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ANEXO 1.  (CÓDIGO FUENTE) 

La programación del proyecto se ha realizado en la IDE Atollic TrueSTUDIO for 

STM32. Mediante el inicializador STM32CubeMX se genera una estructura de archivos 

base para el funcionamiento básico de las interfaces inicializadas. 

A continuación se detalla el árbol del proyecto indicando que son librerías y 

archivos de desarrollo propio y cuales han sido incluidas por STM32CubeMX. 

Core    

 Inc  Cabeceras del código por defecto, se incluyen las de: 

  
 
 

 

can.h 
gpio.h 
i2c.h 
main.h 

spi.h 
stm32f4xx_hal_conf.h 
stm32f4xx_it.h 
usart.h 

 El punto de entrada (main). 
Interfaces utilizadas (Can, I2C, spi, usart). 
Vectorización de interrupciones. 

 Src  Código por defecto: 

  
 
 

 

can.c 
gpio.c 
i2c.c 
main.c 

spi.c 
stm32f4xx_hal_msp.c 
stm32f4xx_it.c 
system_stm32f4xx.c 
usart.c 

 El punto de entrada (main), con el bucle principal. 
Interfaces utilizadas (Can, I2C, spi, usart). 
Vectorización de interrupciones. 

 BMS_Libraries  Librería principal del BMS: 

 
 

 

BMS_defs.h 
LTC_Core.h 

BMS_defs.c 
LTC_Core.c 

 Incluye la programación de las estructuras 
principales, así como de las funciones de seguridad. 

 BMS_LTC_Libraries  Librería de funciones del LTC6804: 

  
 

 

LTC68041.h 
LTC_Temp.h 
LTC_balancing.h 

LTC68041.c 
LTC_Temp.c 
LTC_balancing.c 

 Funciones relacionadas con el LTC6804, lectura 
escritura, temperaturas y balanceo. 

 BMS_Sensor  Librería del sensor HALL: 

  BMS_C_Sensor.h  BMS_C_Sensor.c  Funciones de comunicación con el MCP3421. 
 Network_Modules    

  
 
 

 

BMS_ETH_Comm.h 
BMS_ETH_Core.h 
Broadcast_ssdp.h 
DHCP_Client.h 

BMS_ETH_Comm.c 
BMS_ETH_Core.c 
Broadcast_ssdp.c 
DHCP_Client.c 

 Librería de red: 
Todas las funciones añadidas a LWIP para la 
comunicación con la interfaz. 

 BMS_CanComms_Libraries  Librería de can: 

  CAN_msg.h CAN_msg.c  Funciones de mensajes utilizados en CANbus. 

Debug 
startup 
Drivers 
html 
LWIP 
STM32F429ZI_FLASH.ld 
BMS_SLAVE.Doxyfile 
BMS_SLAVE.ioc 

  
Carpetas generadas por defecto que incluyen: 

La librería HAL, LL y LWIP. 
El archivo de configuración de memoria. 
El archivo de proyecto de STM32CubeMX. 
Archivos automatizdos de debug. 
Archivos generados por Doxygen. 

 

A continuación de expondrá el código fuente para los archivos con código de desarrollo 

propio. Los directorios scr y inc se agrupan como Punto de entrada e interfaces. 
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1.1. PUNTO DE ENTRADA E INTERFACES (INC Y SCR) 

A continuación se expone el código fuente de los directorios inc y scr que 

incluyen: 

Inc  
 

 
Gpio->Configuración de las gpio. 
Spi-> Configuración de la interfaz SPI. 
Can-> Configuración de la interfaz CAN. 
USART-> Configuración de las UART. 
Stm32f4xx_it-> Configuración de las interrupciones. 

 

 

can.h 
gpio.h 
i2c.h 
main.h 

spi.h 
stm32f4xx_hal_conf.h 
stm32f4xx_it.h 
usart.h 

 

Scr 

can.c   

gpio.c 
i2c.c 

main.c 

spi.c 
stm32f4xx_hal_msp.c 
stm32f4xx_it.c 
system_stm32f4xx.c 
usart.c 

 

Se ha remarcado el código de desarrollo propio que se expondrá a continuación, 

el resto es generado automáticamente por STM32CubeMX con las opciones 

especificadas en el desarrollo. 

1.1.1. Main.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     Main.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Basado en el codigo ST . 
 * @date     30 Mar 2018 
 * @brief    Main y bucle principal 
 * 
 */ 
#include "main.h" 
#include "stm32f4xx_hal.h" 
#include "can.h" 
#include "crc.h" 
#include "i2c.h" 
#include "lwip.h" 
#include "spi.h" 
#include "usart.h" 
#include "usb_otg.h" 
#include "gpio.h" 
#include "ethernetif.h" 
#include <string.h> 
#include "../BMS_CanComms_Libraries/CAN_msg.h" 
#include "../Network_Modules/DHCP_Client.h" 
#include "../Network_Modules/Broadcast_ssdp.h" 
#include "../Network_Modules/BMS_ETH_Core.h" 
#include "../Network_Modules/BMS_ETH_Comm.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 
#include "../BMS_LTC_Libraries/LTC_balancing.h" 
#include "../BMS_LTC_Libraries/LTC_Temp.h" 
#include "../BMS_Libraries/delay.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#include "../BMS_Sensor/BMS_C_Sensor.h" 
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#include "../BMS_CanComms_Libraries/CAN_msg.h" 
#include "../BMS_Libraries/LTC_Core.h" 

 
#define MAX_STACK_SIZE 0x2000 
extern int __io_putchar(int ch) __attribute__((weak)); 
extern int __io_getchar(void) __attribute__((weak)); 

uint32_t TxMailbox; 
void SystemClock_Config(void); 

 
/** 
 * @brief  Main, inicializacion de sistemas. 
 * 
 */ 
int main(void) { 

 
 HAL_Init(); 
 SystemClock_Config(); 
 HAL_GPIO_WritePin(CAN1_ENABLE_GPIO_Port, CAN1_ENABLE_Pin, GPIO_PIN_SET); 
 HAL_GPIO_WritePin(CAN2_ENABLE_GPIO_Port, CAN2_ENABLE_Pin, GPIO_PIN_SET); 
 MX_GPIO_Init(); 
 MX_USART3_UART_Init(); 
 MX_USB_OTG_FS_PCD_Init(); 
 MX_I2C2_Init(); 
 MX_CAN1_Init(); 
 MX_CAN2_Init(); 
 CAN2_Start_Config();   //Filtro y start CAN2 
 CAN1_Start_Config();   //Filtro y start CAN1 
 HAL_CAN_Start(&hcan1); 
 MX_CRC_Init(); 
 MX_LWIP_Init(); 
 eth_mode = wire_stop; 
 SysTick_Init(); 
 C_Sensor_Init(0); 
 bms_status = LTC_slave_init(&ltc_reg, &ltc_conf, &bms_status, &bms_mode); 
 Sec_Man_Relay_init(); 
 char *send_buffer = malloc(sizeof(char) * 250); 

 bms_read = read; 
//Bucle principal 

 while (1) {    

  //Nucleo de lectura y seguridad 
  BMS_Core(); 

  //comunicaciones tcp-ip 
  MX_LWIP_Process(); 
  eth_mode = eth_link(&eth_mode); 
  eth_mode = eth_init_deinit(&eth_mode); 

eth_mode = eth_GUI_Comms(send_buffer, &eth_mode, &ltc_reg, &ltc_conf, 

&current_s_conf, &bms_status, &bms_mode); 
  HAL_GPIO_TogglePin(LD3_GPIO_Port, LD3_Pin); 

  //comunicacion can 
  BMS_Can_Comms(); 

 } 
} 
/** 
 * @brief  Relojes, creado por defecto. 
 * @retval None 
 */ 
void SystemClock_Config(void) { 

 
 RCC_OscInitTypeDef RCC_OscInitStruct; 
 RCC_ClkInitTypeDef RCC_ClkInitStruct; 
 __HAL_RCC_PWR_CLK_ENABLE(); 
 __HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1); 
 RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE; 
 RCC_OscInitStruct.HSEState = RCC_HSE_BYPASS; 
 RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON; 
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 RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE; 
 RCC_OscInitStruct.PLL.PLLM = 4; 
 RCC_OscInitStruct.PLL.PLLN = 168; 
 RCC_OscInitStruct.PLL.PLLP = RCC_PLLP_DIV2; 
 RCC_OscInitStruct.PLL.PLLQ = 7; 
 if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK) { 
  _Error_Handler(__FILE__, __LINE__); 

 } 
RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK | RCC_CLOCKTYPE_SYSCLK | 
RCC_CLOCKTYPE_PCLK1 | RCC_CLOCKTYPE_PCLK2; 

 RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK; 
 RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1; 
 RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4; 
 RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV2; 
 if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5) != HAL_OK) { 
  _Error_Handler(__FILE__, __LINE__); 

 } 
 HAL_SYSTICK_Config(HAL_RCC_GetHCLKFreq() / 1000); 
 HAL_SYSTICK_CLKSourceConfig(SYSTICK_CLKSOURCE_HCLK); 
 HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0); 

} 
 
/** 
 * @brief  Implementacion de printf por uart. 
 * @retval None 
 */ 
int __io_putchar(int ch) { 
 HAL_UART_Transmit(&huart3, (uint8_t *) &ch, 1, 0xFFFF); 
 return ch; 

} 
int _read(int file, char *ptr, int len) { 
 int DataIdx; 
 for (DataIdx = 0; DataIdx < len; DataIdx++) { 
  *ptr++ = __io_getchar(); 

 } 
 return len; 

} 
 
int _write(int file, char *ptr, int len) { 
 int DataIdx; 
 for (DataIdx = 0; DataIdx < len; DataIdx++) { 
  __io_putchar(*ptr++); 

 } 
 return len; 

} 
/** 
 * @brief  Errores por defecto. 
 * @retval None 
 */ 
void _Error_Handler(char *file, int line) { 
 while (1) { 

 } 
} 
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1.1.2. Can.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     Can.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Basado en el codigo de ST. 
 * @date     30 Mar 2018 
 * @brief    Inicializacion de interfaces can 
 * 
 */ 
#include "can.h" 
#include "gpio.h" 

 
CAN_FilterTypeDef  Filter_hcan1; 
CAN_FilterTypeDef  Filter_hcan2; 
CAN_HandleTypeDef hcan1; 
CAN_HandleTypeDef hcan2; 
 
/** 
 * @brief  Configuracion de interfaz CAN1, generado con STM32CUbeMX 
 * 
 */ 
void MX_CAN1_Init(void) 

{ 
  hcan1.Instance = CAN1; 
  hcan1.Init.Prescaler = 6; 
  hcan1.Init.Mode = CAN_MODE_NORMAL; 
  hcan1.Init.SyncJumpWidth = CAN_SJW_1TQ; 
  hcan1.Init.TimeSeg1 = CAN_BS1_11TQ; 
  hcan1.Init.TimeSeg2 = CAN_BS2_2TQ; 
  hcan1.Init.TimeTriggeredMode = DISABLE; 
  hcan1.Init.AutoBusOff = DISABLE; 
  hcan1.Init.AutoWakeUp = DISABLE; 
  hcan1.Init.AutoRetransmission = DISABLE; 
  hcan1.Init.ReceiveFifoLocked = DISABLE; 
  hcan1.Init.TransmitFifoPriority = DISABLE; 
  if (HAL_CAN_Init(&hcan1) != HAL_OK) 

  { 
    _Error_Handler(__FILE__, __LINE__); 

  } 
 
} 
/** 
 * @brief  Configuracion de interfaz CAN2, generado con STM32CUbeMX 
 * 
 */ 
void MX_CAN2_Init(void) 

{ 
 
  hcan2.Instance = CAN2; 
  hcan2.Init.Prescaler = 6; 
  hcan2.Init.Mode = CAN_MODE_NORMAL; 
  hcan2.Init.SyncJumpWidth = CAN_SJW_1TQ; 
  hcan2.Init.TimeSeg1 = CAN_BS1_11TQ; 
  hcan2.Init.TimeSeg2 = CAN_BS2_2TQ; 
  hcan2.Init.TimeTriggeredMode = DISABLE; 
  hcan2.Init.AutoBusOff = DISABLE; 
  hcan2.Init.AutoWakeUp = DISABLE; 
  hcan2.Init.AutoRetransmission = DISABLE; 
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  hcan2.Init.ReceiveFifoLocked = DISABLE; 
  hcan2.Init.TransmitFifoPriority = DISABLE; 
  if (HAL_CAN_Init(&hcan2) != HAL_OK) 

  { 
    _Error_Handler(__FILE__, __LINE__); 

  } 
} 
 
static uint32_t HAL_RCC_CAN1_CLK_ENABLED=0; 

/** 
 * @brief  Inicializacion de  CAN, generado con STM32CUbeMX 
 * 
 */ 
void HAL_CAN_MspInit(CAN_HandleTypeDef* canHandle) 

{ 
  GPIO_InitTypeDef GPIO_InitStruct; 
  if(canHandle->Instance==CAN1) 

  { 
    HAL_RCC_CAN1_CLK_ENABLED++; 
    if(HAL_RCC_CAN1_CLK_ENABLED==1){ 

      __HAL_RCC_CAN1_CLK_ENABLE(); 
    } 
    GPIO_InitStruct.Pin = GPIO_PIN_0|GPIO_PIN_1; 
    GPIO_InitStruct.Mode = GPIO_MODE_AF_PP; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH; 
    GPIO_InitStruct.Alternate = GPIO_AF9_CAN1; 
    HAL_GPIO_Init(GPIOD, &GPIO_InitStruct); 

  } 
  else if(canHandle->Instance==CAN2) 

  { 
    __HAL_RCC_CAN2_CLK_ENABLE(); 
    HAL_RCC_CAN1_CLK_ENABLED++; 
    if(HAL_RCC_CAN1_CLK_ENABLED==1){ 

      __HAL_RCC_CAN1_CLK_ENABLE(); 
    } 
    GPIO_InitStruct.Pin = GPIO_PIN_12|GPIO_PIN_6; 
    GPIO_InitStruct.Mode = GPIO_MODE_AF_PP; 
    GPIO_InitStruct.Pull = GPIO_NOPULL; 
    GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH; 
    GPIO_InitStruct.Alternate = GPIO_AF9_CAN2; 
    HAL_GPIO_Init(GPIOB, &GPIO_InitStruct); 
    HAL_NVIC_SetPriority(CAN2_RX0_IRQn, 0, 0); 
    HAL_NVIC_EnableIRQ(CAN2_RX0_IRQn); 
    HAL_NVIC_SetPriority(CAN2_RX1_IRQn, 0, 0); 
    HAL_NVIC_EnableIRQ(CAN2_RX1_IRQn); 

  } 
} 
/** 
 * @brief  De-inicializacion de  CAN, generado con STM32CUbeMX 
 * 
 */ 
void HAL_CAN_MspDeInit(CAN_HandleTypeDef* canHandle) 

{ 
 
  if(canHandle->Instance==CAN1) 

  { 
    HAL_RCC_CAN1_CLK_ENABLED--; 
    if(HAL_RCC_CAN1_CLK_ENABLED==0){ 

      __HAL_RCC_CAN1_CLK_DISABLE(); 
    } 
    HAL_GPIO_DeInit(GPIOD, GPIO_PIN_0|GPIO_PIN_1); 

  } 
  else if(canHandle->Instance==CAN2) 

  { 
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    __HAL_RCC_CAN2_CLK_DISABLE(); 
    HAL_RCC_CAN1_CLK_ENABLED--; 
    if(HAL_RCC_CAN1_CLK_ENABLED==0){ 

      __HAL_RCC_CAN1_CLK_DISABLE(); 
    } 
   
    /**CAN2 GPIO Configuration     
    PB12     ------> CAN2_RX 
    PB6     ------> CAN2_TX  
    */ 
    HAL_GPIO_DeInit(GPIOB, GPIO_PIN_12|GPIO_PIN_6); 
    HAL_NVIC_DisableIRQ(CAN2_RX0_IRQn); 
    HAL_NVIC_DisableIRQ(CAN2_RX1_IRQn); 

  } 
}  
 
/** 
 * @brief  Configuracion de CAN1 
 * 
 */ 
void CAN1_Start_Config(void){ 

 
    Filter_hcan1.FilterBank = 0; 
    Filter_hcan1.FilterMode = CAN_FILTERMODE_IDMASK; 
    Filter_hcan1.FilterScale = CAN_FILTERSCALE_32BIT; 
    Filter_hcan1.FilterIdHigh = 0x0000; 
    Filter_hcan1.FilterIdLow = 0x0000; 
    Filter_hcan1.FilterMaskIdHigh = 0x0000; 
    Filter_hcan1.FilterMaskIdLow = 0x0000; 
    Filter_hcan1.FilterFIFOAssignment = CAN_FILTER_FIFO0; 
    Filter_hcan1.FilterActivation = ENABLE; 
    Filter_hcan1.SlaveStartFilterBank = 0; 
    if(HAL_CAN_ConfigFilter(&hcan1, &Filter_hcan1) != HAL_OK) 

    { 
      Error_Handler(); 
    } 
    if (HAL_CAN_Start(&hcan1) != HAL_OK) 

    { 
     Error_Handler(); 
    } else { 
     printf("Inicializado CAN1(Y configurado filtro)\n\n"); 

    } 
    if(HAL_CAN_ConfigFilter(&hcan1, &Filter_hcan1) != HAL_OK) 

    { 
      Error_Handler(); 
    } 
    printf("CAN1 configurado filtro)\n\n"); 

} 
/** 
 * @brief  Configuración de CAN2 
 * 
 */ 
void CAN2_Start_Config(void){ 
    if (HAL_CAN_Start(&hcan2) != HAL_OK) 

    { 
      /* Start Error */ 
   printf("Error de inicializacion de CAN2\n\n"); 

      Error_Handler(); 
    } else { 
        printf("Inicializado CAN2(Y configurado filtro)\n\n"); 

    } 
} 
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1.2. LIBRERÍA PRINCIPAL (BMS_LIBRARIES). 

Se expone el código fuente de la librería BMS_Libraries: 

    

 BMS_Libraries  Librería principal del BMS: 

  
 

 

BMS_defs.h 
LTC_Core.h 

BMS_defs.c 
LTC_Core.c 

 BMS_Defs-> Definiciones del sistema 
LTC_Core-> Funciones principales de cálculo y 
seguridad 

1.2.1. BMS_defs.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_defs.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Datos de configuracion y registros del BMS slave 
 */ 
#ifndef LTC_DEFS_H_ 
#define LTC_DEFS_H_ 

 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 

/** 
 * Numero de chips del BMS 
 */ 
#define LTC_IC_NUM  3 
#define FILTER_NUM  2 
#define UDP_SERVER_PORT    7   /* define the UDP local connection port */ 
#define UDP_CLIENT_PORT    7   /* define the UDP remote connection port */ 
#define TEST_DATA_COMMS 

 
/** 
 * Modos de Error del BMS 
 */ 
typedef enum {bms_ok,bms_error} bms_error_t; 
typedef struct { 

 bms_error_t ok; 
 bms_error_t error_uv; 
 bms_error_t error_ov; 
 bms_error_t error_oc; 
 bms_error_t error_otM; 
 bms_error_t error_otBal; 
 bms_error_t ev_stop; 
} status_t; 
/** 
 * Modos de Operacion del BMS 
 */ 
typedef enum {normal_op,charge_op,balance_op,log_op} op_modes_t; 

op_modes_t bms_mode; 
 
typedef enum {read,noread} read_t; 

read_t bms_read; 
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typedef enum {sent,nosent} cancomms_status_t; 

cancomms_status_t can_comms; 
 
/** 
 * Definicion del tipo de dato que contiene las configuraciones no estaticas del BMS 
 */ 
typedef struct { 

 uint8_t ic_num;  //!< Numero de chips en el BMS 
 uint16_t cell_ov;  //!< Valor de Sobrevoltaje (V*10000) 
 uint16_t cell_uv;  //!< (V*10000) 
 uint16_t cell_ot;  //!<  (T*100) 
 uint16_t bal_ot;  //!< Maxima temperatura de balanceo(T*100) 
 uint16_t cell_margin; //!< Margen de Voltaje de balanceo (V*10000) 
 uint16_t t_fail_uv;  //!< Margen hasta fallo de infra voltaje  (ms) 
 uint16_t t_fail_ov;  //!< Margen hasta fallo de infra voltaje  (ms) 
} ltc_conf_t; 
/** 
 * Definicion del tipo de dato que contiene los datos temporales, y datos recogidos y/o enviados al esclavo 
 */ 
typedef struct { 

 uint16_t v_cell[LTC_IC_NUM][12];  //!< Vector de Valores de voltaje(V*10000) 
 uint16_t v_modules[26];   //!< Vector de Valores de voltaje del BMS(V*10000) 
 uint16_t v_aux[LTC_IC_NUM][6];  //!< Vector de valores de las gpio del BMS(V*10000) 
 uint8_t  tx_cfg[LTC_IC_NUM][6];  //!< Registro de datos de envio 
 uint8_t  rx_cfg[LTC_IC_NUM][8];  //!< Regidtro de datos de recepcion 
 uint16_t v_temp_bal[6]; 
 uint16_t temp_bal[6];   //!< Vector de Valores de temperatura del disipador de 
balanceo(T*100) 
 uint16_t v_temp_cell[24];     //!< Vector de valores de temperatura de los modulos  
(T*100) 
 uint16_t temp_modules[24];    //!< Vector de valores de temperatura de los modulos  
(T*100) 
} ltc_reg_t; 
 
typedef struct { 

 uint16_t soc;  //!< soc value (value*100) 
 uint16_t soh;  //!< soh value (value*100) 
 uint16_t total_v;  //!< total tension value (value*100) 
 int16_t max_peak_c; //!< Max peak current value (value*100) 
 uint16_t max_temp_module; //!< Max temp module value(value*100) 
 uint16_t max_temp_bal; //!< Max temp bal value(value*100) 
 uint16_t max_disbalance; //!< Max disbalance value(value*1000) 
 uint16_t min_v_cell; 
 uint16_t max_v_cell; 
 uint8_t  cell_balance[26]; 
 uint16_t temp_average; 
} bms_general_data_t; 
 
/** 
 * Definicion del tipo de dato que contiene las configuraciones no estaticas del BMS 
 */ 
typedef struct { 

 int16_t bat_oc;  //!< Maxima corriente pico(A*100) 
 int16_t bat_uc; 
 uint8_t gain; 
} current_conf_t; 
/** 
 * Definicion del tipo de dato que contiene los datos temporales, y datos recogidos y/o enviados al sensor 
 */ 
typedef struct { 

 int16_t amps;  //!< Corriente pico del sensor *0.1 
} current_reg_t; 
/** 
 * Definicion del tipo de dato que contiene los datos necesarios para calibrar las sondas de temperatura 
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 */ 
typedef struct { 

 uint16_t v_high;  //!< Valor de tension de la toma 2º(superior) 
 uint16_t v_low;  //!< Valor de tension de la toma 1º(inferior) 
 uint16_t t_high;  //!< Valor de temperatura de ref de la toma 2º(superior) 
 uint16_t t_low;  //!< Valor de temperatura de ref de la toma 1º(inferior) 
} ltc_temp_call_t; 
 
typedef struct { 

 uint16_t v_high;  //!< Valor de tension de la toma 2º(superior) 
 uint16_t v_low;  //!< Valor de tension de la toma 1º(inferior) 
 uint16_t A_high;  //!< Valor de corriente de ref de la toma 2º(superior) 
 uint16_t A_low;  //!< Valor de corriente de ref de la toma 1º(inferior) 
} bms_current_call_t; 
 
 
//Externalizacion de variables al entorno global: 
extern op_modes_t bms_mode; 
extern status_t  bms_status; 

 
extern ltc_reg_t ltc_reg; 
extern current_reg_t current_s_reg; 

 
extern ltc_conf_t ltc_conf; 
extern current_conf_t current_s_conf; 
extern bms_general_data_t bms_general_data; 

 
extern uint8_t ltc_active_cells[9][12]; 
extern uint8_t  ltc_active_t_bal[6]; 
extern ltc_temp_call_t ltc_mux_cal; 
extern ltc_temp_call_t ltc_bal_cal; 

 
extern bms_current_call_t bms_current_calibration; 
extern read_t bms_read; 
extern cancomms_status_t can_comms; 
extern uint8_t  BALANCE_MODE; 

 
// Pagina 32 tabla 16 control de comunicaciones 
#define LTC_ICOM_START              0x60  //!< LTC REG -- SPI 
#define LTC_ICOM_STOP               0x10  //!< LTC REG -- SPI 
#define LTC_ICOM_BLANK              0x00  //!< LTC REG -- SPI 
#define LTC_ICOM_NO_TRANSMIT        0x70 //!< LTC REG -- SPI 
#define LTC_FCOM_MASTER_ACK         0x00 //!< LTC REG -- SPI 
#define LTC_FCOM_MASTER_NACK        0x08 //!< LTC REG -- SPI 
#define LTC_FCOM_MASTER_NACK_STOP   0x09 //!< LTC REG -- SPI 
#define LTC_CMD_WRCFG    0x001  //!< LTC REG -- Escritura en registro de configuracion 
#define LTC_CMD_WRCOMM   0x721  //!< LTC REG -- Escritura en registro de SPI comm 
#define LTC_CMD_RDCOMM   0x722  //!< LTC REG -- Lectura en registro de SPI comm 
#define LTC_CMD_STCOMM   0x723  //!< LTC REG -- Envio de SPI comm 
#define LTC_CMD_WRCFG    0x001 
#define LTC_CMD_RDCFG    0x002 
#define LTC_CMD_RDCVA    0x004 
#define LTC_CMD_RDCVB    0x006 
#define LTC_CMD_RDCVC    0x008 
#define LTC_CMD_RDCVD    0x00A 
#define LTC_CMD_RDAUXA   0x00C 
#define LTC_CMD_RDAUXB   0x00E 
#define LTC_CMD_RDSTATA  0x010 
#define LTC_CMD_RDSTATB  0x012 
#define LTC_CMD_ADCV     0x260 
#define LTC_CMD_ADOW     0x228 
#define LTC_CMD_CVST     0x207 
#define LTC_CMD_ADAX     0x460 
#define LTC_CMD_AXST     0x407 
#define LTC_CMD_ADSTAT   0x468 
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#define LTC_CMD_STATST   0x40F 
#define LTC_CMD_ADCVAX   0x46F 
#define LTC_CMD_CLRCELL  0x711 
#define LTC_CMD_CLRAUX   0x712 
#define LTC_CMD_CLRSTAT  0x713 
#define LTC_CMD_PLADC    0x714 
#define LTC_CMD_DIAGN    0x715 
#define LTC_CMD_WRCOMM   0x721 
#define LTC_CMD_RDCOMM   0x722 
#define LTC_CMD_STCOMM   0x723 

 
void Serial_Print_Cells(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,uint8_t  ltc_active_cells[9][12]); 
void Serial_Print_Status(status_t *bms_status,ltc_conf_t *ltc_conf,status_t *status); 
void Serial_Print_Gpio(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf); 

 
#endif /* LTC_DEFS_H_ */ 

1.2.2. BMS_defs.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_defs.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Datos de configuracion y registros del BMS slave Inicializacion de algunas variables 
 */ 
#include "../BMS_Libraries/BMS_defs.h" 
#include "../BMS_Libraries/delay.h" 

 
#include "stm32f4xx_hal.h" 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 

 
//   v_high v_low  v_range t_high t_low t_range   --> voltage 0.0001  Degree --> 0.01 
status_t bms_status; 
 
ltc_temp_call_t ltc_mux_cal = { 12750,14246,3230,1950}; 
ltc_temp_call_t ltc_bal_cal = { 11943,15540,4350,2580};  //{ 13325,15623,3650,2300}; 
bms_current_call_t bms_current_calibration = { 13325,15623,3650,2300}; 
ltc_reg_t ltc_reg = {0}; 
ltc_conf_t ltc_conf = {LTC_IC_NUM,  // Numero de chip 0..9 
 42100, // Cell over voltage value  *0.001 
 30000,  // Cell under voltage value *0.001 
 9000, // Cell over temperature value       *0.01 
  9000, // Balancing over temperature value  *0.01 
  30,  // Margen de Balanceo        *0.001 
  1000,   //!< Margen hasta fallo de infra voltaje  (ms) 
  1000,    //!< Margen hasta fallo de infra voltaje  (ms) 
  }; 
 
bms_general_data_t bms_general_data = { 
  10000,    //!< soc value         *0.01 
  10000,      //!< soh value        *0.01 
  0,  //!< total tension value  *0.01 
  0,  //!< Max peak current value            *0.01 
  0,  //!< Max temp module value(value*10)   *0.01 
  0,  //!< Max temp bal value(value*10)      *0.01 
  0,  //!< Max disbalance value(value*1000)  *0.001 
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  0, 
  0 
}; 
current_reg_t current_s_reg; 
current_conf_t current_s_conf = {5000,-5000,1}; 
uint8_t  ltc_active_cells[9][12] = { 
              {1,1,1,1,0,0,1,1,1,1,0,0}, 
           {1,1,1,1,1,0,1,1,1,1,1,0}, 
              {1,1,1,1,0,0,1,1,1,1,0,0}, 
 
              {1,1,1,1,0,0,1,1,1,1,0,0}, 
              {1,1,1,1,1,0,1,1,1,1,1,0}, 
              {1,1,1,1,0,0,1,1,1,1,0,0}, 
 
              {1,1,1,1,0,0,1,1,1,1,0,0}, 
              {1,1,1,1,1,0,1,1,1,1,1,0}, 
              {1,1,1,1,0,0,1,1,1,1,0,0}}; 
 
uint8_t  ltc_active_t_bal[6] = {1,0,1,0,1,0}; 
uint8_t BALANCE_MODE = 0; 
#endif 

1.2.3. BMS_Core.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_Core.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Header de la libreria que Contiene las funciones principales y de seguridad 
 */ 
#ifndef LTC_CORE_H_ 
#define LTC_CORE_H_ 
#include "../BMS_Libraries/BMS_defs.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 
status_t LTC_slave_init(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status,op_modes_t *bms_mode); 
void   LTC_Module_V(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf, uint8_t ltc_active_cells[9][12]); 
void LTC_Module_V_one(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status, uint8_t 

ltc_active_cells[9][12]); 
void Sec_Votage_Modules(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status); 
void Sec_Temp_Modules(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status); 
void Sec_Temp_Bal(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status); 
status_t Sec_C_Sensor(current_reg_t *current_s_reg,current_conf_t *current_s_conf,status_t *status); 
uint16_t kick_mean(uint16_t temp_mod[],uint8_t filt_num); 

 
void BMS_Core(void); 
void Sec_Man_Relay(status_t *bms_status,ltc_conf_t *ltc_conf,status_t *status); 
void Sec_Man_Relay_init(void); 

 
void BMS_General_Data_Calc(ltc_reg_t *ltc_reg,current_reg_t *current_s_reg,ltc_conf_t 

*ltc_conf,bms_general_data_t *bms_general_data); 
 
#endif /* BMS_CORE_H_ */ 
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1.2.4. BMS_Core.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_Core.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Contiene las funciones principales y de seguridad 
 */ 
#include "LTC_Core.h" 
#include "main.h" 
#include "spi.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#include "../BMS_Libraries/delay.h" 
#include "can.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 
#include "../BMS_LTC_Libraries/LTC_balancing.h" 
#include "../BMS_LTC_Libraries/LTC_Temp.h" 
#include "../BMS_Sensor/BMS_C_Sensor.h" 

CAN_TxHeaderTypeDef TxHeader_can1; 
CAN_TxHeaderTypeDef TxHeader_can2; 
CAN_RxHeaderTypeDef RxHeader_can2; 
uint8_t TxData_can1[0]; 
uint8_t TxData_can2[0]; 
uint8_t RxData_can2[8]; 
uint32_t TxMailbox; 
 
/** 
 * @brief  Ejecucion principal de lectura y seguridad 
 * 
 */ 
void BMS_Core(void){ 
    LTC_Module_V_one(&ltc_reg, &ltc_conf, &bms_status, ltc_active_cells); 
 bms_read = LTC_All_Mux_T(&ltc_reg, &ltc_conf, &bms_status, &ltc_mux_cal); 
    LTC_All_Bal_T(&ltc_reg, &ltc_conf, &ltc_bal_cal); 
    C_Sensor_Read(0, &current_s_reg); 
    if (BALANCE_MODE == 1) { 
  LTC_Balancing_Update(&ltc_reg, &ltc_conf, &bms_mode, ltc_active_cells, &bms_status); 

    } 
    BMS_General_Data_Calc(&ltc_reg, &current_s_reg, &ltc_conf, &bms_general_data); 
 Sec_Man_Relay(&bms_status, &ltc_conf, &bms_status); 

} 
 
/** 
 * @brief  Calculo de datos para la monitorizacion 
 * 
 */ 
void BMS_General_Data_Calc(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, ltc_conf_t *ltc_conf, 

bms_general_data_t *bms_general_data) { 
 bms_general_data->soh = 1000; 
 bms_general_data->total_v = 0; 
 for (int i = 0; i < 26; i++) { 

  bms_general_data->total_v = ((bms_general_data->total_v) + (ltc_reg->v_modules[i] / 
100)); 
 } 
 
 if (current_s_reg->amps > bms_general_data->max_peak_c) { 

  bms_general_data->max_peak_c = current_s_reg->amps; 
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 } 
 
 for (int i = 0; i < 24; i++) { 
  if (ltc_reg->temp_modules[i] > bms_general_data->max_temp_module) { 

   bms_general_data->max_temp_module = ltc_reg->temp_modules[i]; 
  } 
 } 
 
 for (int i = 0; i < 6; i++) { 
  if (ltc_reg->temp_bal[i] > bms_general_data->max_temp_bal) { 

   bms_general_data->max_temp_bal = ltc_reg->temp_bal[i]; 
  } 
 } 
 
 uint16_t lowest_v = 42000; 
 for(uint8_t cell=0;cell<26;cell++){ 
  if(ltc_reg->v_modules[cell]<lowest_v){ 

   lowest_v = ltc_reg->v_modules[cell]; 
  } 
 
 } 
 bms_general_data->min_v_cell=lowest_v; 
 uint16_t highest_v = 0; 
 for(uint8_t cell=0;cell<26;cell++){ 
   if (ltc_reg->v_modules[cell]> highest_v) { 

    highest_v = ltc_reg->v_modules[cell]; 
 
  } 
 } 
 bms_general_data->max_v_cell=highest_v; 
 uint16_t hi_lo = highest_v - lowest_v; 
  bms_general_data->max_disbalance = hi_lo; 
  //printf("Max disbalance: %u", hi_lo); 
 uint16_t temp_temp=0; 
 uint8_t counter =0; 
 for(int i=0;i<24;i++){ 

  temp_temp=temp_temp+(ltc_reg->temp_modules[i]/100); 
  if(temp_temp>10){ 

   counter++; 
  } 
 } 
 bms_general_data->temp_average=(temp_temp/counter); 
 
} 
/** 
 * @brief  Inicializacion del esclavo 
 * 
 */ 
status_t LTC_slave_init(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status, op_modes_t *bms_mode) { 
 MX_SPI3_Init(); 
 LTC_Set_ADC(MD_NORMAL, DCP_DISABLED, CELL_CH_ALL, AUX_CH_ALL); 
 LTC_Send_ADAX(); 
 LTC_Send_ADCV(); 
 for (int i = 0; i < ltc_conf->ic_num; i++) { 

  ltc_reg->tx_cfg[i][0] = 0xFE; 
  ltc_reg->tx_cfg[i][1] = 0x00; 
  ltc_reg->tx_cfg[i][2] = 0x00; 
  ltc_reg->tx_cfg[i][3] = 0x00; 
  ltc_reg->tx_cfg[i][4] = 0x00; 
  ltc_reg->tx_cfg[i][5] = 0x00; 
 } 
 *bms_mode = normal_op; 

 status->error_oc = bms_ok; 
 status->error_otBal = bms_ok; 
 status->error_otM = bms_ok; 
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 status->error_ov = bms_ok; 
 status->error_uv = bms_ok; 
 status->ev_stop = bms_ok; 
 status->ok = bms_ok; 
 for (int i = 0; i < 24; i++) { 

  ltc_reg->temp_modules[i] = 0; 
 } 
 for (int i = 0; i < 6; i++) { 

  ltc_reg->temp_bal[i] = 0; 
 } 
 return *status; 

} 
/** 
 * @brief  Calculo de tensiones y ejecucion de seguridad 
 * 
 */ 
void LTC_Module_V_one(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status, uint8_t 

ltc_active_cells[9][12]) { 
 uint8_t counter = 0; 
 static uint32_t t_preb = 0; 
 if (t_preb == 0) { 
  t_preb = HAL_GetTick(); 

 } 
 if (HAL_GetTick() - t_preb > 500) {  //estaba a 500 

  t_preb = 0; 
  //LTC_WakeUp_Sleep(); 
  LTC_WR_CMD(ltc_conf->ic_num, ltc_reg->tx_cfg, LTC_CMD_WRCFG); 
  LTC_Send_ADCV(); 
  LTC_Send_ADCV(); 
  HAL_Delay(1); 
  LTC_Send_ADCV(); 
  LTC_RDcv(0, ltc_conf->ic_num, ltc_reg->v_cell); 
  for (int ltc = 0; ltc < ltc_conf->ic_num; ltc++) { 
   for (int cell = 0; cell < 12; cell++) { 
    if (ltc_active_cells[ltc][cell] != 0) { 

     ltc_reg->v_modules[counter] = ltc_reg->v_cell[ltc][cell]; 
     /*if(ltc_reg->v_modules[counter]<=ltc_conf->cell_uv){ 
      status->error_uv=bms_error; } 
      else status->error_uv=bms_ok;*/ 
     printf("C voltaje %u\n",ltc_reg->v_modules[counter]); 

     counter++; 
    } 
   } 
  } 
  Sec_Votage_Modules(ltc_reg, ltc_conf, status); 

 } 
} 
/** 
 * @brief  Seguridad de tension 
 * 
 */ 
void Sec_Votage_Modules(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status) { 

 uint8_t counter = 0; 
 for (int ltc = 0; ltc < ltc_conf->ic_num; ltc++) { 
  for (int cell = 0; cell < 12; cell++) { 
   if (ltc_active_cells[ltc][cell] != 0) { 
    if ((ltc_reg->v_modules[counter] <= ltc_conf->cell_uv)) { 

     status->error_uv = bms_error; 
    } else 

     status->error_uv = bms_ok; 
    if ((ltc_reg->v_modules[counter] >= ltc_conf->cell_ov)) { 

     status->error_ov = bms_error; 
    } else 

     status->error_ov = bms_ok; 
    counter++; 
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   } 
  } 
 } 
} 
/** 
 * @brief  Seguridad de temperatura 
 * 
 */ 
void Sec_Temp_Modules(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status) { 
 for (uint8_t i = 0; i <= 24; i++) { 
  if (ltc_reg->temp_modules[i] >= ltc_conf->cell_ot) { 

   status->error_otM = bms_error; 
 
  } 
 } 
} 
/** 
 * @brief  Seguridad de temperatura de balanceo 
 * 
 */ 
void Sec_Temp_Bal(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status) { 

 uint8_t counter = 0; 
 for (uint8_t i = 0; i <= 2; i++) { 
  if ((ltc_reg->temp_bal[counter] >= ltc_conf->bal_ot) && ltc_active_t_bal[counter]) { 

   status->error_otBal = bms_error; 
  } 
 } 
 
} 
/** 
 * @brief  Seguridad de corriente 
 * 
 */ 
status_t Sec_C_Sensor(current_reg_t *current_s_reg, current_conf_t *current_s_conf, status_t *status) { 
 if (((uint16_t) current_s_reg->amps) >= current_s_conf->bat_oc) { 

  status->error_oc = bms_error; 
  return *status; 

 
 } 
 if ((current_s_reg->amps) <= current_s_conf->bat_uc) { 

  status->error_oc = bms_error; 
  return *status; 

 
 } 
 status->error_oc = bms_ok; 
 return *status; 

} 
/** 
 * @brief  Estudio de tiempos y seguridad general 
 * 
 */ 
void Sec_Man_Relay(status_t *bms_status, ltc_conf_t *ltc_conf, status_t *status) { 
 static uint32_t t_temp_ov = 0; 
 static uint32_t t_temp_uv = 0; 
 if ((status->error_uv == bms_ok) && (status->error_ov == bms_ok)) { 

  //&&(status->error_oc==bms_ok)&&(status->error_otM==bms_ok)&&(status-
>error_otBal==bms_ok)){ 
  status->ok = bms_ok; 
 } else { 

  status->ok = bms_error; 
 } 
 
 if (status->ok == bms_ok) { 

  t_temp_uv = 0; 
  t_temp_uv = 0; 
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 } 
 if ((status->ok != bms_ok) && (t_temp_uv == 0)) { 
  t_temp_uv = HAL_GetTick(); 

 } 
 if ((status->ok != bms_ok) && (t_temp_ov == 0)) { 
  t_temp_ov = HAL_GetTick(); 

 } 
 if ((t_temp_ov != 0) || (t_temp_uv != 0)) { 
  if (HAL_GetTick() - t_temp_ov >= ltc_conf->t_fail_ov) { 

   t_temp_ov = 0; 
   HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, 
SEC_MAN_ENABLE_Pin, GPIO_PIN_RESET); 

   status->ev_stop = bms_error; 
   return; 

  } 
  if (HAL_GetTick() - t_temp_uv >= ltc_conf->t_fail_uv) { 

   t_temp_uv = 0; 
   HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, 
SEC_MAN_ENABLE_Pin, GPIO_PIN_RESET); 
   status->ev_stop = bms_error; 
   return; 

  } 
 
 } 
 if (status->error_oc != bms_ok) { 
  HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin, 
GPIO_PIN_RESET); 
  status->ev_stop = bms_error; 
  return; 

 } 
 if (status->error_otM != bms_ok) { 
  HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin, 
GPIO_PIN_RESET); 

  status->ev_stop = bms_error; 
  return; 

 } 
 if (status->error_otBal != bms_ok) { 
  HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin, 
GPIO_PIN_RESET); 
  status->ev_stop = bms_error; 
  return; 

 } 
 
 return; 

} 
 
void Sec_Man_Relay_init(void) { 
 HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin, 
GPIO_PIN_SET); 

} 
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1.3. LIBRERÍA DEL LTC6804 (BMS_LTC_LIBRARIES) 

Se expone el código fuente de la librería BMS_LTC_Libraries: 

 BMS_LTC_Libraries  Librería de funciones del LTC6804: 

  
 

 

LTC68041.h 
LTC_Temp.h 
LTC_balancing.h 

LTC68041.c 
LTC_Temp.c 
LTC_balancing.c 

 LTC6801-> Funciones especificas de comunicación 
LTC_Temp-> Funciones de temperatura 
LTC_Balancing-> Funciones de balanceo 

Se ha remarcado el código de desarrollo propio que se expondrá a continuación, 

el resto es generado automáticamente por STM32CubeMX con las opciones 

especificadas en el desarrollo. 

1.3.1. LTC6801.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC68041.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Header, Basado en el codigo de Analog Devices para el LTC6804 <evt-contact@mit.edu> . 
 * @date     30 Sep 2018 
 * 
 */ 
 
#ifndef LTC68041_H 
#define LTC68041_H 

 
 
#ifndef LTC6804_CS 
#define LTC6804_CS spi_cs 
#endif 

 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 

/** 
 * @brief  Generacion de tabla crc 
 * 
 */ 
void generate_crc15_table() 

{ 
  int remainder; 
  for(int i = 0; i<256;i++) 

  { 
    remainder =  i<< 7; 
    for (int bit = 8; bit > 0; --bit) 

        { 
 
           if ((remainder & 0x4000) > 0)//equivalent to remainder & 2^14 simply check for MSB 

            { 
                remainder = ((remainder << 1)) ; 
                remainder = (remainder ^ 0x4599); 
           } 
           else 

            { 
               remainder = ((remainder << 1)); 
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            } 
       } 
 
    crc15Table[i] = remainder&0xFFFF; 
 
  } 
} 
 
 
static const unsigned int crc15Table[256]; 

/** 
 * @brief  Modos e filtrado 
 */ 
#define MD_FAST 1 
#define MD_NORMAL 2 
#define MD_FILTERED 3 

/** 
 * @brief  Modos de lectura de tension 
 */ 
#define CELL_CH_ALL 0 
#define CELL_CH_1and7 1 
#define CELL_CH_2and8 2 
#define CELL_CH_3and9 3 
#define CELL_CH_4and10 4 
#define CELL_CH_5and11 5 
#define CELL_CH_6and12 6 

/** 
 * @brief  Modos de lectura de GPIO 
 */ 
#define AUX_CH_ALL 0 
#define AUX_CH_GPIO1 1 
#define AUX_CH_GPIO2 2 
#define AUX_CH_GPIO3 3 
#define AUX_CH_GPIO4 4 
#define AUX_CH_GPIO5 5 
#define AUX_CH_VREF2 6 

 
 
 
void LTC6804_initialize(); 
void LTC_Set_ADC(uint8_t MD, uint8_t DCP, uint8_t CH, uint8_t CHG); 
void LTC_Send_ADCV(); 
void LTC_Send_ADAX(); 
uint8_t LTC_RDcv(uint8_t reg, uint8_t total_ic, uint16_t cell_codes[][12]); 
void LTC_RDcv_REG(uint8_t reg, uint8_t nIC, uint8_t *data); 
int8_t LTC_RDaux(uint8_t reg, uint8_t nIC, uint16_t aux_codes[][6]); 
void LTC_RDaux_REG(uint8_t reg, uint8_t nIC,uint8_t *data); 
void LTC6804_clrcell(); 
void LTC6804_clraux(); 
void LTC_WR_CMD(uint8_t nIC,uint8_t config[][6],uint16_t cmd_code); 
int8_t LTC_RD_CFG(uint8_t nIC, uint8_t r_config[][8]); 
void LTC_isoSPI_Wake_Idle(); 
void LTC_WakeUp_Sleep(); 
uint16_t LTC_PEC15_CALC(uint8_t len, uint8_t *data); 
void LTC_isoSPI_Write_Array( uint8_t length, uint8_t *data); 
void LTC_isoSPI_Write_Read(uint8_t *TxData, uint8_t TXlen, uint8_t *rx_data, uint8_t RXlen); 
void LTC_REFON(uint8_t total_ic); 

 

#endif 
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1.3.2. LTC6801.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC68041.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Basado en el codigo de Analog Devices para el LTC6804 <evt-contact@mit.edu> . 
 * @date     30 Sep 2018 
 * 
 */ 
#include "../BMS_LTC_Libraries/LTC68041.h" 
#include <stdint.h> 
#include "spi.h" 
#include "../BMS_Libraries/delay.h" 
#include <stdlib.h> 
#include "string.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#define SPI_CS_1 HAL_GPIO_WritePin(SPI3_ENABLE_GPIO_Port,SPI3_ENABLE_Pin,GPIO_PIN_SET) 
#define SPI_CS_0 HAL_GPIO_WritePin(SPI3_ENABLE_GPIO_Port,SPI3_ENABLE_Pin,GPIO_PIN_RESET) 

//Micro Delay 
#define delayUS_ASM(us) do {\ 
asm volatile ( "MOV R0,%[loops]\n\t"\ 

   "1: \n\t"\ 
   "SUB R0, #1\n\t"\ 
   "CMP R0, #0\n\t"\ 
   "BNE 1b \n\t" : : [loops] "r" (16*us) : "memory"\ 
        );\ 
} while(0) 

 
uint8_t ADCV[2]; //!< Cell Voltage conversion command. 
uint8_t ADAX[2]; //!< GPIO conversion command. 
/** 
 * @brief  Configuracion de los ADC 
 * 
 */ 
void LTC_Set_ADC(uint8_t MD, uint8_t DCP,uint8_t CH,uint8_t CHG) 

{ 
  uint8_t md_bits; 
  md_bits = (MD & 0x02) >> 1; 
  ADCV[0] = md_bits + 0x02; 
  md_bits = (MD & 0x01) << 7; 
  ADCV[1] =  md_bits + 0x60 + (DCP<<4) + CH; 
  md_bits = (MD & 0x02) >> 1; 
  ADAX[0] = md_bits + 0x04; 
  md_bits = (MD & 0x01) << 7; 
  ADAX[1] = md_bits + 0x60 + CHG ; 
 
} 
 
/** 
 * @brief  Envio de la configuracion del ADCV 
 * 
 */ 
void LTC_Send_ADCV() 

{ 
 
  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
  ADCV[0]=0b011; 
  ADCV[1]=0b11110000; 
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  cmd[0] = ADCV[0]; 
  cmd[1] = ADCV[1]; 
  cmd_pec = LTC_PEC15_CALC(2, ADCV); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Array(4,cmd); 

} 
 
 
/** 
 * @brief Envio de la configuracion ADAX 
 * 
 */ 
void LTC_Send_ADAX() 

{ 
  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
  cmd[0] = ADAX[0]; 
  cmd[1] = ADAX[1]; 
  cmd_pec = LTC_PEC15_CALC(2, ADAX); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Array(4,cmd); 

} 
 
/** 
 * @brief  Lectura de tensiones 
 * 
 */ 
uint8_t LTC_RDcv(uint8_t reg,uint8_t total_ic,uint16_t ltc_cell_codes[][12]) 

{ 
 
  const uint8_t NUM_RX_BYT = 8; 
  const uint8_t BYT_IN_REG = 6; 
  const uint8_t CELL_IN_REG = 3; 

 
  uint8_t *cell_data; 
  uint8_t pec_error = 0; 
  uint16_t parsed_cell; 
  uint16_t received_pec; 
  uint16_t data_pec; 
  uint8_t data_counter=0; 
  cell_data = (uint8_t *) malloc((NUM_RX_BYT*total_ic)*sizeof(uint8_t)); 
  if (reg == 0) 

  { 
    for (uint8_t cell_reg = 1; cell_reg<5; cell_reg++) 

    { 
      data_counter = 0; 
      LTC_RDcv_REG(cell_reg, total_ic,cell_data ); 
      for (uint8_t current_ic = 0 ; current_ic < total_ic; current_ic++) 

      { 
        for (uint8_t current_cell = 0; current_cell<CELL_IN_REG; current_cell++) 

        { 
          parsed_cell = cell_data[data_counter] + (cell_data[data_counter + 1] << 8); 
          ltc_cell_codes[current_ic][current_cell  + ((cell_reg - 1) * CELL_IN_REG)] = parsed_cell; 
          data_counter = data_counter + 2; 
        } 
        received_pec = (cell_data[data_counter] << 8) + cell_data[data_counter+1]; 
        data_pec = LTC_PEC15_CALC(BYT_IN_REG, &cell_data[current_ic * NUM_RX_BYT]); 
        if (received_pec != data_pec) 

        { 
          pec_error = -1; 
        } 
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        data_counter=data_counter+2; 
      } 
    } 
  } 
  else 

  { 
    LTC_RDcv_REG(reg, total_ic,cell_data); 
    for (uint8_t current_ic = 0 ; current_ic < total_ic; current_ic++) 

    { 
      for (uint8_t current_cell = 0; current_cell < CELL_IN_REG; current_cell++) 

      { 
        parsed_cell = cell_data[data_counter] + (cell_data[data_counter+1]<<8); 
        ltc_cell_codes[current_ic][current_cell + ((reg - 1) * CELL_IN_REG)] = 0x0000FFFF & parsed_cell; 
        data_counter= data_counter + 2; 
      } 
      received_pec = (cell_data[data_counter] << 8 )+ cell_data[data_counter + 1]; 
      data_pec = LTC_PEC15_CALC(BYT_IN_REG, &cell_data[current_ic * NUM_RX_BYT]); 
      if (received_pec != data_pec) 

      { 
        pec_error = -1; 
      } 
      data_counter= data_counter + 2; 
    } 
  } 
  free(cell_data); 
  return(pec_error); 

} 
 
 
/** 
 * @brief  Lectura de un registro de tensiones 
 * 
 */ 
 
void LTC_RDcv_REG(uint8_t reg,uint8_t total_ic,uint8_t *data ) 

{ 
  const uint8_t REG_LEN = 8; 

  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
 
  //1 
  if (reg == 1)     //1: RDCVA 

  { 
    cmd[1] = LTC_CMD_RDCVA&&0x0F; 
    cmd[0] = LTC_CMD_RDCVA>>8; 
  } 
  else if (reg == 2) //2: RDCVB 

  { 
    cmd[1] = LTC_CMD_RDCVB&&0x0F; 
    cmd[0] = LTC_CMD_RDCVB>>8; 
  } 
  else if (reg == 3) //3: RDCVC 

  { 
    cmd[1] = LTC_CMD_RDCVC&&0x0F; 
    cmd[0] = LTC_CMD_RDCVC>>8; 
  } 
  else if (reg == 4) //4: RDCVD 

  { 
    cmd[1] = LTC_CMD_RDCVC&&0x0F; 
    cmd[0] = LTC_CMD_RDCVC>>8; 
  } 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
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  LTC_isoSPI_Write_Read(cmd,4,data,(REG_LEN*total_ic)); 

 
} 
/** 
 * @brief  Lectura de registros auxiliares GPIO 
 * 
 */ 
int8_t LTC_RDaux(uint8_t reg,uint8_t total_ic, uint16_t aux_codes[][6] ) 

{ 
 
 
  const uint8_t NUM_RX_BYT = 8; 
  const uint8_t BYT_IN_REG = 6; 
  const uint8_t GPIO_IN_REG = 3; 

  uint8_t *data; 
  uint8_t data_counter = 0; 
  int8_t pec_error = 0; 
  uint16_t parsed_aux; 
  uint16_t received_pec; 
  uint16_t data_pec; 
  data = (uint8_t *) malloc((NUM_RX_BYT*total_ic)*sizeof(uint8_t)); 
  if (reg == 0) 

  { 
    for (uint8_t gpio_reg = 1; gpio_reg<3; gpio_reg++) 

    { 
      data_counter = 0; 
      LTC_RDaux_REG(gpio_reg, total_ic,data); 
      for (uint8_t current_ic = 0 ; current_ic < total_ic; current_ic++) 

      { 
        for (uint8_t current_gpio = 0; current_gpio< GPIO_IN_REG; current_gpio++) 

        { 
          parsed_aux = data[data_counter] + (data[data_counter+1]<<8); 
          aux_codes[current_ic][current_gpio +((gpio_reg-1)*GPIO_IN_REG)] = parsed_aux; 
          data_counter=data_counter+2; 
        } 
 
        received_pec = (data[data_counter]<<8)+ data[data_counter+1]; 
        data_pec = LTC_PEC15_CALC(BYT_IN_REG, &data[current_ic*NUM_RX_BYT]); 
        if (received_pec != data_pec) 

        { 
          pec_error = -1; 
        } 
        data_counter=data_counter+2; 
      } 
    } 
  } 
  else 

  { 
 LTC_RDaux_REG(reg, total_ic, data); 
    for (int current_ic = 0 ; current_ic < total_ic; current_ic++) 

    { 
      for (int current_gpio = 0; current_gpio<GPIO_IN_REG; current_gpio++) 

      { 
        parsed_aux = (data[data_counter] + (data[data_counter+1]<<8)); 
        aux_codes[current_ic][current_gpio +((reg-1)*GPIO_IN_REG)] = parsed_aux; 
        data_counter=data_counter+2; 
      } 
      received_pec = (data[data_counter]<<8) + data[data_counter+1]; 
      data_pec = LTC_PEC15_CALC(BYT_IN_REG, &data[current_ic*NUM_RX_BYT]); 
      if (received_pec != data_pec) 

      { 
        pec_error = -1; 
      } 
      data_counter=data_counter+2; 
    } 
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  } 
  free(data); 
  return (pec_error); 

} 
/** 
 * @brief  Lectura de un registro auxiliar GPIO 
 * 
 */ 
void LTC_RDaux_REG(uint8_t reg,uint8_t total_ic, uint8_t *data ) 

{ 
  const uint8_t REG_LEN = 8; 

  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
 
  //1 
  if (reg == 1) 

  { 
    cmd[1] = (uint8_t)LTC_CMD_RDAUXA; 
    cmd[0] = (uint8_t)LTC_CMD_RDAUXA>>8; 
  } 
  else if (reg == 2) 

  { 
    cmd[1] = (uint8_t)LTC_CMD_RDAUXB; 
    cmd[0] = (uint8_t)LTC_CMD_RDAUXB>>8; 
  } 
  else 

  { 
 cmd[1] = (uint8_t)LTC_CMD_RDAUXA; 
 cmd[0] = (uint8_t)LTC_CMD_RDAUXA>>8; 
  } 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Read(cmd,4,data,(REG_LEN*total_ic)); 

 
} 
/** 
 * @brief  Limpieza de registros de tension 
 * 
 */ 
void LTC6804_clrcell() 

{ 
  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
  cmd[0] = 0x07; 
  cmd[1] = 0x11; 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec ); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Read(cmd,4,0,0); 

} 
/** 
 * @brief  Limpieza de registros auxiliares GPIO 
 * 
 */ 
void LTC6804_clraux() 

{ 
  uint8_t cmd[4]; 
  uint16_t cmd_pec; 
  cmd[0] = 0x07; 
  cmd[1] = 0x12; 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
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  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Read(cmd,4,0,0); 

} 
/** 
 * @brief  Configuracion de un registro especifico 
 * 
 */ 
void LTC_WR_CMD(uint8_t total_ic, uint8_t config[][6],uint16_t cmd_code) 

{ 
  const uint8_t BYTES_IN_REG = 6; 
  const uint8_t CMD_LEN = 4+(8*total_ic); 

  uint8_t *cmd; 
  uint16_t cfg_pec, cmd_pec; 
  uint8_t cmd_index; 
  cmd = (uint8_t *)malloc(CMD_LEN*sizeof(uint8_t)); 

  cmd[0] =(uint8_t)(cmd_code >> 8); 
  cmd[1] =(uint8_t)cmd_code; 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  cmd_index = 4; 
  for (uint8_t current_ic = total_ic; current_ic > 0; current_ic--) 

  { 
    for (uint8_t current_byte = 0; current_byte < BYTES_IN_REG; current_byte++) 

    { 
      cmd[cmd_index] = config[current_ic-1][current_byte]; 
      cmd_index = cmd_index + 1; 
    } 
    cfg_pec = (uint16_t)LTC_PEC15_CALC(BYTES_IN_REG, &config[current_ic-1][0]); 

    cmd[cmd_index] = (uint8_t)(cfg_pec >> 8); 
    cmd[cmd_index + 1] = (uint8_t)cfg_pec; 
    cmd_index = cmd_index + 2; 
  } 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Array(CMD_LEN, cmd); 
  free(cmd); 

} 
/** 
 * @brief  Lectura del registro de configuracion 
 * 
 */ 
int8_t LTC_RD_CFG(uint8_t total_ic, uint8_t r_config[][8]) 

{ 
  const uint8_t BYTES_IN_REG = 8; 

 
  uint8_t cmd[4]; 
  uint8_t *rx_data; 
  int8_t pec_error = 0; 
  uint16_t data_pec, cmd_pec; 
  uint16_t received_pec; 
  rx_data = (uint8_t *) malloc((8*total_ic)*sizeof(uint8_t)); 

  cmd[0] = LTC_CMD_RDCFG>>8; 
  cmd[1] = LTC_CMD_RDCFG&&0x0F; 
  cmd_pec = LTC_PEC15_CALC(2, cmd); 

  cmd[2] = (uint8_t)(cmd_pec >> 8); 
  cmd[3] = (uint8_t)(cmd_pec); 
  LTC_isoSPI_Wake_Idle (); 
  LTC_isoSPI_Write_Read(cmd, 4, rx_data, (BYTES_IN_REG*total_ic)); 
  for (uint8_t current_ic = 0; current_ic < total_ic; current_ic++) 

  { 
    for (uint8_t current_byte = 0; current_byte < BYTES_IN_REG; current_byte++) 

    { 
      r_config[current_ic][current_byte] = rx_data[current_byte + (current_ic*BYTES_IN_REG)]; 
    } 
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    received_pec = (r_config[current_ic][6]<<8) + r_config[current_ic][7]; 
    data_pec = LTC_PEC15_CALC(6, &r_config[current_ic][0]); 
    if (received_pec != data_pec) 

    { 
      pec_error = -1; 
    } 
  } 
  free(rx_data); 
  return(pec_error); 

} 
 
/** 
 * @brief  Wake del LTC6804 
 * 
 */ 
void LTC_isoSPI_Wake_Idle() 

{ 
 SPI_CS_0; 
 HAL_SPI_Transmit(&hspi3,(uint8_t *)0x00,1,5000); 

 delayUS_ASM(300);    // 100 microsec*300microsec 
 
 SPI_CS_1; 
 
} 
void LTC_REFON(uint8_t total_ic) { 

 uint8_t tx_cfg[total_ic][6]; 
 for (uint8_t ltc = 0; ltc < total_ic; ltc++) { 

   tx_cfg[ltc][0] |= 0xFE; 
   tx_cfg[ltc][1] |= 0x00; 
   tx_cfg[ltc][2] |= 0x00; 
   tx_cfg[ltc][3] |= 0x00; 
   tx_cfg[ltc][4] |= 0x00; 
   tx_cfg[ltc][5] |= 0x00; 
  } 
    LTC_WR_CMD(total_ic,tx_cfg,LTC_CMD_WRCFG); 

} 
/** 
 * @brief  Sleep del LTC6804 
 * 
 */ 
void LTC_WakeUp_Sleep() 

{ 
  SPI_CS_0; 
  HAL_SPI_Transmit(&hspi3,(uint8_t *)0x00,1,5000); 

  delayUS_ASM(300);    // 100 microsec*300microsec 
 
  SPI_CS_1; 
 
} 
/** 
 * @brief  Calculo del PEC 
 * 
 */ 
uint16_t LTC_PEC15_CALC(uint8_t len,uint8_t *data) 

{ 
  uint16_t remainder,addr; 
 
  remainder = 16; 
  for (uint8_t i = 0; i<len; i++) 

  { 
    addr = ((remainder>>7)^data[i])&0xff; 
    remainder = (remainder<<8)^crc15Table[addr]; 
  } 
  return(remainder*2); 

} 
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/** 
 * @brief  Escritura de un vector al daisy-chain 
 * 
 */ 
void LTC_isoSPI_Write_Array(uint8_t len,uint8_t data[]) 

{ 
 SPI_CS_0; 
 delayUS_ASM(7); 
 HAL_SPI_Transmit(&hspi3,(uint8_t *)data,len,5000); 

    SPI_CS_1; 
} 
/** 
 * @brief  Escritura y lectura de un vector al daisy-chain 
 * 
 */ 
void LTC_isoSPI_Write_Read(uint8_t tx_Data[], uint8_t tx_len,uint8_t *rx_data,uint8_t rx_len) 

{ 
  SPI_CS_0; 
  delayUS_ASM(7); 
  HAL_SPI_Transmit(&hspi3,(uint8_t *)tx_Data,tx_len,5000); 
  HAL_SPI_Receive(&hspi3,(uint8_t *)rx_data,rx_len,5000); 

  SPI_CS_1; 
} 

1.3.3. LTC_balancing.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC_balancing.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Basado en el codigo de MIT EVT <evt-contact@mit.edu> . 
 * @date     30 Sep 2018 
 * 
 * @brief    Header del archivo donde se incluyen las funciones de control de balanceo 
 */ 
 
 
#ifndef LTC_balancing_H 
#define LTC_balancing_H 

 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 

 
#include "../BMS_Libraries/BMS_defs.h" 

 
 
 
void LTC_Balancing_Update(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,op_modes_t* bms_mode, uint8_t 

ltc_active_cells[9][12],status_t *bms_status); 
void LTC_Balancing_Stop(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf); 
void LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t ltc,uint8_t tx_cfg[][6]); 

 
#endif 
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1.3.4. LTC_balancing.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC_balancing.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Basado en el codigo de MIT EVT <evt-contact@mit.edu> . 
 * @date     30 Sep 2018 
 * 
 * @brief    Archivo donde se incluyen las diferentes funciones de control de balanceo 
 */ 
 
#include "../BMS_LTC_Libraries/LTC_balancing.h" 
#include <stdio.h> 
#include <stdlib.h> 
#include "../BMS_Libraries/delay.h" 
#include "string.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 

 
/** 
 * @fn LTC_Balancing_Update (ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, uint8_t ltc_active_cells[9][12]) 
 * @brief Realiza la lectura y estudio de las celdas a balancear de forma temporizada, 
 * para realizar el estudio de los valores de tensión el balanceo se detiene durante un corto periodo de tiempo, 
 * para luego ser activado durante otro periodo de tiempo. 
 * @param ltc_reg estructura que contiene los datos de tensión obtenidos asi como otras variables 
 * @param ltc_conf estructura que contiene los valores de configuracion del bms 
 * @param ltc_active_cells variable que define que puntos de lectura sun celas y cuales son nulas 
 */ 
 
void LTC_Balancing_Update(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,op_modes_t* bms_mode, uint8_t 

ltc_active_cells[9][12],status_t *bms_status) { 
 static uint32_t t_preb = 0; 

 uint8_t counter = 0; 
 if (*bms_mode == charge_op) { 
  if (t_preb == 0) { 
   LTC_Balancing_Stop(ltc_reg, ltc_conf); 
   t_preb = HAL_GetTick(); 

  } 
  if ((HAL_GetTick() - t_preb > 250) && (HAL_GetTick() - t_preb < 300)) { 

   uint16_t lowest_v = ltc_conf->cell_ov; 
   for (uint8_t ltc = 0; ltc < ltc_conf->ic_num; ltc++) { 
    for (uint8_t cell = 0; cell < 12; cell++) { 
     if (ltc_active_cells[ltc][cell] != 0 && ltc_reg->v_cell[ltc][cell] < 

lowest_v && (ltc_reg->v_cell[ltc][cell] > ltc_conf->cell_uv)) { 
      lowest_v = ltc_reg->v_cell[ltc][cell]; 
 
     } 
    } 
 
   } 
#ifdef DEBUG_LTC 

   printf("\nLa celda mas baja es: %1.4f  \n", lowest_v * 0.0001); 
#endif 
   for (uint8_t ltc = 0; ltc < ltc_conf->ic_num; ltc++) { 
    for (uint8_t cell = 0; cell < 12; cell++) { 
     if ((ltc_active_cells[ltc][cell] != 0) && (ltc_reg->v_cell[ltc][cell] > 

(lowest_v + ltc_conf->cell_margin))) { 
      LTC_Balancing_Set(cell, 1, ltc, ltc_reg->tx_cfg); 

      bms_general_data.cell_balance[counter] = 1; 
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     } else { 
      LTC_Balancing_Set(cell, 0, ltc, ltc_reg->tx_cfg); 

      bms_general_data.cell_balance[counter] = 0; 
     } 
     counter++; 
    } 
   } 
  }; 
  if (HAL_GetTick() - t_preb > 700) { 
   LTC_WR_CMD(ltc_conf->ic_num, ltc_reg->tx_cfg, LTC_CMD_WRCFG); 
#ifdef DEBUG_LTC 

   printf("\nEnvio Balanceo\n"); 
#endif 

  } 
  if (HAL_GetTick() - t_preb > 1500) {  //estable a 1500  900 sirve 

   t_preb = 0; 
  } 
 } 
} 
 
 
/** 
 * @fn LTC_Balancing_Stop(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf) 
 * @brief Realiza el paro forzado del balanceo 
 * @param ltc_reg estructura que contiene los datos de tensión obtenidos asi como otras variables 
 * @param ltc_conf estructura que contiene los valores de configuracion del bms 
 */ 
void LTC_Balancing_Stop(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf) { 
 for (uint8_t ltc = 0; ltc < ltc_conf->ic_num; ltc++) { 
  for (uint8_t cell = 0; cell < 12; cell++) { 
   LTC_Balancing_Set(cell, 0, ltc, ltc_reg->tx_cfg); 

  } 
 } 
    LTC_WR_CMD(ltc_conf->ic_num,ltc_reg->tx_cfg,LTC_CMD_WRCFG); 

 
} 
 
/** 
 * @fn LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t ltc,uint8_t tx_cfg[][6]) 
 * @brief Realiza la ordenacion de bits a enviar al ltc6804 para el balanceo 
 * @param cell Celda a balancear 
 * @param state estado para balanceo 1->activo 0->deshabilitado 
 * @param ltc Chip del cual se  desea balancear 
 * @param tx_cfg Dato sobre el que guardar la configuración 
 */ 
void LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t ltc,uint8_t tx_cfg[][6]) { 

 //  cell -= ltc * 12; 
 
 if (cell >= 0 && cell < 8) { 
  if (state) 

   tx_cfg[ltc][4] |= 0b1 << cell; 
  else 

   tx_cfg[ltc][4] &= ~(0b1 << cell); 
 } else if (cell > 7 && cell < 12) { 
  if (state) 

   tx_cfg[ltc][5] |= 0b1 << (cell - 8); 
  else 

   tx_cfg[ltc][5] &= ~(0b1 << (cell - 8)); 
 } 
} 
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1.3.5. LTC_Temp.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC_Temp.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Header del archivo  donde se incluyen las diferentes funciones de la lectura de Temperatura 
 */ 
 
 
#ifndef BMS_LTC_LIBRARIES_LTC_TEMP_H_ 
#define BMS_LTC_LIBRARIES_LTC_TEMP_H_ 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 
#include "../BMS_Libraries/BMS_defs.h" 

 
void LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel); 
void LTC_All_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal); 
read_t LTC_All_Mux_T(ltc_reg_t *ltc_reg, ltc_conf_t *conf,status_t *status, ltc_temp_call_t *ltc_mux_cal); 
void LTC_All_Mux_V(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf, uint16_t data[24]); 
#endif /* BMS_LTC_LIBRARIES_LTC_TEMP_H_ */ 

1.3.6. LTC_Temp.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     LTC_Temp.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Archivo donde se incluyen las diferentes funciones de la lectura de Temperatura 
 */ 
#include "../BMS_LTC_Libraries/LTC_Temp.h" 
#include <stdio.h> 
#include <stdlib.h> 
#include "../BMS_Libraries/delay.h" 
#include "string.h" 
#include "../BMS_LTC_Libraries/LTC68041.h" 
#include "../BMS_Libraries/LTC_Core.h" 
#define DEBUG_LTC 

 
/** 
 * @fn LTC_All_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal) 
 * @brief Realiza la lectura de las sondas de temperatura de balanceo 
 * @param ltc_reg estructura donde se almacenaran las temperaturas logueadas 
 * @param ltc_conf estructura que contiene los valores de configuracion del bms 
 * @param ltc_bal_cal estructura que contiene los valores de calibracion para las ntc de balanceo 
 */ 
void LTC_All_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal) { 
 static uint32_t t_preb = 0; 

 uint8_t counter = 0; 
 int16_t t_rangue = ltc_bal_cal->t_high - ltc_bal_cal->t_low; 
 int16_t v_rangue = ltc_bal_cal->v_high - ltc_bal_cal->v_low; 
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 if (t_preb == 0) { 
  t_preb = HAL_GetTick(); 

 }; 
 if (HAL_GetTick() - t_preb > 500) { 
  for (uint8_t ltc = 0; ltc< ltc_conf->ic_num;ltc++){ 
   for (uint8_t i = 0; i<2;i++){ 

    t_preb = 0; 
    ltc_reg->v_temp_bal[counter] = ltc_reg->v_aux[ltc][i+1]; 
    ltc_reg->temp_bal[counter] = ((((ltc_reg->v_aux[ltc][i+1] - ltc_bal_cal-
>v_low)* t_rangue) / v_rangue) + ltc_bal_cal->t_low); 
    if (ltc_reg->temp_bal[counter]*0.01 > 500){ 

     ltc_reg->temp_bal[counter]= 0; 
    } 
    counter++; 
   } 
  } 
 } 
} 
/** 
 * @fn LTC_All_Mux_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_mux_cal) 
 * @brief Realiza la lectura de todas las sondas de temperatura multiplexadas con su correspondiente 
calibracion a Grados centigrados 
 * @param ltc_reg estructura donde se almacenaran las temperaturas logueadas 
 * @param ltc_conf estructura que contiene los valores de configuracion del bms 
 * @param ltc_mux_cal datos de calibracion a dos puntos 
 */ 
read_t LTC_All_Mux_T(ltc_reg_t *ltc_reg, ltc_conf_t *conf,status_t *status, ltc_temp_call_t *ltc_mux_cal) { 
 static uint8_t chann = 0; 

 int16_t t_rangue = ltc_mux_cal->t_high - ltc_mux_cal->t_low; 
 int16_t v_rangue = ltc_mux_cal->v_high - ltc_mux_cal->v_low; 
 //LTC_WakeUp_Sleep(); 
 static uint32_t t_preb = 0; 
 if (t_preb == 0) { 
  t_preb = HAL_GetTick(); 
  LTC_WR_CMD(conf->ic_num, ltc_reg->tx_cfg, LTC_CMD_WRCFG); 
  LTC_Mux(conf->ic_num, 0, chann); 

 } 
 if (HAL_GetTick() - t_preb >300) { 

  t_preb = 0; 
  LTC_WR_CMD(conf->ic_num, ltc_reg->tx_cfg, LTC_CMD_WRCFG); 
  LTC_Send_ADAX(); 
  LTC_Send_ADAX(); 
  LTC_RDaux(0, conf->ic_num, ltc_reg->v_aux); 

 
  if (chann == 0) { 
   for (int i = 0; i < ltc_conf.ic_num; i++) { 

    ltc_reg->v_temp_cell[7 + 8 * i] = ltc_reg->v_aux[i][0]; 
   } 
  } else { 
   for (int i = 0; i < ltc_conf.ic_num; i++) { 

    ltc_reg->v_temp_cell[(chann - 1) + 8 * i] = ltc_reg->v_aux[i][0]; 
   } 
   for (int i = 0; i < 24; i++) { 

    uint16_t old = ltc_reg->temp_modules[i]; 
    ltc_reg->temp_modules[i] = ((((ltc_reg->v_temp_cell[i] - ltc_mux_cal-
>v_low) * t_rangue) / v_rangue) + ltc_mux_cal->t_low); 
    if ((ltc_reg->temp_modules[i] * 0.01) > 110) { 

     ltc_reg->temp_modules[i] = old; 
    } 
   } 
  } 
  chann++; 
  Sec_Temp_Modules(ltc_reg,conf,status); 
  Sec_Temp_Bal(ltc_reg,conf,status); 

 } 
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 if (chann == 8) { 

 
  chann = 0; 
  return read; 

 } 
 return noread; 

} 
/** 
 * @fn LTC_All_Mux_V(ltc_conf_t *ltc_conf, uint16_t data[24]) 
 * @brief Realiza la lectura de todas las sondas de temperatura multiplexadas en bruto en voltajes 
 * @param ltc_conf  estructura que contiene los valores de configuracion del bms 
 * @param data variable de salida de todos los voltajes 
 */ 
 
void LTC_All_Mux_V(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf, uint16_t data[24]) { 
 static uint32_t t_preb = 0; 
 static uint8_t chann = 0; 
 if (t_preb == 0) { 
  LTC_WakeUp_Sleep(); 
  LTC_Set_ADC(MD_NORMAL, DCP_DISABLED, CELL_CH_ALL, AUX_CH_ALL); 
  LTC_Send_ADAX(); 

  //LTC_REFON(total_ic); 
  t_preb = HAL_GetTick(); 
  LTC_Mux(ltc_conf->ic_num, 0, 1); 

 }; 
 
 if (HAL_GetTick() - t_preb > 10) { 

  //LTC_Send_ADAX(); 
  if (HAL_GetTick() - t_preb > 50) { 

 
   t_preb = 0; 
   LTC_RDaux(0, ltc_conf->ic_num, ltc_reg->v_aux); 
   for (uint8_t i = 0; i < ltc_conf->ic_num; i++) { 

    data[chann] = ltc_reg->v_aux[i][0]; 
   } 
   chann++; 
  } 
 } 
 if (chann > 8) { 

  chann = 0; 
 }; 
} 
/** 
 * @fn LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel) 
 * @brief Configura los mux  incluye el envio 
 * @param total_ic Numero de chips del BMS 
 * @param mux  Mux a seleccionar  depende de la adress seleccionada  0 1 2 3 
 * @param channel Canal a fijar  0 al 7 
 */ 
 
void LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel) { 

 uint8_t config[total_ic][6]; 
 uint16_t i = 0; 
 
 uint8_t address = 0x4C | (mux % 3);  //direccion base del multiplexor 
 uint8_t data = 1 << (channel % 8); 
 if (channel == 0xFF) {      // Si no hay canal seleccionado, alta 

impedancia 
  data = 0x00; 
 } 
 for (i = 0; i < total_ic; i++) { 

  config[i][0] = LTC_ICOM_START | (address >> 3);     // 0x6 : 
LTC6804: ICOM START from Master 
  config[i][1] = LTC_FCOM_MASTER_NACK | (address << 5); 
  config[i][2] = LTC_ICOM_BLANK | (data >> 4); 
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  config[i][3] = LTC_FCOM_MASTER_NACK_STOP | (data << 4); 
  config[i][4] = LTC_ICOM_NO_TRANSMIT;             
// 0x1 : ICOM-STOP 
  config[i][5] = 0x00;               
   // 0x0 : dummy (Dn) 
            
       // 9: MASTER NACK + STOP (FCOM) 
 } 
 LTC_WR_CMD(total_ic, config, LTC_CMD_WRCOMM); 
 for (i = 0; i < total_ic; i++) { 
  for (uint8_t t = 0; t < 6; t++) { 

   config[i][t] = 0xFF; 
  } 
 } 
 LTC_WR_CMD(total_ic, config, LTC_CMD_STCOMM); 

 
} 

1.4. LIBRERÍA DEL SENSOR (BMS_SENSOR) 

Se expone el código fuente de la librería BMS_Sensor: 

  
 BMS_Sensor  Librería del sensor HALL: 

  BMS_C_Sensor.h  BMS_C_Sensor.c  Funciones de comunicación con el MCP3421. 

1.4.1. BMS_C_Sensor.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_C_Sensor.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Archivo donde se incluyen las cabeceras de las funciones para el sensor de corriente 
 */ 
#include "main.h" 
#include "stm32f4xx_hal.h" 
#include "../BMS_Libraries/BMS_defs.h" 

 
#ifndef BMS_SENSOR_BMS_C_SENSOR_H_ 
#define BMS_SENSOR_BMS_C_SENSOR_H_ 
void C_Sensor_Init(uint8_t gain); 
int32_t MCP_Read(void); 
float MCP_calc(uint8_t gain); 
void C_Sensor_Read(uint8_t gain,current_reg_t *current_s_reg); 

#endif /* BMS_SENSOR_BMS_C_SENSOR_H_ */ 
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1.4.2. BMS_C_Sensor.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_C_Sensor.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Archivo donde se incluyen las las funciones para el sensor de corriente 
 */ 
#include "BMS_C_Sensor.h" 
#include "main.h" 
#include "stm32f4xx_hal.h" 
#include "i2c.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#include "../BMS_Libraries/LTC_Core.h" 
#define MCP_Adress_Read 0xD1 
#define MCP_Adress_write 0xD0 

/** 
 * @brief Inicializacion del MCP 
 */ 
void C_Sensor_Init(uint8_t gain) { 

 uint8_t Check[4] = { 0 }; 
 uint8_t Configuration_byte = 0x1C | gain; 
 uint8_t Configuration_byte2 = 0x9C | gain; 
 HAL_I2C_Master_Transmit(&hi2c2, MCP_Adress_write, &Configuration_byte, 1, 0x10); 
 HAL_I2C_Master_Receive(&hi2c2, MCP_Adress_Read, Check, 4, 0x10); 
 if (Check[3] == Configuration_byte || Check[3] == Configuration_byte2) { 
  printf("Sensor de corriente configurado\n"); 
 } else { 
  printf("Sensor de corriente NO configurado\n"); 

 } 
 
} 
/** 
 * @brief Lectura del MCP 
 */ 
int32_t MCP_Read(void) { 

 uint8_t pData[4] = { 0, 0, 0, 0 }; 
 uint8_t Temp, Temp2; 
 uint32_t comp; 
 HAL_I2C_Master_Receive(&hi2c2, MCP_Adress_Read, pData, 4, 0x10); 

 
 Temp = pData[0]; 
 Temp = Temp & 0b00000011; 
 Temp2 = Temp && 0b00000001; 
 if ((Temp >> 1) == 0x01) { 
  if (pData[1] == 0xFF) { 
   return 0x00; 
  } else { 

   comp = ~(((Temp2 << 16) | (pData[1] << 8) | (pData[2]))) & 0x1FFFF; 
   return -1 * (int32_t) comp; 

  } 
 
 } 
 if ((Temp >> 1) == 0x00) { 
  return (int32_t) ((pData[0] << 16) | (pData[1] << 8) | (pData[2])); 

 } 
 return 0x00; 

} 
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/** 
 * @brief Calculo del MCP 
 */ 
float MCP_calc(uint8_t gain) { 
 int32_t dato = MCP_Read(); 
 return ((dato * 2.048) / (131071 + 1)) / (gain + 1); 

} 
/** 
 * @brief Calculo del sensor de corriente 
 */ 
void C_Sensor_Read(uint8_t gain, current_reg_t *current_s_reg) { 

 
 float value; 

 int16_t value2; 
 static uint32_t t_sensor = 0; 
 if (t_sensor == 0) { 
  t_sensor = HAL_GetTick(); 

 } 
 if (HAL_GetTick() - t_sensor > 10) { 

  t_sensor = 0; 
  value = MCP_calc(gain); 

  value = value * 400 / 1.25; 
  if ((value < 5) && (value > -5)) { 

   value = 0x00; 
  } 
  value2 = (int16_t) (value); 
  current_s_reg->amps = value2; 
  if ((value > 5) && (value < -5)) { 

 
  } 
 } 
} 

1.5. LIBRERÍA ETHERNET (NETWORK_MODULES) 

Se expone el código fuente de la librería Network_Modules: 

 Network_Modules    

  
 
 

 

BMS_ETH_Comm.h 
BMS_ETH_Core.h 
Broadcast_ssdp.h 

DHCP_Client.h 

BMS_ETH_Comm.c 
BMS_ETH_Core.c 
Broadcast_ssdp.c 

DHCP_Client.c 

 Librería de red: 
ETH_Core-> Principales funciones de comunicación 
ETH_Comms-> Mensajeria eth 
Broadcast-> Funcionalidad de conexión a la interfaz 
BHCP_Client->Cliente DHCP 

Se ha remarcado el código de desarrollo propio que se expondrá a continuación, 

el resto es generado automáticamente por STM32CubeMX con las opciones 

especificadas en el desarrollo. 

1.5.1. BMS_ETH_Core.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_ETH_Core.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Header de las funciones Ethernet 
 * @date     30 Sep 2018 
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 * 
 */ 
 
#include "main.h" 
#include "lwip.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#ifndef BMS_ETH_CORE_H_ 
#define BMS_ETH_CORE_H_ 
#define TEST_DATA_COMMS 

//#define DEBUG_COMMS 
#define DEBUG_LTC 

 
 
typedef enum {wire_on,wire_stop,wire_off,wire_dhcp,wire_search,gui_init,gui} eth_modes_t; 
typedef enum  {celsius, volt} temp_send_mode_t; 
typedef struct { 

 ip4_addr_t ip; 
 uint16_t port; 
 
} bms_gui_t; 
bms_gui_t bms_gui_comms; 
eth_modes_t eth_link(eth_modes_t *eth_mode); 
eth_modes_t eth_init_deinit(eth_modes_t *eth_mode); 
extern eth_modes_t eth_mode; 
extern temp_send_mode_t eth_temp_mode; 

 
 
void Comms_callback(void *arg, struct udp_pcb *upcb, struct pbuf *p, const ip_addr_t *addr, u16_t port); 
void Comms_init(struct netif *netif); 
void Comms_Handler(struct netif *netif,char *payload); 

 
ltc_reg_t bms_example; 

#endif /* BMS_ETH_CORE_H_ */ 

1.5.2. BMS_ETH_Core.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_ETH_Core.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Funcionesunciones Ethernet 
 * @date     30 Sep 2018 
 * 
 */ 
 
#include "BMS_ETH_Core.h" 
#include "main.h" 
#include "lwip.h" 
#include "DHCP_Client.h" 
#include "Broadcast_ssdp.h" 
#include "stm32f4xx_hal.h" 
#include <string.h> 
#include "../BMS_Libraries/delay.h" 

 
extern struct netif gnetif; 

 
static struct udp_pcb *comms_pcb; 

eth_modes_t eth_mode; 
temp_send_mode_t eth_temp_mode; 
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/** 
 * @brief  Funcion principal de Ethernet 
 * 
 */ 
eth_modes_t eth_init_deinit(eth_modes_t *eth_mode){ 
 if (*eth_mode == wire_on) { 

 
 printf("Red Ethernet conectada\n"); 

 
   netif_set_link_up(&gnetif); 
   netif_set_default(&gnetif); 
   netif_set_up(&gnetif); 

   DHCP_state = DHCP_START; 
   return wire_dhcp; 

  } 
  if ((*eth_mode == wire_dhcp)||(*eth_mode == wire_search)) { 
  DHCP_enum_t aux = DHCP_Client_Handler(&gnetif); 
  if ((aux == DHCP_ADDRESS_ASSIGNED)) { 
   Broadcast_ssdp_Handler(&gnetif, eth_mode); 

 
  } 
 } 
 if (*eth_mode == wire_stop) { 

 
 printf("Red Ethernet desconectada\n"); 

 
  dhcp_stop(&gnetif); 
  netif_set_down(&gnetif); 
  netif_set_link_down(&gnetif); 

  *eth_mode = wire_off; 
 } 
 return *eth_mode; 

} 
/** 
 * @brief Estudio del Link 
 * 
 */ 
eth_modes_t eth_link(eth_modes_t *eth_mode){ 

 
 
  uint32_t reg; 
  HAL_ETH_ReadPHYRegister(&heth, PHY_BSR, &reg); 
  if(reg==0x782D){ 
   if (*eth_mode==wire_off){ 
   return wire_on; 
   } else { 
   return *eth_mode; 

   } 
 
   } 
  if(reg!=0x782D){ 
   return wire_stop; 

   } 
 
 
 return *eth_mode; 

}; 
/** 
 * @brief  Handler principal de ETH 
 * 
 */ 
void Comms_Handler(struct netif *netif,char *payload) 

{ 
#ifdef DEBUG_COMMS 

 //printf("Envio Datos\n"); 
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#endif 

 
  struct pbuf * p_send = pbuf_alloc(PBUF_TRANSPORT, strlen(payload), PBUF_REF); 
  char * pa = payload; 

  p_send->payload = pa; 
  udp_connect(comms_pcb, &bms_gui_comms.ip, bms_gui_comms.port); 
  udp_sendto(comms_pcb, p_send , &bms_gui_comms.ip, bms_gui_comms.port); 
  pbuf_free(p_send); 
  udp_disconnect(comms_pcb); 

} 
/** 
 * @brief  Inicializacion de Eth 
 * 
 */ 
void Comms_init(struct netif *netif) 

{ 
 err_t err_comms; 
 comms_pcb = udp_new(); 
 if (comms_pcb) 

 { 
  err_comms = udp_bind(comms_pcb,IP4_ADDR_ANY,bms_gui_comms.port); 
  if(err_comms == ERR_OK) 

  { 
   udp_recv(comms_pcb, Comms_callback, NULL); 

  } 
  else 

  { 
   udp_remove(comms_pcb); 

  } 
 } 
} 
/** 
 * @brief  Callback de recepcion 
 * 
 */ 
void Comms_callback(void *arg, struct udp_pcb *upcb, struct pbuf *p, const ip_addr_t *addr, u16_t port) 

{ 
 if (strlen(p->payload) > 5) { 
 char * pch; 
 pch = strstr(p->payload,"$BMS_GUI"); 
 if(strncmp ( pch, "$BMS_GUI:TEMP_MODE,", 19)==0){ 

  pch =pch+19; 
  if (strncmp ( pch, "0", 1)==0){ 
   eth_temp_mode =celsius; 
   } 
  if (strncmp ( pch, "1", 1)==0){ 
   eth_temp_mode =volt; 
   } 
 } 
 } 
 pbuf_free(p); 

} 

1.5.3. BMS_ETH_Comm.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_ETH_Comm.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Header de los mensajes Eth 
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 * @date     30 Sep 2018 
 * 
 */ 
#ifndef BMS_ETH_COMM_H_ 
#define BMS_ETH_COMM_H_ 
#include "main.h" 
#include "lwip.h" 
#include "BMS_ETH_Core.h" 
#define TEST_DATA_COMMS 
#define DEBUG_COMMS 
#define DEBUG_LTC 
void vol_cells_comm(ltc_reg_t *bms_data,char * p_Send); 
void temp_cells_comm(ltc_reg_t *bms_data,temp_send_mode_t *mode, char * p_Send); 
void temp_bal_comm(ltc_reg_t *bms_data,temp_send_mode_t *mode, char * p_Send); 
void general_data_comm(bms_general_data_t *bms_general_data,temp_send_mode_t *mode, char * 

p_Send); 
void bms_status_comm(status_t  *bms_status, char * p_Send); 
void bms_op_mode_comm(op_modes_t *bms_mode, char * p_Send); 
void send_conf_comm(ltc_conf_t *bms_conf,current_conf_t *current_s_conf, char * p_Send); 

 
eth_modes_t eth_GUI_Comms(char *send_buffer,eth_modes_t *eth_mode,ltc_reg_t *bms_data,ltc_conf_t 

*conf,current_conf_t *current_s_conf,status_t *bms_status,op_modes_t* bms_mode); 
 
#endif /* BMS_ETH_CORE_H_ */ 

1.5.4. BMS_ETH_Comm.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     BMS_ETH_Comm.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Mensajes ETH 
 * @date     30 Sep 2018 
 * 
 */ 
#include "BMS_ETH_Comm.h" 
#include "BMS_ETH_Core.h" 
#include "main.h" 
#include "../BMS_Libraries/delay.h" 
#include "../BMS_Libraries/BMS_defs.h" 
#include "lwip.h" 
extern struct netif gnetif; 

 
#include <string.h> 
#include "lwip.h" 
#include "DHCP_Client.h" 
#include <string.h> 

 
eth_modes_t eth_GUI_Comms(char *send_buffer, eth_modes_t *eth_mode, ltc_reg_t *bms_data, ltc_conf_t 

*conf,current_conf_t *current_s_conf,status_t *bms_status, op_modes_t* bms_mode) { 
 static uint8_t count = 0; 

 
#ifdef TEST_DATA_COMMS 

 //TEST_FAKE_DATA(&ltc_reg, &bms_general_data); 
#endif 
 if ((*eth_mode == gui_init) || (*eth_mode == gui)) { 

 
  //printf("COMMS:Modo envio de datos\n"); 
  if (*eth_mode == gui_init) { 
   Comms_init(&gnetif); 
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   *eth_mode = gui; 
#ifdef DEBUG_COMMS 
   printf("init de la conexion\n\n"); 
#endif 

  } 
  //vol_cells_comm(send_buffer); 
  strcpy(send_buffer, ""); 
  if (count == 70) { 

   count = 0; 
  } 
  if (count == 0) { 
   vol_cells_comm(&ltc_reg, send_buffer); 

  } 
  if (count == 10) { 
   temp_cells_comm(&ltc_reg, &eth_temp_mode, send_buffer); 

  } 
  if (count == 20) { 
   temp_bal_comm(&ltc_reg, &eth_temp_mode, send_buffer); 

  } 
  if (count == 30) { 
   general_data_comm(&bms_general_data, &eth_temp_mode, send_buffer); 

  } 
 /* if (count == 40) { 
   bms_status_comm(bms_status,  send_buffer); 
  } 
  if (count == 50) { 
   bms_op_mode_comm(bms_mode, send_buffer); 
    } 
  if (count == 60) { 
   send_conf_comm(conf,current_s_conf,send_buffer); 
    }*/ 
  Comms_Handler(&gnetif, send_buffer); 

  count++; 
 
 } 
 
 return *eth_mode; 

} 
 
void vol_cells_comm(ltc_reg_t *bms_data, char * p_Send) { 
 strcpy(p_Send, "$BMS_Core:V_Cells"); 
 for (int i = 0; i < 26; i++) { 
  char temp[5]; 
  sprintf((char *) temp, "%u", bms_data->v_modules[i]); 
  strcat(p_Send, ","); 
  strcat(p_Send, temp); 

 } 
} 
 
void temp_cells_comm(ltc_reg_t *bms_data, temp_send_mode_t *mode, char * p_Send) { 
 strcpy(p_Send, "$BMS_Core:T_Cells"); 
 for (int i = 0; i < 24; i++) { 
  char temp[5]; 
  if (*mode == volt) { 
   sprintf((char *) temp, "%u", bms_data->v_temp_cell[i]); 
   strcat(p_Send, ","); 
   strcat(p_Send, temp); 
  } else { 
   sprintf((char *) temp, "%u", bms_data->temp_modules[i]); 
   strcat(p_Send, ","); 
   strcat(p_Send, temp); 

  } 
 
 } 
} 
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void temp_bal_comm(ltc_reg_t *bms_data, temp_send_mode_t *mode, char * p_Send) { 
 strcpy(p_Send, "$BMS_Core:T_Bal"); 
 for (int i = 0; i < 6; i++) { 
  char temp[5]; 
  if (*mode == volt) { 
   sprintf((char *) temp, "%u", bms_data->v_temp_bal[i]); 
   strcat(p_Send, ","); 
   strcat(p_Send, temp); 
  } else { 
   sprintf((char *) temp, "%u", bms_data->temp_bal[i]); 
   strcat(p_Send, ","); 
   strcat(p_Send, temp); 

  } 
 
 } 
} 
 
void general_data_comm(bms_general_data_t *bms_general_data, temp_send_mode_t *mode, char * 

p_Send) { 
 char temp[5]; 
 strcpy(p_Send, "$BMS_Core:G_Data"); 
 sprintf((char *) temp, "%u", bms_general_data->soc); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->soh); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->total_v); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->max_peak_c); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->max_temp_module); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->max_temp_bal); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_general_data->max_disbalance); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 for (int i = 0; i < 26; i++) { 
  char temp[5]; 
  sprintf((char *) temp, "%u", bms_general_data->cell_balance[i]); 
  strcat(p_Send, ","); 
  strcat(p_Send, temp); 

 } 
} 
 
void bms_status_comm(status_t *bms_status, char * p_Send) { 
 char temp[1]; 
 strcpy(p_Send, "$BMS_Core:Flags"); 
 if (bms_status->error_uv == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 if (bms_status->error_ov == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
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 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 if (bms_status->error_oc == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 if (bms_status->error_otM == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 if (bms_status->error_otBal == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 if (bms_status->ev_stop == bms_ok) { 
  sprintf((char *) temp, "%u", 0); 
 } else { 
  sprintf((char *) temp, "%u", 1); 

 } 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

 
 
} 
 
void bms_op_mode_comm(op_modes_t *bms_mode, char * p_Send) { 
 strcpy(p_Send, "$BMS_Core:Mode"); 
 char temp[1]; 
 if (*bms_mode == normal_op) { 
   sprintf((char *) temp, "%u", 0); 
  } else { 
   sprintf((char *) temp, "%u", 1); 

  } 
  strcat(p_Send, ","); 
  strcat(p_Send, temp); 

 
  if (*bms_mode ==  charge_op) { 
   sprintf((char *) temp, "%u", 0); 
  } else { 
   sprintf((char *) temp, "%u", 1); 

  } 
  strcat(p_Send, ","); 
  strcat(p_Send, temp); 

 
  if (*bms_mode ==  balance_op) { 
   sprintf((char *) temp, "%u", 0); 
  } else { 
   sprintf((char *) temp, "%u", 1); 

  } 
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  strcat(p_Send, ","); 
  strcat(p_Send, temp); 
  if (*bms_mode ==  log_op) { 
   sprintf((char *) temp, "%u", 0); 
  } else { 
   sprintf((char *) temp, "%u", 1); 

  } 
  strcat(p_Send, ","); 
  strcat(p_Send, temp); 

} 
 
 
void send_conf_comm(ltc_conf_t *bms_conf,current_conf_t *current_s_conf, char * p_Send) { 
 strcpy(p_Send, "$BMS_Core:Config"); 
 char temp[5]; 
 sprintf((char *) temp, "%u", bms_conf->ic_num); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->cell_ov); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->cell_uv); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->cell_ot); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->bal_ot); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->cell_margin); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->t_fail_uv); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", bms_conf->t_fail_ov); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", current_s_conf->bat_oc); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 
 sprintf((char *) temp, "%u", current_s_conf->bat_uc); 
 strcat(p_Send, ","); 
 strcat(p_Send, temp); 

} 

1.5.5. Broadcast_ssdp.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     Bradcast_ssdp.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Header del cliente SSDP de la interfaz 
 * @date     30 Sep 2018 
 * 
 */ 
#include "main.h" 
#include "lwip.h" 
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#include "../Network_Modules/BMS_ETH_Core.h" 

 
#define UDP_SSDP_PORT    1900 

 
char ssdpBuff[1024]; 

 
 
void Broadcast_ssdp_init(struct netif *netif); 
void Broadcast_ssdp_callback(void *arg, struct udp_pcb *upcb, struct pbuf *p, const ip_addr_t *addr, 

u16_t port); 
void Broadcast_ssdp_Handler(struct netif *netif,eth_modes_t *eth_mode); 

1.5.6. Broadcast_ssdp.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     Bradcast_ssdp.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @author  Cliente SSDP de la interfaz 
 * @date     30 Sep 2018 
 * 
 */ 
#include "Broadcast_ssdp.h" 
#include "lwip.h" 
#include <string.h> 
#include "BMS_ETH_Core.h" 
#include "../BMS_Libraries/delay.h" 

 
#define BMS_GUI_SERVICE_NAME "BMS_GUI" 
static struct udp_pcb *ssdp_pcb; 
extern struct netif gnetif; 

/** 
 * @brief Handler de la mensajeria ssdp 
 */ 
void Broadcast_ssdp_Handler(struct netif *netif, eth_modes_t *eth_mode) { 
 static uint32_t Temp_timer = 0; 

 
 if (Temp_timer == 0) { 
  Temp_timer = HAL_GetTick(); 

 } 
 if (*eth_mode == wire_dhcp) { 
#ifdef DEBUG_COMMS 

  printf("-SSDP SIMPLE: Enviando Broadcast\n"); 
#endif 
  Broadcast_ssdp_init(netif); 

  *eth_mode = wire_search; 
 
 } 
 if ((HAL_GetTick() - Temp_timer > 1000) && (*eth_mode == wire_search)) { 
#ifdef DEBUG_COMMS 

  printf("-Enviado Broadcast\n"); 
#endif 

  Temp_timer = 0; 
  char dato_env[90]; 
  sprintf((char *) dato_env, "M-SEARCH * 

HTTP/1.1\r\nHOST:%s:1900\r\nST:upnp:BMS_Core\r\nMAN:\"ssdp:discover\"\r\nMX:2\r\n", 
ip4addr_ntoa((const ip4_addr_t *) &netif->ip_addr)); 
  struct pbuf * p_send = pbuf_alloc(PBUF_TRANSPORT, strlen(dato_env), PBUF_REF); 

  p_send->payload = dato_env; 
  udp_connect(ssdp_pcb, IP_ADDR_BROADCAST, UDP_SSDP_PORT); 



Diseño e implementación de un BMS para BVE (Battery 

Electric Vehicle) 

(Código fuente) 

Autor: Alfonso Mareca Miralles - 45 – 

424.18.63 

  udp_sendto(ssdp_pcb, p_send, IP_ADDR_BROADCAST, UDP_SSDP_PORT); 
  pbuf_free(p_send); 
  udp_disconnect(ssdp_pcb); 

 } 
 
} 
/** 
 * @brief Inicializacion de la mensajeria ssdp 
 */ 
void Broadcast_ssdp_init(struct netif *netif) { 

 err_t err_ssdp; 
 ssdp_pcb = udp_new(); 
 if (ssdp_pcb) { 
#ifdef DEBUG_COMMS 

  printf("-SSDP SIMPLE: Bind de red y callback\n"); 
#endif 

 
  err_ssdp = udp_bind(ssdp_pcb, IP_ADDR_ANY, UDP_SSDP_PORT); 
  if (err_ssdp == ERR_OK) { 
   udp_recv(ssdp_pcb, Broadcast_ssdp_callback, NULL); 
  } else { 
   udp_remove(ssdp_pcb); 

  } 
 } 
} 
/** 
 * @brief Callback de la mensajeria ssdp 
 */ 
void Broadcast_ssdp_callback(void *arg, struct udp_pcb *upcb, struct pbuf *p, const ip_addr_t *addr, 

u16_t port) { 
 /* Cadena a Buscar: 
  * M-SEARCH * 
HTTP/1.1\r\nHOST:123.456.789:1900\r\nST:upnp:BMS_GUI\r\nMAN:\"ssdp:discover\"\r\nMX:2\r\n 
  */ 
 static uint8_t counter; 
 if (strlen(p->payload) > 48) { 
  char ip4_gui_buff[20] = ""; 
  char ip4_port_buff[5] = "ffff"; 
  char BMS_service_buff[8] = "ffffff"; 
  char * pch; 
  pch = strstr(p->payload, "HOST"); 
  pch = strstr(pch, ":"); 

  pch++; 
  for (int i = 0; i < 20; i++) { 
   if (*(pch + i) != ':') { 
    strncat(ip4_gui_buff, (pch + i), 1); 
   } else { 

    i = 20; 
   }; 
  } 
  pch = strstr(pch, ":"); 

  pch++; 
  strncpy(ip4_port_buff, pch, 4); 
  pch = strstr(p->payload, "upnp:"); 
  strncpy(BMS_service_buff, pch + 5, 7); 

  //printf("%s\n",(char *)pch); 
  if (strncmp(BMS_service_buff, BMS_GUI_SERVICE_NAME, 7) == 0) { 
   if (counter == 0) { 
    bms_gui_comms.port = atoi(ip4_port_buff); 

    bms_gui_comms.ip = *addr; 
 
   } 
   counter++; 
  } 
  if (counter >= 2) { 
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   pbuf_free(p); 
   udp_recv(ssdp_pcb, NULL, NULL); 
   udp_disconnect(ssdp_pcb); 
   udp_remove(ssdp_pcb); 

   eth_mode = gui_init; 
 
   counter = 0; 
  } 
 } else { 
  pbuf_free(p); 

  counter = 0; 
 } 
 
} 

1.6. LIBRERÍA CAN (BMS_CANCOMMS) 

Se expone el código fuente de la librería BMS_CanComms: 

 BMS_CanComms_Libraries  Librería de can: 

  CAN_msg.h CAN_msg.c  Funciones de mensajes utilizados en CANbus. 

1.6.1. CAN_msg.h 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 

* @file     CAN_msg.h 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Header de los Mesajes usados en la red CAN 
 */ 
 
 
#ifndef CAN_MSG_H_ 
#define C_MSG_H_ 

 
#include "main.h" 
#include <stdio.h> 
#include <stdlib.h> 
#include "can.h" 
#include "../BMS_Libraries/BMS_defs.h" 

 
void BMS_Can_Comms(void); 
cancomms_status_t CAN_Send_msg12(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data); 
cancomms_status_t CAN_Send_msg11(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data); 
cancomms_status_t CAN_Send_msg10(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data); 
cancomms_status_t CAN_Send_msg9(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_msg8(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_msg7(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
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cancomms_status_t CAN_Send_msg6(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_msg5(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_msg4(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data,status_t *status); 
cancomms_status_t CAN_Send_msg3(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data,status_t *status); 
cancomms_status_t CAN_Send_msg2(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_msg1(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 
cancomms_status_t CAN_Send_Alive(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data); 

#endif /* CAN_DEFS_H_ */ 

1.6.2. CAN_msg.c 

/**************************************************************************** 
 *          2018, Alfonso Mareca Miralles, Eupla Racing Team                * 
 ****************************************************************************/ 
 
/** 
 * @file     CAN_msg.c 
 * @author   Alfonso Mareca Miralles <alfonso@euplart.com> 
 * @date     30 Sep 2018 
 * 
 * @brief    Mesajes usados en la red CAN 
 */ 
#include "CAN_msg.h" 
#include "can.h" 
#include "../BMS_Libraries/BMS_defs.h" 

uint32_t              TxMailbox; 
/** 
 * @brief Temporizacion del envio de mensajes 
 */ 
void BMS_Can_Comms(void){ 
static uint32_t timer_can = 0; 
static uint8_t can_counter = 0; 
 if (timer_can == 0) { 
    timer_can = HAL_GetTick(); 

   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 10)) { 
    CAN_Send_Alive(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg1(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg2(&ltc_reg, &current_s_reg, &bms_general_data); 

    // printf("1 envio\n"); 
    timer_can = 0; 
    can_counter++; 
   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 20)) { 
    CAN_Send_msg3(&ltc_reg, &current_s_reg, &bms_general_data, 

&bms_status); 
    CAN_Send_msg4(&ltc_reg, &current_s_reg, &bms_general_data, 

&bms_status); 
    // printf("2 envio\n"); 
    can_counter++; 
    timer_can = 0; 
   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 30)) { 
    CAN_Send_msg5(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg6(&ltc_reg, &current_s_reg, &bms_general_data); 
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    // printf("3 envio\n"); 
    can_counter++; 
    timer_can = 0; 
   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 40)) { 
    CAN_Send_msg7(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg8(&ltc_reg, &current_s_reg, &bms_general_data); 

    // printf("4 envio\n"); 
    can_counter++; 
    timer_can = 0; 
   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 50)) { 
    CAN_Send_msg9(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg10(&ltc_reg, &current_s_reg, &bms_general_data); 

    // printf("5 envio\n"); 
    can_counter++; 
    timer_can = 0; 
   } 
   if ((HAL_GetTick() - timer_can > 50) && (can_counter < 60)) { 
    CAN_Send_msg11(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_msg12(&ltc_reg, &current_s_reg, &bms_general_data); 
    CAN_Send_Alive(&ltc_reg, &current_s_reg, &bms_general_data); 

    can_counter++; 
    timer_can = 0; 
    // printf("6 envio\n"); 
   } 
   if (can_counter >= 59) { 

    can_counter = 0; 
   } 
} 
/** 
 * @brief Mensajes al cargador 
 */ 
HAL_StatusTypeDef CAN_Charger_Stop(void) { 
 static CAN_TxHeaderTypeDef TxHeader_can1; 
 static uint8_t TxData_can1[1]; 

 TxHeader_can1.StdId = 0x11; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 2; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 

 TxData_can1[0] = 0xFF; 
 if (HAL_CAN_AddTxMessage(&hcan2, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

{ 
 } 
 return HAL_OK; 

} 
/** 
 * @brief Mensajes al cargador 
 */ 
HAL_StatusTypeDef CAN_Charger_Start(void) { 
 static CAN_TxHeaderTypeDef TxHeader_can2; 
 static uint8_t TxData_can2[1]; 

 TxHeader_can2.StdId = 0x11; 
 TxHeader_can2.RTR = CAN_RTR_DATA; 
 TxHeader_can2.IDE = CAN_ID_STD; 
 TxHeader_can2.DLC = 2; 
 TxHeader_can2.TransmitGlobalTime = DISABLE; 

 TxData_can2[0] = 0xAA; 
 if (HAL_CAN_AddTxMessage(&hcan2, &TxHeader_can2, TxData_can2, &TxMailbox) != HAL_OK) 

{ 
 } 
 while (HAL_CAN_GetTxMailboxesFreeLevel(&hcan2) != 3) { 

 } 
 return HAL_OK; 
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} 
/** 
 * @brief Mensajes al vehiculo 1 
 */ 
cancomms_status_t CAN_Send_msg1(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[6]; 
  TxHeader_can1.StdId = 0x1F1; 
  TxHeader_can1.RTR = CAN_RTR_DATA; 
  TxHeader_can1.IDE = CAN_ID_STD; 
  TxHeader_can1.DLC = 6; 
  TxHeader_can1.TransmitGlobalTime = DISABLE; 
  TxData_can1[5] =(uint8_t)((bms_general_data->soh)&0x00FF); 
  TxData_can1[4] =(uint8_t)((bms_general_data->soh>>8)&0x00FF); 
  uint16_t vicen = 23456; 
  TxData_can1[3] =(uint8_t) ((vicen)&0x00FF); 
  TxData_can1[2] =(uint8_t) ((vicen >> 8)&0x00FF); 
  TxData_can1[1] =(uint8_t) ((bms_general_data->soc)&0x00FF); 
  TxData_can1[0] =(uint8_t) ((bms_general_data->soc >> 8)&0x00FF); 
 
   if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, 
&TxMailbox) != HAL_OK) 
   { 
    return sent; 

   } 
  return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 2 
 */ 
cancomms_status_t CAN_Send_msg2(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[6]; 
 TxHeader_can1.StdId = 0x1F2; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 6; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[5] =(uint8_t)((bms_general_data->max_peak_c)&0x00FF); 
 TxData_can1[4] =(uint8_t)((bms_general_data->max_peak_c>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)((bms_general_data->total_v)&0x00FF); 
 TxData_can1[2] =(uint8_t)((bms_general_data->total_v>>8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(current_s_reg->amps&0x00FF); 
 TxData_can1[0] =(uint8_t)((current_s_reg->amps >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

 
} 
/** 
 * @brief Mensajes al vehiculo 3 
 */ 
cancomms_status_t CAN_Send_msg3(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data,status_t *status) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[1]; 
 TxHeader_can1.StdId = 0x1F3; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
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 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 1; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[0]=0x00; 
 if ((status->error_ov)||(status->error_uv)){ 

  TxData_can1[0]=TxData_can1[0] | 0b11110000; 
 } 
 if ((status->error_otBal)||(status->error_otM)){ 

  TxData_can1[0]=TxData_can1[0] | 0b00001100; 
 } 
 if ((status->error_otBal)||(status->error_otM)){ 

  TxData_can1[0]=TxData_can1[0] | 0b00000011; 
 } 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

 
} 
/** 
 * @brief Mensajes al vehiculo 4 
 */ 
cancomms_status_t CAN_Send_msg4(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data,status_t *status) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x1F4; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 

 TxData_can1[7] =(uint8_t)(bms_general_data->max_temp_bal &0x00FF); 
 TxData_can1[6] =(uint8_t)((bms_general_data->max_temp_bal >> 8)&0x00FF); 
 TxData_can1[5] =(uint8_t)(bms_general_data->max_disbalance &0x00FF); 
 TxData_can1[4] =(uint8_t)((bms_general_data->max_disbalance >> 8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(bms_general_data->max_v_cell&0x00FF); 
 TxData_can1[2] =(uint8_t)((bms_general_data->max_v_cell >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(bms_general_data->min_v_cell&0x00FF); 
 TxData_can1[0] =(uint8_t)((bms_general_data->min_v_cell >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 5 
 */ 
cancomms_status_t CAN_Send_msg5(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x135; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[3])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[3]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[2])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[2]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[1]&0x00FF); 
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 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[1] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[0]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[0] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 6 
 */ 
cancomms_status_t CAN_Send_msg6(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x136; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[7])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[7]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[6])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[6]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[5]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[5] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[4]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[4] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 7 
 */ 
cancomms_status_t CAN_Send_msg7(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x137; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 

 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[11])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[11]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[10])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[10]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[9]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[9] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[8]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[8] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 8 
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 */ 
cancomms_status_t CAN_Send_msg8(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x138; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[15])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[15]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[14])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[14]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[13]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[13] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[12]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[12] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 9 
 */ 
cancomms_status_t CAN_Send_msg9(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x139; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[19])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[19]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[18])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[18]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[17]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[17] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[16]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[16] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 10 
 */ 
cancomms_status_t CAN_Send_msg10(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[8]; 
 TxHeader_can1.StdId = 0x13A; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
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 TxData_can1[7] =(uint8_t)((ltc_reg->v_modules[23])&0x00FF); 
 TxData_can1[6] =(uint8_t)((ltc_reg->v_modules[23]>>8)&0x00FF); 
 TxData_can1[5] =(uint8_t)((ltc_reg->v_modules[22])&0x00FF); 
 TxData_can1[4] =(uint8_t)((ltc_reg->v_modules[22]>>8)&0x00FF); 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[21]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[21] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[20]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[20] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 11 
 */ 
cancomms_status_t CAN_Send_msg11(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[4]; 
 TxHeader_can1.StdId = 0x13B; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 8; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[3] =(uint8_t)(ltc_reg->v_modules[25]&0x00FF); 
 TxData_can1[2] =(uint8_t)((ltc_reg->v_modules[25] >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(ltc_reg->v_modules[24]&0x00FF); 
 TxData_can1[0] =(uint8_t)((ltc_reg->v_modules[24] >> 8)&0x00FF); 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 12 
 */ 
cancomms_status_t CAN_Send_msg12(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, 

bms_general_data_t *bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[6]; 
 TxHeader_can1.StdId = 0x1FC; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 6; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[5] =0x00; 
 TxData_can1[4] =0x00; 
 TxData_can1[3] =(uint8_t)(bms_general_data->max_temp_module &0x00FF); 
 TxData_can1[2] =(uint8_t)((bms_general_data->max_temp_module >> 8)&0x00FF); 
 TxData_can1[1] =(uint8_t)(bms_general_data->temp_average&0x00FF); 
 TxData_can1[0] =(uint8_t)((bms_general_data->temp_average >> 8))&0x00FF; 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
/** 
 * @brief Mensajes al vehiculo 13 
 */ 
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cancomms_status_t CAN_Send_Alive(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t 

*bms_general_data) { 
 /*##-4- Start the Transmission process #####################################*/ 
 CAN_TxHeaderTypeDef   TxHeader_can1; 
 uint8_t TxData_can1[1]; 
 TxHeader_can1.StdId = 0x1FF; 
 TxHeader_can1.RTR = CAN_RTR_DATA; 
 TxHeader_can1.IDE = CAN_ID_STD; 
 TxHeader_can1.DLC = 6; 
 TxHeader_can1.TransmitGlobalTime = DISABLE; 
 TxData_can1[0] =0xFF; 
 if(HAL_CAN_AddTxMessage(&hcan1, &TxHeader_can1, TxData_can1, &TxMailbox) != HAL_OK) 

 { 
  return sent; 

 } 
 return nosent; 

} 
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ANEXO 2. (LISTADOS BOM DE LAS PLACAS) 

A continucacion se detallan los componentes usados para cada placa 

2.1. ESCLAVO 

Componente Referencia en placa Valor/modelo Huella 
Cantidad 
en la pcb 

LTC6255CS6 B1 B2 B3 LTC6255CS6 TSOT-23-6 3 

Condensador C59 C60 C65 C66 C70 C71 100nF 0603 6 

Condensador C61 100pF 0603 1 

Condensador 
C27 C28 C29 C30 C31 C32 C33 C34 C35 C36 C37 C38 C39 C40 
C41 C42 C43 C44 C45 C46 C47 C48 C49 C50 C51 C52 C54 C56 
C58 C86 C104 C119 

10nF 0603 32 

Condensador 

C62 C63 C64 C67 C68 C69 C72 C73 C74 C75 C76 C77 C78 C79 
C80 C81 C82 C83 C84 C85 C87 C88 C89 C90 C91 C92 C93 C94 
C95 C96 C97 C98 C99 C100 C101 C102 C103 C105 C106 C107 
C108 C109 C110 C111 C112 C113 C114 C115 C116 C117 
C118 

1uF 0603 51 

Conector 1x02 Comm1 Comm2 Micro-Fit 43650-0212 43650-0212 2 

Fusible 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 
F18 F19 F20 F21 F22 F23 F24 F25 F26 F27 

2.5A 0603 27 

Conector 2x04 J1 J2 J3 J4 J5 J6 43045-0811 43045-0811 6 

Conector 1x09 J_Monitor_1-9 J_Monitor_9-18 J_Monitor_18-27 Micro-Fit 43650-0912 43650-0912 3 

Led 
LED1 LED2 LED3 LED4 LED5 LED6 LED7 LED8 LED9 LED10 
LED11 LED12 LED13 LED14 LED15 LED16 LED17 LED18 LED19 
LED20 LED21 LED22 LED23 LED24 LED25 LED26 

50mA 0603 26 

Transistor Q27 Q28 Q29 NSV1C201MZ4 SOT-223 3 

Mosfet 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 
Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 

Si3493DDV TSOP-6 26 

Resistencia R136 R137 R138 R154 R155 R156 R170 R171 R172 0R 0603 9 

Resistencia 

R79 R80 R81 R82 R83 R84 R85 R86 R87 R88 R89 R90 R91 R92 
R93 R94 R95 R96 R97 R98 R99 R100 R101 R102 R103 R104 
R105 R106 R107 R108 R109 R113 R114 R117 R118 R139 
R158 R173 

100R 0603 38 

Resistencia 
R126 R127 R128 R129 R130 R131 R132 R133 R140 R141 
R142 R143 R144 R145 R146 R147 R148 R149 R152 R153 
R157 R159 R160 R161 R162 R163 R164 R165 R166 R167 

100k 0603 30 

Resistencia 

R1 R1P1 R2 R2P1 R3 R3P1 R4 R4P1 R5 R5P1 R6 R6P1 R7 R7P1 
R8 R8P1 R9 R9P1 R10 R10P1 R11 R11P1 R12 R12P1 R13 
R13P1 R14 R14P1 R15 R15P1 R16 R16P1 R17 R17P1 R18 
R18P1 R19 R19P1 R20 R20P1 R21 R21P1 R22 R22P1 R23 
R23P1 R24 R24P1 R25 R25P1 R26 R26P1 

10R 2512 52 

Resistencia R111 R121 R122 R123 R124 R125 120R 0603 6 

Resistencia R110 R112 R115 R116 R119 R120 1K 0603 6 

Resistencia R134 R135 R150 R151 R168 R169 1k2 0603 6 

Resistencia 
R27 R28 R29 R30 R31 R32 R33 R34 R35 R36 R37 R38 R39 R40 
R41 R42 R43 R44 R45 R46 R47 R48 R49 R50 R51 R52 

200R 0603 26 

Resistencia 
R53 R54 R55 R56 R57 R58 R59 R60 R61 R62 R63 R64 R65 R66 
R67 R68 R69 R70 R71 R72 R73 R74 R75 R76 R77 R78 

3K3 0603 26 

SM13072APEL T1 SM13072APEL SM13072 1 

Resistencia TH1 TH2 TH3 TH4 TH5 TH6 100K 0805 6 

ADG728 U7 U8 U9 ADG728 TSSOP-16 3 

HM2101NL U4 U5 U6 HM2101NL HM2101NL 3 

LTC6804-1 U1 U2 U3 LTC6804-1 LTC6804-1 3 
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2.2. SENSOR DE CORRIENTE 

Componente Referencia en la placa Valor/modelo Huella Cantidad en la pcb 
Condensador C5 C6 C9 C10 0.1nF 0603 4 

Condensador C7 0.1uF 0603 1 

Condensador C4 10nF 0603 1 

Condensador C12 10uF 0603 1 

Condensador C11 C13 1uF 0603 2 

Condensador C8 22uF 0603 1 

Condensador C1 C2 C3 47nF 0603 3 

Sensor Hall HTFS1 HTFS400-P_SP2 HTFS 1 

Conector 1x4 J1 Molex Microfit 43650-0412 43650-0412 1 

Jumper JP1 JP2 NO_ISOLATED_SPI 0603 2 

Resistencia R1 R2 R5 R6 0R 0603 4 

Resistencia R3 R4 2k2 0603 2 

Resistencia R7 R8 330R 0603 2 

ADC U2 MCP3421A0T-ECH SOT-23-6 1 

I2C Buffer U1 P82B96TD SO-8 1 

2.1. MAESTRO 

Componente References Valor/modelo Huella Cantidad en la pcb 
Condensador C1 C3 C6 C13 C18 0.1uF 0603 5 

Condensador C17 C19 100pF 0603 2 

Condensador C21 C22 10uF 0603 2 

Condensador C7 C8 C9 C10 1nF 0603 4 

Condensador C14 C15 C16 1uF 0603 3 

Condensador C2 C5 220uF 0603 2 

Condensador C11 C12 4.7nF 0603 2 

Condensador C4 47nF 0603 1 

Diodo D4 CD0603-B0240R 0603 1 

Transceiver CAN D2 D3 ESDCAN24-2BLY SOT-23 2 

TVS D1 SM15T30CAY 0805 1 

Filtro FL1 FL2 ACT45B-220 ACT45B 2 

Conector 1x04 Micro-Fit 43650-0412 43650-0412 
43650-
0412 

3 

Conector 1x02 Micro-Fit 43650-0212 
Micro-Fit 43650-

0212 
43650-
0212 

2 

Jumper JP7 0R 0603 1 

Jumper JP8 0R 0603 1 

Jumper JP5 JP6 0R 0603 2 

Jumper JP1 JP2 JP3 JP4 0R 0603 4 

Bobina L1 1.5 uH 0603 1 

Resistencia 
R11 R12 R13 R14 R17 R18 R19 R20 
R_GND1 R_RC1 R_TRM1 

0R 0603 11 

Resistencia R2 120R 0603 1 

Resistencia R1 R5 R10 R15 R16 1K 0603 5 

Resistencia R21 R22 2K 0603 2 

Resistencia R3 R4 330R 0603 2 

Resistencia R6 R7 R8 R9 60R 0603 4 

SM13072APEL T1 SM13072APEL 
SM13072A

PEL 
1 

DC/DC U3 CC-6-2405SR-E 
CC-6-

2405SR-E 
1 

Rele U5 IM01TS IM01TS 1 
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Diodo ideal U2 LTC4359-MS8 MSOP-8 1 

Transceptor isoSPI U6 LTC6820 MSOP-16 1 

Placa de desarrollo U9 
NUCLEO-144 

F429ZI 
Nucleo-

144 
1 

Buffer i2C U4 P82B96TD SO-8 1 

Mosfet U1 SI4420DYPBF SO-8 1 

Transceptor Can U7 U8 SN65HVD234 SOIC-8 2 

Regulador Lineal U10 tlv1117lv SOT223 1 
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ANEXO 3. (DOCUMENTACIÓN TÉCNICA) 

A continuación se agregará la docmentacion tecnica de los principales componentes 

usados. 

3.1. LTC6084-1 
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3.2. RESISTENCIAS DE BALANCEO ( 3521 TE) 
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3.3. CONECTORES MOLEX MICRO-FIT 3.0 
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3.4. SONDAS DE TEMPERATURA B57164K0104 
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