.
(ITTITTITTTT C. [(IITITTTTTIIITT



EV.6.4.2 MTITTTTTITTTTITITIT] GLV 11T EV.6.7

[ Loctite® TTTITITITIIITIIII OEM [ITIT111
EV.6.4.4 TITTTTITTIIITITIITIIT
EV.6.5 11T EV.6.5.1 [I111J GLV [I1111 a. (11110 GLV [IIIIIIII1O

IN.10.2.2[] b. 1110 GLV [

HERRRANNRNRRANNNNNRE

EV.6.5.2

EV.6.5.3 [T111] GLV [T EV.7.8.4 [TT]

EV.6.5.4 [ IRQ EV.5. 40T EV.5.6[] HV DC/DCII]  BMS[ EV.7.3[M
IMD[ EV. 7.6 EV.5.10[1110 EV.3. 111110 GLV

[T

EV.6.5.5 [I111] GLV [T a. [I111] 90°C 11110

UL [T Nomex [T b.
[ITITTTIT UL1741 [ITTTTTIT]

M MO U<1l00vDC10mm100VDC<U<200VDC20 mmU > 200V DC 30 mm EV.6.5.6
NERNNRNNRNRRNRNNRNRRNRNNRNENED

EV.6.5.7 [TT1111] GLV [III1110 a. (T b.
1] /OIIITIIITIITTTTTTd
Mo 0On (OTIIITIIT 11 0-50VvVDC1l.6 mm1l1.6 mm1mmb50-150V DC 6.4

mm 3.2 mm 2 mm 150-300 V DC 9.5 mm 6.4 mm 3 mm 300-600 V DC 12.7 mm 9.5 mm 4 mm
EV.6.5.8
(LTI I T I I I T I

EV.6.5.9 T

EV.6.6 1111 EV.6.6.1 [TTTTTTTITTTTTITITTTTT0Td /M

EV.6.6.2 [TITTTITTIITTITIIIT] a. [T DC
[ITITTITTT DC I pC b.
NERNNRNNRNRRNRNNRNRRNRNNNEEN C.

EV.6.6.3 I T T T




EV.6.6.4 [T a.
[T b. MITITITITITI

EV.6.6.5 [T T IO TTT T

(LIT] EV.6.6.2.b T

BMS [T EV.7.2.2

NERRNNRRNNRANNRRRNRRANNRERY

EV.6.6.6 [ 150 mm
(T a. [TTTITIT] 150 mm 11 b.
(LTI C. ITTIIITITITT

EV.6.6.7

ERRNRNNNRNNNNNNNNRRNNnnnnnnnNnnnnnnnnnnnnnnnnnny

RRRRRRRRRRRRRRN EV.6.6.5 [TIT11]

EV.6.7 1] EV.6.7.1 [IIIII0 a. (M0 100 mm [TIIIIIIIIT T.1.8.4
I b. ITID T.1.8.47]

(T

EV.6.7.2 [TITTITITT] GLV T a. [II11] 300mQQ] 1A
110 ERRNRRRRRNNRNRRRRNNRRRnNN b. T 5Q
(ITIITIT]

HERNNNRRNNRANNRANNRRRNNRRRRRREEY 5Q

EV.6.7.3

O T T T I I T T

EV.7 7?7?77

EV.7.1[II0  EV.7.1.1 QIO a. [IIIII0 BMS[T] EV.7.3[] b.
MIIII0 IMD[I] EV.7.6[] c. [IIIIIIII0 BSPD[[] EV.7.7[] d. IIIIIIIL EV.7.8
0 e. QI GLVMS, TSMS[T] EV.7.90 f.[IIIT] EV.7.100 g. [IIIIII0 BOTS[T] T.3.3[]

h. 1117 T.9.4]

EV.7.1.2 [TITITIITTIITTTII IRCOTTTITITITIT]

EV.7.1.3 [IIIT] BMS[] IMD [ BSPD [IIIIII]

EV.7.1.4 BMS[] IMD [J BSPD
NERRNNRRNRRNNRNNRRNRRRNRRERRNRRRRRRRRREERREEY



EV.7.1.5 (1117 BOTS[ TSMS[J GLVMS [TTITTTTITITITIIT]

EV.7.1.6 O T T

EV.7.2 [0 EV.7.2.1 QI a. EV.7.1.1
I b. GLV [IIII1[

EV.7.2.2 [IITIIT1T a. [IIITT1T1] b. T EV.5.4.30 c.
HERNNNRRNNRANNRRRNRRRNNEE T.9.1.2[0 d. O]

EV.7.2.30 BMS IMD [ BSPD [T a. I b.
EERNRRRRRNNRRNNNNRREENEEE ¢. I d.

(L1111 TSMS [TTTTTTITTIT]

(OO T T ]

EV.7.3 1110 BMS[ EV.7.3.1 I EV.7.4
I EV.7.5[1] a. [IIIIII0 EV.11.50 b. [IIIIIIIIII0 EV.8.3[]

EV.7.3.2 BMS [T ESF [11T1

EV.7.3.3 I EV.7.2, EV.8.4]]

EV.7.3.4 BMS [II1T] a. (ML EV.7.4.2[ b. QI c.
(LTI EV.7.5.200 d. T e. BMS [I1T1]

EV.7.3.5[] BMS 1T EV.7.3.4 [IIIIIII10 BMS 1]  a. [IIIII[ EV.7.2.2[]
b.[[] BMS [IIIIIIIIIIIIL EV.5.11.5[]

(LTI BMS 1111 EV.7.2.3[]

EV.7.3.6 BMS [II111] a. 110 b. T c. IM1Ix BMS
O

EV.7.4 [III10 EV.7.4.1 BMS

EV.7.4.3[] BMS [TTIIIIIIIIIIIIIII a. [111 EV.7.4.4 [T111] b.[I] Error!
Reference source not found [TTIITIIII1]

EV.7.4.4 11111 BMS [TTTITTTTTITTTITIT] a.
NENRNRRNNRRNRRNNRNNRRRNRN PCB[II b.
HINRRRNNNNRRRNNNNNREED




EV.7.5 1111 EV.7.5.1 BMS [ITTITITTTIITT]

EV.7.5.2 T

(LITIITIITTITTIOT

60°C

EV.7.5.3 I

EV.7.5.4 (TITITTTITITTIITTITd

[T

(LITIITIITTITTIOT 10 mm [T

EV.7.5.5 (II11111] a. BMS 111111 20% 1111
ARIRNRNRNRNRNRNRRERED

[LITITTITIT]

EV.7.5.6 [IIIIIIIII10 EV.7. SO

EV.7.5.7 (IITITITITITTTTITTTITTTT]

[LITIITIN

(1110

[IT10 GLV/TS [T

EV.7.6 [II1111] IMD[] EV.7.6.1 [T

IMD[]

EV.7.6.2 IMD[II] Bender ISOMETER® IR155-3203 [] IR155-3204[[IIIIIIILL]

(1 FSAE Online [TTTTTTITTITTITIT]

EV.7.6.3 IMD [[IIII111] 500 Q/V [T
EV.7.6.4 IMD [[IIIIII11 a.[II  b. IMD [III]
HERRRNNNRRRRNNNRREND

EV.7.6.5 ] IMD [IIII] EV.7.6.4 [TIIIIIIIL]
[ IMD QI EV.5.11.5[]

(LI IMD (IIII]  EV.7.2.30

IMD

IMD (1] a. [IIT111]

IMD

EV.7.2.2[] b.



EV.7.6.6 IMD [11111TI a. [T b. I C. [IIIT11J IMD
O

EV.7.7 [0 BSPD[] EV.7.7.1
ERENNNERRERRNNNNRRRRRRRNNNANE BSPD [IT[]  APPS/[IIIIIIILL]
EV.4.7[1111

EV.7.7.2 [IIIIIIIII0 BSPD [TTIIIIIL EV.7.2.2[T]

[T EV.4.6[]

HENRRRNNNNRRNNNNNNEED 5 kW [I1T] DC 1T

BSPD I 0.5 [T

EV.7.7.3 IO BSPD [TTITTIIT] EV.7.2.2]

EV.7.7.4 [T BSPD 111  a. [[IITIITIITTIIT b.
(I BSPD [T

ERRNRRNNRRNRRNNRRNRRNRRNRRRRRRNRRNRRNnE

EV.7.8 [I1[] EV.7.8.1 [[TITIIITIITIITT EV.4.1.3, EV.5.5.2, EV.5.9[]

EV.7.8.2 [TITITITTTITITITTTT]

EV.7.8.3 [T a. I EV.7.2.2]] b.
(1T IR [TITITTITIT

EV.7.8.4 [T T EV.6.5
[ a. I b. [T EV.5.9] c.
EENNRRNNNNNNNNNNNNRRRNNNRNNnE 75 mm

EV.7.9[I1] EV.7.9.1 [[IIIIIIIIIIIIL a. [0 T.9.3 b.
(T

EV.7.9.2 [IIIIII10 GLVMS[IID  a. [IIII0 GLV [IIIT EV.4.40 b.[II[] > 50
mm [TTTTTTTTTT] c. I Lvg

EV.7.9.3 [IIIIII[ TSMS[III]  a.[ OFF [IIIIIIID EV.7.2.2[] b.

(I IR [TTTITTIT] c. [I117 > 50 mm [ITTTTITTTT] d.
0 TS 1SO 7010-W012 [T e. ] OFF IO /

I EV.11.3.1[]

EV.7.10 (II1]  EV.7.10.1 QIIIIIIIIII0



EV.7.10.2 [TITTT11T] a. [(IITITITIITT] b.I  OFF QI EV.7.2.2
0 c.00 OFF 1IN d.IO0  ON [T

EV.7.10.3 [ITTITIIIITIT] a. T F.5.90 b.
1111 40 mm ¢. [TITITITITIIIITId

EV.7.10.4 [TTTIITTIITIITIT] a.

T T T I b. 1T 24
mm

EV.7.10.5 QI IIIIIIT]

EV.8 7?7?7777

EV.8.1 (11111 EV.8.1.1 M T IN.5.1]
EV.8.1.2 [TTITIIIIII] IN.5.2.2[]

EV.8.2 [TT1T] EV.8.2.1 [TTIIIIITIIT] ACITIIT DCIT]

EV.8.2.2 I AC 111

EV.8.2.3 TITITITITIITIT]

EV.8.2.4 [TITTTTTTIITIITIIIII I IITII0d

EV.8.2.5 [TTIIIIIIIIT

EV.8.2.6 [TITIIIIT] TSMP[J]] EV.5.8.2

EV.8.2.7 T a. [ITTTITIITIT] b. 1T 25 mm c.
(00  OFF I EV.8.4.2] d.[I0 = OFF 1T

EV.8.3 [TIT11T] EV.8.3.1 [TITTITIT] a. [TT11111 EV.8.2.7[] b. [III111] BMS
(0 EV.7.3[0 c.[IIII11] IMD[T] EV.7.6[]

EV.8.3.2 [TTIII1] BMS [] IMD [TT1T1 a. [III1110 b.

(LTI

IENNRNNNRNNRNNRNNRNNERNERNEED

EV.8.4 [TIIII11] EV.8.4.1 [T111 BMS [] IMD [I1] a. [I11110 b.

HINRRANNRNNRNNNN




EV.8.4.2 [ITIIITITI0 a. I

EV.Q ?777

EV.9.1 111 (111 EV.7. ST T

EV.9.2 I [ a. I  GLVIIO
0 c. OO0  EV.9.50

EV.O.3[I0 GLvVID 0 GLV I

EV.9.4 [TT11[] EV.9.4.1 [0 - [

EV.9.4.2 QITIIIIIIIIIII]

GLV 110

(1110

EV.O.5[II0  EV.9.5.1[0 - [0 D.2. 31111
EV.9.6 [T  EV.9.6.1[0 - [II0 APPS [TT]

EV.9.6.2 [T TITITIIIIIIIT]

(10 EV.9.4[]

ERRRRRNRRNRRRNRRNNNE T.3.20

(I

(LITITTTTITTI

EV.9.7 [II11[] EV.9.7.1 QI

EV.9.7.2 I a. (11110 100 30 b. 0

EV.9.7.3 TIIITITTIITTITIITI]

T.9.1.20 c. [IIII10 d.

EV.9.30 b. [IIIII[ EV.9.4
D.1.2. 1[I0
80 dBA[TTIIT] IN.10.3[]



EV.10.1 (110 EV.10.1.1 T T

EV.10.1.2 [TTTTITTIITIT] a. [T b.
[LITITTITITI

EV.10.2 (11111 EV.10.2.1
OO T T T T I T

EV.10.2.2 [TTTTITITITTTTITIT]

EV.11 7?7?77

EV.11.1[] EV.11.1.1 [T ESO[I] AD.5.2[[] a.
EENRRRNNNNNNNNNNNNRRRNNNNNENE b.
(I C. [(ITTITTTTIITTTTTTIT]

EV.11.2[1 EV.11.2.1 QI a.

(LTITITITITT] b. I

EV.11.2.2 (T

EV.11.3 M EV.11.3.1 [IITIIIII111 TSMS[] EV.7.9.3[I1111] OFF 17

EV.11.3.2 [T MSD[ EV.5.51T1T] a. [IT111T] b. 1111

EV.11.4 (1101 EV.11.4.1 QI T IO T

EV.5.3.3 a. ([T b. I c. 1110
EV.11.4.2 11171 (T a. (ITIIIIITTTT]
M EV.4.10.2 b. [ /IO EV.11.4.3[]

EV.11.4.3 [ /IO a. 110 b. IO

EV.11.4.4 [IIII111] /I EV.5.1.1 (I

EV.11.5[] EV.11.5.1 QIO EV.4.1011110

EV.11.5.2 (ITIITTIITITITTTd

EV.11.5.3 I

EV.11.5.4 [QTITITITITITTITTTITTTIT

10

[LITITTIIT]

IN.5T]

EV.4.3



EV.11.5.5 (IITTTTITTTITTIT]

EV.12 7?7?77

EV.12.100 [T

(LITTIT] EV.5.11 (110 C. (ITIIIIIITIN
EV.12.2 1] a. I b. T
(IO ITT T

C. I

a. [IIITIIITTITIITT]



FSAE EV 7777?7777

PPV ??7?

[II1 Formula SAE® Rules 2026 DRAFT[ITIIIIT]

M /0Im

ISO 7010-W012
(LTI

“Always Energized” [T

“High Voltage” [T]

GLV 11111 “Lv

TSI “TS” + 15O
7010-W012 [T]

HERNRRNRRNARNRRNNE
(LTI

(IO “High Voltage Present”

TSMPLITTTTITIIT] “HV+" ]
WHV-"

GLV 1110 “GND”

EV.4.3.6 a

EV.4.3.6 b

EV.4.3.6 c

EV.4.3.6d

EV.7.9.2 c

EV.7.9.3d

EV.7.10.5

EV.5.7.4 b

EV.5.8.3 c

EV.4.43e

2026 111111 11 2025[] 80 110

(T /D

(RRRRRRRRRRRN Tractive
Battery Container(T]

(CITTITTTTITITTT] 100
MM

I
1110 T.9.1.1

(T “High
Voltage”

(1111 “Lv” 110 >50mm
EERRRNNNERN

(111 “TS" [T
ISO 7010-W012(]

LTI

T T
1 “High Voltage Present”

(CITTITTTIITT

EERRRNNEERN GND


https://www.iso.org/obp/ui#iso:grs:7010:W012

FSAE-E ?77? (TC) 7?7
Simulink_Simscape ?7??7??7

MathWorks [T] (Simulink, Simscape) [] FSAE

[T (TC) M
(111
1. UTAS [J] (Pengcheng Ji, 2020): ] DTC ((I1I1D ) (IIIIII
2. [1I1110 (Tiago Marques, 2023): [ FOC (111117 ) (IO PSO
(1o ) T PID[]
(111

o Simulink®: [TTTTTITTITIIIIIIT]
e Simscape™ : [TTIT11T] (Plant)JTITITITITIT]

2022777777777

1.1 ??7? MathWorks ?7?? (Toolboxes)

(LITTIT]

e Simulink ([TII] )

e Simscape ([IITIT] )

e Simscape Multibody ([T] 3D [TIIIIIIIT] )

e Simscape Electrical ([(ITTIITIIIIIIIIT] )

e Motor Control Blockset ([TT] [l FOC/DTC [II11] )
e Vehicle Dynamics Blockset ([TTTIIIIII] /II11] )
e Optimization Toolbox ([TTTIIIII] PSO [T1T] )

11 0 1111 MATLAB Central File Exchange[]



1. [III1T] (Plant)[I1T]
e 1] Formula Student Vehicle with Simscape [] Racing Lounge: Vehicle Modeling with

Simscape Multibody []
e (1111 (LITITIT] 0
2. [T
e [] Motor Control Blockset [TIITIIIT] Field-Oriented Control (FOC) of PMSM
[l Direct Torque Control (DTC) of PMSM []]T]

e (11111 (LLTTIT] O

(T (11 (TOTTITIITTITIT (Parameterization)[]

e [1[1] (Chassis): [II] (Mass), [I1 (CG) [ , 10 (Inertia)[]

e[1[0 (Suspension): I111] (Hard points), (11 KO, CM

e[1[11 (Motor): ((IT11J )0 $L d, L g%, [0 $R s$, 00 (Flux Linkage)[]

e[1 (Tire): (I ) Magic Formula (Pacejka) (1] [ITI1IT] Tire (Simple)
block 111

?27°7?7?°7?7?°7?7 (Plant)?- 2?7?77
(Simscape)

(T T TITITIT

1. (11110 111 1.2 [11J] Formula Student Vehicle with Simscape [I]]

2. [1II110 111 Simscape block (] Rigid Body, Spring-Damper , PMSM)[I] 1.3
(LTI

3. [T [0 TCOIM
e Simscape [J] Tire (Magic Formula) block [TTT1T]
o [ITITIIIITI
e [I1 block[ M MOIO (Normal Force) [111] (Slip) (1110 (Longitudinal

Force)[]

4. 1M
e [T] Simscape Electrical [J] PMSM block[]
e [ITITITIITI

5. [IIIIT]

e (I [ 010 TC IO
o TIITTTIITIITITIIIIIT]
e [TIII10 Simscape Multibody Explorer (3D [IT11] )
o [IITTIITITIITITIINT]
(LTI TC 1M




?27°??°7?7?27?7?7?7? (Controller)?- TC 7?7
(Simulink)

(LTI Simulink[ITTTTTTTTTIIT] TC 11

[0 10 TCOOIIIno Subsystem[IT11]

. [II Motor Control Blockset [[] FOC (J DTC) [I1J

- I aninnnnnnnnnng Subsystem[TTT] Motor Controller L (0 R)0
. [ (0 Subsystem [1T] Target Torque ([T1T] )N

. 11 10 PWM Signals ([T1T] )0 Actual Torque ([J Simscape [IJ )

3.2 Step 2: ?? TC ?? (Slip Ratio Control)

A W N R

(I
1. (1111 (Slip Ratio Calculator):
e [1T1 4 1110 (Wheel Speeds)[I]] Simscape Plant[]
e [IT]
o $V_{vehicle} \approx \text{avg}(\text{WheelSpeed FL},
\text{WheelSpeed FR}) \times R_{wheel}$ (ITTTITIIIIT] )
o $Slip_{RL} = ( \text{WheelSpeed RL} \times R_{wheel} - V_{vehicle} )/
V_{vehicle}$
e 111 Actual Slip RL, Actual Slip RR
2. [1111 (Target Slip Generator):
o [TTIIIIITI Constant block[IT] 0.15 (Il 15% [II111] )
o [TTII1T1 1-D Lookup Table [TITII] $V_{vehicle}$ [ITTTT1T]
3. PID [IT] (The Core)[]
e [TTITITITD PID Controller block[]
o [1T1 Error = Target Slip - Actual Slip RL
e [I1] (IIIITTT] (M0 O~1 MM )0
4. 11110 (Torque Limiter)[]

e [[] 1] Driver Requested Torque ([TTTITJ )

e [[] 2[] TC Limited Torque ([J] PID[IL )O

e [ITJ [[1 Min block[] Final Commanded Torque = min(Driver Requested Torque,
TC Limited Torque)

e 111 Final Commanded Torque []



?27°7?7?°?7?7?7? (Controller + Plant)

LTI

1. [Plant -> Controller] [I]]
e [] Simscape 111 4 11 (Wheel Speeds ) [TT1T] Simulink []
Slip Ratio Calculator []
2. [Driver -> Controller] [1T]
o [TTTITIITITT (11 Step block{IT] 0->100% 1] IO
Torque Limiter[]
3. [Controller -> Plant] [IT]
e [ Torque Limiter [T] Final Commanded Torque []T] Motor Controller L/R
(FOC/DTC) 111111
e [] Motor Controller L/R [IT] (M  Phase Voltages )[IIT] Simscape [11] (
Inverter ) [] Gating ports[]

44 Pro-Tip (I )J OIIIIM FOC/DTC [IITIIIIT TC[] (3.2)
1 [I Final Commanded Torque [TTTIITTIT] Simscape PMSM block
(11110 (T) T (LT TC
(11 0

P7PP000707070707?77

(LT

5.1 ?? (Tuning)

M PIDM (Kp, Ki, Kd) OTTITTIT]

@ 1(D )I ID PID QI Scope
RRNRRRNNRRRNRRRNRRRNRE Target_Slip|]
e[ 2(IO )O M Simulink T] PID Tuner APP[IIIITITITIITTIT

e [I1 3([1II - 11 )W [ [T 1110 MATLAB [1111] Optimization

Toolbox [I] pso() [ (OIIID IO
[LIT] 00 Kp, Ki, Kd[]

5.2 ?? (Validation) - A/B Test

(1111 TC (ON) > TC (OFF)J




1. 10 TCOIno
e [] Torque Limiter [TIIIII] Manual Switch block[]
ceON(A[ )] OO TCM@M (Final Commanded Torque )[]

e OFF (B[ )] [l M TCIIIIIIO Driver Requested Torque []

2. [111 A (TC ON)[]

e [[1 (Scope)] I Actual Slip [TI11TI Target Slip [IIJ

Commanded Torque [IT] Requested Torque []

e [[1 (Simscape Explorer)[] [I1[J 3D T
(TIT]
3. 11 B (TC OFF)J

e [I1 (Scope)] IO Actual Slip [IIIJ 100%[] Commanded Torque =

Requested Torque []

e [[1 (Simscape Explorer)(] [I1T] 3D (1110 1 (IITT1T]

(Fishtail) I

ANNRRRRRRNRRN TC [

227777

(111 (SIL - Software-in-the-Loop) [TTTTTTTTTTTTTTIII

e [TTITT] 00 TCOm (Simulink @ ) OIIIITO
Embedded Coder [TTTTITIIIIIIL] C/C++ 111

e (111 (HIL)0 [OIITIIIIIM C I
Speedgoat)IT1T] Simscape [ITT1111] (Real-Time) [11]

e [IT1T1] (LTI VCU[

VCU [I11IT]

Simulink Coder []

(M dSPACE[]



FSAE-E ??77? (TC) ?7?7?7?°?7?7?7

(T TITITTITTT] (Traction Control System, TC) [TTTTTTITIIIT]
Pengcheng Ji [TTT1T] UTAS, 2020111111

https://repositorio-aberto.up.pt/bitstream/10216/152698/2/640636.pdf

1. ?? (Methodology) - ??7?77??
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PDOC Test Report

Test Date

e 2024/11/25, William

Purpose

This document outlines the test methods and results to verify the effectiveness of our PDOC
system. The system is designed to open the shutdown loop when over-temperature conditions
occur on the precharge or discharge resistor. Additionally, the report includes explanations of
several circuit operations.

Related Rule

e EV5.6.6 Add Clause defining the PDOC (Local Addendum)

PDOC Test Method

In order to simulate the worst-case scenario for the system, we directly connect a 400V DC
voltage source (approximately the maximum voltage of the accumulator) to each terminal of our
discharge and precharge resistors. Using a thermal camera, we can verify whether the
system successfully triggers the shutdown loop to open at the designed temperature.
Additionally, it allows us to assess the thermal conductivity of the resistors, heat sink, and thermal
paste to ensure effective heat dissipation.
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PDOC Test Result

The temperature for triggering the shutdown loop is designed to be 80°C. However, due
to the thermal conductivity limitations of the heatsink and thermal paste, it takes some time for the
NTC thermistor to respond. In the worst-case scenario, the system may only trip when the
resistor's surface temperature reaches 90°C. This is still within safe limits, as the
resistor's operating temperature range, according to the datasheet, is -65°C to +175°C.
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Core System Explanation

How to Detect The Temperature

In our system, we use an NTC thermistor (Littelfuse KX103J2) with a Beta value of 3892. The Beta
value is a critical characteristic that determines the thermistor's resistance at specific
temperatures. When paired with a resistor, it forms a voltage divider, which outputs varying
voltages corresponding to different temperatures. The following graph illustrates the relationship
between temperature and resistance.
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To monitor the temperature, a hysteresis OPA comparator is used to determine whether the
temperature exceeds 80°C based on the voltage. Additionally, the hysteresis OPA comparator
ensures system stability by introducing a hysteresis effect. Once the over-temperature protection
is triggered, it will only disengage when the temperature drops back to 70°C, preventing rapid
on/off switching and ensuring reliable operation.
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