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1. Summary
This application note is designed to guide users through the debugging and

simulation of motor control systems, as well as the selection of operating modes and

parameter optimization. The debugging section covers the entire process, including

establishing communication connections via upper-level software, reading key

parameters, and fault diagnosis.

Operating modes can be selected as manual configuration or automatic

recognition. With automatic recognition, there are three options: single recognition,

initial power-on recognition, and start-up recognition. Users can switch flexibly

based on their specific application scenarios.

Parameter settings should be adjusted according to the motor's physical

characteristics and the actual application scenario, such as motor voltage protection,

maximum power limit, preset positioning and starting current.
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2. Debug Environment
2.1 Engineering environment
2.1.1 System wiring

As shown in Figure 2-1, the three-phase power supply lines U, V and W can be

connected to the three phase lines of the fan at will (without strictly distinguishing the

order). If the rotation direction of the fan is not consistent with the direction marked

on the shell, just swap the connection position of any two phase lines to achieve

forward rotation.

Fig. 2-1

2.1.2 Compilation environment setting

Step 1: Install the compiled software according to the file “MDK Installation

Tutorial”.

MDK Installation 
 Tutorial.docx

Fig. 2-2

http://www.cx-semi.com


www.grandemicro.com 5

Step 2: Open project XXX (Projects Name) from“Projects” file.

Fig. 2-3

Fig. 2-4

Step 3: Compile “Build” or rebuild “Rebuild” the project, and the system

prompts error 0 and warning 0.

Fig. 2-5

Fig. 2-6
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Step 4: Configuration options

Fig. 2-7

Fig. 2-8

Step 5: Simulation debugging

Fig. 2-9

Fig. 2-10

http://www.cx-semi.com


www.grandemicro.com 7

2.2 Remote controller
2.2.1 Remote controller

Fig. 2-11

2.2.2 Functions description of remote control button

KEY-ON Start the fan

KEY-OFF Turn off the fan

KEY-1 Wind speed 1

KEY-2 Wind speed 2

KEY-3 Wind speed 3

KEY-4 Wind speed 4

KEY-5 Wind speed 5

KEY-1H Turn off the fan one hour later, and KEY-OFF cancels the timing setting

KEY-2H Turn off the fan two hours later, and KEY-OFF cancels the timing setting

KEY-3H Turn off the fan 3 hours later,, and KEY-OFF cancels the timing setting

KEY-4H Turn off the fan 4 hours later,, and KEY-OFF cancels the timing setting

2.2.3 Code operation

When the AC220V is turned on, the timer starts. Within 10 seconds, the user

performs the code matching operation. If the system does not recognize the remote

control in the user's hand, the user can press the keys in the following order: KEY-ON

→KEY-OFF→KEY-1 to perform the code matching operation. Upon successful

code matching, the buzzer will sound 'Di' twice. After successfully matching the

codes, the remote control can be used to control the motor operation.
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3. Parameters Configure Mode
3.1 Manual configure mode

In the manual configuration mode, users need to set

“MOTOR_PARAMETER_IDENT” to “UPDS_DISABLE” in the file of

“User_ParaSetDefineTemp.h”. The key parameters of the motor need to be set by

users themselves, such as phase resistance RS, D/Q axis inductance, amplitude of

permanent magnet flux and number of poles.

Fig. 3-1

Users can get the correct and all the necessary parameters from the “Design

Sheet for Motor Parameters_A01.xlsx” by filling the tested basic parameters of the

motor.

Fig. 3-2

3.1.1 Measure the resistance (UPDS_RS_REAL)

Phase resistance Rs: Measure the two-phase line resistance R of the motor under

the DCR range of the bridge.

3.1.2 Measure the axial inductance (UPDS_LD_REAL/UPDS_LQ_REAL)

D/Q axis inductance Ld, Lq: the inductance L of two phase lines measured by the

bridge at 1kHz frequency. Slowly rotate the rotor and record the maximum and

minimum values of inductance which are Lmax and Lmin respectively.

For SPMSM, it is generally not necessary to rotate the rotor; the measured

inductance value L is directly recorded, then Ld = Lq = L/2.

If it is an embedded permanent magnet synchronous motor (IPMSM), then Ld =

Lmin/2 and Lq = Lmax/2.
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3.1.3 Measure the magnetic flux (UPDS_PSI_REAL)

The oscilloscope probes are clamped to any one of the motor phase lines, and the

earth clamp is clamped to any of the rest of the other two phase lines. By rotating

the motor, the back EMF waveform can be obtained. As shown in Figure 3-3, in one

cycle, the peak to peak value Vpp of the back EMF waveform is 9.76V, and the

frequency F is 827.8Hz.

Fig. 3-3

3.1.4 Measure the motor logarithm of poles (UPDS_PAIRS)

Motor logarithm of poles: in a three-phase AC motor, each coil group will

produce N and S poles, and each phase contains the number of poles is the logarithm

of poles which can be tested like following: Step 1: connect any two of the three

phase lines of the motor to a DC power supply (that is the positive and negative

terminals of the power supply are limited to about 0.5A, and the DC voltage is

recommended to gradually increase from 0); Step 2: turn on the power supply and

slowly rotate the motor by hand (if it does not turn, reduce the limiting current), feel

the impact produced; Step 2: the number of times the impact is generated after one

whole rotation is the motor logarithm of poles.

3.1.5 Parameter update

The parameters calculated by the“Design Sheet for Motor Parameters_A01.xlsx”

can be written into the file of“User_ParaSetDefine.h” as shown in Figure 3-4.

Fig. 3-4
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3.2 Automatic configure mode
When the user enables the automatic configure mode, he only needs to fill in the

logarithmic parameters, and the system will automatically identify the key parameters

such as motor resistance, inductance and flux within the setting time. The automatic

configure mode simplifies the debugging process compared with manual configure

mode, reduces the development cost and shortens the development cycle for users.

3.2.1 Enable motor parameter identification

In the automatic configuration mode, users need to set

“MOTOR_PARAMETER_IDENT” to “UPDS_ENABLE” in the file of

“User_ParaSetDefineTemp.h”.

And then for “MOTOR_PARAMETER_IDENT_TIMES” configuration,

customers can fill in the corresponding parameters to select different application

scenarios.

Every startup includes started from remote controller identifies the parameters

like“MOTOR_PARAMETER_IDENT_EVERY_Time”;

Every startup from AC power on identifies the parameters

like“MOTOR_PARAMETER_IDENT_FIRST_POWER_ON”;

Only once for ever after startup from AC power on identifies the parameters

like“MOTOR_PARAMETER_IDENT_ONCE”.

Fig. 3-5

3.2.2 Key parameter reading

In Debug mode, the user can view the automatically recognized motor parameters

in the Watch1 observation window. The recorded key parameters can be used for

manual configuration mode.
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SfRs:Stator phase resistance

SfLd: D-axis inductance

SfLq: Q-axis inductance

sfPsiPM: Permanent magnet flux

Fig. 3-6

3.2.3 Fan speed reading (u32FanSpeed)

In debug mode, users can view the current fan speed in the observation window

Watch1, which greatly facilitates the user to test the fan function when external test

tools are lacking.

Fig. 3-7
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4. Control Mode (UPDS_CONTROL_MODE)
There are two control modes: 1) Constant Speed Mode“UPDS_SPEED_MODE”

and Constant Power Mode “UPDS_POWER_MODE”. In the Constant Speed

Mode, if the power does not exceed the limit, each gear maintains a constant speed

and the power may fluctuate with the load. If the power exceeds the limit, the speed

is restricted to keep the power at its maximum point. In the Constant Power Mode,

the output power of each gear remains constant, and the motor power is set to its

maximum speed within the gear's power limit, ensuring that the maximum speed is

less than or equal to the rated speed.

Fig. 4-1

4.1 Rated speed (UPDS_RATED_SPEED)
“UPDS_RATED_SPEED” can set the maximum rated speed of the motor.

Fig. 4-2

4.2 Remote control setting under constant speed mode
Speed commands for each gear are set in the form of the rated speed's nominal

value. For instance, consider the expression “_IQ (200/UPDS RATED SPEED)”

for gear 1: the numerator 200 represents the user-defined speed of gear 1 (unit: rpm),

while the denominator “UPDS RATED SPEED” is the motor's rated speed (380

rpm in this example). The result is 0.526, corresponds to 52.6% of the rated speed.

Fig. 4-3
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4.3 Maximum output power (UPDS_POWER_MAX)
The system estimates the current output power through sampling parameters and

the relationship between input power and output power:

Input power =UPDS_POWER_MAX*1.2

Fig. 4-4

4.4 Remote control setting under constant power mode
The power command of each gear is set in the form of the maximum output

power nominal value.

For example, the expression _IQ(15/UG_sSysParameters.sMotorPara.sfPowerB)

of 1 gear: the numerator 15 represents the output power set by the user for 1 gear, and

the denominator “UG_sSysParameters.sMotorPara.sfPowerB” is the maximum

output power “UPDS_POWER_MAX” like 35W. The calculation result is 0.428,

which corresponds to 42.8% of the maximum output power.

Fig. 4-5

4.5 Application scenario setting
Users may encounter a variety of application scenarios in the process of use.

The program sets some possible application scenarios for customers to choose. For

example, whether to start the fan when the mains is connected; how to start the fan

after the remote control is lost and what speed the fan runs.

4.5.1 Start the fan after power on

This parameter is mainly used for scenarios where the fan needs to be powered by

mains electricity to start running. The user only needs to enable this parameter and

the fan will run after mains electricity is on. Configure “UPDS_ENABLE” as
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shown in Fig. 4-6 to “UPDS_POWER_ON_OPERATE_THE_MOTOR” in

“User_ParaSetDefineTemp.h”.

Fig. 4-6

4.5.2 Remote control is lost

If the user loses the remote control, just switch the mains power on and off three

times, and the system will set the state as the remote control is lost. In this state, the

fan starts when the mains power is on and runs at the preset position. If the remote

control command is received again, the system will automatically reset the lost state.

Fig. 4-7
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5. Parameter Optimization
In the actual application process, users may encounter a variety of motors.

Adjusting the corresponding parameter configuration according to different

application scenarios can optimize the using experience, such as large or small blades,

motor start vibration, motor reverse start, etc.

5.1 Startup current
The configuration of startup current in the program we offered can match most of

the blades. Customer can also optimize this parameter to do some performance

balance by adjusting the parameter in “UPDS_INJECT_D_CURRENT_A_PU”

larger or smaller.

Fig. 5-1

5.2 Command time
“UPDS_COMMAND_TIME_IQ0_1_S” is the time required from 0-1PU.

The smaller the value, the faster the acceleration; the larger the value, the slower the

acceleration. If there is a jitter situation, this parameter can be appropriately

increased or decreased.

Fig. 5-2

5.3 Speed and time for judging the failure of startup
When the load is too heavy and the start fails, the judgment speed can be

appropriately reduced and the judgment time can be increased.
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Fig. 5-3

5.4 Open loop I/F starting current
The I/F starting current can be increased or decreased appropriately according to

the loading.

Fig. 5-4

5.5 Pre-positioning
Enabling the pre-positioning function can improve the reversal rotate

phenomenon.

Fig. 5-5
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6. Protection Mechanism
The protection functions of this scheme include start blockage protection, over

current protection (hardware over current and software over current), current limiting

protection, phase loss protection, over voltage protection and under voltage protection.

“US_vSysErrorCheck()” is the protection execution function which is in

“User_Interrupt.c”.

The protection function is performed in the Systick interrupt, which has a lower

priority than the DMA interrupt. After successful judgment on the protections

(except for current limiting protection), system will enter the vFault state machine for

processing. First protection action will be PWM output turned off, then set up a wait

for restart or direct shutdown as required.

Fig. 6-1

6.1 Over voltage and under voltage protection
In the running state, if the voltage is lower than the set under voltage or over

voltage limits, it will enter the vFault state after judgment.

Shut down, enter the vWait state, wait for a certain time to enter the initialization

vInit state, ready to restart.

Fig. 6-2

6.2 Over current protection
6.2.1 Hardware over current protection

Set the comparator interrupt service subroutine with the highest priority. The

PWM braking function is triggered by an event from the MCU's internal comparator
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(ACMP0/1). The principle of operation is as follows: the bus current (I_bus) flows

through a sampling resistor (R), generating a voltage V_bus. This voltage is then

amplified by the operational amplifier (OPA0/1/2) and enters the positive terminal of

the comparator (or directly to the positive terminal). The negative terminal of the

comparator is connected to the output of the DAC0/1, which can be configured based

on the reference voltage Vref. When the bus current exceeds a certain threshold, the

positive terminal voltage of the comparator becomes higher than the negative terminal

voltage, triggering an interrupt in the comparator. This interrupt activates the PWM

braking function, thereby providing over current protection. By continuously

monitoring the three-phase current of the motor, if the maximum current value

exceeds the set protection threshold, the system triggers hardware over current

protection.

6.2.2 Software over current protection

By detecting the three-phase current of the motor in real time, the software is

triggered when the maximum value of the current exceeds the set protection value.

Fig. 6-3

6.3 Phase loss protection
Phase deficiency protection refers to the condition in which, during the operation

of a motor, one or two phases of the three-phase power are missing, and the current

value of that phase should be zero, the phase current of a certain phase is always 0

within a period of detection (the time to trigger the phase loss protection) and the

phase loss protection mechanism is triggered.

Fig. 6-4
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6.4 Protection against blockage and failure to start
Detect whether the motor's operating speed is below the preset protection

threshold, and trigger the stall protection mechanism. Set the stall duration as

needed. Once the stall duration is reached, first turn off the PWM, then wait for a

reboot period before restarting. If the maximum number of stalls is exceeded, the

system must be powered off and then re-powered.

Fig. 6-5
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7. Fault Diagnosis
During debugging, the Watch1 can be used to monitor the UG_sSysStateErr

parameter in real time to find out the cause of failure, such as over voltage, under

voltage, phase loss, and over current.

Fig. 7-1
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8. Function Expansion
8.1 Increase the fan speed levels

If users need to increase or decrease the speed levels, they only need to add or

reduce the definition of the levels on the existing framework.

Note: The key code of each button is unique. If the key codes of two buttons are

the same, the compiler will report an error.

Fig. 8-1

8.1.1 Add wind speed gear button

Assuming that the fan has 1-8 key positions, the key codes of 1-5 are consistent

with the original setting, and the key codes of 6-8 are 0x11, 0x12, 0x13, then the

following three settings need to be added:

URC_E_CMD_FAN_SPEED_LV6 = 0x11

URC_E_CMD_FAN_SPEED_LV7 = 0x12

URC_E_CMD_FAN_SPEED_LV8 = 0x13

The modified result is shown in figure 8-2.

Fig. 8-2
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8.1.2 Add wind speed gear function

Add corresponding gear function to “void URC_vRemoteCtrlHandle(void)” as

shown in Figure 8-3:

In the figure, “case URC_E_CMD_FAN_SPEED_LVx” is the function of the

key, and “sRemoteCtrl.ucSpeedLevel” is the gear. If set

sRemoteCtrl.ucSpeedLevel = 6, then the wind speed is set to gear 6.

Fig. 8-3

8.1.3 Add fan gear switching execution function

P_SPEED_LVx is the forward speed;

N_SPEED_LVx is the reverse speed;

To increase the execution function, you only need to modify the parameter

pointed by the red arrow.
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Fig. 8-4

8.1.4 Increase the fan speed or power setting

Fig. 8-5

Fig. 8-6
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8.2 Fan forward and reverse rotation
8.2.1 Add forward and reverse keys

Assuming that the key code of the forward button is 0xF8 and the key code of the

reverse button is 0xF9, the key setting is shown in Figure 8-7:

Fig. 8-7

8.2.2 Add forward and reverse button functions

u16FanDirection = TRUE; // fan is running forward

u16FanDirection = FALSE; // fan reversed

Fig. 8-8

http://www.cx-semi.com


www.grandemicro.com 25

8.3 Timing function
8.3.1 Add timing keys

Assuming that the remote control has 1, 2, 3, 4 hours of scheduled shutdown

function, and the key codes are 0x21, 0x22, 0x23 and 0x24, then the key setting is

shown in Figure 8-9.

Fig. 8-9

8.3.2 Add the timing button function

Fig. 8-10
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8.3.3 Timer function execution function

The “URC_vFanTimer(u8FanTimer)” function is responsible for executing the

timing function, where u8FanTimer represents the timing duration, u16TimerCnt is

the time count in seconds and TIMER_1H is set to 1 hour. All these specific

parameters are detailed in the header file. If the user presses the

URC_E_CMD_SCHEDULED_1H button, the system will shut down when the time

count u16TimerCnt exceeds 1 hour.

Fig. 8-11

#define TIMER_1H (3600*1) // 1 hour is equal to 3600 seconds

#define TIMER_2H (TIMER_1H*2) // 2 hours is twice the TIMER_1H

#define TIMER_3H (TIMER_1H*3) // 3 hours is three times the TIMER_1H

#define TIMER_4H (TIMER_1H*4)// 4 hours is four times the TIMER_1H

Fig. 8-12
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8.4 Modify the code button

The default code step of the current project is KEY_ON→KEY_OFF→KEY_1.

Users can change the code button according to their needs.

Fig. 8-13
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9. Configure the Remote Controller
There are two kinds of situations to change the remote control. The first is that

the user does not know the synchronization code (starting code), Bit0 and Bit1

parameters and key value of the remote control protocol; the second is that the user

knows the synchronization code (starting code), Bit0 and Bit1 parameters and key

value of the remote control protocol.

9.1 The user has a remote control protocol
For example, the user has the following parameters for the remote control.

Signal length (us) high level (us) low level (us)

SYN code 12400 400 12000

Bit1 1620 1220 400

Bit0 1620 400 1220

For these parameters, we only need to pay attention to the width of the low level,

fill in the corresponding maximum and minimum values of the low level, and include

the target level, as shown in figure 9-1.

Fig. 9-1

Fill in the corresponding key value into the setting, as shown in figure 9-2:
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Fig. 9-2

After completing the above steps, you can use the new remote control to control

the fan.

9.2 User has no remote control protocol
If the user does not have the relevant parameters of the remote control protocol,

the user needs to measure the relevant parameters by himself.

9.2.1 Measure the level width of the data

The measurement requires one 433 receiving module, one oscilloscope and one

terminal user remote control. After power on, the signal of the remote control is

captured.

Fig. 9-3
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The maximum and minimum values of the measured data are filled in figure 9-1.

9.2.2 Debug to check the corresponding key value

After setting the maximum and minimum values of the pulse, the project can

decode the 433 signal normally. Star debug, using Watch1 to read u32PreCommand

can obtain the key value and fill in the corresponding key value into Figure 9-2.

Fig. 9-4
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