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AN205354 

FM3 Microcontroller with OOB Solution on BLDC Washer 
  

This application note introduces the OOB (out-of-balance) solution on direct drive or belt drive washers. 

 

1 Introduction 

This document introduces the OOB (out-of-balance) solution on direct drive or belt drive washers. 

1.1 Purpose 

The out-of-balance detection and load displacement phase is very important before the washer goes into a spin-dry. 
The clothes in the drum must be properly balanced to reduce the waggling of the washer. So the OOB diction must 
be accuracy on H-axis washers. 

The OOB detection accuracy and consistency of the OOB value for different working condition have been focused 
and solved in this document. 

1.2 Definitions, Acronyms and Abbreviations 

PMSM - Permanent Magnet Synchronous Motor 

BLDC - Brush Less DC Motor 

    - DC bus voltage 

Vsq - Voltage on q axis of d/q coordinate in FOC algorithm 

Vsd - Voltage on d axis of d/q coordinate in FOC algorithm 

Isq - Current on q axis of d/q coordinate in FOC algorithm 

Isd - Current on d axis of d/q coordinate in FOC algorithm 

n - Rotor rotation speed 

      - 0d-axis reference current   

      - q-axis reference current   

      - Max limit of current scalar 

      - Max limit of voltage scalar 

   - Flux link-age 

   - Rotor electrical angular velocity 

1.3 Document Overview 

The rest of document is organized as the following: 

Chapter 2 explains the principles of OOB detection. 

Chapter 3 explains the implementation of OOB detection. 
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2 Principles of OOB 

The actual imbalance of the clothes in the washer drum is detected before the sipn cycle. The speed of the drum is 
increased by a ramp up to the speed such 89rpm at which the clothes become centrifuged to inner side of the drum. 
The algorithm performs an integration of the motor electrical speed ripple per one mechanical cycle. The integral 
value estimates the size of the load imbalance.  

If the imbalance is lower than the safety limit, it starts ramping the speed and goes into a dry-spin. If the imbalance is 
higher than the safety limit, the speed of the drum is decreased and the direction of rotation is reversed. The 
algorithm performs a new load displacement at the reversed speed. At the end of a load displacement interval the 
rotation is reversed and out-of-balance detection is executed again. The out-of-balance detection and load 
displacement sequence is performed until an equal distribution of the drum load is achieved. Then a spin-dry is 
started. 

2.1 OOB Principle 

The unbalance load in the drum of washer such as Figure 1 will lead the motor torque ripple at low speed. The 
unbalance of load can be estimated by the motor torque ripple at low speed such as 90rpm. 

Figure 1. Washer Drum with OOB in Empty and Balance Load 

 
One of the motor torque equation is shown as Equation 1. The motor parameter is not used, so if the motor power is 
accurate calculated, the torque ‘Te’ can be got. 

   
 

 
  

Equation 1 

Where: ‘Ω’ is the angle speed of rotor (unit : rad/s ), and P is the power of motor . 

            
  

   
  

  
        

     

  
 

Equation 2 

Equation 2 is derivated into Equation 1 a equation can be represented by mechanical speed as Equation 2: 

           
 

  
 

Equation 3 

where: ‘ωm’  is the mechanical speed of motor ( unit: rpm) . 

The power of motor is almost the same while the motor is stable running, the torque ripple can be dedicated the 
motor speed ripple either. 
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The algorithm performs an integration of the motor electrical speed ripple per one drum cycle. The OOB value can be 
dedicated as Equation 4 

         
            

 
 

Equation 4 

Where: ‘    ’ is the max mechanical speed and      is the min mechanical speed in on drum cycle. ‘N’ is the drum 
cycles. 

3 Implementation of OOB 

The implementation of the OOB Detection is introduced in the chapter, and the control block of the hall sensor 
washer solution is shown as Figure 2 

Figure 2. PMSM Control Block with Hall Sensor Estimation 

 

3.1 Feature  

 The linearity for different is almost 1/10g. 

 The OOB data dispersion is the same for the same OOB, the diction accuracy is 50g. 

 The consistency of the data between different washers is  almost the same for the same OOB load condition 
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3.2 Data Structure 

The mainly variable for OOB detection is shown as Table 1. 

Table 1. Hall Correction theta 

 Type Name Description 

INT8U oobHallCounter;  Hall counter, 114 couter in one drum cycle  

INT32U oobSum32;  The sum of Speed  ripple in one drum cycle  

INT8U oobTestCycs;  Drumb cycle couter 

INT16U motorSpeed;  Motor speed in every 1ms 

INT16U test_speed;  Motor setting speed 

INT16U  OobData;  Average speed ripple in one drum cycle 

INT8U  OOBDectFlag;  OOB diction state machine  

INT16U  OobData_last;  The  OOB data  

FILTER_MA32  OOBdataFilter;   Filter for OOB transient data 
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3.3 Flowchart of OOB Detection 

Figure 3. Flowchart for OOB Diction 
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3.4 Test Data  

The OOB data on different washers 

 
The OOB data for the 800g OOB load 
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The OOB data for empty load and balance load in the same washer. 

 
 

3.5 Conclusion 

The linearity and convergence of the data of OOB diction perform well on the BLDC washers, and the data difference 
is less than 30g between different washers. This OOB diction solution is adopted on the BLDC washers and the 
performance is stable. 
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