
 

 

 
Fig. 1.  Torque characteristics of heavy-duty trucks. 

Switching 
method

(a) Mechanical (conventional) (b) Mechanical (proposed) (c) Electronic type

Cost 〇 Cheap 〇 Cheap × Expensive

Size × Large 〇 Small × Large

Lifetime × Short 〇 Long 〇 Long

・Large contact area is needed for large current
because of single contact.
・Difficult to avoid mechanical wear in contact area.

Multi contact

・Only small space is needed for large current
・Reduces local mechanical wear by multi contacts

Fixed Contact

Movable contacts

 
Fig. 2. Comparison of Overview of conventional and propose structures 
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Fig. 3. FEA results of NT characteristics with conventional motors.              Fig. 4. FEA results of proposed motor with winding changeover (lFe: 200mm). 
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This report presents a mechanical winding-changeover system to 

reduce motor size and satisfies the wide-range rotation-torque (NT) 

characteristics required for heavy-duty trucks as shown in Fig. 1. The 

motor winding connections are changed during motor-drive opration: 

1Y connection at low-speed and high-torque operation, whereas 2Y 

connection at high-speed and low-torque operation. To change the 

winding connections, we adopted multi contacts shown in Fig. 2 

instead of conventional mechanical relays, which enabled to downsize 

the winding-changeover device.  

FEA results showed that a 220 kW PM motor with the proposed 

winding-changeover system could satisfy the required NT curve with 

minimal motor-core-stuck length of 200 mm while the conventional 

motor could not satisfy it even with the length of 300 mm as shown in 

Figs 3 and 4. 
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