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VDD8

VDDIO6

CS 2

SCK 4

SDI 3

SDO 5

GND 1
GND 7

U4

SPL06

注:换博世BMP390或SPL07

GNDGND
GNDGND

C7
104

C6
104

电源设计：5V供电以及3.3V供电，从电源hub接入5V电源

1
3

X1

16Mhz

C1
20pF

C2
20pF

GND

GND

1
2
3

Servo_1
Pin HDR1X3

1
2
3

Servo_2
Pin HDR1X3

1
2
3

Servo_4
Pin HDR1X3

1
2
3

Servo_3
Pin HDR1X3

PWM输出

+ 1

D- 2
D+ 3
ID 4

Mi
cro

- 5

USB

Micro-USB

1
2
3
4

UART1

MX1.25-4P

USB上位机通信

九轴陀螺仪(六轴加速度计+三轴磁力计) 高精度气压计

USB_P

+5V

GND

+5V +5V +5V +5V

GND GND GND GND

功耗计算表

STM32F427：最大工作电流270mA，按300mA计算
MPU9250：最大工作电流3.7mA，按5mA计算
SPL06：最大工作电流0.36mA，按1mA计算
TMC4671：最大工作电流95mA，按100mA计算，总功耗400mA
舵机：最大工作电流800mA，堵转电流1A计算，总功耗4A
电流传感器：极小，忽略
霍尔编码器：最大工作电流16mA,按20mA计算，总功耗80mA

按最极端情况设计，如下:

最极端情况总功耗：4.786A，选型5A，最大6A

PWM_1 PWM_2 PWM_3 PWM_4

IN3 OUT 2

1

TAB 4

GND

3.3V

LM1117-3.3

USB_N

STM32F427主控电路 端口标识

SPI_MISO_2
SPI_MOSI_2
SPI_SCK_2
SPI_SCS_2

+3.3V

GND

C24
10uF

GND

+5V

C25
10uF

GND

BOOT0=GND
BOOT1=X
BOOTLOAD从用户闪存启动

C26

104

C27

104

GND GND

1
2
3
4

SWD

MX1.25-4P

SWD接口

GND

+3.3V

SWDIO
SWCLK

C28

104

C29

104

C30

104

C31

104

C32

104

C33

104

C34

104

C35

104

C36

104

+3.3V

GND去耦/储能电容（主控）

PA0-WKUP(PA0)23

PA124
PA225
PA326
PA429
PA530
PA631
PA732

PB0 35

PB1 36
PB2-BOOT1(PB2) 37

PB10 47
PB11 48
PB12 51
PB13 52
PB14 53
PB15 54

PA867

PA968

PA1069
PA1170
PA1271
PA13(JTMS-SWDIO)72
PA14(JTCK-SWCLK)76
PA15(JTDI)77

PB3(JTDO/TRACESWO) 89
PB4(NJTRST) 90

PB5 91
PB6 92
PB7 93

PB8 95

PB9 96

PC137
PC14-OSC32_IN(PC14)8
PC15-OSC32_OUT(PC15)9

PC015

PC116

PC217

PC318

PC433
PC534

PD8 55
PD9 56

PD10 57

PD11 58

PD12 59

PD13 60
PD14 61
PD15 62

PC663
PC764

PC865
PC966

PC1078

PC1179

PC1280

PD0 81

PD1 82

PD2 83

PD3 84

PD4 85
PD5 86
PD6 87
PD7 88

PE21
PE32

PE43

PE54

PE65

PE738

PE839
PE940
PE1041
PE1142
PE1243
PE1344

PE1445

PE1546

PE097
PE198 PH0-OSC_IN(PH0) 12

PH1-OSC_OUT(PH1) 13

NRST 14

VCAP_1 49
VCAP_2 73

BOOT0 94

U1A

GD32F427VIT6

VBAT6

VSS 10
VDD11

VDD19

VSSA 20

VREF+ 21

VDDA22

VSS 27VDD28

VDD50

VSS 74VDD75
VSS 99VDD100

U1B

STM32F427VIT6SWDIO
SWCLK USB_N

USB_P

+3.3V +3.3V

GND

SPI_MISO_1
SPI_MOSI_1
SPI_SCK_1
SPI_SCS_1

SPI_ASPI_B

参考电压分压

R9
4.7K

R10
4.7K

R13
4.7K

R14
4.7K

R11
4.7K

R12
4.7K

R15
4.7K

R16
4.7K

+5V

+5V

+5V

+5V
GND GND

GND GND

VRES_3

VRES_2

VRES_4

VRES_1
VRES_2
VRES_3
VRES_4

2.5V参考电压

VRES_1

VRES_1
VRES_2
VRES_3
VRES_4

GND

+5V

SPI_MISO_2
SPI_MOSI_2
SPI_SCK_2
SPI_SCS_2

SPI_MISO_1
SPI_MOSI_1
SPI_SCK_1
SPI_SCS_1

SPI_SCK_2
SPI_MISO_2
SPI_MOSI_2

SPI_SCK_1
SPI_MISO_1
SPI_MOSI_1

接口映射表

SPI_SCS_3

SPI_SCS_1

SPI_SCS_3 SPI_SCS_4SPI_SCS_3 SPI_SCS_4

SPI_SCS_2

SPI_SCS_4

UART_TX_2
UART_RX_2

UART_TX_1
UART_RX_1

PWM_4
PWM_3

PWM_2
PWM_1

SWDIO、CLK -> PA12、PA13
数传串口TX、RX -> PC6、PC7
TMC4671(一路) -> SPI_1、PB6
TMC4671(二路) -> SPI_2、PE11
TMC4671(三路) -> SPI_1、PD7
TMC4671(四路) -> SPI_2、PE15
姿态传感器 -> 模拟IIC  PD5、PD6

外部数据与控制接口

USB2.0接口 -> PB14、PB15
舵机输出 -> PB9、PB8、PB1、PB0

9250已停产，用MPU6050代替

VDD2

NC13

C110

NC15

NC4

SCL 1

SDA 16

NC12
NC8 NC 3

NC 5
NC 6
NC 7

NC 14

GND 9
GND 11

U3

HMC5883L-TR

AUX_CL
AUX_DA

GND

+3.3V

C67

104

GND

C66

104

GND

CLKIN1

NC2
NC3
NC4
NC5

AUX_DA 6AUX_CL 7

VLOGIC 8

AD09

REGOUT 10

FSYNC11

INT 12

VDD13

NC14
NC15
NC16

NC17

GND 18

RESV 19

CPOUT 20

RESV 21

CLKOUT 22

SCL23
SDA24

EP 25

U2

MPU-6050

+3.3V

C3

104

GND

GND

AUX_CL
AUX_DA

I2C_SCL
I2C_SDA

I2C_SCL
I2C_SDA

C65

104

C5

104

C4

104

+3.3V

GND GND GND

GND

R17
4.7K

R18
4.7K

+3.3V

I2C_SCL

I2C_SDA

推挽输出上拉电阻

INT1

INT2

1
2
3
4
5
6
7
8
9
10

POWER

MX1.25-10P

+5V

GND

C68

104

GND
1
2
3
4

UART2

MX1.25-4P

GND

+5V

UART_TX_2
UART_RX_2

UART串口

UART_TX_1
UART_RX_1

+3.3V

I2C_SCL
I2C_SDA

INT2

INT1

3.3V 3.3V
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COUART1 
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GPIO0/ADC I0 MCD 70

GPIO1/ADC I1 MCD 71

GPIO2/ADC VM MCD 74

GPIO3/AGPI A MCD/DBGSPI SCS 75

GPIO4/AGPI B MCD/DBGSPI SCK 76

GPIO5/AENC UX MCD/DBGSPI MOSI 1

GPIO6/AENC VN MCD/DBGSPI MISO 4

GPIO7/AENC WY MCD/DBGSPI TRG 5

SPI MISO9

SPI MOSI8

SPI SCS6

SPI SCK7

UART RXD10

UART TXD11

ENC 2A64

ENC 2B65

ENC 2N66

ENC A35

ENC B34

ENC N33

HALL UX38

HALL V37

HALL WY36

PWM UX1 H 39

PWM UX1 L 40

RST50 BRAKE31

CLK51 DIR56

ENI55

ENO32

PWM I58

STATUS12 STP57

TEST54

PWM VX2 H 41

PWM VX2 L 42

PWM WY1 H 46

PWM WY1 L 47

PWM Y2 H 48

PWM Y2 L 49

PWM IDLE H 59

PWM IDLE L 60

REF H 68

REF L 67

REF R 69

GNDPAD 77

FOC1A

TMC4671-LA

VCCCORE115

VCCCORE245

VCCCORE363

VCCIO12

VCCIO213

VCCIO343

VCCIO452

VCCIO561

VCCIO672

ADC I0 NEG 17ADC I0 POS 16

ADC I1 NEG 19ADC I1 POS 18

AGPI A 21

AGPI B 22

AENC UX NEG26

AENC UX POS25

AENC VN NEG28

AENC VN POS27

AENC WY NEG30

AENC WY POS29

ADC VM 20

V523

GNDA 24

GNDIO1 3

GNDIO2 14

GNDIO3 44

GNDIO4 53

GNDIO5 62

GNDIO6 73

FOC1B

TMC4671-LA

GPIO0/ADC I0 MCD 70

GPIO1/ADC I1 MCD 71

GPIO2/ADC VM MCD 74

GPIO3/AGPI A MCD/DBGSPI SCS 75

GPIO4/AGPI B MCD/DBGSPI SCK 76

GPIO5/AENC UX MCD/DBGSPI MOSI 1

GPIO6/AENC VN MCD/DBGSPI MISO 4

GPIO7/AENC WY MCD/DBGSPI TRG 5

SPI MISO9

SPI MOSI8

SPI SCS6

SPI SCK7

UART RXD10

UART TXD11

ENC 2A64

ENC 2B65

ENC 2N66

ENC A35

ENC B34

ENC N33

HALL UX38

HALL V37

HALL WY36

PWM UX1 H 39

PWM UX1 L 40

RST50 BRAKE31

CLK51 DIR56

ENI55

ENO32

PWM I58

STATUS12 STP57

TEST54

PWM VX2 H 41

PWM VX2 L 42

PWM WY1 H 46

PWM WY1 L 47

PWM Y2 H 48

PWM Y2 L 49

PWM IDLE H 59

PWM IDLE L 60

REF H 68

REF L 67

REF R 69

GNDPAD 77

FOC2A

TMC4671-LA

VCCCORE115

VCCCORE245

VCCCORE363

VCCIO12

VCCIO213

VCCIO343
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GPIO7/AENC WY MCD/DBGSPI TRG 5

SPI MISO9

SPI MOSI8

SPI SCS6

SPI SCK7

UART RXD10

UART TXD11

ENC 2A64

ENC 2B65

ENC 2N66

ENC A35

ENC B34

ENC N33

HALL UX38

HALL V37

HALL WY36

PWM UX1 H 39

PWM UX1 L 40

RST50 BRAKE31

CLK51 DIR56

ENI55

ENO32

PWM I58

STATUS12 STP57

TEST54

PWM VX2 H 41

PWM VX2 L 42

PWM WY1 H 46

PWM WY1 L 47

PWM Y2 H 48

PWM Y2 L 49

PWM IDLE H 59

PWM IDLE L 60
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ADC I0 NEG 17ADC I0 POS 16

ADC I1 NEG 19ADC I1 POS 18

AGPI A 21

AGPI B 22

AENC UX NEG26

AENC UX POS25

AENC VN NEG28

AENC VN POS27

AENC WY NEG30
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V523
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GNDIO5 62

GNDIO6 73
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SPI_MISO_1
SPI_MOSI_1
SPI_SCS_1
SPI_SCK_1

SPI_MISO_2
SPI_MOSI_2
SPI_SCS_2
SPI_SCK_2

SPI_MISO_1
SPI_MOSI_1
SPI_SCS_3
SPI_SCK_1

SPI_MISO_2
SPI_MOSI_2
SPI_SCS_4
SPI_SCK_2

PWM_UH_1
PWM_UL_1

PWM_VH_1
PWM_VL_1

PWM_WH_1
PWM_WL_1

PWM_UH_2
PWM_UL_2

PWM_VH_2
PWM_VL_2

PWM_WH_2
PWM_WL_2

PWM_UH_3
PWM_UL_3

PWM_VH_3
PWM_VL_3

PWM_WH_3
PWM_WL_3

PWM_UH_4
PWM_UL_4

PWM_VH_4
PWM_VL_4

PWM_WH_4
PWM_WL_4

C13
104

C11
104

C9
104

GNDGNDGND

+5V

C12
104

C10
104

C8
104

C22
104

C20
104

C18
104

C23
104

C21
104

C19
104

GNDGNDGND

GNDGNDGND

GNDGNDGND

+5V

+5V

+5V

R1

10k

+3.3V

R2

10k

+3.3V

+3.3V

+3.3V
R6

10k

R5

10k

GND

+3.3V

GND

+3.3V

GND

+3.3V

+3.3V

GND

ENC_2_A
ENC_2_B
ENC_2_N

GND

GND

GND

GND

磁编码器选用AS5047P

ENC_1_A
ENC_1_B
ENC_1_N

ENC_3_A
ENC_3_B
ENC_3_N ENC_4_A

ENC_4_B
ENC_4_N

1
2
3
4
5

ENC_1

MX1.25-5P

1
2
3
4
5

ENC_3

MX1.25-5P

1
2
3
4
5

ENC_2

MX1.25-5P

1
2
3
4
5

ENC_4

MX1.25-5P

性能好，延迟低，ABN编码

四路磁编码器通道

ENC_1_N
ENC_1_B
ENC_1_A

ENC_2_N
ENC_2_B
ENC_2_A

ENC_3_N
ENC_3_B
ENC_3_A

ENC_4_N
ENC_4_B
ENC_4_A

1
2
3
4
5
6

PWM_1

MX1.25-6P

1
2
3
4
5
6

PWM_2

MX1.25-6P

1
2
3
4
5
6

PWM_3

MX1.25-6P

1
2
3
4
5
6

PWM_4

MX1.25-6P

四路SVPWM输出通道

四路硬件FOC控制器

四路电流采样输入通道

端口标识

输出5V和2.5V分压基准电压

PWM_UH_1
PWM_UL_1
PWM_VH_1
PWM_VL_1
PWM_WH_1
PWM_WL_1

PWM_UH_3
PWM_UL_3
PWM_VH_3
PWM_VL_3
PWM_WH_3
PWM_WL_3

PWM_UH_2
PWM_UL_2
PWM_VH_2
PWM_VL_2
PWM_WH_2
PWM_WL_2

PWM_UH_4
PWM_UL_4
PWM_VH_4
PWM_VL_4
PWM_WH_4
PWM_WL_4

1
2
3
4
5

CUR_1

MX1.25-5P

1
2
3
4
5

CUR_2

MX1.25-5P

1
2
3
4
5

CUR_3

MX1.25-5P

1
2
3
4
5

CUR_4

MX1.25-5P

EN/NC1 GND 2
OUT 3VCC4

X2 25MHz

EN/NC1 GND 2
OUT 3VCC4

X3 25MHz

EN/NC1 GND 2
OUT 3VCC4

X4 25MHz

EN/NC1 GND 2
OUT 3VCC4

X5 25MHz

TMC4671时钟晶振

输入U相与V相电流信号

FOC_CLK_1 FOC_CLK_2

FOC_CLK_3 FOC_CLK_4

FOC_CLK_1

FOC_CLK_3

FOC_CLK_2

FOC_CLK_4

只有25MHz可产生正确时序

GND GND

GND
GND

C15

104

GND

R4 600

+3.3V

R3 600

R7 600

R8 600

C16

104

C17

104

C14

104

GND

GND GND

+3.3V

+3.3V

+3.3V

GND

GND

GND

GND

CUR_U_1
CUR_W_1

CUR_U_2
CUR_W_2

CUR_U_3
CUR_W_3

CUR_U_4
CUR_W_4

+5V +5V
VRES_1
GND

VRES_2
GND

+5V
VRES_3
GND

+5V
VRES_4
GND

GND GND

GND GND

+5V +5V

+5V +5V

CUR_U_1

CUR_W_1

CUR_U_2

CUR_W_2

CUR_U_4

CUR_W_4

CUR_U_3

CUR_W_3

VRES_1
VRES_2
VRES_3
VRES_4

2.5V参考电压

SPI_MISO_1
SPI_MOSI_1
SPI_SCK_1
SPI_SCS_1

SPI_MISO_2
SPI_MOSI_2
SPI_SCK_2
SPI_SCS_2

SPI_A SPI_B

VRES_1
VRES_2
VRES_3
VRES_4

VRES_1

VRES_1

VRES_2

VRES_2

VRES_4

VRES_4

VRES_3

VRES_3

C40
4.7uF

C42
4.7uF

C44
4.7uF

C46
4.7uF

C48
4.7uF

C50
4.7uF

C53
4.7uF

C55
4.7uF

C57
4.7uF

C59
4.7uF

C61
4.7uF

C63
4.7uF

C39
4.7uF

C41
4.7uF

C43
4.7uF

C45
4.7uF

C47
4.7uF

C49
4.7uF C54

4.7uF
C56
4.7uF

C58
4.7uF

C60
4.7uF

C62
4.7uF

C64
4.7uF

C38
4.7uF

GND

C37
4.7uF

C52
4.7uF

C51
4.7uF

GND

GND

+3.3V

+3.3V

GND
GND

+3.3V

+3.3V

GND

GND

GND

PS:SPI通道1控制1、3相，通道2控制2、4相，在实现具体控制功能时要注意这一点
PPS：在某些应用中该排布不受影响，但某些应用中该排布并非最理想，但考虑布线难度，这种排布不得已而为之
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SPI_MOSI_1
SPI_SCK_1
SPI_SCS_1

SPI_MISO_2
SPI_MOSI_2
SPI_SCK_2
SPI_SCS_2

SPI_SCS_3 SPI_SCS_4SPI_SCS_3 SPI_SCS_4

GND

GND

GND

GND

+3.3V
+3.3V

+3.3V

+3.3V
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PIFOC1061 

PIFOC1072 

PIFOC202 

PIFOC2013 

PIFOC2043 

PIFOC2052 

PIFOC2055 

PIFOC2061 

PIFOC2072 

PIFOC302 

PIFOC3013 

PIFOC3043 

PIFOC3052 

PIFOC3055 

PIFOC3061 

PIFOC3072 

PIFOC402 

PIFOC4013 

PIFOC4043 

PIFOC4052 

PIFOC4055 
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