
HEV Motor Comparison of IPMSM with Nd Sintered Magnet and Heavy rare-earth free Magnet In the Same Size 

I. Introduction 
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This paper studied on the comparison of HEV traction motor for same size with Nd sintered magnet 
and bonded heavy rare-earth free magnet.  
  We designed IPMSM with bonded heavy rare-earth free magnet by changing only rotor of Nd 
sintered motor. In the near future, usage of heavy rare-earth need to be reduces, because of 
resource risk and cost. 
  In this study, a new motor was developed use heavy rare-earth free bonded injection magnet with 
performance and size equal to Nd sintered motor. Heavy rare-earth free motor performance was 
verified by testing. 

 The current generation of home electric appliances and electric vehicles/hybrid electric     
vehicles(EVs/HEVs) uses interior permanent magnet synchronous motors (IPMSMs) that contain 
rare-earth permanent magnets. 

 rare-earth permanent magnets containing dysprosium(Dy) and terbium(Tb) are expensive and 
there is concern regarding the stable supply of rare earth materials. 

 The leading rare-earth magnet deposits are not distributed evenly, however, with production in 
recent years limited to the countries. This is the risk that have to overcome. 

 It was made clear that the heavy rare-earth free motor can be satisfied same power density as 
Nd sintered motor size by testing of prototype motor. 
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Fig 1. Global production of rare-earth oxides 

II. Design of the IPMSM rotor structure with heavy rare earth free magnet 

 we used same stator structure and target specifications of the Nd sintered IPMSM. It was only 
change the rotor. 

 SynRM rotor shape was used to overcome the lack of heavy rare-earth free motor torque. 
 We conducted the detail design with 9 variables to satisfy target specifications for the IPMSM 

with heavy rare-earth free magnet. 

Division IPMSM 

Number of poles 10 

Number of slots 60 

Max power[kW] 31 

Max torque[Nm] 200 

Stator internal diameter[mm] 113 

Stator external diameter[mm] 160 

Stack length[mm] 120 

Air gap[mm] 0.6 

Max input current[Apk] 340 

Torque ripple @Max torque[%] 5↓ 

Torque ripple @Max rpm[%] 10↓ 

Table 1. Spec. of the Nd sintered IPMSM and target 

Fig 2. IPMSM motor with Nd sintered magnet 

Division 
Nd Sintered 

magnet 

Heavy rare-earth 

free magnet 

Magnet Br[T] 1.31 0.67 

Magnet Hcb[kA/m] 987 478 

Table 2. Comparison of the magnets 

  (a) 2-layer                                  (b) 3-layer of different thickness 

(c) 3-layer of different thickness and barrier   (d) 3-layer of same thickness 

Fig 3. Concept rotor models for  

heavy rare-earth free motor 

Division (a) (b) (c) (d) 

Torque[Nm] 182.2 183.5 166.2 182.4 

Magnet  

Volume[mm3] 
288,350 295,680 247,370 290,660 

Ripple[%] 4.45 9.98 8.13 6.96 

Table 3. Comparison of the concept models 

Fig 4. Design variables and final  

heavy rare-earth free IPMSM model 

Division Target Final model 

Number of poles 10 ← 

Stator external 

diameter[mm] 
160 ← 

Stack length[mm] 120 ← 

Max. torque[Nm] 200@1480rpm 200@1480rpm 

Max. input current[Apk] 340 ← 

Torque ripple 

@Max torque[%] 
5↓ 2.5 

Torque ripple 

@Max rpm[%] 
10↓ 9.6 

Magnet amount[mm3] 328,800↓ 330,360 

Table 4. Design results of heavy rare-earth free IPMSM 

Fig 5. Comparison of torque components of IPMSM models 

Reluctance Torque Magnetic Torque 

III. Prototype production and test result 
 A review of prototype for design verification was conducted. The applied magnet is the injection 

radial magnetizing type but is made in a split processing axial magnetizing type to reduce costs 
in consideration of prototype. 

 Prototype model Bemf and performance meet the predicted values according to the test 
results. Therefore, the injection type heavy rare-earth free IPMSM is expected to meet the 
target performance. 

 The difference between final model and prototype model is just magnet shape. It is just 
injection type and segment type and the component elements are same 

 With injection type applications, performance increases because the injection type can fill 
magnet pocket in the rotor. And it is radial magnetization. 

(a) Radial / Injection                  (b) Axial / 5Segments (c) Axial / 4Segments               (d) Axial / 2Segments 

Fig 6. The results according to the magnetizing and segment 

IV. Conclusion 

Fig 7. Comparison of final model and prototype model 

Fig 8. Heavy rare-earth free prototype model and test 

Division 
Before 

testing 

After 

testing 
Error Result 

Phase U 28.3Vpk 28.3Vpk 0% OK 

Phase V 29.2Vpk 29.4Vpk +0.68% OK 

Phase W 28.6Vpk 28.5Vpk -0.34% OK 

Table 5. Irreversible demagnetization test result 

Fig 9. Prototype IPMSM TN test result 

 Study Contents 
    1. this was a study that motor design using heavy rare-earth free magnet in the Nd sintered    
         motor size. 
    2. it was made clear that the heavy rare-earth free motor can be satisfied same power density as  
        Nd sintered motor size by testing of prototype motor. 
     3. SynRM rotor shape was used to overcome the lack of heavy rare-earth free motor torque. 

 
 Next Plan 
     1. The motor optimal design will be realized in terms of performance and material costs through  
          various tests.(NVH, control characteristic, efficiency, etc.) 
     2. product reliability will be ensured through durability evaluation. 

 
 This study began to commercialize the heavy rare-earth free motor and is currently underway. 

Heavy rare-earth elements are already scarce and will be increasingly affected by market trends. 
We propose this paper as a way to prepare for the heavy rare-earth risk 


