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ĭĪĽĶŋĮįŌƟĭĶŇľŅĶ 
ŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢĕŀĚőĸĔĔŜŅĸńĚĮĶńĭŏĮĸňŗĵĬĪŇĻĪŅĚŒľĴƞŒĬĝƞĺĚĪĻĺĶĶļĬňŘȮľĸńĚěŅĔĴňĔŅĶŏĶŇŗĴĨƟĬıńĥĬŅ

ĵŅĬĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅĴŅĬŅĬĔĺƞŅȮ0.ȮĮƖĮƤěěŋĭńĬįŌƟįĸŇĨĵŅĬĵĬĨƢľĸŅĵŒľĠƞĕŀĚőĸĔĨƞŅĚŀŀĔĴŅ
ĮĶŃĔŅĻŏĶŇŗĴĨƟĬĔŅĶįĸŇĨĵŅĬĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅŐĸŃěŃĸħěŜŅĬĺĬĔŅĶįĸŇĨĵŅĬĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵ
ŏėĶŊŗŀĚĵĬĨƢĽńĬħŅĮĳŅĵŒĬ 
őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĝŋħĬňŘĬňŘĴňŏĮƚŅľĴŅĵŏıŊŗŀĻŉĔļŅĝŇŘĬĽƞĺĬĽŜŅėńĠĕŀĚĶĩĵĬĨƢĬńŗĚœĲĲƚŅȮŏıŊŗŀŏĨĶňĵĴĔŅĶŒľƟ

ėĺŅĴĶŌƟŐĔƞĭŋėĸŅĔĶŒĬŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĪĵȮĪńŘĚĽƞĺĬĕŀĚįŌƟįĸŇĨĝŇŘĬĽƞĺĬȮįŌƟĪňŗěŃŏĕƟŅĪŜŅĚŅĬŒĬŀŋĨĽŅľĔĶĶĴĵŅĬ
ĵĬĨƢĪńŘĚĳŅėĔŅĶįĸŇĨŐĸŃĳŅėĔŅĶŒľƟĭĶŇĔŅĶľĸńĚĔŅĶĕŅĵ 
ŒĬĔŅĶŏĸŊŀĔĵŅĬĵĬĨƢĪňŗĴŅĻŉĔļŅĬňŘœħƟŏĸŊŀĔĶĩĵĬĨƢĬŇĽĽńĬŵĸňĲŵȮĞŉŗĚŏĮƦĬĶĩĪňŗĴňĮĶŇĴŅĦĔŅĶĕŅĵŀŀĔĽŌƞ

ĨĸŅħőĸĔŒĬŀńĬħńĭĨƟĬŕĕŀĚĶĩĵĬĨƢĬńŗĚĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅĪńŘĚľĴħȮŐĸŃŏĮƦĬŐĭĭŏħňĵĺĔńĭĪňŗĪŅĚĽĩŅĭńĬ
ĵŅĬĵĬĨƢœħƟěńħĞŊŘŀœĺƟŏĮƦĬĨƟĬŐĭĭŀĵŌƞŐĸƟĺȮŒĬĔŅĶĬňŘįŌƟĻŉĔļŅĺŇěńĵœħƟěńħľŅĶĩĵĬĨƢĬŇĽĽńĬȮŴĸňĲŵĶŋƞĬŒĔĸƟŏėňĵĚĔńĬĞŉŗĚŏĮƦĬ
ĶĩŒĝƟŐĸƟĺĽĳŅıħňěŅĔĮĶŃŏĪĻĠňŗĮŋƙĬĴŅŏĮƦĬĨƟĬŐĭĭŒĬĔŅĶĻŉĔļŅŏıĶŅŃěŃĴňőŀĔŅĽŏľŖĬıńĥĬŅĔŅĶŀĵƞŅĚĨƞŀŏĬŊŗŀĚ
ĕŀĚĶĩĵĬĨƢœĲĲƚŅěŅĔĶŋƞĬĮƖȮ0./0ȮĴŅĩŉĚĶŋƞĬĮƖȮ0./4ȮĪňŗĽĩŅĭńĬĵŅĬĵĬĨƢĴňŀĵŌƞ 
ĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚĶŃĭĭĕńĭŏėĸŊŗŀĬŐĸŃĽƞĚĔŜŅĸńĚĕŀĚĵŅĬĵĬĨƢœĲĲƚŅĪňŗĽŜŅėńĠœħƟŐĔƞ 
Ĕ,ȮĨƟĬĔŜŅĸńĚėŊŀĴŀŏĨŀĶƢœĲĲƚŅĪňŗŒĝƟŐĪĬŏėĶŊŗŀĚĵĬĨƢĽńĬħŅĮĳŅĵŒĬ 
ĕ,ȮĶŃĭĭĽƞĚĔŜŅĸńĚľĶŊŀĶŃĭĭŏĔňĵĶƢěŃŏľĴŊŀĬľĶŊŀŒĔĸƟŏėňĵĚĔńĭĵŅĬĵĬĨƢĮƤěěŋĭńĬȮŐĨƞěŃĴňėĺŅĴĞńĭĞƟŀĬ

ĬƟŀĵĸĚ 
ė,ȮĶŃĭĭėĺĭėŋĴĔŅĶĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢȮŏĮƦĬĶŃĭĭŀŇŏĸėĪĶŀĬŇĔĽƢȮĞŉŗĚĴňėĺŅĴėĸƟŅĵĔńĭĶŃĭĭėĺĭėŋĴĔŅĶ

ŒĝƟŏĝŊŘŀŏıĸŇĚŐĸŃĔŅĶĽńĬħŅĮĕŀĚŏėĶŊŗŀĚĵĬĨƢŏĮĸňŗĵĬĴŅŏĮƦĬĔŅĶėĺĭėŋĴŐĶĚĭŇħŐĸŃĶŀĭĕŀĚĴŀŏĨŀĶƢĨƟĬĔŜŅĸńĚ 
Ě,ȮĶŃĭĭŐĭĨŏĨŀĶňŗŐĸŃĔŅĶěńħĔŅĶŐĭĨŏĨŀĶňŗȮŏĮƦĬĔŅĶėĺĭėŋĴĔŅĶŒĝƟıĸńĚĚŅĬŒľƟŏľĴŅŃĽĴȮĮĸŀħĳńĵȮŐĸŃ

ĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħ 
ĔŅĶĻŉĔļŅŒĬėĶńŘĚĬňŘœħƟĴňĔŅĶŏĮĶňĵĭŏĪňĵĭĕƟŀŐĨĔĨƞŅĚĕŀĚĝŇŘĬĽƞĺĬĶŃľĺƞŅĚȮĶĩĵĬĨƢĽńĬħŅĮĳŅĵŒĬŐĸŃ

ĶĩĵĬĨƢœĲĲƚŅȮŐĸŃŏĽĬŀĔĶŃĭĺĬĔŅĶįĸŇĨĝŇŘĬĽƞĺĬľĸńĔėŊŀĴŀŏĨŀĶƢœĲĲƚŅȮĶŋƞĬȮEM4/ȮŏĮƦĬĝĬŇħȮInterior 
Permanent-Magnet Motor (IPM) ĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵĬŘŜŅȮŒľƟĔŜŅĸńĚĽŌĚĽŋħȮ6.ȮĔŇőĸĺńĨĨƢȮıĶƟŀĴĶŃĭĭĽƞĚĔŜŅĸńĚȮ
őħĵĴŀŏĨŀĶƢěŃĽƞĚĔŜŅĸńĚįƞŅĬĝŋħŏĲƘŀĚŏĔňĵĶƢĪňŗŒĝƟŀńĨĶŅĪħŏħňĵĺȮįƞŅĬŏĲƘŀĚȮDifferential őħĵĴňŀńĨĶŅĪħĶĺĴȮ5,715Ȯ
œĮĕńĭŏėĸŊŗŀĬĸƟŀľĬƟŅĪńŘĚĽŀĚȮĽƞĺĬĝŋħėĺĭėŋĴĴŀŏĨŀĶƢȮŏĶňĵĔĺƞŅȮŀŇĬŏĺŀĶƢŏĨŀĶƢĞŉŗĚěŃŐĮĸĚıĸńĚĚŅĬœĲĲƚŅĔĶŃŐĽĨĶĚ
ěŅĔŐĭĨŏĨŀĶňŗȮŒľƟŏĮƦĬœĲĲƚŅĔĶŃŐĽĽĸńĭȮőħĵĔŅĶĽĶƟŅĚŐĶĚħńĬŐĸŃėĺŅĴĩňŗŒĬĝƞĺĚĨƞŅĚŕŏıŊŗŀĮĶńĭŐĶĚĭŇħŒľƟĽńĴıńĬīƢ
ĔńĭĶŀĭėĺŅĴŏĶŖĺĔŅĶľĴŋĬĕŀĚĴŀŏĨŀĶƢȮŐĸŃĵńĚĪŜŅľĬƟŅĪňŗĽŜŅėńĠŀňĔĮĶŃĔŅĶľĬŉŗĚėŊŀĔŅĶĽĶƟŅĚŐĶĚħńĬŐĸŃĔĶŃŐĽœĲ
ĵƟŀĬĔĸńĭŏĴŊŗŀĴŀŏĨŀĶƢĸħėĺŅĴŏĶŖĺĸĚľĶŊŀěŃľĵŋħĶĩȮőħĵıĸńĚĚŅĬĔĸěŅĔĸƟŀěŃĽĶƟŅĚŐĶĚĭŇħĔĸńĭĪŅĚȮĪŜŅľĬƟŅĪňŗ
ŏĽĴŊŀĬŏėĶŊŗŀĚĔŜŅŏĬŇħœĲĲƚŅĽĶƟŅĚıĸńĚĚŅĬĔĸńĭœĮĽŌƞŐĭĨŏĨŀĶňŗœħƟĞŉŗĚŏĮƦĬĔŅĶĮĶŃľĵńħıĸńĚĚŅĬĪŅĚľĬŉŗĚȮĶŃĭĭĬňŘ
ŏĶňĵĔĺƞŅȮRegenerating Braking System ĬŀĔěŅĔĬňŘĵńĚĴňȮĝŋħőĴħŌĸėĺĭėŋĴĶĩȮ&Vehicle control module, 
VCM) ŏĮƦĬŀŋĮĔĶĦƢĪňŗŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚĝŋħĔŅĶĪŜŅĚŅĬĪŋĔĽƞĺĬĕŀĚĶĩȮĪńŘĚĶŃĭĭĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢȮĶŃĭĭėĺĭėŋĴ



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮĠ 
 

ŐĭĨŏĨŀĶňŗȮĶŃĭĭŏĭĶĔȮĶŃĭĭĬŘŜŅľĸƞŀŏĵŖĬȮĶŃĭĭŐĮĸĚœĲĽŜŅľĶńĭĝŋħŐĽĚĽĺƞŅĚȮĶŃĭĭĮĶńĭŀŅĔŅĻȮŐĸŃĶŃĭĭėĺŅĴ
Įĸŀħĳńĵ 
ĶŃĭĭŐĭĨŏĨŀĶňŗŐĸŃĔŅĶěńħĔŅĶŐĭĨŏĨŀĶňŗȮĝŋħŐĭĨŏĨŀĶňŗĕŀĚĶĩĬŇĽĽńĬĸňĲŏĮƦĬĝĬŇħȮLaminated Lithium-

ion ĕĬŅħŐĶĚħńĬœĲĲƚŅȮ14.V ĴňėĺŅĴěŋĕĬŅħȮ02kWh őĴħŌĸŐĭĨŏĨŀĶňĴňőėĶĚĽĶƟŅĚĳŅĵĬŀĔľĶŊŀĔĸƞŀĚĪňŗĪŜŅěŅĔ
őĸľŃȮ&Metal case) ĪŜŅľĬƟŅĪňŗĮƚŀĚĔńĬŏĞĸĸƢĪňŗŀĵŌƞĳŅĵŒĬěŅĔĔŅĶĔĶŃŐĪĔŐĸŃĔŅĶĽńŗĬĽŃŏĪŊŀĬȮŏĴŊŗŀĶĺĴŏėĽĳŅĵ
ĬŀĔŐĸƟĺĴňĴŇĨŇŀĵŌƞĪňŗȮ/35.,3 x //66 x 042,7 mm ĬŘŜŅľĬńĔȮ073 kg ŐĶĚħńĬœĲĲƚŅŐĨƞĸŃŏĞĸȮŀŋĦľĳŌĴŇŐĭĨŏĨŀĶňŗȮ
ŐĸŃĔĶŃŐĽœĲĲƚŅȮěŃĩŌĔŀƞŅĬėƞŅŐĸŃŏİƚŅĶŃĺńĚőħĵĝŋħėĺĭėŋĴŐĭĨŏĨŀĶňŗȮ&Battery Controller) ĝŋħėĺĭėŋĴ
ŐĭĨŏĨŀĶňŗŐĸŃĝŋħėĺĭėŋĴĶĩĵĬĨƢěŃĽƞĚĕƟŀĴŌĸŐĸĔŏĮĸňŗĵĬĶŃľĺƞŅĚĔńĬįƞŅĬȮCAN-bus (Controller Area 
Network) ľŅĔŏĔŇħėĺŅĴįŇħĮĔĨŇĝŋħėĺĭėŋĴĶĩĵĬĨƢȮ&Vehicle control module, VCM) ěŃĽƞĚĽńĠĠŅĦœĮĵńĚ
ĶňŏĸĵƢĪňŗŀĵŌƞŒĬĔĸƞŀĚıńĔĽŅĵœĲȮ&Junction box) ŏıŊŗŀĨńħĺĚěĶœĲĲƚŅŐĶĚħńĬĽŌĚŀńĨőĬĴńĨŇ 
ŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘœħƟĬŜŅŏĽĬŀĨƞŀįŌƟĽĬŒěĪňŗěŃŏĶňĵĬĶŌƟĶŃĭĭĕńĭŏėĸŊŗŀĬĵŅĬĵĬĨƢœĲĲƚŅȮĶĺĴĪńŘĚĭŋėĸŅĔĶĕŀĚ

ĽĩŅĭńĬĵŅĬĵĬĨƢŒľƟĴňėĺŅĴŏĕƟŅŒěŒĬĔŅĶĪŜŅĚŅĬĕŀĚĶŃĭĭĕńĭŏėĸŊŗŀĬĪńŘĚĴŀŏĨŀĶƢȮŐĭĨŏĨŀĶňŗŐĸŃĶŃĭĭĮĶŃěŋœĲŏĕƟŅ
ŐĭĨŏĨŀĶňŗȮĶĺĴĩŉĚŐĬĺĪŅĚĔŅĶĺŇěńĵŐĸŃıńĥĬŅĝŇŘĬĽƞĺĬĪňŗŐĨĔĨƞŅĚěŅĔĝŇŘĬĽƞĺĬĶĩĵĬĨƢŏħŇĴȮŒľƟįŌƟĮĶŃĔŀĭĔŅĶœĪĵĴň
ŀĚėƢėĺŅĴĶŌƟŐĸŃĽŅĴŅĶĩįĸŇĨœħƟŒĬĮĶŃŏĪĻ 

ĔŅĶįĸŇĨĝŇŘĬĽƞĺĬŏėĶŊŗŀĚĵĬĨƢĽńĬħŅĮĳŅĵŒĬĬńŘĬȮĝŇŘĬĽƞĺĬěŜŅĬĺĬľĸŅĵĝŇŘĬěŃŒĝƟĔĶŃĭĺĬĔŅĶįĸŇĨħƟŅĬĔŅĶ
ľĸƞŀŀĸŌĴňŏĬňĵĴħƟĺĵŐĶĚŀńħĶŃħńĭĨƞŅĚŕȮŐĸŃĬŜŅĴŅĔĸŉĚŐĨƞĚŒľƟœħƟĕĬŅħĴŇĨŇĪňŗŐĴƞĬĵŜŅȮĞŉŗĚĽŅĴŅĶĩĴŅĮĶŃĵŋĔĨƢŒĝƟįĸŇĨ
ĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢœĲĲƚŅœħƟŏĮƦĬŀĵƞŅĚħňȮĽŜŅľĶńĭĔĶŃĭĺĬĔŅĶįĸŇĨıŇŏĻļŀŊŗĬŕĪňŗŒĝƟįĸŇĨĝŇŘĬĽƞĺĬŏėĶŊŗŀĚĵĬĨƢĔŖĬŜŅĴŅŒĝƟŒĬ
ĔŅĶįĸŇĨĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢœĲĲƚŅľĶŊŀĽƞĺĬĮĶŃĔŀĭŏĮƦĬĽƞĺĬŒľĠƞȮŀĵƞŅĚœĶĔŖħňįŌƟįĸŇĨĝŇŘĬĽƞĺĬŏėĶŊŗŀĚĵĬĨƢŒĬĮĶŃŏĪĻ
œĪĵŏĮƦĬįŌƟįĸŇĨĝŇŘĬĽƞĺĬěŅĔĭĶŇļńĪĨƞŅĚĝŅĨŇĪňŗįŌƟįĸŇĨĵŅĬĵĬĨƢĝńĔĝĺĬŏĕƟŅĴŅĨńŘĚģŅĬĔŅĶįĸŇĨŒĬœĪĵȮĞŉŗĚįŌƟįĸŇĨŏľĸƞŅĬňŘ
ĪĶŅĭħňĩŉĚĔŅĶĮĶńĭŏĮĸňŗĵĬĶŌĮŐĭĭŏėĶŊŗŀĚĨƟĬĔŜŅĸńĚŐĸŃėŅħĺƞŅœħƟĴňĔŅĶŏĨĶňĵĴĮĶńĭĔŅĶįĸŇĨŐĸƟĺȮįŌƟįĸŇĨĝŇŘĬĽƞĺĬėĬ
œĪĵĪňŗĴňĕĬŅħĔĸŅĚŐĸŃĕĬŅħŏĸŖĔėĺĶŒĝƟőŀĔŅĽĬňŘŏĶŇŗĴĨƟĬıńĥĬŅĔŅĶįĸŇĨĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢŒĬĮĶŃŏĪĻœĪĵőħĵĔŅĶ
ľŅėĺŅĴĶŌƟŏıŇŗĴŏĨŇĴŐĸŃĪŜŅĚŅĬĶƞĺĴĔńĭĽĩŅĭńĬĵŅĬĵĬĨƢȮĔĶŃĪĶĺĚŀŋĨĽŅľĔĶĶĴȮĔĶŃĪĶĺĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃ
ŏĪėőĬőĸĵň 

įŌƟĮĶŃĔŀĭĔŅĶŒĬŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĪĵȮĽŅĴŅĶĩĬŜŅĶŅĵĚŅĬĜĭńĭĬňŘœĮĻŉĔļŅĺŇŏėĶŅŃľƢȮŏıŊŗŀĮĶńĭ
ĵŋĪīĻŅĽĨĶƢĺŅĚŐįĬīŋĶĔŇěŒľƟĶŀĚĶńĭĔńĭŏĪėőĬőĸĵňĶĩĵĬĨƢıĸńĚĚŅĬœĲĲƚŅĪňŗěŃŏĔŇħĕŉŘĬŒĬŀĬŅėĨŀńĬŒĔĸƟœħƟŀĵƞŅĚ
ĩŌĔĨƟŀĚ 
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Executive Summary  
The world's automotive industry is changing direction in this decade. After starting the 

development of electric vehicles for more than 20 years, many of the world's major 
automotive manufacturers have announced the start of electric vehicle-driven production 
and will reduce the number of internal combustion engine vehicles.  

This research project aims to study the key components of the electric car. To 
prepare for educating and training personnel in Thai automotive industry. Particularly parts 
manufacturer including those who work in both the automotive manufacturing and after-
sales service sectors. 

In this study Nissan "Leaf" has been selected, since it is the world's top selling battery 
electric car, also Thai Automotive Institute has purchased this as a studying model. In this 
regard, the researcher has bought used Nissan "Leaf" earlier version in good condition from 
Japan as a model to study, because it will have the opportunity to see the continued 
development of electric vehicles from the 2012 model to the 2016 model at Thai 
Automotive Institute. 

The main components of the electric vehicle's Power Train and Driving system are: 

A. Prime Mover is an electric motor that supersedes an internal combustion engine. 

B. Transmission or transmission systems are identical or similar to current vehicles. 
But it is less complicated. 

C. Motor control system. It is an electronic system. It is similar to the fuel injection 
control system for the internal combustion engine. It changes to control the torque and 
speed of the motor. 

D. Battery System and Battery Management System are responsible for safety and 
effective energy control. 

In this study, the differences between main components of internal combustion 
engine and electric vehicle were compared. The EM61 motor is an internal Permanent-
Magnet Motor (IPM) which connected to transmission directly. The maximum power is 80 kW. 
The motor power is delivered through a single gear ratio differential gearbox. The total ratio 
is 7.937 from motor to both front wheels. The motor control unit is called an inverter, which 
converts the direct current power from the battery to alternative current motor. It controls 
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motor by applying different voltages and frequencies to adjust the proper torque relative to 
the rotational speed. Another important function is to generate power back to battery when 
the motor slows down or stops. During this situation, the mechanical power from vehicle 
inertia creates a reversing torque as same as a generator that generates power, which is a 
way to save energy. This system is called Regenerating Braking System. The vehicle control 
module (VCM) is a device that connects all parts of a vehicle, the motor drive, Battery 
control system, water cooling system, lighting system for lighting air conditioning system and 
safety system. 

The battery pack of the Nissan Leaf is a 360-volt Laminated Lithium-ion battery with a 
a_n_agrwȮmdȮ02iUf,ȮRfcȮ`_rrcpwȮkmbsjcŲqȮmsrcpȮqrpsarspcȮu_qȮk_bcȮ`wȮkcr_jȮrf_rȮnpmrcarqȮ
acjjqȮdpmkȮgkn_arȮ_lbȮtg`p_rgml,ȮRfcȮ`_rrcpwȮn_aiŲqȮbgkclqgmlȮis 1570.5 x 1188 x 264.9 mm 
and the weight is 295 kg. All battery parameters such as temperature, voltage and current of 
all cells are measured by Battery Management System (BMS). BMS and VCM will 
communicate and exchange data via a CAN-bus (Controller Area Network). If any critical fault 
occurs, the BMS will controls main relay in the Junction Box to break the high voltage circuit. 

In this study, participants were introduced to learn electric vehicle propulsion 
systems, including the staffs of Thai Automotive Institute will understand the operation of 
the motor drive system, battery and charger. Especially, Thai entrepreneurs will have the 
knowledge to manage their automotive business to support electric vehicle (EV). This report 
also aims to guide further research for EV parts locally in the country. 

Production process of internal combustion engine parts, main components are used 
aluminum casting process with different casting pressure and make a precise dimension by 
machining process. These processes can be applied to produce electric motor parts as well. 
Other special manufacturing processes used for the manufacture of engine parts are also used 
in the manufacture of electric motors or parts. However, the engine parts manufacturer in 
Thailand are the part manufacturers from foreign companies that the car manufacturers invite 
to build a production base in Thailand. These manufacturers are well aware of the 
modifications of prime mover of vehicle and they are expected to be prepared for production. 
This opportunity for Small and Medium Industry should start with the development of motor 
parts in Thailand by learning more about design and specification. They should work 
incorporate with the Thai Automotive Institute, Ministry of industry and Ministry of Science and 
Technology. 
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ĭĪĪňŗ 1 
ĭĪĬŜŅ 

1.1 ėĺŅĴĽŜŅėńĠŐĸŃĪňŗĴŅĕŀĚőėĶĚĔŅĶ 

ĵŅĬĵĬĨƢœĲĲƚŅŏĶŇŗĴŏĕƟŅĴŅĴňĭĪĭŅĪĨƞŀĔŅĶŒĝƟĚŅĬĮĶŃěŜŅĺńĬĴŅĔĕŉŘĬȮĮĶŃŏĪĻœĪĵŏĮƦĬĻŌĬĵƢĔĸŅĚĔŅĶįĸŇĨ
ĵŅĬĵĬĨƢĕŀĚĳŌĴŇĳŅėŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟȮĴňĔŅĶįĸŇĨĵŅĬĵĬĨƢĮĶŃŏĳĪĨƞŅĚŕŏĮƦĬŀńĬħńĭȮŠşȮĕŀĚőĸĔȮŒĬĕĦŃ
ĪňŗőĸĔĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĴŅŒĝƟĵŅĬĵĬĨƢœĲĲƚŅĮĶŃŏĪĻœĪĵěŜŅŏĮƦĬĨƟŀĚĪŜŅėĺŅĴŏĕƟŅŒěŐĸŃĽĶƟŅĚĻńĔĵĳŅıŒĬĔŅĶ
įĸŇĨĵŅĬĵĬĨƢœĲĲƚŅŒĬĮĶŃŏĪĻŏıŊŗŀĶńĔļŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢŐĸŃĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢŒľƟĵńĚėĚĴňĔŅĶįĸŇĨŒĬ
ĮĶŃŏĪĻœĪĵŐĸŃĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴĪŅĚŏĻĶļģĔŇěŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

ŏĬŊŗŀĚěŅĔĵŅĬĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅĬńŘĬĵńĚėĚĸńĔļĦŃĔŅĶŒĝƟĚŅĬŒĬĶŌĮŐĭĭŏħŇĴŏıňĵĚŐĨƞ
ŏĮĸňŗĵĬŐĮĸĚĶŃĭĭĕńĭŏėĸŊŗŀĬěŅĔĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸŏĮƦĬıĸńĚĚŅĬœĲĲƚŅȮőħĵĔŅĶŒĝƟĶĩıĸńĚĚŅĬœĲĲƚŅŒĬŏĕĨ
ĝŋĴĝĬȮěŃĝƞĺĵĸħĴĸĳŅĺŃĪŅĚŏĽňĵĚŐĸŃŀŅĔŅĻȮĞŉŗĚŏĮƦĬĽŅŏľĨŋĽŜŅėńĠĕŀĚőĶėĪŅĚŏħŇĬľŅĵŒěȮıĸńĚĚŅĬĪňŗŒĝƟ
ĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢŀŅěěŃĴŅěŅĔĔŅĶŏĔŖĭıĸńĚĚŅĬœĺƟŒĬŐĭĨŏĨŀĶňŗȮľĶŊŀŒĝƟŏĞĸĸƢŏĝŊŘŀŏıĸŇĚĽĶƟŅĚıĸńĚĚŅĬœĲĲƚŅ
ĨĸŀħěĬĔŅĶŒĝƟĨńĺŏĔŖĭĮĶŃěŋœĲĲƚŅĝĬŇħıŇŏĻļȮĮƤěěŋĭńĬĵńĚėĚĴňĔŅĶĺŇěńĵėƟĬėĺƟŅŏıŊŗŀľŅĶŃĭĭĔŅĶĪŜŅĚŅĬĪňŗħňĪňŗĽŋħȮĪńŘĚ
ėĺŅĴĮĸŀħĳńĵȮėĺŅĴėŋƟĴėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢŐĸŃĔŅĶĶńĔļŅĽĳŅĺŃŐĺħĸƟŀĴȮĬŀĔěŅĔĬňŘĴŀŏĨŀĶƢœĲĲƚŅĪňŗĴňĔŅĶ
ıńĥĬŅĴŅěĬĮƤěěŋĭńĬĬńŘĬĵńĚĴňőŀĔŅĽĪňŗěŃıńĥĬŅŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıȮĸħĬŘŜŅľĬńĔȮĶĺĴĩŉĚĔŅĶıńĥĬŅŐĶĚĭŇħŒľƟĴň
ėŋĦĸńĔļĦŃĨĶĚĨŅĴĔŅĶŒĝƟĚŅĬœħƟĴŅĔĕŉŘĬ 

ŀŋĨĽŅľĔĶĶĴœĪĵĵńĚĕŅħėĺŅĴĶŌƟėĺŅĴŏĕƟŅŒěŒĬĺŇĪĵŅĔŅĶŏľĸƞŅĬňŘȮŐĴƟĕĦŃĬňŘĴňĬńĔĺŇěńĵŐĸŃĺŇĻĺĔĶěŜŅĬĺĬ
ľĬŉŗĚĪňŗœħƟĶńĭĔŅĶĻŉĔļŅȮĪŜŅĔŅĶĺŇěńĵėƟĬėĺƟŅŏĔňŗĵĺĔńĭĴŀŏĨŀĶƢœĲĲƚŅȮĶŃĭĭŏĔŖĭıĸńĚĚŅĬœĲĲƚŅĶŌĮŐĭĭĨƞŅĚŕȮĶŃĭĭ
ĔŅĶĽĶƟŅĚıĸńĚĚŅĬœĲĲƚŅŐĭĭŏĞĸĸƢŏĝŊŘŀŏıĸŇĚȮŐĨƞŀŋĨĽŅľĔĶĶĴœĪĵœĴƞĽŅĴŅĶĩŒľƟĔŅĶĽĬńĭĽĬŋĬŐĔƞĬńĔĺŇěńĵŏľĸƞŅĬňŘœħƟ
ŏıĶŅŃĕŅħĨĸŅħĶŀĚĶńĭįĸĔŅĶĺŇěńĵėƟĬėĺƟŅįĸŇĨĳńĦĤƢŏľĸƞŅĬňŘ 

ĽĩŅĭńĬĵŅĬĵĬĨƢŐľƞĚĮĶŃŏĪĻœĪĵŏĸŖĚŏľŖĬėĺŅĴĽŜŅėńĠĕŀĚĔŅĶıńĥĬŅĻńĔĵĳŅıŐĸŃĕňħėĺŅĴĽŅĴŅĶĩŒĬ
ĔŅĶĽĶƟŅĚėĺŅĴĶŌƟȮĔŅĶŀŀĔŐĭĭȮĔŅĶįĸŇĨŐĸŃĔŅĶĭŜŅĶŋĚĶńĔļŅȮĝŇŘĬĽƞĺĬĽŜŅėńĠĕŀĚĵŅĬĵĬĨƢœĲĲƚŅŏıŊŗŀŒľƟŏĔŇħ
ŀŋĨĽŅľĔĶĶĴĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢœĲĲƚŅŏıŊŗŀŏĮƦĬĔŅĶĶńĔļŅģŅĬĔŅĶįĸŇĨĵŅĬĵĬĨƢĪňŗŀĬŅėĨěŃŏĮĸňŗĵĬŐĮĸĚœĮŏĮƦĬĵŅĬ
ĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅȮĽĩŅĭńĬĵŅĬĵĬĨƢłěŉĚěńħĪŜŅőėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢœĲĲƚŅ
ŏıŊŗŀľŅĔŅĶĪŜŅĚŅĬĕŀĚĝŇŘĬĽƞĺĬĪňŗĽŜŅėńĠĕŀĚĵŅĬĵĬĨƢœĲĲƚŅȮĶĺĴĪńŘĚĻŉĔļŅŐĬĺĪŅĚĔŅĶįĸŇĨŒĬĮĶŃŏĪĻőħĵįŌƟįĸŇĨ
ĝŇŘĬĽƞĺĬœĲĲƚŅĪňŗĴňŀĵŌƞŏħŇĴľĶŊŀĮĶńĭĮĶŋĚįŌƟįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢŒľƟĽŅĴŅĶĩħńħŐĮĸĚĴŅįĸŇĨĝŇŘĬĽƞĺĬŒľĴƞœħƟĮƤěěŋĭńĬ 
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1.2 ĺńĨĩŋĮĶŃĽĚėƢ 

&/' ŏıŊŗŀĻŉĔļŅėĺŅĴŐĨĔĨƞŅĚĕŀĚĶŃĭĭĔŅĶĪŜŅĚŅĬĶŃľĺƞŅĚĵŅĬĵĬĨƢĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭœĲĲƚŅ
ŏĮĶňĵĭŏĪňĵĭĔńĭĵŅĬĵĬĨƢĪňŗĕńĭŏėĸŊŗŀĬħƟĺĵŏėĶŊŗŀĚĵĬĨƢĽńĬħŅĮĳŅĵŒĬ 

&0' ŏıŊŗŀĻŉĔļŅĔŅĶĩŀħŐĭĭĝŇŘĬĽƞĺĬľĸńĔĶĩĵĬĨƢĬńŗĚœĲĲƚŅĽŜŅľĶńĭȮ2ȮĪňŗĬńŗĚȮ/ȮėńĬȮŒĬĪňŗĬňŘėŊŀĴŀŏĨŀĶƢŐĸŃ
ŐĭĨŏĨŀĶňŗ 

&1' ŏıŊŗŀĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚĨńĺĕńĭŏėĸŊŗŀĬľĸńĔȮ&Prime Mover) ŒĬĪňŗĬňŘėŊŀĴŀŏĨŀĶƢȮŐĸŃĻŉĔļŅŐĬĺ
ĪŅĚĔŅĶįĸŇĨŒĬĮĶŃŏĪĻ 

&2' ŏıŊŗŀĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚĨńĺŏĔŖĭıĸńĚĚŅĬȮŒĬĪňŗĬňŘėŊŀŐĭĨŏĨŀĶňŗȮŐĸŃĻŉĔļŅŐĬĺĪŅĚĔŅĶįĸŇĨŒĬ
ĮĶŃŏĪĻ 

&3' ŏıŊŗŀŒľƟėĺŅĴĶŌƟŐĔƞįŌƟĮĶŃĔŀĭĔŅĶŀŋĨĽŅľĔĶĶĴœĪĵĪňŗĽĬŒěěŃįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢœĲĲƚŅőħĵĔŅĶŏĮƦĬ
ĺŇĪĵŅĔĶĶƞĺĴĔńĭĽĩŅĭńĬĵŅĬĵĬĨƢěńħŀĭĶĴŐĔƞįŌƟĮĶŃĔŀĭĔŅĶ 

1.3 ĔĸŋƞĴŏĮƚŅľĴŅĵ 

ŏıŊŗŀŒľƟŀŋĨĽŅľĔĶĶĴįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢŒĬĮĶŃŏĪĻœĪĵĴňėĺŅĴėĺŅĴĶŌƟȮėĺŅĴŏĕƟŅŒěȮŒĬĔŅĶĪŜŅĚŅĬĕŀĚ
ĵŅĬĵĬĨƢıĸńĚĚŅĬœĲĲƚŅȮĽĶƟŅĚėĺŅĴŏĕƟĴŐĕŖĚĽŅĴŅĶĩŐĕƞĚĕńĬœħƟĪńŘĚĶŃħńĭĳŌĴŇĳŅėŐĸŃĶŃħńĭőĸĔȮĔĸŋƞĴŏĮƚŅľĴŅĵĪňŗ
ĽŜŅėńĠėŊŀįŌƟįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢŏħŇĴĪňŗĴňėĺŅĴŏĕƟŅŒěŒĬľĸńĔĔŅĶħƟŅĬėŋĦĳŅıȮĔŅĶěńħĽƞĚĪňŗĨĶĚŏĺĸŅŐĸŃĔŅĶĶńĔļŅ
ĶŃħńĭĨƟĬĪŋĬŏĮƦĬŀĵƞŅĚħňŀĵŌƞŐĸƟĺĽŅĴŅĶĩĮĶńĭĮĶŋĚĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĴňŀĵŌƞŏħŇĴľĶŊŀĔŅĶĸĚĪŋĬŏėĶŊŗŀĚěńĔĶŒľĴƞŒľƟ
ŏľĴŅŃĽĴȮĴŅħŜŅŏĬŇĬĔŅĶįĸŇĨĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢœĲĲƚŅĪňŗĴňėŋĦĳŅıĽŌĚȮĶŅėŅŏľĴŅŃĽĴŐĸŃěńħĽƞĚĨĶĚŏĺĸŅŒľƟŐĔƞįŌƟȮ
įĸŇĨĵŅĬĵĬĨƢœĲĲƚŅœħƟĪńŘĚŒĬĮĶŃŏĪĻŐĸŃĨƞŅĚĮĶŃŏĪĻ 

1.4 ĕŀĭŏĕĨĔŅĶħŜŅŏĬŇĬĚŅĬ 

ĪŜŅĔŅĶĻŉĔļŅĝŇŘĬĽƞĺĬĽŜŅėńĠĕŀĚĶĩĵĬĨƢĬńŗĚœĲĲƚŅėŊŀĴŀŏĨŀĶƢŐĸŃĶŃĭĭŐĭĨŏĨŀĶňŗŏıŊŗŀħŌĽƞĺĬĮĶŃĔŀĭľĸńĔ
ıĶƟŀĴľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬȮ&Functions) ıŇěŅĶĦŅĕƟŀĴŌĸěĶŇĚŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĪňŗĮĶŅĔĢŀĵŌƞŒĬėŌƞĴŊŀĔŅĶŒĝƟĵŅĬ
ĵĬĨƢĪňŗĭĶŇļńĪįŌƟįĸŇĨŒľƟĴŅȮőħĵěŃĴňĕńŘĬĨŀĬĕŀĭŏĕĨħńĚĨƞŀœĮĬňŘ 

/, ěńħľŅĝŇŘĬĽƞĺĬŏĔƞŅĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲĪňŗĽŜŅėńĠėŊŀĴŀŏĨŀĶƢıĶƟŀĴĝŋħĽƞĚĔŜŅĸńĚĕńĭŏėĸŊŗŀĬȮŐĸŃĝŋħ
ŐĭĨŏĨŀĶňŗıĶƟŀĴĨńĺėĺĭėŋĴŐĶĚħńĬĴŅĩŀħŐĭĭŏıŊŗŀŐĵĔľŅĝŇŘĬĽƞĺĬĪňŗĴňľĬƟŅĪňŗŒĬĔŅĶĪŜŅĚŅĬľĸńĔ 

0, ěńħĪŜŅĭńĠĝňĶŅĵĔŅĶĝŇŘĬĽƞĺĬŐĨƞĸŃĝŇŘĬȮ&Bill of Materials) ĽĶƟŅĚĳŅıĮĶŃĔŀĭ 

1,, ěńħĪŜŅľĬƟŅĪňŗĔŅĶĪŜŅĚŅĬȮ&Functions) ĕŀĚĝŇŘĬĽƞĺĬľĸńĔŏıŊŗŀŒľƟŏĕƟŅŒěĩŉĚĔŅĶĪŜŅĚŅĬĕŀĚĝŇŘĬĽƞĺĬĨƞŅĚŕȮ
ħƟĺĵĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĭėŌƞĴŊŀĔŅĶŒĝƟĚŅĬĕŀĚįŌƟįĸŇĨĪňŗœħƟĶńĭĴŅ 

2, ĺńħėƞŅĨƞŅĚŕȮ&Parameters) ĕĦŃĪŜŅĚŅĬőħĵĺńħěŅĔĶĩĬŇĽĽńĬĸňĲĨńĺŀĵƞŅĚĪňŗĽĩŅĭńĬĵŅĬĵĬĨƢĴňŀĵŌƞ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ1-3 
 

3, ŏĕňĵĬįńĚĔŅĶĪŜŅĚŅĬĕŀĚĝŇŘĬĽƞĺĬĶŃĭĭĕńĭŏėĸŊŗŀĬŐĸŃĶŃĭĭŏĔŖĭıĸńĚĚŅĬŏıŊŗŀŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶ
ĪŜŅĚŅĬĕŀĚĵŅĬĵĬĨƢœĲĲƚŅŐĭĭŀŊŗĬŕȮ 

4, ĽƞĚĴŀĭĶŅĵĸŃŏŀňĵħĨńĺŀĵƞŅĚĝŇŘĬĽƞĺĬĪňŗĩŀħŐĭĭŐĵĔıĶƟŀĴįńĚĔŅĶĪŜŅĚŅĬŒĬĕƟŀȮ3ȮőħĵĽĶƟŅĚģŅĬěńĭĵŉħ
ĝŇŘĬĽƞĺĬŀŋĮĔĶĦƢȮŏıŊŗŀŒĝƟŒĬĔŅĶĩƞŅĵĪŀħėĺŅĴŏĕƟŅŒěŒĬĔŅĶĪŜŅĚŅĬĕŀĚĝŇŘĬĽƞĺĬľĸńĔ 

1.5 ĕńŘĬĨŀĬŐĸŃŐįĬĔŅĶħŜŅŏĬŇĬĚŅĬ 

ĨŅĶŅĚȮ1-1 ŐĽħĚĶŃĵŃŏĺĸŅŒĬŐĨƞĕńŘĬĨŀĬĔŅĶĪŜŅĚŅĬ 

ĨŅĶŅĚȮ1-1ȮŐįĬĔŅĶħŜŅŏĬŇĬĚŅĬ 

 
 

ŏħŊŀĬĪňŗ 

/ 0 1 2 3 4 5 6 

ĽńŗĚĞŊŘŀŀŃœľĸƞŏĔƞŅŏıŊŗŀĩŀħŐĵĔ         
ěńħĨńŘĚĪňĴĪŜŅĚŅĬĶƞĺĴ         

ėƟĬľŅĻŉĔļŅĶŅĵĸŃŏŀňĵħėŌƞĴŊŀĭŜŅĶŋĚĶńĔļŅ         

ĽƞĚĶŅĵĚŅĬĕńŘĬĨƟĬ         
ěńħĔŅĶŀĭĶĴıŊŘĬģŅĬĵŅĬĵĬĨƢœĲĲƚŅ         

ĩŀħŐĵĔĝŇŘĬĽƞĺĬĵŅĬĵĬĨƢœĲĲƚŅ         
ĽƞĚĶŅĵĚŅĬĕńŘĬĔĸŅĚ         

ĪħĽŀĭĔŅĶĪŜŅĚŅĬěĶŇĚŐĸŃŏĔŖĭĕƟŀĴŌĸ         

ĽƞĚĶƞŅĚĶŅĵĚŅĬĜĭńĭĽĴĭŌĶĦƢ         
ĽƞĚĶŅĵĚŅĬĜĭńĭĽĴĭŌĶĦƢŐĸŃĭĪĽĶŋĮįŌƟĭĶŇľŅĶ         

ĶƞĺĴŏĮƦĬĺŇĪĵŅĔĶŒĬĚŅĬĽńĴĴĬŅ         

ľĴŅĵŏľĨŋȮ8ȮŏħŊŀĬĪňŗȮ/ȮľŅĔŏĮƦĬœĮĨŅĴŐįĬĚŅĬėŊŀŏħŊŀĬĴĔĶŅėĴȮ034/ 

 
 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-1 

ĭĪĪňŗ 2 
ĽƞĺĬĮĶŃĔŀĭľĸńĔĶĩĵĬĨƢœĲĲƚŅ 

ĶĩĵĬĨƢœĲĲƚŅȮŏĮƦĬĝŊŗŀŏĶňĵĔĵŅĬıŅľĬŃĪŅĚĭĔĽŜŅľĶńĭŒĝƟŏħŇĬĪŅĚĭĬĩĬĬȮőħĵĵŅĬıŅľĬŃħńĚĔĸƞŅĺĴň
ĴŀŏĨŀĶƢœĲĲƚŅŏĮƦĬĨƟĬĔŜŅĸńĚŒĬĔŅĶĽĶƟŅĚŐĶĚĕńĭŏėĸŊŗŀĬȮĞŉŗĚŏĮƦĬĪňŗĴŅĕŀĚĝŊŗŀŏĶňĵĔĵŅĬĵĬĨƢĮĶŃŏĳĪĬňŘȮĴŀŏĨŀĶƢœĲĲƚŅ
œħƟĶńĭĔĶŃŐĽœĲěŅĔŐľĸƞĚŏĔŖĭıĸńĚĚŅĬĪňŗĨŇħĨńŘĚœĺƟĭĬĶĩĵĬĨƢȮ 

ĶĩĵĬĨƢœĲĲƚŅĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ3ȮĮĶŃŏĳĪĨŅĴĶŃħńĭȮPowertrain Electrification ŏĮƦĬȮœħƟŐĔƞȮ 
Micro Hybrid Electric VehicleȮ&µHEV) Mild Hybrid Electric Vehicle (Mild HEV) Full Hybrid 
Electric Vehicle (Full HEV) Plug-In Hybrid Electric VehicleȮŐĸŃȮPure Electric Vehicle őħĵŐĭƞĚĵƞŀĵ
œħƟŏĮƦĬȮBattery Electric Vehicle &BEV) ŐĸŃȮFuel Cell Electric Vehicle (FCEV)   

ĽŜŅľĶńĭĔŅĶĻŉĔļŅĬňŘěŃŏĬƟĬĔŅĶĻŉĔļŅȮĶĩĵĬĨƢœĲĲƚŅĪňŗĕńĭŏėĸŊŗŀĬħƟĺĵĶŃĭĭĕńĭŏėĸŊŗŀĬœĲĲƚŅȮ(Pure 
Electric Powertrain) ŐĭĭȮBattery Electric Vehicle ĞŉŗĚľĴŅĵĩŉĚĶĩĵĬĨƢĪňŗĴňĔŅĶĽĶƟŅĚŐĶĚĕńĭŏėĸŊŗŀĬħƟĺĵ
ĴŀŏĨŀĶƢœĲĲƚŅȮőħĵěŃœħƟĶńĭĔĶŃŐĽœĲĲƚŅěŅĔŐĭĨŏĨŀĶňŗŏıňĵĚŀĵƞŅĚŏħňĵĺȮőħĵıĸńĚĚŅĬœĲĲƚŅěŃĴňĔŅĶĩŌĔĝŅĶƢěŏıŇŗĴ
ěŅĔŐľĸƞĚıĸńĚĚŅĬħƟŅĬĬŀĔ 

2.1 ĶŃĭĭĔŅĶĪŜŅĚŅĬĶĩĵĬĨƢœĲĲƚŅ 

ĽƞĺĬĮĶŃĔŀĭĪňŗĽŜŅėńĠĕŀĚĶĩĵĬĨƢœĲĲƚŅĪňŗĴňėĺŅĴŐĨĔĨƞŅĚěŅĔĶĩĵĬĨƢŏėĶŊŗŀĚĵĬĨƢĽńĬħŅĮĳŅĵŒĬĴŅĔĪňŗĽŋħȮ
ėŊŀĶŃĭĭĕńĭŏėĸŊŗŀĬȮĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵĝŇŘĬĽƞĺĬľĸńĔœħƟŐĔƞȮĴŀŏĨŀĶƢĕńĭŏėĸŊŗŀĬȮ&Traction Motor) ıĶƟŀĴħƟĺĵ
ĽƞĺĬėĺĭėŋĴŀŇĬŏĺŀĶƢŏĨŀĶƢȮ&Traction Motor Inverter) :ŐĸŃĶŃĭĭĔńĔŏĔŖĭıĸńĚĚŅĬȮ(Energy storage system) 
ŒĬĪňŗĬňŘľĴŅĵĩŉĚŐĭĨŏĨŀĶňŗȮ&Battery'ȮıĶƟŀĴĔńĭľĬƞĺĵėĺĭėŋĴŐĭĨŏĨŀĶňŗȮ&Battery management system/ 
BMS) ŐĸŃŀŋĮĔĶĦƢėĺĭėŋĴĔŅĶĝŅĶƢěĮĶŃěŋœĲĲƚŅŏıŊŗŀŏĔŖĭœĺƟŒĬŐĭĨŏĨŀĶňŗȮŒĬĔĶĦňĪňŗŀŋĮĔĶĦƢħńĚĔĸƞŅĺĨŇħĨńŘĚœĺƟĭĬĶĩ
ěŃŏĶňĵĔŀŋĮĔĶĦƢħńĚĔĸƞŅĺĺƞŅȮOn-board charger ĬŀĔěŅĔĬńŘĬĵńĚĴňŀŋĮĔĶĦƢĪňŗĪŜŅľĬƟŅĪňŗŐĮĸĚĶŃħńĭŐĶĚħńĬœĲĲƚŅ

ľĶŊŀȮDC/DC converter ĮĶŃĔŀĭŒĬĶŃĭĭĕńĭŏėĸŊŗŀĬħƟĺĵȮĶŌĮȮ2-1ȮŐĸŃȮĶŌĮȮ2-2ȮŐĽħĚĝŇŘĬĽƞĺĬľĸńĔĕŀĚĶŃĭĭ
ĕńĭŏėĸŊŗŀĬŐĸŃĶŃĭĭĔńĔŏĔŖĭıĸńĚĚŅĬ 

 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-2 

 
ĶŌĮȮ2-1  HEV/EV Powertrain main componentsȮ 

(ĪňŗĴŅ: DELTA) 

 

 
ĶŌĮȮ2-2  ĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚĶŃĭĭĕńĭŏėĸŊŗŀĬœĲĲƚŅȮ 

&ĪňŗĴŅ: Hyundai) 

ĶŌĮȮ2-3ȮȮŐĽħĚŏĽƟĬĪŅĚĔŅĶœľĸŏĺňĵĬıĸńĚĚŅĬœĲĲƚŅŒĬĶĩĵĬĨƢœĲĲƚŅȮıĶƟŀĴľĬƟŅĪňŗĕŀĚŐĨƞĸŃŀŋĮĔĶĦƢĪňŗ
ŏĔňŗĵĺĕƟŀĚȮPower supply ĪŜŅľĬƟŅĪňŗįƞŅĬěƞŅĵĮĶŃěŋœĲĲƚŅŒľƟĔńĭĶŃĭĭĔńĭŏĔŖĭıĸńĚĚŅĬȮőħĵŀŅěěŃįƞŅĬĔŅĶĝŅĶƢě
ŐĭĭĮĔĨŇȮ(Normal charging) ŐĸƟĺįƞŅĬȮOn-board charger œĮĵńĚȮTraction Battery ľĶŊŀŒĝƟĔŅĶĝŅĶƢěŐĭĭ
ŏĶŖĺȮ&Quick charging) ĨĶĚŏĕƟŅœĮŏĔŖĭœĺƟŒĬŐĭĨŏĨŀĶňŗȮŏĴŊŗŀȮMotor ĨƟŀĚĔŅĶıĸńĚĚŅĬœĲĲƚŅŏıŊŗŀĬŜŅœĮŒĝƟȮInverter 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-3 

ěŃĪŜŅľĬƟŅĪňŗŏĮĸňŗĵĬĔĶŃŐĽœĲĲƚŅěŅĔĔĶŃŐĽœĲĲƚŅĨĶĚĪňŗœħƟĶńĭěŅĔŐĭĨŏĨŀĶňŗŏĮƦĬĔĶŃŐĽĽĸńĭȮŒĬĔĶĦňĪňŗĴŀŏĨŀĶƢ
œĲĲƚŅĨƟŀĚĔŅĶœĲĲƚŅĔĶŃŐĽĽĸńĭȮŐĸŃŏĮĸňŗĵĬŐĶĚħńĬŐĸŃėĺŅĴĩňŗĔĶŃŐĽœĲĲƚŅŏıŊŗŀėĺĭėŋĴĔŅĶĪŜŅĚŅĬĕŀĚĴŀŏĨŀĶƢȮ 

ĴŀŏĨŀĶƢĪŜŅľĬƟŅĪňŗŏĮĸňŗĵĬıĸńĚĚŅĬœĲĲƚŅŏĮƦĬıĸńĚĚŅĬĔĸȮĽƞĚĩƞŅĵįƞŅĬĝŋħŏĔňĵĶƢȮ(Transmission) ŏıŊŗŀŒĝƟŒĬ
ĔŅĶĕńĭŏėĸŊŗŀĬĶĩĵĬĨƢȮŒĬĔĶĦňĪňŗĶĩĵĬĨƢŏĭĶĔȮěŃŏĔŇħĔĶŃĭĺĬĔŅĶȮRegenerative brakes ĕŉŘĬőħĵĴŀŏĨŀĶƢœĲĲƚŅ
ěŃĪŜŅľĬƟŅŏĮƦĬŏěĬŏĬŀŏĶŏĨŀĶƢŏĮĸňŗĵĬıĸńĚĚŅĬĔĸĔĸńĭŏĮƦĬıĸńĚĚŅĬœĲĲƚŅȮŐĸƟĺĬŜŅœĮĝŅĶƢěŏĔŖĭœĺƟŒĬŐĭĨŏĨŀĶňŗ 

 
ĶŌĮȮ2-3  EV system configurationȮ 

(ĪňŗĴŅ: Mitsubishi) 

ĔŅĶěńħĺŅĚĝŇŘĬĽƞĺĬĶŃĭĭĕńĭŏėĸŊŗŀĬĽŅĴŅĶĩĪŜŅœħƟľĸŅĔľĸŅĵĶŌĮŐĭĭħńĚŏĝƞĬȮĨńĺŀĵƞŅĚĪňŗŐĽħĚŒĬĶŌĮȮ2-4ȮȮ
ĶŌĮŐĭĭĔŅĶěńħĺŅĚĝŇŘĬĽƞĺĬĶŃĭĭĕńĭŏėĸŊŗŀĬĴňįĸĔĶŃĪĭőħĵĨĶĚĨƞŀĝŇŘĬĽƞĺĬȮŀŋĮĔĶĦƢŐĸŃĶŃĭĭŀŊŗĬŕȮĕŀĚĶĩĵĬĨƢ
œĲĲƚŅȮ 

ĶŌĮȮ2-4Ȯa) ŐĽħĚĔŅĶěńħĺŅĚĶŃĭĭĕńĭŏėĸŊŗŀĬĞŉŗĚĮĶŃĔŀĭœĮħƟĺĵȮħƟĺĵĴŀŏĨŀĶƢœĲĲƚŅȮ/ȮĨńĺȮěŃĶńĭ
ıĸńĚĚŅĬěŅĔŐĭĨŏĨŀĶňŗŐĸŃĽĶƟŅĚŐĶĚĕńĭŏėĸŊŗŀĬįƞŅĬĝŋħŏĔňĵĶƢœĮĵńĚŏıĸŅĕńĭħƟŅĬľĬƟŅȮĔƞŀĬĪňŗěŃĽƞĚĨƞŀœĮĪňŗĸƟŀȮĔŅĶ
ěńħĺŅĚŒĬĸńĔļĦŃĬňŘėĸƟŅĵėĸŉĚĔńĭĔŅĶĺŅĚĶŃĭĭĕńĭŏėĸŊŗŀĬħƟĺĵŏėĶŊŗŀĚĵĬĨƢ  

ĶŌĮȮ2-4Ȯb) ŐĽħĚĔŅĶěńħĺŅĚħƟĺĵĴŀŏĨŀĶƢœĲĲƚŅȮ0ȮĨńĺȮőħĵŐĨƞĸŃĨńĺěŃĽƞĚŐĶĚĕńĭœĮĵńĚŏıĸŅĪňŗĨƞŅĚĔńĬȮĪŜŅ
ŒľƟĶĩĵĬĨƢĽŅĴŅĶĩĕńĭŏėĸŊŗŀĬœħƟĪńŘĚȮ2ȮĸƟŀ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-4 

ėĺŅĴŐĨĔĨƞŅĚĪňŗŏħƞĬĝńħĶŃľĺƞŅĚĶŃĭĭĕńĭŏėĸŊŗŀĬħƟĺĵœĲĲƚŅĔńĭĶŃĭĭĕńĭŏėĸŊŗŀĬŀŊŗĬȮėŊŀėĺŅĴĽŅĴŅĶĩŒĬ
ĽĶƟŅĚĔŅĶĨŇħĨńŘĚĴŀŏĨŀĶƢœĲĲƚŅœĺƟĪňŗħŋĴĸƟŀĶĩȮ&In-Wheel Motor) őħĵĴŀŏĨŀĶƢœĲĲƚŅĩƞŅĵĪŀħĽĶƟŅĚŐĶĚĕńĭŏėĸŊŗŀĬ

œĮĵńĚĸƟŀȮőħĵœĴƞįƞŅĬŀŋĮĔĶĦƢŀŊŗĬŕȮŏĝƞĬȮŏĔňĵĶƢȮŐĸŃŏıĸŅĕńĭŀňĔĨƞŀœĮȮħńĚĪňŗŐĽħĚŒĬȮĶŌĮȮ2-4Ȯc)ȮŐĸŃȮĶŌĮȮ2-4Ȯd) 

 
ĶŌĮȮ2-4  Pure Electric Powertrain Layout  

(ĪňŗĴŅ: P. Othaganont et.al, mdpi.com/journal/energies) 

ĶĩĵĬĨƢœĲĲƚŅŒĬĮƤěěŋĭńĬĵńĚėĚĴňőėĶĚĽĶƟŅĚľĸńĔŐĸŃĽƞĺĬĮĶŃĔŀĭĪňŗŒĔĸƟŏėňĵĚĔńĭĶĩĵĬĨƢŏėĶŊŗŀĚĵĬĨƢ
ĽńĬħŅĮĳŅĵŒĬȮĔĸƞŅĺėŊŀȮőėĶĚģŅĬȮĨńĺĩńĚȮŐĸŃĳŅĵĬŀĔĨńĺĶĩĵńĚėĸƟŅĵŏħŇĴȮĶŃĭĭĔńĬĽŃŏĪŊŀĬȮĶŃĭĭĭńĚėńĭŏĸňŘĵĺȮ
ŐĸŃĶŃĭĭŏĭĶĔȮěŃĴňĔŅĶĮĶńĭŏĮĸňŗĵĬĨŅĴĕĬŅħľĶŊŀĮĶŃŏĳĪĶĩĵĬĨƢœĲĲƚŅĬńŘĬŕȮŀĵƞŅĚœĶĔŖĨŅĴĝŇŘĬĽƞĺĬĮĶŃĔŀĭ
ıŊŘĬģŅĬĕŀĚĶŃĭĭħńĚĔĸƞŅĺĵńĚėĚėĸƟŅĵŏħŇĴȮŏĝƞĬŏħňĵĺĔńĭĝŇŘĬĽƞĺĬıŊŘĬģŅĬĽŜŅľĶńĭŀŋĮĔĶĦƢĳŅĵŒĬĶĩĵĬĨƢȮĪńŘĚĬňŘ
ŀŅěěŃĴňĔŅĶĮĶńĭŏĮĸňŗĵĬĭƟŅĚŒĬĭŅĚĶŅĵĔŅĶĪňŗĸħėĺŅĴĽŜŅėńĠŒĬĔŅĶŒĝƟĚŅĬĸĚȮŏĝƞĬȮėńĬŏĔňĵĶƢȮľĶŊŀĴňĔŅĶŏıŇŗĴ
ĶŅĵĸŃŏŀňĵħĕŀĚŀŋĮĔĶĦƢĪňŗŏıŇŗĴĭĪĭŅĪĴŅĔĕŉŘĬȮŏĝƞĬŀŋĮĔĶĦƢŐĽħĚįĸȮľĬƟŅěŀ 

ĝŋħŏĔňĵĶƢȮĶĺĴĩŉĚŏıĸŅĕńĭȮŏĮƦĬĝŇŘĬĽƞĺĬľĶŊŀŀŋĮĔĶĦƢĪňŗĨƟŀĚĴňĔŅĶĮĶńĭŏĮĸňŗĵĬœĮĨŅĴĶŌĮŐĭĭĔŅĶěńħĺŅĚ
ĶŃĭĭȮĨŅĴĪňŗĔĸƞŅĺœĺƟĕƟŅĚĨƟĬȮŒĬĔĶĦňĪňŗŒĝƟěńħĺŅĚĴŀŏĨŀĶƢĕńĭŏėĸŊŗŀĬŏıňĵĚȮ/ȮľĶŊŀȮ0ȮĨńĺĨŇħĨńŘĚŀĵŌƞĭĶŇŏĺĦĔĸŅĚ
ĶĩĵĬĨƢėĸƟŅĵĔńĭĔŅĶĺŅĚŏėĶŊŗŀĚĵĬĨƢȮěŃĵńĚėĚŒĝƟĝŋħŏĔňĵĶƢŐĸŃŏıĸŅĕńĭȮŐĨƞěŃĸħěŜŅĬĺĬĲƤĬŏĲƘŀĚĸĚȮŐĸŃ
ĮĶńĭŏĮĸňŗĵĬŀńĨĶŅĪħŒľƟŏľĴŅŃĽĴĔńĭĔŅĶŒĝƟĚŅĬĔńĭĴŀŏĨŀĶƢĕńĭŏėĸŊŗŀĬŒĬŐĨƞĸŃŐĭĭȮľŅĔŏĮƦĬĶŃĭĭĪňŗŒĝƟȮIn-
Wheel-Motor ĝŋħŏĔňĵĶƢŐĸŃŏıĸŅĕńĭěŃœĴƞĩŌĔĬŜŅĴŅŒĝƟ 

ĶŌĮȮ2-5ȮŐĽħĚĨńĺŀĵƞŅĚĔŅĶěńħĺŅĚĶŃĭĭĕńĭŏėĸŊŗŀĬŒĬĨńĺĶĩĵĬĨƢȮŐĸŃȮĶŌĮȮ2-6ȮŐĽħĚĨńĺŀĵƞŅĚőėĶĚĽĶƟŅĚ
ĶĩĵĬĨƢœĲĲƚŅĽĴńĵŒľĴƞȮ 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-5 

 
ĶŌĮȮ2-5  őėĶĚĽĶƟŅĚĶĩĵĬĨƢœĲĲƚŅȮ 

(ĪňŗĴŅ: BMW) 

 

 
ĶŌĮȮ2-6  ĔŅĶěńħĺŅĚĝŇŘĬĽƞĺĬĶĩĵĬĨƢœĲĲƚŅȮ 

&ĪňŗĴŅ: General Motor) 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-6 

2.2 ĴŀŏĨŀĶƢœĲĲƚŅȮ 

ĴŀŏĨŀĶƢœĲĲƚŅŏĮƦĬŀŋĮĔĶĦƢœĲĲƚŅĪňŗŐĮĸĚıĸńĚĚŅĬœĲĲƚŅŏĮƦĬıĸńĚĚŅĬĔĸȮĽŜŅľĶńĭĔŅĶĬŜŅĴŅŒĝƟŒĬĶŃĭĭ
ĕńĭŏėĸŊŗŀĬĶĩĵĬĨƢœĲĲƚŅȮľĬƟŅĪňŗľĸńĔĕŀĚĴŀŏĨŀĶƢĕńĭŏėĸŊŗŀĬėŊŀĔŅĶĽĶƟŅĚŐĶĚĭŇħŏıŊŗŀŒĝƟŏĮƦĬŐĶĚĕńĭŏėĸŊŗŀĬȮ
ĬŀĔěŅĔĬńŘĬĵńĚĪŜŅľĬƟŅŏĮƦĬŏěĬŏĬŀŏĶŏĨŀĶƢĽŜŅľĶńĭĔŅĶŏĮĸňŗĵĬıĸńĚĚŅĬĔĸŏĮƦĬıĸńĚĚŅĬœĲĲƚŅŒĬĕĦŃĪňŗĶĩŏĭĶĔȮ 

ŏľĨŋįĸĽŜŅėńĠŒĬĔŅĶŒĝƟĴŀŏĨŀĶƢœĲĲƚŅĴŅŏĮƦĬĨƟĬĔŜŅľĬħĔŜŅĸńĚĭĬĶĩĵĬĨƢŏĬŊŗŀĚěŅĔėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĽĶƟŅĚŐĶĚĭŇħĨƞŀĶŀĭĔŅĶľĴŋĬĕŀĚĴŀŏĨŀĶƢĪňŗĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚĶĩĵĬĨƢœħƟŏĮƦĬŀĵƞŅĚħňȮħńĚĪňŗ

ŐĽħĚœĺƟŒĬĶŌĮȮ2-7 

ĶŌĮȮ2-7Ȯ+ĭĬĞƟŅĵȮŐĽħĚėĺŅĴĨƟŀĚĔŅĶĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚĶĩĵĬĨƢŒĬĔŅĶŏėĸŊŗŀĬĪňŗȮőħĵŒĬĶŀĭėĺŅĴŏĶŖĺ
ĨŗŜŅĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟŐĶĚĭŇħĪňŗĽŌĚȮěŅĔĬńŘĬěŃėĚĪňŗěĬĩŉĚĶŀĭŏėĶŊŗŀĚľĬŉŗĚȮŐĸƟĺŐĶĚĭŇħĪňŗĨƟŀĚĔŅĶěŃĸħĸĚȮŏĴŊŗŀ

ıŇěŅĶĦŅŐĶĚĭŇħĨƞŀĶŀĭĪňŗĴŀŏĨŀĶƢœĲĲƚŅĽŅĴŅĶĩĽĶƟŅĚœħƟȮ&ĶŌĮȮ2-7+ĭĬĕĺŅ'ȮĔńĭŐĶĚĭŇħĪňŗŏėĶŊŗŀĚĵĬĨƢĽŅĴŅĶĩŒľƟœħƟ

ŒĬĝƞĺĚĶŀĭŏħňĵĺĔńĬȮ&ĶŌĮȮ2-7+ĞƟŅĵĸƞŅĚ'ȮıĭĺƞŅĔĶŅĲĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŒĔĸƟŏėňĵĚĴŅĔĔĺƞŅȮĶŃĭĭĕńĭŏėĸŊŗŀĬħƟĺĵ
ŏėĶŊŗŀĚĵĬĨƢěŃĽŅĴŅĶĩĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶœħƟħňĕŉŘĬȮŏĴŊŗŀĪŜŅĚŅĬĶƞĺĴĔńĭĝŋħŏĔňĵĶƢȮ&ĶŌĮȮ2-7+ĕĺŅĸƞŅĚ) 

 
ĶŌĮȮ2-7  Performance curve-Torque-Speed  

(ĪňŗĴŅ: Quora) 

ĴŀŏĨŀĶƢœĲĲƚŅĴňľĸŅĔľĸŅĵĮĶŃŏĳĪħńĚĪňŗŐĽħĚœĺƟŒĬĶŌĮȮ2-8ȮŒĬĪňŗĬňŘěŃĬŜŅŏĽĬŀŏĜıŅŃĴŀŏĨŀĶƢœĲĲƚŅĪňŗĩŌĔ
ĬŜŅĴŅŒĝƟŏĮƦĬĴŀŏĨŀĶƢĕńĭŏėĸŊŗŀĬŒĬĶĩĵĬĨƢœĲĲƚŅȮőħĵĽŅĴŅĶĩŐĭƞĚŏĮƦĬĔĸŋƞĴŒľĠƞŕȮœħƟĨŅĴĸńĔļĦŃĔĶŃŐĽœĲĲƚŅĪňŗ
ĴŀŏĨŀĶƢĶńĭĴŅŏıŊŗŀŒĝƟĪŜŅĚŅĬȮœħƟŐĔƞȮĴŀŏĨŀĶƢĔĶŃŐĽĨĶĚȮ&DC Motor) ŐĸŃȮĴŀŏĨŀĶƢĔĶŃŐĽĽĸńĭȮ&AC Motor' 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-7 

 
ĶŌĮȮ2-8  Classification of electric motor  

(ĪňŗĴŅ: Electrical Knowhow) 

2.2.1 ĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚȮ  

ĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚȮ&DC Motor) ĪňŗĬŇĵĴĬŜŅĴŅŒĝƟŏĮƦĬȮTraction motor ŒľƟĔńĭĶĩĵĬĨƢ
œĲĲƚŅĴňȮ0ȮĮĶŃŏĳĪœħƟŐĔƞ Series wound motor ŐĸŃ Brushless DC Motor (BLDC) 

Series wound motor ŏĮƦĬĴŀŏĨŀĶƢŐĭĭŒĝƟŐĮĶĚĩƞŅĬĝĬŇħľĬŉŗĚȮ(DC brush motor) őħĵ

őėĶĚĽĶƟŅĚıŊŘĬģŅĬħńĚĪňŗŐĽħĚŒĬĶŌĮȮ2-9Ȯ 

 
ĶŌĮȮ2-9  Brushed DC Motor Construction  

(ĪňŗĴŅ: http://www.electrical-knowhow.com) 

ĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚĴŀŏĨŀĶƢĝĬŇħĬňŘěŃĮĶŃĔŀĭœĮħƟĺĵ stator rotor brushes ŐĸŃ 

commutatorȮħńĚĪňŗŐĽħĚŒĬȮĶŌĮȮ2-10Ȯ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-8 

ĽŏĨŏĨŀĶƢ ěŃĮĶŃĔŀĭħƟĺĵ Frame ŏĮƦĬőėĶĚĳŅĵĬŀĔĪŜŅľĬƟŅĪňŗĵŉħĽƞĺĬĮĶŃĔŀĭŀŊŗĬŕŒľƟŐĕŖĚŐĶĚ
ĪŜŅħƟĺĵŏľĸŖĔľĸƞŀľĶŊŀŏľĸŖĔŐįƞĬľĬŅĴƟĺĬŏĮƦĬĶŌĮĪĶĚĔĶŃĭŀĔ ĽŏĨŏĨŀĶƢ ěŃĽĶƟŅĚĽĬŅĴŐĴƞŏľĸŖĔĶŀĭȮőĶŏĨŀĶƢ 
ħƟĺĵŐĴƞŏľĸŖĔĩŅĺĶȮ&Permanent magnet) ľĶŊŀŐĔĬŐĴƞŏľĸŖĔıńĬĕħĸĺħȮ&Electromagnetic Windings)  

 
ĶŌĮȮ2-10  Brushed DC Motor Main Components  

(ĪňŗĴŅ: IER Services) 

őĶŏĨŀĶƢ ľĶŊŀŏĶňĵĔĺƞŅȮArmature (ĶŌĮȮ2-11) ĽŜŅľĶńĭĴŀŏĨŀĶƢĝĬŇħĬňŘĪŜŅŒľƟŏĔŇħĔŜŅĸńĚĚŅĬĴňŐĔĬĺŅĚ
ŀĵŌƞŒĬĨĸńĭĸŌĔĮƘĬȮ&Ball Bearing) ĞŉŗĚĮĶŃĔŀĭŀĵŌƞŒĬŐįƞĬĮƕħľńĺĪƟŅĵȮ&End Plate) ĭĬȮőĶŏĨŀĶƢ ěŃĮĶŃĔŀĭœĮ
ħƟĺĵȮŐĔĬŏıĸŅȮ&Shaft) ŐĔĬŏľĸŖĔŀŅĶƢĴŅŏěŀĶƢȮ&Armature Core) ėŀĴĴŇĺŏĨŀĶƢȮ&Commutator) ĕħĸĺħŀŅĶƢ
ĴŅŏěŀĶƢȮ&Armature Winding) 

 
ĶŌĮȮ2-11  Brushed DC Motor Rotor  

(ĪňŗĴŅ: IER Services) 

ŐĔĬŏıĸŅȮ&Shaft) ŏĮƦĬĨńĺĽŜŅľĶńĭĵŊħėŀĴĴŇĺŏĨŏĨŀĶƢȮŐĸŃĵŉħŐĔĬŏľĸŖĔŀŅĶƢĴŅŏěŀĶƢȮ&Armature 
Croe) őħĵŐĔĬŏľĸŖĔŀŅĶƢĴŅŏěŀĶƢȮ&Armature Core) ĪŜŅħƟĺĵŐįƞĬŏľĸŖĔĭŅĚŀŅĭĜĬĺĬȮ&Laminated Sheet 
Steel)  ėŀĴĴŇĺŏĨŏĨŀĶƢȮ&Commutator) ĪŜŅħƟĺĵĪŀĚŐħĚŀŀĔȮŐĭĭŏĮƦĬĞňŗȮĽƞĺĬľńĺĞňŗĕŀĚėŀĴĴŇĺŏĨŏĨŀĶƢȮěŃĴňĶƞŀĚ
ĽŜŅľĶńĭŒĽƞĮĸŅĵĽŅĵĕŀĚĕħĸĺħŀŅĶƢĴŅŏěŀĶƢȮĨńĺėŀĴĴŇĺŏĨŏĨŀĶƢěŃŀńħŐĬƞĬĨŇħĔńĭŐĔĬŏıĸŅȮŏĮƦĬĶŌĮĔĸĴ
ĪĶĚĔĶŃĭŀĔȮĴňľĬƟŅĪňŗĽńĴįńĽĔńĭŐĮĶĚĩƞŅĬȮ&Carbon Brushes)Ȯ 

Brush ĪŜŅħƟĺĵėŅĶƢĭŀĬĴňĶŌĮĶƞŅĚŏĮƦĬŐĪƞĚĽňŗŏľĸňŗĵĴįŊĬįƟŅŒĬĞŀĚŐĮĶĚĴňĽĮĶŇĚĔħŀĵŌƞħƟŅĬĭĬŏıŊŗŀŒľƟ
ĩƞŅĬĽńĴįńĽĔńĭĞňŗėŀĴĴŇĺŏĨŏĨŀĶƢĨĸŀħŏĺĸŅ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-9 

ĴŀŏĨŀĶƢĝĬŇħĬňŘěŃĨƟŀĚŒĝƟœĲĲƚŅĔĶŃŐĽĨĶĚŏıŊŗŀĔĶŃĨŋƟĬĨńĺŏŀĚŒľƟĴňĔŅĶĽńĭŏĮĸňŗĵĬĨŜŅŐľĬƞĚħƟĺĵ
ĨĬŏŀĚ ĞŉŗĚĨƟŀĚŒĝƟŐĮĶĚĩƞŅĬȮ(Brush) ŐĸŃȮPermanent magnet ľĶŊŀȮElectromagnetic WindingsȮĔŅĶ
ĽńĭŏĮĸňŗĵĬħńĚĔĸƞŅĺěŃĪŜŅŒľƟŏĔŇħĔŅĶŏėĸŊŗŀĬœľĺĕŀĚőĶŏĨŀĶƢ 

ĴŀŏĨŀĶƢĮĶŃŏĳĪĬňŘĴňĶŅėŅĩŌĔȮėĺĭėŋĴĔŅĶĪŜŅĚŅĬœħƟĚƞŅĵȮľŅĞŊŘŀœħƟœĴƞĵŅĔȮŏĮƦĬĪňŗĬŇĵĴĽŜŅľĶńĭįŌƟĪŜŅ
ĔŅĶħńħŐĮĸĚĶĩĵĬĨƢīĶĶĴħŅŒľƟŏĮƦĬĶĩĵĬĨƢœĲĲƚŅ ĕƟŀħƟŀĵėŊŀĔŅĶĨƟŀĚľĴńŗĬĭŜŅĶŋĚĶńĔļŅ commutator carbon 

brushes ĨńĺŀĵƞŅĚĕŀĚȮSeries wound motor ŐĽħĚŒĬĶŌĮȮ2-12 

 
ĶŌĮȮ2-12  Series wound motor  

(ĪňŗĴŅ: http://EVAoSD.FarTooMuch.Info/emotor.htm) 

Brushless DC Motor (BLDC) ŒĬĴŀŏĨŀĶƢĝĬŇħĬňŘœħƟĴňĔŅĶĬŜŅĨńĺĽńĭŏĮĸňŗĵĬĔĸœĔŐĭĭĽĺŇĪĝƢ
ŀŇŏĸŖĔĪĶŀĬŇĔĽƢĳŅĵĬŀĔĴŅŒĝƟŐĪĬĪňŗĽĺŇĪĝƢľĴŋĬȮĚħŒĝƟ Commutator ŐĸŃȮBrush ĪŜŅŒľƟĽŅĴŅĶĩėĺĭėŋĴ
ėĺŅĴŏĶŖĺĕŀĚĔŅĶľĴŋĬœħƟŐĴƞĬĵŜŅĴŅĔĕŉŘĬ 

 
ĶŌĮȮ2-13 ȮConstruction of Brushless DC Motor  

(ĪňŗĴŅ: Electrical Technology) 

http://evaosd.fartoomuch.info/emotor.htm


őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-10 

őėĶĚĽĶƟŅĚľĸńĔĕŀĚȮBLDC ŐĽħĚœĺƟŒĬȮĶŌĮȮ2-13ȮőħĵĳŅĵŒĬȮĽŏĨŏĨŀĶƢ ŀŅěěŃĮĶŃĔŀĭœĮħƟĺĵȮ
Stator Teeth ĪňŗĪŜŅěŅĔȮStacked Steel LaminationsȮŐĸŃıńĬħƟĺĵĕħĸĺħȮ(Windings) ľĶŊŀŏĮƦĬȮSlotless 

Motor ĪňŗĸħĔŅĶŒĝƟȮTeeth ħńĚĪňŗŐĽħĚŒĬĶŌĮȮ2-14 

 
ĶŌĮȮ2-14  Construction of Stator Brushless DC Motor 

(ĪňŗĴŅ: Electrical Technology) 

őĶŏĨŀĶƢ ěŃĮĶŃĔŀĭœĮħƟĺĵȮPermanent magnet ĪĶĚĔĶŃĭŀĔĪňŗĨŇħĨńŘĚĭĬȮshaft ĔŅĶěńħĺŅĚ
ĨŜŅŐľĬƞĚĕŀĚĕńŘĺŐĴƞŏľĸŖĔŏľĬŊŀŒĨƟȮĴňėĺŅĴŐĨĔĨƞŅĚĔńĬœĮĨŅĴĝĬŇħŐĸŃĕĬŅħĕŀĚĴŀŏĨŀĶƢĪňŗĨƟŀĚĔŅĶįĸŇĨȮ
ĬŀĔěŅĔĬńŘĬȮBLDC ĵńĚěŜŅŏĮƦĬĨƟŀĚĴňȮHall sensor ŏıŊŗŀĪŜŅľĬƟŅĪňŗĭŀĔĨŜŅŐľĬƞĚĕŀĚȮőĶŏĨŀĶƢ őħĵĽƞĺĬŒľĠƞȮBLDC 

ěŃĮĶŃĔŀĭœĮħƟĺĵȮHall Sensor 3 ĝŋħȮħńĚĪňŗŐĽħĚŒĬĶŌĮȮ2-15 

 
ĶŌĮȮ2-15  Hall Sensors on BLDC  

(ĪňŗĴŅ: http://www.electrical-knowhow.com) 

ĕƟŀŏħƞĬĕŀĚȮBLDC ėŊŀŏĽňĵĚŏĚňĵĭȮĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪŜŅĚŅĬĽŌĚȮĴňĕĬŅħŏĸŖĔȮĨńĺĴŀŏĨŀĶƢĽŅĴŅĶĩ
ĪŜŅŏĮƦĬőėĶĚĽĶƟŅĚĮƕħȮĪŜŅŒľƟœĴƞĴňİŋƙĬĸŃŀŀĚįƞŅĬŏĕƟŅœĮœħƟȮĪŜŅŒľƟĽŅĴŅĶĩėĺĭėŋĴĔŅĶĪŜŅĚŅĬœħƟŐĴƞĬĵŜŅĨĸŀħŀŅĵŋ
ĔŅĶŒĝƟĚŅĬ ĕƟŀħƟŀĵėŊŀȮĶŅėŅĪňŗĽŌĚȮŐĸŃėĺĭėŋĴœħƟĵŅĔŒĬĝƞĺĚĪňŗĔŜŅĸńĚĕŀĚĴŀŏĨŀĶƢĽŌĚĴŅĔȮĴŀŏĨŀĶƢœĲĲƚŅĮĶŃŏĳĪĬňŘ

ĬŇĵĴŒĝƟŒĬĶŃĭĭĕńĭŏėĸŊŗŀĬŐĭĭœŁĭĶŇħȮĶŌĮȮ2-16 ŐĽħĚĨńĺŀĵƞŅĚĔŅĶĨŇħĨńŘĚȮBLDC ĭĬŏıĸŅĶĩĵĬĨƢ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-11 

 
ĶŌĮȮ2-16ȮȮBrushless DC Motor  

&ĪňŗĴŅȮ: .uumotor.com/10kw-bldc-motor-for-electric-car.html) 

2.2.2 ĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĽĸńĭ 

ĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĽĸńĭȮ&AC Motor)ȮĪňŗŒĬĮƤěěŋĭńĬĬŇĵĴĬŜŅĴŅŒĝƟŏĮƦĬȮTraction motor œħƟŐĔƞȮ
Induction motor (IM) ĞŉŗŏĮƦĬĴŀŏĨŀĶƢœĲĲƚŅŒĬĮĶŃŏĳĪAsynchronous motor ĨńĺŀĵƞŅĚŏĝƞĬ ŐĸŃȮ
Permanent magnet AC motor (PMAC) ĞŉŗĚŏĮƦĬĴŀŏĨŀĶƢœĲĲƚŅŒĬĔĸŋƞĴȮSynchronous motor  

ŒĬĴŀŏĨŀĶƢĮĶŃŏĳĪĴŀŏĨŀĶƢŏľĬňŗĵĺĬŜŅȮ&Induction Motor-IM'ȮıĸńĚĚŅĬěŃĩŌĔőŀĬœĮĵńĚőĶŏĨŀĶƢ
őħĵĔŅĶŏľĬňŗĵĺĬŜŅŐĴƞŏľĸŖĔœĲĲƚŅȮŏľĴŊŀĬĔŅĶĔĶŃĪŜŅĕŀĚľĴƟŀŐĮĸĚœĲĲƚŅȮĴŀŏĨŀĶƢŏľĬňŗĵĺĬŜŅĴňĸńĔļĦŃėĸƟŅĵĔńĭ
ľĴƟŀŐĮĸĚĪňŗĔŜŅĸńĚľĴŋĬȮőħĵĪňŗĽŏĨŏĨŀĶƢŏĮƦĬĕħĮģĴĳŌĴŇŐĸŃȮőĶŏĨŀĶƢŏĮƦĬĕħĪŋĨŇĵĳŌĴŇ  

ĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶȮ&Permanent Magnet AC Motor) œĴƞœħƟĴňĔŅĶĽĶƟŅĚĽĬŅĴŐĴƞŏľĸŖĔ
ěŅĔĕħĸĺħĭĬĽŏĨŏĨŀĶƢȮŐĨƞěŃŀŅĻńĵĽĬŅĴŐĴƞŏľĸŖĔĪňŗŏĔŇħěŅĔŐĴƞŏľĸŖĔĩŅĺĶŐĪĬȮŒĬĔŅĶĮĢŇĽńĴıńĬīƢĔńĭ
ĽĬŅĴŐĴƞŏľĸŖĔĕŀĚőĶŏĨŀĶƢŏıŊŗŀĽĶƟŅĚŐĶĚĭŇħȮ 

ĴŀŏĨŀĶƢŏľĬňŗĵĺĬŜŅŐĸŃĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶĴňőėĶĚĽĶƟŅĚıŊŘĬģŅĬŒĔĸƟŏėňĵĚĔńĬȮħńĚĪňŗŐĽħĚŒĬ

ĶŌĮȮ2-17ȮĞŉŗĚŐĽħĚȮTraction motor ĪňŗŒĝƟŒĬĶĩĵĬĨƢĕŀĚĭĶŇļńĪȮGM Ȯ 

 
ĶŌĮȮ2-17Ȯ Construction of Induction Motor and Permanent Magnet AC Motor 

(ĪňŗĴŅ: GM Media) 

http://www.uumotor.com/10kw-bldc-motor-for-electric-car.html


őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-12 

ĽŏĨŏĨŀĶƢĕŀĚĴŀŏĨŀĶƢŏľĬňŗĵĺĬŜŅŐĸŃĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶĮĶŃĔŀĭħƟĺĵȮIron Core ĞŉŗĚŏĔŇħ
ěŅĔĔŅĶĮĶŃĔŀĭŐįƞĬŏľĸŖĔĕĬŅħĭŅĚȮ(Laminations) ěŜŅĬĺĬĴŅĔŏĕƟŅħƟĺĵĔńĬŐĸŃĴňĔŅĶıńĬĕĺħĸĺħĪŀĚŐħĚ

ŏĕƟŅœĮĨŅĴĝƞŀĚȮSlot őėĶĚĽĶƟŅĚĕŀĚĽŏĨŏĨŀĶƢĕŀĚĴŀŏĨŀĶƢĪńŘĚĽŀĚĮĶŃŏĳĪŐĽħĚŒĬĶŌĮȮ2-18 

 
ĶŌĮȮ2-18Ȯ Construction of IM and PMAC Stator 

(ĪňŗĴŅ: MTEC) 

ėĺŅĴŐĨĔĨƞŅĚĪŅĚőėĶĚĽĶƟŅĚĕŀĚĴŀŏĨŀĶƢĪńŘĚĽŀĚĝĬŇħŀĵŌƞĪňŗőĶŏĨŀĶƢ őħĵőĶŏĨŀĶƢĕŀĚĴŀŏĨŀĶƢœĲĲƚŅ
ŐĴƞŏľĸŖĔĩŅĺĶ ĮĶŃĔŀĭĕŉŘĬěŅĔȮLaminations ěŜŅĬĺĬĴŅĔŐĸŃĴňĔŅĶŒĽƞŐĴƞŏľĸŖĔĩŅĺĶŏĕƟŅœĮŒĬőĶŏĨŀĶƢ ħńĚ

ĨńĺŀĵƞŅĚĪňŗŐĽħĚŒĬȮĶŌĮȮ2-19ȮĞŉŗĚŏĮƦĬĨńĺŀĵƞŅĚőĶŏĨŀĶƢĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶĝĬŇħľĬŉŗĚĪňŗŏĶňĵĔĺƞŅȮInterior 
permanent magnet (IPM) ĕŀĚĭĶŇļńĪȮFord Motor ěŅĔĶŌĮěŃŏľŖĬœħƟĩŉĚĸńĔļĦŃŐĭĭŐįĬĔŅĶŏěŅŃĝƞŀĚ
ĽŜŅľĶńĭŒĽƞŐĴƞŏľĸŖĔĩŅĺĶȮőħĵŐĨƞĸŃĴŀŏĨŀĶƢěŃĴňŐĭĭŐįĬĔŅĶŏěŅŃĝƞŀĚĪňŗŐĨĔĨƞŅĚĔńĬœĮȮĞŉŗĚŏĮƦĬŀĚėƢėĺŅĴĶŌƟŒĬĔŅĶ
ŀŀĔŐĭĭĴŀŏĨŀĶƢĝĬŇħĬňŘȮ 

 
ĶŌĮȮ2-19  Interior Permanent Magnet IPM-Rotor [2.1] 

őĶŏĨŀĶƢĕŀĚĴŀŏĨŀĶƢŏľĬňŗĵĺĬŜŅĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮœħƟŐĔƞȮSquirrel Cage Rotor ŐĸŃȮ
Wound Rotor ŒĬĽƞĺĬĕŀĚőėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚőĶŏĨŀĶƢĬńŘĬȮĪńŘĚĽŀĚĮĶŃŏĳĪėĸƟŅĵėĸŉĚĔńĬȮőħĵĮĶŃĔŀĭĕŉŘĬěŅĔȮ
Laminated Care ĞŉŗĚĪŜŅĴŅěŅĔŏľĸŖĔŐįƞĬĭŅĚŐĸŃĴňĔŅĶŏěŅŃĝƞŀĚħƟŅĬĬŀĔŏıŊŗŀĺŅĚȮBar őħĵĪńŗĺœĮȮBar ěŃĪŜŅ
ħƟĺĵĪŀĚŐħĚľĶŊŀŀĸŌĴŇŏĬňĵĴȮĔŅĶıńĬĕĬĸĺħȮ&Winding' ŏĕƟŅœĮŒĬȮBar ĕŀĚőĶŏĨŀĶƢěŜŅŏĮƦĬĨƟŀĚŒľƟœħƟěŜŅĬĺĬȮPole 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-13 

ŏĪƞŅĔńĭěŜŅĬĺĬĕŀĚȮPole ŒĬĽŏĨŏĨŀĶƢȮŒĬĽƞĺĬħƟŅĬĪƟŅĵĕŀĚȮSquirrel Cage Rotor ěŃĮĶŃĔŀĭħƟĺĵŐľĺĬőĸľŃȮ
őħĵĽƞĺĬŒľĠƞĴńĔěŃĪŜŅěŅĔĪŀĚŐħĚȮħƟŅĬĮĸŅĵȮShaft ĕŀĚ Wound Rotor ěŃĨŇħĨńŘĚȮSlip Rings ŏŀŅœĺƟĽŜŅľĶńĭ

ĔŅĶĨŇħĨńŘĚ Resistors and Contactors ŏıŇŗĴŏĨŇĴȮĶŌĮȮ2-20ȮŐĽħĚőėĶĚĽĶƟŅĚőĶŏĨŀĶƢĪńŘĚĽŀĚĝĬŇħĕŀĚĴŀŏĨŀĶƢ
ŏľĬňŗĵĺĬŜŅȮ 

 
ĶŌĮȮ2-20  Construction of Induction Motor Rotor  

&ĪňŗĴŅȮ: Encyclopedia Of Engineering, polytechnichub.com, Electrical Engineering ) 

ĶŌĮȮ2-21ȮŐĸŃȮĶŌĮȮ2-22ȮȮŐĽħĚėĺŅĴŐĨĔĨƞŅĚĪŅĚőėĶĚĽĶƟŅĚĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶȮ
ŐĸŃĴŀŏĨŀĶƢœĲĲƚŅŏľĬňŗĵĺĬŜŅȮőħĵŏĬƟĬĔŅĶŐĽħĚŒľƟŏľŖĬėĺŅĴŐĨĔĨƞŅĚĕŀĚőėĶĚĽĶƟŅĚőĶŏĨŀĶƢĽŜŅľĶńĭĴŀŏĨŀĶƢœĲĲƚŅ
ŒĬŐĨƞĸŃĮĶŃŏĳĪĴňěŜŅĬĺĬȮPole ŏĪƞŅĔńĬ  



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-14 

 
ĶŌĮȮ2-21  Permanent Magnet ŐĸŃȮInduction motor  
&ĪňŗĴŅȮ: http://empoweringpumps.com) 

 

 
ĶŌĮȮ2-22Ȯ Cross section IPM Motor-Induction Motor  

(ĪňŗĴŅ: motorwallpaper.org) 

ŒĬĽƞĺĬĕŀĚĔŅĶŒĝƟĚŅĬĬńŘĬȮĴŀŏĨŀĶƢœĲĲƚŅŏľĬňŗĵĺĬŜŅĩŊŀŏĮƦĬĴŀŏĨŀĶƢœĲĲƚŅĪňŗĬŇĵĴŒĝƟĴŅĔĪňŗĽŋħŒĬ
ĳŅėŀŋĨĽŅľĔĶĶĴȮŀńĬŏĬŊŗŀĚĴŅěŅĔėĺŅĴėĚĪĬĩŅĺĶȮœĴƞŏĽňĵĚƞŅĵȮěŜŅĬĺĬĝŇŘĬĽƞĺĬĳŅĵĕŀĚĴŀŏĨŀĶƢĬƟŀĵȮĪŜŅŒľƟĚƞŅĵ
ĨƞŀĔŅĶĭŜŅĶŋĚĶńĔļŅȮŒĬĽƞĺĬĳŅėĶĩĵĬĨƢœĲĲƚŅȮœħƟĴňĭĶŇļńĪĶĩĵĬĨƢľĸŅĵĭĶŇļńĪŏĸŊŀĔŒĝƟĴŀŏĨŀĶƢœĲĲƚŅĮĶŃŏĳĪĬňŘȮŏĝƞĬȮ

Tesla ĶŌĮȮ2-23 ŐĽħĚĴŀŏĨŀĶƢœĲĲƚŅŐĭĭȮĴŀŏĨŀĶƢœĲĲƚŅŏľĬňŗĵĺĬŜŅĪňŗĬŜŅœĮŒĝƟĚŅĬŒĬĶĩĵĬĨƢȮTesla model S 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-15 

 
ĶŌĮȮ2-23Ȯ Induction Motor  

(ĪňŗĴŅ: https://tesla.stractest.org/tesla-motot) 

ĕƟŀŏħƞĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶȮėŊŀȮėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŒľƟŐĶĚĭŇħŒĬĶŃħńĭĽŌĚœħƟŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚȮĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮŐĸŃĴŀŏĨŀĶƢĽŅĴŅĶĩŒľƟĔŜŅĸńĚėĚĪňŗŒĬĝƞĺĚĶŀĭĴŀŏĨŀĶƢĽŌĚȮĕƟŀħƟŀĵėŊŀĶŅėŅĽŌĚȮ
ŏĬŊŗŀĚěŅĔĴňĔŅĶŒĝƟŐĶƞīŅĨŋĪňŗľŅĵŅĔȮĽŜŅľĶńĭĔŅĶįĸŇĨĝŇŘĬĽƞĺĬȮĔŅĶĭŜŅĶŋĚĶńĔļŅĵŅĔȮĭĶŇļńĪĶĩĵĬĨƢĪňŗŏĸŊŀĔŒĝƟĴŀŏĨŀĶƢ

ĮĶŃŏĳĪĬňŘŏĝƞĬȮBMW Nissan ĶŌĮȮ2-24 ŐĽħĚĴŀŏĨŀĶƢœĲĲƚŅŐĴƞŏľĸŖĔĩŅĺĶĪňŗŒĝƟĨŇħĨńŘĚŒĬĶĩĵĬĨƢœĲĲƚŅȮBMW i3 

 
ĶŌĮȮ2-24  Permanent Magnet AC MotorȮ 
&ĪňŗĴŅ: Deutsches Museum) 

2.2.3 ĔŅĶŏĮĶňĵĭŏĪňĵĭĴŀŏĨŀĶƢœĲĲƚŅŐĨƞĸŃĮĶŃŏĳĪ 

ŒĬĽƞĺĬĬňŘŏĮƦĬĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇŐĸŃĔŅĶŒĝƟĚŅĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŐĨƞĸŃĮĶŃŏĳĪĪňŗœħƟ
ĬŜŅŏĽĬŀœĮŒĬĭĪĔƞŀĬľĬƟŅĬňŘ ĨŅĶŅĚȮ2-1 ŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇĪňŗĽŜŅėńĠĕŀĚȮDirect current motor 
(DC motor) Permanent Magnet motor (PMAC) ŐĸŃȮInduction motor (IM) ŒĬħƟŅĬĨƟĬĪŋĬŐĸŃĔŅĶ
ĭŜŅĶŋĚĶńĔļŅȮŐĶĚĭŇħĪňŗĴŀŏĨŀĶƢĽŅĴŅĶĩĽĶƟŅĚĕŉŘĬĴŅĔœħƟȮėĺŅĴĪĬĪŅĬĕŀĚĴŀŏĨŀĶƢȮĔŅĶŏıŇŗĴėĺŅĴŏĶŖĺȮŐĸŃ
ĮĶŃĽŇĪīŇĳŅıĔŅĶĪŜŅĚŅĬőħĵĶĺĴ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-16 

ĨŅĶŅĚȮ2-1  ĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŐĨƞĸŃĮĶŃŏĳĪ 

ėŋĦĽĴĭńĨŇ DC motor 
AC motor 

Permanent magnet 
motor 

Induction motor 

ĨƟĬĪŋĬŐĸŃĔŅĶ
ĭŜŅĶŋĚĶńĔļŅ 

ĶŅėŅĮŅĬĔĸŅĚ ĶŅėŅŐıĚĪňŗĽŋħ ĶŅėŅĩŌĔŐĸŃĭŜŅĶŋĚĶńĔļŅĚƞŅĵ 

ŐĶĚĭŇħ ŒľƟŐĶĚĭŇħĽŌĚŐĸŃ
ĽńĴıńĬīƢĔńĭĔĶŃŐĽœĲĪňŗ

ěƞŅĵ 

ĕŉŘĬĔńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĞŇĚőėĶĬńĽ 

ĽŅĴŅĶĩėĺĭėŋĴŐĶĚĭŇħœħƟĪńŘĚ
ĔŅĶĮĶńĭŐĶĚħńĬŐĸŃėĺŅĴĩňŗ
ľĶŊŀėĺĭėŋĴŐĭĭŏĺėŏĨŀĶƢ 

ėĺŅĴĪĬĪŅĬ ėĺŅĴĪĬĪŅĬĨŗŜŅȮ
ėĺŅĴĽŉĔľĶŀĽŌĚ 

ėƞŀĬĕƟŅĚĪĬĪŅĬ ėĺŅĴĪĬĪŅĬĽŌĚ 

ĔŅĶŏıŇŗĴ
ėĺŅĴŏĶŖĺ
ĴŀŏĨŀĶƢ 

ĕŉŘĬĔńĭŐĶĚħńĬ
ŐĭĨŏĨŀĶňŗ 

ĕŉŘĬĔńĭėĺŅĴĩňŗĕŀĚĔĶŃŐĽœĲĲƚŅ
ĽĸńĭĪňŗĮƚŀĬŒľƟĔńĭĴŀŏĨŀĶƢ 

ĕĵŅĵĝƞĺĚĶŀĭĔŅĶĪŜŅĚŅĬœħƟ
ĔĺƟŅĚĪňŗĽŋħ 

ĮĶŃĽŇĪīŇĳŅı
ĔŅĶĪŜŅĚŅĬ 

ĮĶŃĽŇĪīŇĳŅıĮŅĬ
ĔĸŅĚ 

ĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħ ĮĶŃĽŇĪīŇĳŅıĮŅĬĔĸŅĚ 

ĬŀĔěŅĔĔŅĶėŜŅĬŉĚĩŉĚėŋĦĽĴĭńĨŇĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŐĸƟĺȮĵńĚėĺĶėŜŅĬŉĚĩŉĚėŋĦĽĴĭńĨŇĕŀĚĝŋħėĺĭėŋĴ
ĴŀŏĨŀĶƢħƟĺĵȮĨŅĶŅĚȮ2-2ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĸńĔļĦŃĕŀĚĝŋħėĺĭėŋĴĴŀŏĨŀĶƢœĲĲƚŅŐĨƞĸŃĮĶŃŏĳĪ 

ĨŅĶŅĚȮ2-2ȮȮĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĸńĔļĦŃĕŀĚĝŋħėĺĭėŋĴĴŀŏĨŀĶƢœĲĲƚŅŐĨƞĸŃĮĶŃŏĳĪ 

Motor control unit 

ėŋĦĽĴĭńĨŇ DC motor 
AC motor 

Permanent magnet 
motor 

Induction motor 

ĨƟĬĪŋĬŐĸŃĔŅĶ
ĭŜŅĶŋĚĶńĔļŅ 

ĶŅėŅĩŌĔĪňŗĽŋħ ĶŅėŅŐıĚĪňŗĽŋħ ĶŅėŅėƞŀĬĕƟŅĚĽŌĚ 

ĺŇīňĔŅĶėĺĭėŋĴ
ėĺŅĴŏĶŖĺ 

ĪŜŅœħƟĚƞŅĵȮőħĵĔŅĶ
ėĺĭėŋĴĶŃħńĭŐĶĚħńĬ 

ėĺĭėŋĴėĺŅĴĩňŗĕŀĚ
ĔĶŃŐĽœĲĲƚŅĽĸńĭ 

ĽŅĴŅĶĩėĺĭėŋĴŐĶĚĭŇħœħƟĪńŘĚ
ĔŅĶĮĶńĭŐĶĚħńĬŐĸŃėĺŅĴĩňŗ
ľĶŊŀėĺĭėŋĴŐĭĭŏĺėŏĨŀĶƢ 

ĔŅĶĽĶƟŅĚŐĶĚĭŇħ ŒĝƟĔĶŃŐĽœĲĽŌĚ ĽĶƟŅĚŐĶĚĭŇħœħƟĽŌĚ ĨƟŀĚŒĝƟĺĚěĶıŇŏĻļ 

ėĺŅĴŏĶŖĺĽŌĚĽŋħ ĕŉŘĬĔńĭŐĶĚħńĬ
ŐĭĨŏĨŀĶňŗ 

ĕŉŘĬĔńĭėĺŅĴĩňŗĕŀĚĔĶŃŐĽœĲĲƚŅ
ĽĸńĭĪňŗĮƚŀĬŒľƟĔńĭĴŀŏĨŀĶƢ 

ĕĵŅĵĝƞĺĚĶŀĭĔŅĶĪŜŅĚŅĬœħƟ
ĔĺƟŅĚĪňŗĽŋħ 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-17 

ŒĬĔŅĶŒĝƟĚŅĬĴŀŏĨŀĶƢœĲĲƚŅŏıŊŗŀŒĝƟŏĮƦĬȮTraction Motor ĽŜŅľĶńĭĶĩĵĬĨƢœĲĲƚŅĬńŘĬȮĸńĔļĦŃĔŅĶ
ĨŇħĨńŘĚěŃĴňįĸĨƞŀėŋĦĽĴĭńĨŇĕŀĚĴŀŏĨŀĶƢœĲĲƚŅőħĵĨĶĚȮĨŅĶŅĚȮ2-3ȮĬŜŅŏĽĬŀėŋĦĽĴĭńĨŇĨƞŅĚŕȮĕŀĚĴŀŏĨŀĶƢœĲĲƚŅŒĬ
ŏĴŊŗŀĪŜŅĔŅĶĨŇħĨńŘĚĪňŗĸƟŀȮĨŜŅŐľĬƞĚŒĔĸƟĔńĭĸƟŀȮŐĸŃĔŅĶĨŇħĨńŘĚĴŀŏĨŀĶƢĪňŗŏıĸŅȮĴŅŏĮĶňĵĭŏĪňĵĭȮ 

ĨŅĶŅĚȮ2-3ȮȮĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇĴŀŏĨŀĶƢœĲĲƚŅŒĬĔŅĶĨŇħĨńŘĚŒĬŐĨƞĸŃŐĭĭ 

ėŋĦĽĴĭńĨŇ ĴŀŏĨŀĶƢĪňŗĸƟŀ ĴŀŏĨŀĶƢŒĔĸƟĸƟŀ ĴŀŏĨŀĶƢĪňŗŏıĸŅ 

ėĺŅĴĵŋƞĚĵŅĔŒĬ
ĔŅĶŀŀĔŐĭĭ 

ĴňėĺŅĴĵŋƞĚĵŅĔĽŌĚŏıĶŅŃĨƟŀĚ
ŀŀĔŐĭĭŒľƟĴŀŏĨŀĶƢĴňŐĶĚĭŇħ
ŏıňĵĚıŀĽŜŅľĶńĭĔŅĶĕńĭŏėĸŊŗŀĬ 

ĽŅĴŅĶĩŒĝƟŏĲƘŀĚŏıŊŗŀĪħĔŜŅĸńĚ
ĨƞŀœĮĵńĚĸƟŀœħƟ 

ĚƞŅĵĪňŗĽŋħŏıĶŅŃŒĝƟ
ĶŃĭĭĽƞĚĔŜŅĸńĚŏħŇĴ 

ĮĶŃĽŇĪīŇĳŅı ĽŌĚĪňŗĽŋħŏıĶŅŃœĴƞĴňėĺŅĴĽŌĠŏĽňĵ
ĪŅĚĔĸ 

ĴňėĺŅĴĽŌĠŏĽňĵĪŅĚĔĸĭƟŅĚ ĴňĔŅĶĽŌĠŏĽňĵŒĬ
ĶŃĭĭĽƞĚĔŜŅĸńĚȮ
&ŏıĸŅȮŏĲƘŀĚ' 

ėĺŅĴĪĬĪŅĬ ŏĮƦĬĔŅĶŏıŇŗĴȮunsprung load 
ĪŜŅŒľƟœĴƞŏľĴŅŃĩĬĬœĴƞŏĶňĵĭ 

ĪĬĪŅĬĔĺƞŅĴŀŏĨŀĶƢĪňŗĸƟŀȮĔŅĶ
ėĺĭėŋĴėĺŅĴŏĶŖĺĕŀĚĴŀŏĨŀĶƢ
ŒĬŐĨƞĸŃĸƟŀĪŜŅœħƟĵŅĔ  

ĪĬĪŅĬŏĪƞŅĔńĭ
ĶŃĭĭĮƤěěŋĭńĬ 

 

2.3 ľĬƞĺĵĔńĔŏĔŖĭıĸńĚĚŅĬȮ 

ĽŜŅľĶńĭľĬƞĺĵĔńĔŏĔŖĭıĸńĚĚŅĬŒĬĶĩĵĬĨƢœĲĲƚŅŐĭĭȮPure electric vehicle ěŃŀĵŌƞŒĬĶŌĮŐĭĭĕŀĚ
ŐĭĨŏĨŀĶňŗȮ&Battery)ȮŐĭĨŏĨŀĶňŗĪŜŅľĬƟŅĪňŗĔńĔŏĔŖĭıĸńĚĚŅĬŒĬœĺƟĭĬĶĩĵĬĨƢŐĸŃĪŜŅľĬƟŅĪňŗěƞŅĵıĸńĚĚŅĬŒľƟĔńĭ
ĴŀŏĨŀĶƢœĲĲƚŅŒĬĶŌĮŐĭĭĕŀĚĔĶŃŐĽœĲĲƚŅ 

2.3.1 ŏĞĸĸƢœĲĲƚŅŏėĴňȮ 

ŐĭĨŏĨŀĶňŗŏĮƦĬŀŋĮĔĶĦƢĪňŗĮĶŃĔŀĭħƟĺĵȮŏĞĸĸƢœĲĲƚŅŏėĴňȮ(Electrochemical cell)ȮľĬŉŗĚŏĞĸĸƢľĶŊŀ
ĴŅĔĔĺƞŅȮŐĭĨŏĨŀĶňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮĸňŗĵĬıĸńĚĚŅĬŏėĴňŒľƟŏĮƦĬıĸńĚĚŅĬœĲĲƚŅȮőħĵĽŅĴŅĶĩěŃŒľƟĔŜŅĸńĚœĲĲƚŅ
ĔńĭŀŋĮĔĶĦƢœĲĲƚŅĳŅĵĬŀĔœħƟŏĴŊŗŀĴňĔŅĶŏĝŊŗŀĴĨƞŀȮŐĭĨŏĨŀĶňŗĮĶŃĔŀĭœĮħƟĺĵĴňĕńŘĺĭĺĔȮ&Cathode) ŐĸŃȮĕńŘĺĸĭȮ
&Anode) ĕńŘĺĭĺĔěŃĴňıĸńĚĚŅĬĻńĔĵƢœĲĲƚŅĽŌĚĔĺƞŅĕńŘĺĸĭȮőħĵĕńŘĺĸĭėŊŀŐľĸƞĚĪňŗĴŅĕŀĚŀŇŏĸŖĔĨĶŀĬĪňŗŏĴŊŗŀŏĝŊŗŀĴĨƞŀĔńĭ
ĺĚěĶĳŅĵĬŀĔŐĸƟĺŀŇŏĸŖĔĨĶŀĬŏľĸƞŅĬňŘěŃœľĸŐĸŃĽƞĚĴŀĭıĸńĚĚŅĬŒľƟĔńĭŀŋĮĔĶĦƢĳŅĵĬŀĔȮŏĴŊŗŀŐĭĨŏĨŀĶňŗŏĝŊŗŀĴĨƞŀ
ĔńĭĺĚěĶĳŅĵĬŀĔȮĽŅĶŀŇŏĸŖĔőĪĶœĸĨƢĞŉŗĚŏĮƦĬĽŅĶĸŃĸŅĵȮĴňėĺŅĴĽŅĴŅĶĩĪňŗěŃŏėĸŊŗŀĬĪňŗőħĵĪŜŅĨńĺŏĮƦĬœŀŀŀĬȮĵŀĴ
ŒľƟĮĢŇĔŇĶŇĵŅĪŅĚŏėĴňĪŜŅĚŅĬŐĸƟĺŏĽĶŖěŒĬĕńŘĺœĲĲƚŅĪňŗŀĵŌƞľƞŅĚĔńĬȮŏĮƦĬĔŅĶĽƞĚĴŀĭıĸńĚĚŅĬŒľƟĔńĭĺĚěĶĳŅĵĬŀĔȮĔŅĶ
ŏėĸŊŗŀĬœľĺĕŀĚœŀŀŀĬŏľĸƞŅĬńŘĬĪňŗŀĵŌƞŒĬŐĭĨŏĨŀĶňŗĪňŗĪŜŅŒľƟŏĔŇħĔĶŃŐĽœľĸŀŀĔěŅĔŐĭĨŏĨŀĶňŗŏıŊŗŀŒľƟœĲĲƚŅėĶĭĺĚěĶȮ

ĶŌĮȮ2-25 ŐĽħĚĨńĺŀĵƞŅĚŏĞĸĸƢœĲĲƚŅŏėĴňŀĵƞŅĚĚƞŅĵ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-18 

 
ĶŌĮȮ2-25  ŏĞĸĸƢœĲĲƚŅŏėĴňȮ 

&ĪňŗĴŅȮ: https://www.chemicool.com/definition/electrochemical-cell.html) 

 
ŐĭĨŏĨŀĶňŗŐĭƞĚŀŀĔœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪĨŅĴěŜŅĬĺĬėĶńŘĚĪňŗĽŅĴŅĶĩěƞŅĵıĸńĚĚŅĬœĲĲƚŅœħƟȮőħĵ

ŐĭƞĚŏĮƦĬŐĭĨŏĨŀĶňŗĮģĴĳŌĴŇȮŐĸŃŐĭĨŏĨŀĶňŗĪŋĨŇĵĳŌĴŇȮ 
ŐĭĨŏĨŀĶňŗĮģĴĳŌĴŇȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶěƞŅĵœĲĲƚŅœħƟŏıňĵĚėĶńŘĚŏħňĵĺȮŏĴŊŗŀĮĸƞŀĵĮĶŃěŋŀŀĔœĮŐĸƟĺ

œĴƞĽŅĴŅĶĩĮĶŃěŋŒľĴƞœħƟŀňĔȮŐĭĨŏĨŀĶňŗĮĶŃŏĳĪĬňŘŐĸŃěŃĩŌĔŒĝƟŏıňĵĚėĶńŘĚŏħňĵĺľĶŊŀŒĝƟŐĸƟĺĪŇŘĚ ĺńĽħŋĪňŗŒĝƟĪŜŅĕńŘĺœĲĲƚŅ
ěŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŀĵƞŅĚĩŅĺĶŒĬĝƞĺĚĔŅĶėŅĵĮĶŃěŋȮ&Discharge) ĨńĺŀĵƞŅĚĪňŗıĭĭƞŀĵĔŖėŊŀȮŐĭĨŏĨŀĶňŗŀńĸėŅœĸĬƢȮ
ĪňŗŒĝƟĽŜŅľĶńĭȮœĲĜŅĵȮŐĸŃŀňĔľĸŅĵŀŋĮĔĶĦƢıĔıŅȮ 

ŐĭĨŏĨŀĶňŗĪŋĨŇĵĳŌĴŇȮĽŅĴŅĶĩħŇĽĝŅĶƢěŐĸŃĝŅĶƢěŒľĴƞœħƟľĸŅĵėĶńŘĚȮŒĬĔŅĶĬňŘŀĚėƢĮĶŃĔŀĭŏħŇĴĕŀĚ
ĕńŘĺœĲĲƚŅĽŅĴŅĶĩŏĶňĵĔėŊĬĽĳŅıŏħŇĴœħƟőħĵĔĶŃŐĽĵƟŀĬĔĸńĭȮőħĵŐĭĨŏĨŀĶňŗĪňŗĬŜŅĴŅŒĝƟĽŜŅľĶńĭĔńĔŏĔŖĭıĸńĚĚŅĬĭĬ
ĶĩĵĬĨƢœĲĲƚŅŏıŊŗŀĔŅĶĕńĭŏėĸŊŗŀĬȮ&Traction Battery 'ȮěŃŏĮƦĬŐĭĨŏĨŀĶňŗĮĶŃŏĳĪĬňŘĪńŘĚľĴħ 

ŒĬŀħňĨĪňŗįƞŅĬŐĭĨŏĨŀĶňŗĔĸŋƞĴĨŃĔńŗĺĔĶħȮ&Lead acid) ŐĸŃĔĸŋƞĴĬŇĔŏĔŇĸ (Nickel Metal Hydride- 
NiMH'ȮœħƟĩŌĔĬŜŅĴŅŒĝƟĚŅĬŏĮƦĬȮTraction Battery ŐĨƞŒĬĮƤěěŋĭńĬŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬœħƟĶńĭėĺŅĴĬŇĵĴŏıŇŗĴ
ĴŅĔĕŉŘĬŐĸŃĴňĔŅĶŒĝƟĚŅĬĔńĬŀĵƞŅĚŐıĶƞľĸŅĵȮŏĬŊŗŀĚěŅĔěŋħŏħƞĬĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬėŊŀėĺŅĴěŋıĸńĚĚŅĬŐĸŃ
ĔŜŅĸńĚœĲĲƚŅĪňŗĽŌĚĔĺƞŅŐĭĨŏĨŀĶňŗĨĶŃĔŌĸĬŇĔŏĔŇĸŐĸŃĔĶħĨŃĔńŗĺȮĬŀĔěŅĔĬňŘĵńĚĴňėƞŅĻńĔĵƢœĲĲƚŅĽŌĚȮĴňŀńĨĶŅĔŅĶĽŌĠŏĽňĵ
ĮĶŃěŋĶŃľĺƞŅĚœĴƞŒĝƟĚŅĬȮ&self-discharge rate) ĪňŗĨŗŜŅȮœĴƞĴňĮĶŅĔĢĔŅĶĦƢėĺŅĴěŜŅŐĸŃĴňėĺŅĴĮĸŀħĳńĵĽŌĚĔĺƞŅ
ŐĭĨŏĨŀĶňŗĪňŗŒĝƟőĸľŃĸŇŏĪňĵĴŏĮƦĬĕńŘĺ ŒĬĪňŗĬňŘěŉĚĕŀĬŜŅŏĽĬŀĶŅĵĸŃŏŀňĵħĕŀĚŐĭĨŏĨŀĶňŗŒĬĔĸŋƞĴĬňŘȮ 

ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬŏĮƦĬŐĭĨŏĨŀĶňŗĪňŗőĸľŃĸŇŏĪňĵĴŏĮƦĬĕńŘĺŐĭĨŏĨŀĶňŗȮĴňĽƞĺĬĮĶŃĔŀĭĪňŗĽŜŅėńĠȮ
ėŊŀȮĕńŘĺĸĭȮĴňŀĚėƢĮĶŃĔŀĭľĸńĔŏĮƦĬėŅĶƢĭŀĬĪňŗĴňĶŌıĶŋĬȮ&ŏĝƞĬȮŐĔĶœĲĨƢ'ȮŏėĸŊŀĭĭĬŐįƞĬĪŀĚŐħĚȮĕńŘĺĭĺĔŏĮƦĬ
ĸŇŏĪňĵĴŏĴĪńĸŀŀĔœĞħƢŏėĸŊŀĭĭĬŐįƞĬŀŃĸŌĴŇŏĬňĵĴ őħĵĴňĽŅĶĸŃĸŅĵŀŇŏĸŖĔőĪĶœĸĨƢȮĮĶŃĔŀĭħƟĺĵŏĔĸŊŀĕŀĚĸŇŏĪňĵĴȮ
ŏĝƞĬȮLiPF4ȮľĶŊŀȮLiBF2 ŒĬĨńĺĪŜŅĸŃĸŅĵŏĝƞĬȮŏŀĪŇĸňĬėŅĶƢĭŀŏĬĨȮ&Ethylene carbonate) œħŏŀĪŇĸėŅĶƢĭŀŏĬĨȮ
&Diethyl carbonate) ŐĸŃ-ľĶŊŀœħŏĴĪŇĸėŅĶƢĭŀŏĬĨȮ&Dimethyl carbonate) ŐĸŃĴňŏĵŊŗŀŏĸŊŀĔįƞŅĬȮ

https://www.chemicool.com/definition/electrochemical-cell.html


őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-19 

&Separator) ĔńŘĬĶŃľĺƞŅĚĕńŘĺĪńŘĚĽŀĚȮĞŉŗĚĪŜŅěŅĔıŀĸŇőıĶıŇĸňĬȮ&Polypropylene, PP) ŐĸŃ-ľĶŊŀıŀĸŇŏŀĪŇĸňĬȮ
&Polyethylene, PE) [2.2] 

ĶŌĮȮ2-26 ŐĽħĚľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮŏĴŊŗŀĴňĔŅĶŀńħĮĶŃěŋȮ&Charge) 
œŀŀŀĬĕŀĚĸŇŏĪňĵĴȮěŃŏėĸŊŗŀĬŀŀĔěŅĔőėĶĚĽĶƟŅĚĕŀĚĕńŘĺĭĺĔȮįƞŅĬŏĵŊŗŀŏĸŊŀĔįƞŅĬȮŏĕƟŅĽŌƞĕńŘĺĸĭȮŏĔŇħŏĮƦĬ
ĽŅĶĮĶŃĔŀĭĕŀĚĸŇŏĪňĵĴŐĸŃėŅĶƢĭŀĬȮŐĸŃĕĦŃŏħňĵĺĔńĬŀŇŏĸŖĔĨĶŀĬěŃŏėĸŊŗŀĬěŅĔĕńŘĺĭĺĔĽŌƞĕńŘĺĸĭįƞŅĬĺĚěĶ
ĳŅĵĬŀĔȮŐĸŃĕĦŃŏĔŇħĔŅĶėŅĵĮĶŃěŋĮĢŇĔŇĶŇĵŅěŃŏĔŇħŒĬĪŅĚĨĶĚĔńĬĕƟŅĴȮ 

 
ĶŌĮȮ2-26  Charge-and-discharge-process-of-secondary-lithium-ion-batteriesȮ 

&ĪňŗĴŅȮ: Research Gate) 

ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬĪňŗĴňŒĝƟŒĬĮƤěěŋĭńĬĴňȮ4ȮĮĶŃŏĳĪľĸńĔȮőħĵĪńŗĺœĮěŃŐĭƞĚĨŅĴĺńĽħŋĪňŗŒĝƟĪŜŅ
ĕńŘĺĭĺĔȮĽƞĺĬĕńŘĺĸĭĪŜŅěŅĔŐĔĶœĲĨƢŏĮƦĬľĸńĔȮĪńŘĚĬňŘŐĭĨŏĨŀĶňŗĮĶŃŏĳĪȮLTO (Lithium Titanate)  ĴňėĺŅĴŐĨĔĨƞŅĚ
ŀŀĔœĮėŊŀȮĴňĕńŘĺĸĭŏĮƦĬĸŇŏĪňĵĴœĪĪŅŏĬĨȮŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬŐĨƞĸŃĮĶŃŏĳĪĴňĽĴĭńĨŇŐĨĔĨƞŅĚĔńĬȮěŉĚŏľĴŅŃĽĴ
ĨƞŀĔŅĶŒĝƟĚŅĬĪňŗŐĨĔĨƞŅĚĔńĬœĮħƟĺĵ Ȯ 

ĨŅĶŅĚȮ2-4 ŐĽħĚĺńĽħŋĪňŗĬŜŅĴŅŒĝƟŏĮƦĬĕńŘĺĸĭŐĸŃĕńŘĺĭĺĔĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňŗĵĴœŀŀŀĬȮŐĸŃĨńĺŀĵƞŅĚ
ĔŅĶĬŜŅŐĭĨŏĨŀĶňŗĮĶŃŏĳĪĬńŘĬœĮŒĝƟĚŅĬȮ 

ĨŅĶŅĚȮ2-4  ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬĮĶŃŏĳĪĨƞŅĚŕȮĺńĽħŋĕńŘĺĸĭŐĸŃĭĺĔȮŐĸŃĔŅĶŒĝƟĚŅĬ [2.2] 
ĮĶŃŏĳĪ ĺńĽħŋĕńŘĺĭĺĔ ĺńĽħŋĕńŘĺĸĭ ĔŅĶŒĝƟĚŅĬ 
/ Lithium Cobalt Oxide 

&LiCoO0Ȯ, LCO) 
ŐĔĶœĲĨƢ őĪĶĻńıĪƢĴŊŀĩŊŀȮŐĪŖĭŏĸŖĨȮŐĸŖĮĪŖŀĮ ĔĸƟŀĚħŇěŇĪńĸ 

0 Lithium Manganese 
Oxide (LiMn0O2,LMO) 

ŐĔĶœĲĨƢ ŏėĶŊŗŀĚĴŊŀœĲĲƚŅȮ&Power tools) ŀŋĮĔĶĦƢ
ĔŅĶŐıĪĵƢȮTraction Battery ŒĬĶĩĵĬĨƢœĲĲƚŅ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-20 

1 Lithium Nickel Manganese 
Cobalt Oxide 
(Li(Ni,Mn,Co)O2, NMC,NCM) 

ŐĔĶœĲĨƢ ěńĔĶĵŅĬœĲĲƚŅȮŀŋĮĔĶĦƢĔŅĶŐıĪĵƢ 
Traction Battery ŒĬĶĩĵĬĨƢœĲĲƚŅȮ&ĴńĔŒĝƟ 
ŒĬĶĩœŁĭĶŇħ'ȮĶŃĭĭĽŜŅĶŀĚœĲĲƚŅ 

2 Lithium Nickel Cobalt 
Aluminum Oxide 
(Li(Ni,Co,Al)O2, NCA) 

ŐĔĶœĲĨƢ ŀŋĮĔĶĦƢĔŅĶŐıĪĵƢȮ 
Traction Battery ŒĬĶĩĵĬĨƢœĲĲƚŅȮ&Tesla 
Model S) ĶŃĭĭĽŜŅĶŀĚœĲĲƚŅ 

3 Lithium Iron Phosphate 
(LiFePO4,LFP) 

ŐĔĶœĲĨƢ Traction Battery ŒĬĶĩĵĬĨƢœĲĲƚŅȮľĶŊŀŐĪĬ
ŐĭĨŏĨŀĶňŗĔĶħĨŃĔńŗĺŒĬĶĩĵĬĨƢȮ&Start-Lighting-
Ignition battery) ĶŃĭĭĪňŗĨƟŀĚĔŅĶĔĶŃŐĽŐĸŃ
ėĺŅĴĪĬĪŅĬĽŌĚ 

4 ŐĔĶœĲĨƢȮľĶŊŀȮLMO Lithium 
Titanate 
(Li4Ti5O12, 
LTO) 

ĶŃĭĭĽŜŅĶŀĚœĲĲƚŅȮ 
Traction Battery ŒĬĶĩĵĬĨƢœĲĲƚŅȮ&Mitsubishi 
i-MiEV, Honda Fit EV) 

2.3.2 őėĶĚĽĶƟŅĚŐĭĨŏĨŀĶňŗ 

őħĵĪńŗĺœĮŏĞĸĸƢŐĭĨŏĨŀĶňŗĴňőėĶĚĽĶƟŅĚŏıŊŗŀľƞŀľŋƟĴĭĶĶěŋĕńŘĺœĲĲƚŅĪňŗĪŜŅěŅĔőĸľŃȮCathode ŐĸŃȮ
Anode ĽƞĺĬĽŅĶĸŃĸŅĵȮElectrolyte őħĵĩŌĔŒľƟŀĵŌƞŏĮƦĬĝƞŀĚŕȮħƟĺĵȮSeparator ĬŀĔěŅĔĬńŘĬĵńĚėĚĨƟŀĚ
ĮĶŃĔŀĭħƟĺĵȮInsulator ŏıŊŗŀĮƚŀĚĔńĬėĺŅĴĶƟŀĬĪňŗěŃŏĔŇħĕŉŘĬȮŒĬĭŅĚĔĶĦňėĺĶĨƟŀĚĴňĔŅĶĨŇħĨńŘĚȮSafety vents 

ĽŜŅľĶńĭĸħėĺŅĴħńĬĳŅĵŒĬĨńĺŏĞĸĸƢȮĶŌĮȮ2-27ȮŐĽħĚĨńĺŀĵƞŅĚĳŅıĨńħĕĺŅĚĕŀĚőėĶĚĽĶƟŅĚĳŅĵŒĬŏĞĸĸƢŐĭĨŏĨŀĶňŗ
ĸŇŏĪňĵĴœŀŀŀĬȮ 

ĶŌĮĸńĔļĦƢĳŅĵĬŀĔĕŀĚŏĞĸĸƢŐĭĨŏĨŀĶňŗĴňœħƟľĸŅĔľĸŅĵĶŌĮŐĭĭĨŅĴĔŅĶĭĶĶěŋȮĶŌĮȮ2-28ȮŐĽħĚ

ĨńĺŀĵƞŅĚĶŌĮĸńĔļĦƢĳŅĵĬŀĔĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮőħĵĶŌĮȮ2-28+ĔȮŐĽħĚĔŅĶĭĶĶěŋĸńĔļĦŃėĸƟŅĵĔĶŃŏĮƜŅ
ľĶŊŀĩŋĚŏĸŖĔŕȮ&Pouch) ĞŉŗĚĺńĽħŋĭĶĶěŋĳńĦĤƢĞŉŗĚĔŖėŊŀŐįƞĬŀŃĸŌĴŇŏĬňĵĴĪňŗŏėĸŊŀĭħƟĺĵĽŅĶıŀĸŇŏĴŀĶƢȮĪŜŅŒľƟĴňĬŘŜŅľĬńĔŏĭŅ

ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬĪĶĚĔĶŃĭŀĔȮ&cylindrical) ŒĬȮĶŌĮȮ2-28+ĕȮŐĸŃĪĶĚĔĸƞŀĚȮ&prismatic) ŒĬĶŌĮȮ2-28+ė 
ĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬĭĬĶĩĵĬĨƢŏĞĸĸƢŐĭĨŏĨŀĶňŗěŃĩŌĔĬŜŅĴŅĨƞŀĶĺĴĔńĬŏĮƦĬĝŋħȮŏĶňĵĔĺƞŅŐıŖė

ŐĭĨŏĨŀĶňŗȮ&Battery Pack) ħńĚĪňŗŐĽħĚŒĬĶŌĮȮ2-29 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-21 

 
ĶŌĮȮ2-27  őėĶĚĽĶƟŅĚĳŅėŒĬŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴ 

(ĪňŗĴŅ:  Argonne Blogs - Argonne National Laboratory)  

 
ĶŌĮȮ2-28  ĸńĔļĦŃĶŌĮĪĶĚĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬ [2.2] 

 
ĶŌĮȮ2-29  ŐĭĨŏĨŀĶňŗŐıŖėȮ 

&ĪňŗĴŅ: batteriesontheweb.co.uk) 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-22 

2.3.3 ĔŅĶŏĮĶňĵĭŏĪňĵĭŐĭĨŏĨŀĶňŗŐĨƞĸŃĮĶŃŏĳĪ 

ėŋĦĽĴĭńĨŇŐĸŃėŋĦĸńĔļĦŃĕŀĚŐĭĨŏĨŀĶňŗŐĨƞĸŃĮĶŃŏĳĪĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬ
ŏıŊŗŀŏĮƦĬȮTraction Battery ŐĸƟĺėŋĦĽĴĭńĨŇĪňŗėĺĶėŜŅĬŉĚĩŉĚėĺŅĴěŋıĸńĚĚŅĬœĲĲƚŅĨƞŀĬŘŜŅľĬńĔȮĶĺĴœĮĩŉĚėĺŅĴěŋ
ıĸńĚĚŅĬœĲĲƚŅĨƞŀĕĬŅħĕŀĚŐĭĨŏĨŀĶňŗȮĞŉŗĚėŋĦĽĴĭńĨŇĪńŘĚĽŀĚĴňįĸőħĵĨƞŀĔŅĶĬŜŅœĮŒĝƟĨŇħĨńŘĚĭĬĶĩĵĬĨƢ 

ĶŌĮȮ2-30ȮŐĽħĚŒľƟŏľŖĬĩŉĚėŋĦĽĴĭńĨŇĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮěŅĔĶŌĮěŃŏľŖĬœħƟĺƞŅŐĭĨŏĨŀĶňŗŒĬĔĸŋƞĴȮLi-
ion ĽŅĴŅĶĩĭĶĶěŋıĸńĚĚŅĬœĲĲƚŅœħƟĴŅĔȮőħĵĪňŗĵńĚĶńĔļŅĕĬŅħŒľƟŏĸŖĔŐĸŃĵńĚĴňĬŘŜŅľĬńĔŏĭŅȮŒĬĪŅĚĔĸńĭĔńĬ
ŐĭĨŏĨŀĶňŗȮLead Acid ĴňĨƟŀĚŒĝƟŐĭĨŏĨŀĶňŗĪňŗĴňĕĬŅħŒľĠƞŐĸŃĴňĬŘŜŅľĬńĔĪňŗĴŅĔĪňŗĽŋħȮŐĨƞĔŖĵńĚĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ
ĭĶĶěŋıĸńĚĚŅĬœħƟĬƟŀĵĪňŗĽŋħȮŏĴŊŗŀŏĪňĵĭĔńĭŐĭĨŏĨŀĶňŗĮĶŃŏĳĪŀŊŗĬ 

 
ĶŌĮȮ2-30  Battery Specific Energy Density ŐĸŃȮVolumetric Energy Density  

(ĪňŗĴŅ8 http://www.epectec.com/batteries/cell-comparison.html) 

 
ĨŅĶŅĚȮ2-5  ŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇŒĬħƟŅĬĨƞŅĚĕŀĚŐĭĨŏĨŀĶňŗĔĸŋƞĴĸŇŏĪňĵĴœŀŀŀĬȮ

ĽŜŅľĶńĭŒĬĨŅĶŅĚħńĚĔĸƞŅĺȮŀńĨĶŅĔŅĶŀńħľĶŊŀėŅĵĮĶŃěŋȮľĶŊŀȮC-rate ėŊŀȮėƞŅĔĶŃŐĽĪňŗŒĝƟŒĬĔŅĶŀńħľĶŊŀėŅĵĮĶŃěŋ
ĕŀĚŐĭĨŏĨŀĶňŗȮőħĵŏĪňĵĭĔńĭėĺŅĴěŋȮ&capacity) ĕŀĚŐĭĨŏĨŀĶňŗĬńŘĬŕȮ 

ĨńĺŀĵƞŅĚŏĝƞĬȮĽŜŅľĶńĭŐĭĨŏĨŀĶňŗĪňŗĴňėĺŅĴěŋȮ100 Ah ĔŅĶŀńħľĶŊŀėŅĵĮĶŃěŋħƟĺĵŀńĨĶŅȮ1C ěŃĨƟŀĚ
ŒľƟĔĶŃŐĽŐĔƞȮŐĭĨŏĨŀĶňŗȮ&ĔĶĦňŀńħĮĶŃěŋ'ȮľĶŊŀħŉĚĔĶŃŐĽěŅĔŐĭĨŏĨŀĶňŗȮ&ĔĶĦňėŅĵĮĶŃěŋ'ȮŏĪƞŅĔńĭȮ100 A ŐĸŃĔĺƞŅ
ĪňŗěŃŀńħĮĶŃěŋěĬŏĨŖĴȮ&ěŅĔŐĭĨŏĨŀĶňŗĪňŗľĴħ'ȮľĶŊŀėŅĵĮĶŃěŋěĬľĴħȮ&ěŅĔŐĭĨŏĨŀĶňŗŏĨŖĴ'ȮěŃŒĝƟŏĺĸŅȮ1ȮĝńŗĺőĴĚȮ 

ĔŅĶŀńħľĶŊŀėŅĵĮĶŃěŋĪňŗŀńĨĶŅȮ2C ĨƟŀĚŒĝƟĔĶŃŐĽȮ200 A (100 A x 2) ŏĮƦĬŏĺĸŅȮ30ȮĬŅĪňȮ&1Ȯ
ĝńŗĺőĴĚȮ÷ 2) ĽƞĺĬŀńĨĶŅȮC/4ȮėŊŀĔŅĶŀńħľĶŊŀėŅĵĮĶŃěŋħƟĺĵĔĶŃŐĽȮ25 A (100 A ÷ 4) őħĵŒĝƟŏĺĸŅȮ4 ĝńŗĺőĴĚȮ&1 
ĝńŗĺőĴĚȮx 4) ŏĮƦĬĨƟĬ ĽƞĺĬěŜŅĬĺĬėĶńŘĚĔŅĶŒĝƟĚŅĬȮľĴŅĵĩŉĚȮŏĴŊŗŀĴňĔŅĶėŅĵĮĶŃěŋěĬľĴħĪŋĔėĶńŘĚȮŐĸŃĩŊŀĺƞŅ
ŐĭĨŏĨŀĶňŗľĴħŀŅĵŋŏĴŊŗŀėĺŅĴěŋıĸńĚĚŅĬŏľĸŊŀȮ6.#ȮĕŀĚėĺŅĴěŋıĸńĚĚŅĬŏĶŇŗĴĨƟĬ 
  

http://www.epectec.com/batteries/cell-comparison.html


őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ2-23 

ĨŅĶŅĚȮ2-6  ŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĕŀĚŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬŐĨƞĸŃĮĶŃŏĳĪ [2.2] 
ĽĴĭńĨŇ ľĬƞĺĵ LiCO/LiNCA LiNMC LiMO LiTiO LiFePo 

ĝƞĺĚŐĶĚħńĬŒĬĔŅĶŒĝƟĚŅĬ (Operating 
voltage range) 

v 2.5-4.2 2.5-4.2 2.5-4.2 1.5-2.8 2.0-3.6 

ŐĶĚħńĬŏĜĸňŗĵȮ&Nominal cell voltage) v 3.6-3.7 3.6-3.7 3.7-3.8 2.3 3.3 
ėĺŅĴěŋıĸńĚĚŅĬĨƞŀĬŘŜŅľĬńĔ Wh/kg 175-240 (cylindrical) 

130-450 (pouch) 
100-240 100-

150 
70 60-110 

ėĺŅĴěŋıĸńĚĚŅĬĨƞŀĮĶŇĴŅĨĶ Wh/L 400-640 (cylindrical) 
250-450 (pouch) 

250-640 250-
350 

120 125-
250 

ŀńĨĶŅĔŅĶėŅĵĮĶŃěŋŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ
&Continuous discharge rate) 

C2 2-3 2-3  
 

>30 10 10-125 

ŀŅĵŋĔŅĶŒĝƟĚŅĬ Ķŀĭ 500+ 500+ 500+ 4000+ 1000+ 
ĝƞĺĚŀŋĦľĳŌĴŇĪňŗĽŅĴŅĶĩŀńħĮĶŃěŋœħƟ ºC 0-45 0-45 0-45 -20-45 0-45 

ĝƞĺĚŀŋĦľĳŌĴŇĪňŗĽŅĴŅĶĩėŅĵĮĶŃěŋœħƟ ºC -20-60 -20-60 -30-60 -30-60 -30-60 
ėĺŅĴĮĸŀħĳńĵ &2Ȯ;ĮĸŀħĳńĵĪňŗĽŋħ' /+2 2 3 3 4 4 

ĶŅėŅȮ&2Ȯ;ȮĶŅėŅĨŗŜŅĪňŗĽŋħ' /+4Ȯ 3 (LCO), 2 (NCA) 3 3 1 3 

ĶŌĮȮ2-31 ŐĽħĚĔŅĶĬŜŅŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮ3ȮĝĬŇħœħƟŐĔƞȮLiCobalt LiNMC LiFePo Li-NCA ŐĸŃȮ
Li-TioȮĴŅŏĮĶňĵĭŏĪňĵĭėŋĦĽĴĭńĨŇħƟŅĬėĺŅĴěŋıĸńĚĚŅĬȮ&Specific Energy) ħƟŅĬĔŜŅĸńĚĚŅĬĪňŗŐĭĨŏĨŀĶňŗĽŅĴŅĶĩěƞŅĵ
ŀŀĔĴŅœħƟȮ&Specific Power) ħƟŅĬĮĶŃĽŇĪīŇĳŅıȮ&Performance) ħƟŅĬėĺŅĴĮĸŀħĳńĵȮ(Safety) ħƟŅĬŀŅĵŋĔŅĶ
ŒĝƟĚŅĬȮ&Life Cycle) ŐĸŃħƟŅĬĶŅėŅȮ(Cost)ȮĴŅŐĽħĚŒĬĶŌĮĔĶŅĲŒĵŐĴĚĴŋĴľĶŊŀĔĶŅĲŏĶħŅĶƢ 

 
ĶŌĮȮ2-31  Battery Technology Comparsion  

(ĪňŗĴŅ8 batteryuniversity.com, ĽŇĕĶ) 
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ĭĪĪňŗ 3 
ĴŀŏĨŀĶƢŐĸŃŐĭĨŏĨŀĶňŗĬŇĽĽńĬĸňĲ 

3.1 ĕƟŀĴŌĸĪńŗĺœĮĶĩĵĬĨƢĬŇĽĽńĬĸňĲ 

Nissan Leaf ŏĮƦĬĶĩĵĬĨƢœĲĲƚŅȮ(Pure electric vehicle) ĮĶŃŏĳĪŐŁĪĝƢŐĭŖėȮ5 ĮĶŃĨŌȮŒĬĔĸŋƞĴĞńı
ėŀĴŐıėȮ(subcompact car)ȮĩŌĔıńĥĬŅőħĵĭĶŇļńĪĬŇĽĽńĬȮŏıŊŗŀŒľƟŏĮƦĬĶĩĽŜŅľĶńĭėĶŀĭėĶńĺŐĸŃŏĮƦĬĴŇĨĶĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴŐĸŃĶŅėŅœĴƞŐıĚ őħĵėŜŅĺƞŅȮLeaf ĴŅěŅĔȮLeading, Environmentally friendly, Affordable, 
Family car ĶĩĵĬĨƢĬŇĽĽńĬĸňĲŏĮƕħĨńĺėĶńŘĚŐĶĔĪňŗĠňŗĮŋƙĬŏĴŊŗŀŏħŊŀĬīńĬĺŅėĴȮ2010 ŐĸŃœħƟĪŜŅĔŅĶıńĥĬŅőĴŏħĸĨƞŅĚŕ
ŏĶŊŗŀĵĴŅȮĨŅĶŅĚȮ3-1ȮŐĽħĚĕƟŀĴŌĸőĴŏħĸĕŀĚĶĩĬŇĽĽńĬĪňŗįƞŅĬĴŅ  

ĨŅĶŅĚȮ3-1ȮĕƟŀĴŌĸĪŅĚŏĪėĬŇėĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲ &ĪňŗĴŅ: ŏŀŖĴŏĪė' 

Generation 
Model 
Year 

Curb 
Weight 

Powertrain Battery Range (km) 

Synchr. Motor + 
single ratio 

Lithium -
ion 

EPA NEDC WLTC JC08 

ZE0: First 
Generation  
(2011-2017) 

2011 1521 kg 80kW 280Nm 
Separated 

24 kWh 117[1] 175 - 200 

2013 1493 kg 80kW 280Nm 
Integrated 

24 kWh 121[2] 
135[3] 

200 - 228 

2016 1500-
1538 kg 

80kW 280Nm 
Integrated 

30 kWh 172 250 - 280 

ZE1: Second 
Generation  
All New Leaf 
(2018-present) 

2018 1580-
1640 kg 

110kW 320Nm 
Integrated 

40 kWh 
350V/192 

243 378 285[4]  
270[4] 

400 

2019 
(exp.) 

n.a. 160kW  
Integrated 

60 kWh 362    

[1] ĔŅĶĪħĽŀĭľŅĶŃĵŃĪŅĚĔŅĶĕńĭĕňŗĨƞŀĔŅĶĝŅĶƢěľĬŉŗĚėĶńŘĚĕŀĚȮEPA ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬĮƖȮ2013  
[2] ėƞŅŏĜĸňŗĵĶŃĵŃĪŅĚĶŃľĺƞŅĚĶŃĵŃĪŅĚěŅĔĔŅĶĝŅĶƢěŒĬőľĴħȮLong-Distance Mode charging 

(100% charging) ĔńĭȮLong-Life Mode ChargingȮ(80% charging) 
[3] ėƞŅĶŃĵŃĪŅĚěŅĔĔŅĶĝŅĶƢěħƟĺĵőľĴħȮLong-Distance Mode Charging (100% charging)  
[4] ĪħĽŀĭĶŃĵŃĪŅĚħƟĺĵȮWLTP combined mode œħƟ 285 km ĽŜŅľĶńĭĶŋƞĬ Visia ŐĸŃœħƟ 270 km 

ĽŜŅľĶńĭĶŋƞĬ Acenta, N-Connecta ŐĸŃ Tekna  

ĶĩĵĬĨƢĬŇĽĽńĬĸňĲĶŋƞĬŐĶĔŏĶŇŗĴěŜŅľĬƞŅĵŒĬĮƖȮ2011 ĴňĬŘŜŅľĬńĔȮ1521 kg ĴňĴŀŏĨŀĶƢĕĬŅħȮ80kW ŐĸŃŒĝƟ
ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬĕĬŅħȮ24 kWh ĽŅĴŅĶĩĺŇŗĚœħƟȮ175 km ĳŅĵŒĨƟĺńĢěńĔĶĔŅĶĕńĭĕňŗŒĬőľĴħȮNEDC ĞŉŗĚ
ĳŅĵľĸńĚĪŅĚĭĶŇļńĪĬŇĽĽńĬœħƟĴňĔŅĶĮĶńĭĮĶŋĚĸňĲȮ(minor change) ŐĸŃĬŜŅŀŀĔěŜŅľĬƞŅĵŒĬĮƖȮ2013 őħĵĴňĔŅĶ
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ĮĶńĭĮĶŋĚĶŃĭĭŏĭĶĔŐĸŃŀŇĬĪŇŏĔĶħĶŃĭĭĕńĭŏėĸŊŗŀĬŏĕƟŅħƟĺĵĔńĬȮĽƞĚįĸŒľƟĔŅĶŒĝƟıĸńĚĚŅĬħňĕŉŘĬŐĸŃĬŘŜŅľĬńĔĸħĸĚȮ
ĪŜŅŒľƟĽŅĴŅĶĩĕńĭĕňŗœħƟĶŃĵŃĪŅĚĴŅĔĕŉŘĬŏĮƦĬȮ200 km ěŅĔĬńŘĬŒĬĮƖȮ2016 ĪŅĚĭĶŇļńĪœħƟŀŀĔĶŋƞĬĵƞŀĵĪňŗŒĝƟĝŋħ
ŐĭĨŏĨŀĶňŗĕĬŅħȮ30 kWh ŒľƟįŌƟĭĶŇőĳėœħƟŏĸŊŀĔȮĞŉŗĚĽŅĴŅĶĩŏħŇĬĪŅĚœħƟĶŃĵŃĪŅĚŏıŇŗĴĕŉŘĬŏĮƦĬȮ250 km ĨƞŀĴŅ
ĳŅĵľĸńĚœħƟĮĶńĭŒľƟĶĩĶŋƞĬĵƞŀĵĪŋĔĶŋƞĬĴŅŒĝƟĝŋħŐĭĨŏĨŀĶňŗĕĬŅħȮ30kWh ĪńŘĚľĴħȮŒĬŏħŊŀĬĨŋĸŅėĴȮ2017 ĪŅĚĭĶŇļńĪ
ĬŇĽĽńĬœħƟŏĮƕħĨńĺĶĩĬŇĽĽńĬĸňĲőĜĴŒľĴƞȮ(All new Nissan Leaf) ĞŉŗĚŏĮƦĬĸňĲŒĬŏěĬŏĬŀĶƢŏĶĝńŗĬĪňŗĽŀĚȮĴňĔŜŅĸńĚĴŀŏĨŀĶƢ
ŒľĠƞĕŉŘĬŏĮƦĬȮ110 kW ŐĸŃŒĝƟĝŋħŐĭĨŏĨŀĶňŗĕĬŅħŒľĠƞĕŉŘĬŏĮƦĬȮ40 kWh ĽŅĴŅĶĩĕńĭĕňŗœħƟĶŃĵŃĪŅĚŏıŇŗĴĕŉŘĬŏĮƦĬȮ
378 km ĬŀĔěŅĔĬňŘėŅħĔńĬĺƞŅĪŅĚĭĶŇļńĪĬŇĽĽńĬěŃŀŀĔĶŋƞĬĵƞŀĵĪňŗĴňėĺŅĴěŋŐĭĨŏĨŀĶňŗĽŌĚĕŉŘĬŒĬĮƖȮ2019 őħĵěŃĴň
ėĺŅĴěŋȮ60 kWh ŐĸŃĴňĕĬŅħĴŀŏĨŀĶƢȮ160 kW ŏıŊŗŀŒľƟŐĕƞĚĕńĬĔńĭĶĩĵĬĨƢœĲĲƚŅėŌƞŐĕƞĚĪňŗĴňĕĬŅħėĺŅĴěŋŐĭĨŏĨŀĶňŗȮ
50-60 kWh œħƟ ŏĝƞĬȮĶĩŏĪĽĸƞŅőĴŏħĸȮ3 ĴňĕĬŅħėĺŅĴěŋŐĭĨŏĨŀĶňŗȮ50-75 kWh ĕĦŃĪňŗȮChevrolet Bolt Ĵň
ĕĬŅħėĺŅĴěŋŐĭĨŏĨŀĶňŗȮ60 kWh 

ĶĩĵĬĨƢĬŇĽĽńĬĴňĵŀħěŜŅľĬƞŅĵĽŃĽĴĴŅĔĔĺƞŅȮ300,000 ėńĬĪńŗĺőĸĔȮ&ĕƟŀĴŌĸȮĦ,ȮŏħŊŀĬĴĔĶŅėĴȮ2018) 
ĽƞĚįĸŒľƟĬŇĽĽńĬĸňĲŏĮƦĬĶĩĵĬĨƢœĲĲƚŅȮ(Pure Electric Vehicle) ĪňŗĴňĵŀħĕŅĵĽŌĚĪňŗĽŋħŒĬőĸĔȮĮƤěěŋĭńĬĴňĔŅĶ
ěŜŅľĬƞŅĵŒĬĔĺƞŅȮ60 ĮĶŃŏĪĻĪńŗĺőĸĔȮőħĵĨĸŅħľĸńĔĕŀĚĬŇĽĽńĬĸňĲěŃŀĵŌƞŒĬĮĶŃŏĪĻĽľĶńģŀŏĴĶŇĔŅȮĠňŗĮŋƙĬȮŐĸŃ
ĵŋőĶĮȮőħĵŒĬĵŋőĶĮĨĸŅħľĸńĔěŃŀĵŌƞĪňŗȮĬŀĶƢŏĺĵƢȮŀńĚĔķļȮŐĸŃİĶńŗĚŏĻĽȮĨŅĶŅĚȮ3-2ȮŐĽħĚĔŅĶĵŀħĕŅĵĕŀĚĬŇĽĽńĬĸňĲ
ŐĵĔĨŅĴĨĸŅħľĸńĔŐĸŃĨŅĴĮƖ 

ĨŅĶŅĚȮ3-2ȮĨńĺŏĸĕĵŀħĕŅĵĕŀĚĬŇĽĽńĬĸňĲŐĵĔĨŅĴĨĸŅħľĸńĔŐĸŃĨŅĴĮƖ 
Country Total 2017 2016 2015 2014 2013 2012 2011 2010 

US 114,827 11,230 14,006 17,269 30,200 22,610 9,819 9,674 19 

Japan 89,419 16,925 14,795 9,057 14,177 13,021 11,115 10,310 19 

Norway 22,781 3,374 4,162 3,189 4,781 4,604 2,298 373 
 

UK 22,359 5,463 4,463 5,236 4,051 1,812 699 635 
 

France 12,137 2,381 3,887 2,220 1,604 1,438 524 83 
 

Canada 5,519 946 1,375 1,233 1,085 470 240 170 
 

Germany 5,049 841 1,121 948 812 855 451 21 
 

China 4,032 
 

1,961 1,273 582 216 
   

Netherlands 3,157 513 666 447 510 462 265 294 
 

Sweden 3,542 981 836 841 438 317 129 
  

Spain 2,334 530 519 344 465 263 154 59 
 

Italy 2,103 448 460 389 332 323 146 5 
 

Denmark 1,202 20 85 224 577 211 73 12 
 

Ireland 1,366 258 352 405 192 43 69 45 2 

Belgium 1,510 389 466 162 178 141 114 60 
 

Austria 1,149 384 333 156 121 88 64 3 
 

Australia 1,106 384 156 109 173 188 77 19 
 

Switzerland 831 131 158 145 106 178 74 39 
 

Total top markets 294,536 45,198 49,801 43,647 60,384 47,240 26,311 21,802 40 
Total global sales 298,809 47,000 49,818 21,43/ 4/,3.5 25,5/4 04,751 00,.72 3. 
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3.2 ľĸńĔĔŅĶĪŜŅĚŅĬĶĩĵĬĨƢĬŇĽĽńĬĸňĲ 

ĶĩĵĬĨƢĬŇĽĽńĬĸňĲĪňŗŒĝƟĻŉĔļŅŒĬőėĶĚĔŅĶĬňŘŏĮƦĬĶĩĵĬĨƢĸňĲĶŋƞĬȮĮƖȮ2011 ŏĮƦĬĶĩĪňŗĕńĭŏėĸŊŗŀĬħƟĺĵœĲĲƚŅħƟĺĵ
ŐĭĨŏĨŀĶňŗŏıňĵĚŀĵƞŅĚŏħňĵĺȮ(Battery powered pure electric vehicle) ĬŇĽĽńĬĸňĲĕńĭŏėĸŊŗŀĬħƟĺĵĴŀŏĨŀĶƢ
œĲĲƚŅŐĭĭȮHigh-Response Synchronous AC Motor ĶŋƞĬȮEM61 ŒľƟĔŜŅĸńĚĽŌĚĽŋħȮ80 ĔŇőĸĺńĨĨƢȮľĶŊŀȮ109 
ŐĶĚĴƟŅȮ&PS) ĪňŗĶŀĭĨńŘĚŐĨƞȮ2,730 ů 9,800 Ķŀĭ-ĬŅĪňȮŐĶĚĭŇħĽŌĚĽŋħȮ280 ĬŇĺĨńĬŏĴĨĶȮľĶŊŀȮ28.6 ĔĔ,+Ĵ,ȮĪňŗĶŀĭ
ĨńŘĚŐĨƞȮ0 ů 2,730 Ķŀĭ-ĬŅĪňȮėĺŅĴŏĶŖĺĽŌĚĽŋħȮ160ĔŇőĸŏĴĨĶ-ĝńŗĺőĴĚȮĪňŗĨŇħĨńŘĚŀĵŌƞŒĬľƟŀĚŏėĶŊŗŀĚħƟŅĬľĬƟŅĶĩȮĴŀŏĨŀĶƢ
ěŃĽƞĚĔŜŅĸńĚįƞŅĬŏĔňĵĶƢȮ/Ȯspeed &ŏĔňĵĶƢĴňŏıňĵĚŐėƞȮ/ŀńĨĶŅĪħ) œĮĕńĭŏėĸŊŗŀĬĸƟŀľĬƟŅĪńŘĚĽŀĚȮŏĬŊŗŀĚěŅĔĔŅĶ
ĕńĭŏėĸŊŗŀĬŒĝƟœĲĲƚŅŏıňĵĚŀĵƞŅĚŏħňĵĺěŉĚĪŜŅŒľƟĨƟŀĚĴňŐĭĨŏĨŀĶňŗĕĬŅħŒľĠƞŏıŊŗŀĔńĔŏĔŖĭıĸńĚĚŅĬœĲĲƚŅȮĽŜŅľĶńĭœĺƟĽƞĚĨƞŀ
ŒľƟĔńĭĴŀŏĨŀĶƢŏıŊŗŀŒĝƟŒĬĔŅĶĕńĭŏėĸŊŗŀĬĶĩĵĬĨƢ ŐĪĬĪňŗěŃŏĨŇĴŏĝŊŘŀŏıĸŇĚįƞŅĬİŅĩńĚĬŘŜŅĴńĬĪňŗħƟŅĬȮŏĮĸňŗĵĬŏĮƦĬĔŅĶ
ŏĽňĵĭĮĸńřĔįƞŅĬİŅħƟŅĬľĬƟŅĨńĺĶĩŏľĬŊŀĔńĬĝĬ 

ŒĨƟİŅŏĨŇĴŏĝŊŘŀŏıĸŇĚȮ&ıĸńĚĚŅĬ'ȮěŃĴňľńĺĶńĭĞƞŀĬŀĵŌƞĽŀĚľńĺĕĬŅħĮĶŃĴŅĦĸŌĔŏĪĬĬŇĽȮľńĺŐĶĔŏĮƦĬĔŅĶĝŅĶƢě
ŐĭĭīĶĶĴħŅȮĔŅĶŏĽňĵĭĮĸńřĔėĸƟŅĵėĸŉĚĔńĭĔŅĶĝŅĶƢěőĪĶĻńıĪƢĴŊŀĩŊŀȮĔĸƞŅĺėŊŀȮěŃĴňľńĺĨƞŀħƟŅĬľĬŉŗĚĨƞŀĔńĭĮĸńřĔœĲ
ĭƟŅĬŐĸŃľńĺĨƞŀŀňĔħƟŅĬľĬŉŗĚŏĽňĵĭŏĕƟŅĔńĭĨńĺĶĩ ŀňĔľńĺľĬŉŗĚĴňĕĬŅħŒľĠƞĔĺƞŅŏĸŖĔĬƟŀĵĽŜŅľĶńĭĔŅĶĝŅĶƢěŏĶŖĺȮĞŉŗĚěŃ
ėĸƟŅĵėĸŉĚĔńĭĔŅĶŏĨŇĴĬŘŜŅĴńĬȮőħĵěŃĴňľńĺěƞŅĵěŅĔĽĩŅĬňĝŅĶƢěĨƞŀŏĕƟŅĔńĭľńĺĶńĭĪňŗŀĵŌƞĪňŗŒĨƟİŅħƟŅĬľĬƟŅĨńĺĶĩ 

ĬŀĔěŅĔľńĺĶńĭĪňŗŀĵŌƞŒĨƟİŅħƟŅĬľĬƟŅŏľĬŊŀĔńĬĝĬĕŀĚĨńĺĶĩŐĸƟĺȮĶŃĭĭĽƞĚĔŜŅĸńĚěŃŀĵŌƞĳŅĵŒĨƟİŅĔĶŃőĮĶĚ
ľĬƟŅĶĩȮĕĦŃĪňŗĝŋħŐĭĨŏĨŀĶňŗŐĶĚħńĬĽŌĚěŃŀĵŌƞĭĶŇŏĺĦŒĨƟıŊŘĬĶĩȮŏĴŊŗŀĝŅĶƢěįƞŅĬœĲĭƟŅĬȮ&AC) ıĸńĚĚŅĬěŃœľĸįƞŅĬ
ĽŅĵœĲĕĬŅħŒľĠƞœĮĵńĚĝŋħĝŅĶƢěŏıŊŗŀŐĮĸĚŏĮƦĬœĲȮDC ŐĸƟĺœľĸœĮŏĔŖĭœĺƟĪňŗĝŋħŐĭĨŏĨŀĶňŗŐĶĚħńĬĽŌĚŐĭĭĸŇŏĪňĵĴ
œŀŀŀĬĪňŗŀĵŌƞŒĨƟıŊŘĬĶĩȮŏĴŊŗŀįŌƟĕńĭĕňŗŏľĵňĵĭėńĬŏĶƞĚȮėńĬŏĶƞĚœĲĲƚŅěŃĽƞĚėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟĕńĭĕňŗœĮĵńĚȮECU ĕŀĚĶĩĵĬĨƢȮ
ĮĶŃěŋœĲĲƚŅĪňŗŀĵŌƞĪňŗŐĭĨŏĨŀĶňŗĕĬŅħȮ400 VDC ěŃœľĸįƞŅĬĽŅĵœĲĕĬŅħŒľĠƞœĮĵńĚŀŇĬŏĺŀĶƢŏĨŀĶƢĪňŗŀĵŌƞĶĺĴĔńĭĶŃĭĭ
ĽƞĚĔŜŅĸńĚŏıŊŗŀŏĮĸňŗĵĬœĲĲƚŅĔĶŃŐĽĨĶĚŏĮƦĬœĲĔĶŃŐĽĽĸńĭĨŅĴėŜŅĽńŗĚȮĽƞĚĨƞŀŒľƟĔńĭĴŀŏĨŀĶƢœĲĔĶŃŐĽĽĸńĭŐĭĭȮIPM 

ĞŉŗĚěŃŏĮĸňŗĵĬıĸńĚĚŅĬœĲĲƚŅœĮŏĮƦĬıĸńĚĚŅĬĔĸŒĬĶŌĮĕŀĚŐĶĚĭŇħȮħńĚĶŌĮȮ3-1ȮŐĶĚĭŇħĪňŗœħƟěŅĔĴŀŏĨŀĶƢěŃĽƞĚįƞŅĬĝŋħ
ŏĔňĵĶƢŀńĨĶŅĪħŏħňĵĺĨƞŀœĮĵńĚŏĲƘŀĚĪƟŅĵȮŐĸƟĺĽƞĚœĮĕńĭĸƟŀľĬƟŅĽƞĚįĸŒľƟĶĩŏėĸŊŗŀĬĪňŗȮȮȮŒĬĪŅĚĨĶĚĕƟŅĴľŅĔįŌƟĕńĭĕňŗ
ŏľĵňĵĭŏĭĶĔŏıŊŗŀĝŃĸŀľĶŊŀľĵŋħĶĩȮėńĬŏĭĶĔěŃĽƞĚėĺŅĴĨƟŀĚĔŅĶĕŀĚįŌƟĕńĭĕňŗœĮĵńĚȮECU ĕŀĚĶĩĵĬĨƢȮŏıŊŗŀĽńŗĚ
ŀŇĬŏĺŀĶƢŏĨŀĶƢŒľƟħŉĚıĸńĚĚŅĬĔĸĪňŗĴŀŏĨŀĶƢĔĸńĭȮ(power regeneration) ĞŉŗĚĴŀŏĨŀĶƢěŃŏĝŊŗŀĴĨƞŀĔńĭĸƟŀĶĩĵĬĨƢȮŒĬ
ĶŃľĺƞŅĚĔŅĶħŉĚıĸńĚĚŅĬĔĸńĭŀŇĬŏĺŀĶƢŏĨŀĶƢěŃŐĮĸĚœĲĲƚŅĔĶŃŐĽĽĸńĭĪňŗŏĔŇħĕŉŘĬěŅĔĴŀŏĨŀĶƢœĮŏĮƦĬœĲĲƚŅ
ĔĶŃŐĽĨĶĚȮěŅĔĬńŘĬĽƞĚıĸńĚĚŅĬŒĬĶŌĮĕŀĚĮĶŃěŋœĲĲƚŅœĮĔńĔŏĔŖĭœĺƟĪňŗĝŋħŐĭĨŏĨŀĶňŗŐĶĚħńĬĽŌĚ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-27 

 
ĶŌĮȮ3-1ȮȮĔŅĶĪŜŅĚŅĬĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲ &ĪňŗĴŅȮ: www.aprs.org) 

ĕĦŃŏħňĵĺĔńĬıĸńĚĚŅĬœĲĲƚŅĕŀĚĝŋħŐĭĨŏĨŀĶňŗŐĶĚħńĬĽŌĚĵńĚĩŌĔŒĝƟĽŜŅľĶńĭĶŃĭĭœĲĲƚŅŀŊŗĬŕȮŏĝƞĬȮĶŃĭĭŐĽĚ
ĽĺƞŅĚ ŏėĶŊŗŀĚŏĽňĵĚȮĕĦŃĪňŗĶŃĭĭĭŅĚŀĵƞŅĚĪňŗŏħŇĴŀŅĻńĵŐľĸƞĚıĸńĚĚŅĬĔĸŒĬĔŅĶĪŜŅĚŅĬȮŏĝƞĬȮĶŃĭĭĮĶńĭŀŅĔŅĻȮĮƤƨĴ
ĬŘŜŅȮĝŋħĽĶƟŅĚŐĶĚŏĭĶĔȮœħƟŏĮĸňŗĵĬŏĮƦĬĶŃĭĭĪňŗŒĝƟıĸńĚĚŅĬœĲĲƚŅŒĬĔŅĶĪŜŅĚŅĬȮőħĵĮĶŃěŋœĲĲƚŅĪňŗŀĵŌƞĪňŗŐĭĨŏĨŀĶňŗ
ŐĶĚħńĬĽŌĚěŃœľĸœĮĵńĚ DC/DC converter ĪňŗŀĵŌƞĶĺĴĔńĭĶŃĭĭĽƞĚĔŜŅĸńĚŏıŊŗŀĮĶńĭœĲĲƚŅŐĶĚħńĬĽŌĚœĮŏĮƦĬœĲĲƚŅ
ŐĶĚħńĬĨŗŜŅȮ&12/14V) ŏıŊŗŀĝŅĶƢěĨńĺŐĭĨŏĨŀĶňŗŐĶĚħńĬĨŗŜŅȮŐĸŃěƞŅĵıĸńĚĚŅĬŒľƟĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶĕŀĚ

ĶŃĭĭĬńŘĬŕ ħńĚĶŌĮȮ3-1 

3.3 ĴŀŏĨŀĶƢœĲĲƚŅĕŀĚĬŇĽĽńĬĸňĲ 

3.3.1 ĽƞĺĬĮĶŃĔŀĭŐĸŃőėĶĚĽĶƟŅĚĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĬŇĽĽńĬĸňĲ 

ĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĶĩĬŇĽĽńĬĸňĲĶŋƞĬĪňŗĻŉĔļŅŏĮƦĬĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĸňĲĶŋƞĬŐĶĔȮĞŉŗĚŀŀĔŐĭĭĝŇŘĬĽƞĺĬ
ľĸńĔŐĨƞĸŃĝŇŘĬŐĵĔěŅĔĔńĬȮœħƟŐĔƞȮĴŀŏĨŀĶƢœĲĲƚŅȮŀŇĬŏĺŀĶƢŏĨŀĶƢȮĝŋħĝŅĶƢěȮŐĸŃĝŋħŐĮĸĚŐĶĚħńĬȮħńĚ 

ĶŌĮȮ3-2ȮĕĦŃĪňŗĶŃĭĭĽƞĚĔŜŅĸńĚĶŋƞĬŒľĴƞĕŀĚĸňĲĮƖȮ2013 ěŃŀŇĬĪňŏĔĶĪŀŋĮĔĶĦƢĨƞŅĚŕŏĕƟŅħƟĺĵĔńĬȮĶŌĮȮ3-3 ŐĽħĚĶŃĭĭ
ĽƞĚĔŜŅĸńĚĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲĶŋƞĬĮƖĨƞŅĚŕ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-28 

 
ĶŌĮȮ3-2ȮȮĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲȮĶŋƞĬőĴŏħĸĮƖȮ2011 &ĪňŗĴŅȮ: MTEC) 

 
ĶŌĮȮ3-3ȮȮŏĮĶňĵĭŏĪňĵĭĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲĶŋƞĬőĴŏħĸĨƞŅĚŕ &ĪňŗĴŅȮ: MTEC) 
ĽŜŅľĶńĭĶĩĵĬĨƢĬŇĽĽńĬĸňĲĮƖȮ2011 ĪňŗĬŜŅĴŅĻŉĔļŅĬňŘȮĴŀŏĨŀĶƢœĲĲƚŅĪŜŅľĬƟŅĪňŗŏĮĸňŗĵĬıĸńĚĚŅĬœĲĲƚŅ

ŏĮƦĬıĸńĚĚŅĬĔĸŏıŊŗŀĽĶƟŅĚĔŜŅĸńĚĽŜŅľĶńĭĔŅĶŏėĸŊŗŀĬĪňŗĶĺĴĩŉĚŏĮĸňŗĵĬıĸńĚĚŅĬĔĸŏĮƦĬıĸńĚĚŅĬœĲĲƚŅŏĴŊŗŀĨƟŀĚĔŅĶħŉĚ
ıĸńĚĚŅĬĔĸńĭĕĦŃĝŃĸŀľĶŊŀŏĭĶĔĶĩĵĬĨƢȮŀŇĬŏĺŀĶƢŏĨŀĶƢĪŜŅľĬƟŅĪňŗŒĬĔŅĶŐĮĸĚœĲĲƚŅĔĶŃŐĽĨĶĚěŅĔŐĭĨŏĨŀĶňŗ
ŏĮƦĬœĲĲƚŅĔĶŃŐĽĽĸńĭŏıŊŗŀěƞŅĵŒľƟĔńĭĴŀŏĨŀĶƢĶĺĴĩŉĚĔŅĶŐĮĸĚœĲĲƚŅĔĶŃŐĽĽĸńĭĪňŗŏĔŇħĕŉŘĬěŅĔĴŀŏĨŀĶƢĶŃľĺƞŅĚĔŅĶ
ħŉĚıĸńĚĚŅĬĔĸńĭȮ&power regeneration) œĮŏĮƦĬœĲĲƚŅĔĶŃŐĽĨĶĚȮĽƞĺĬŏĔňĵĶƢĪħȮ&reduction drive) ĪŜŅľĬƟŅĪňŗ
ĮĶńĭĔŅĶľĴŋĬŐĸŃĔŅĶĽƞĚįƞŅĬŐĶĚĭŇħěŅĔĴŀŏĨŀĶƢœĮĵńĚĸƟŀȮĕĦŃĪňŗĝŋħĝŅĶƢěȮ&charger) ĞŉŗĚĨŇħĨńŘĚŐĵĔŀĵŌƞĭĶŇŏĺĦĪňŗ
ĬńŗĚįŌƟőħĵĽŅĶĨŀĬľĸńĚȮĪŜŅľĬƟŅĪňŗĝŅĶƢěœĲŏĕƟŅŐĭĨŏĨŀĶňŗȮőħĵŐĮĸĚœĲĲƚŅĔĶŃŐĽĽĸńĭĪňŗœħƟĶńĭěŅĔŏĨƟŅĶńĭȮ&charging 
input port) ŒľƟŏĮƦĬœĲĲƚŅĔĶŃŐĽĨĶĚŐĶĚħńĬĽŌĚŏıŊŗŀĝŅĶƢěŐĭĨŏĨŀĶňŗȮĽƞĺĬĝŋħŐĮĸĚŐĶĚħńĬȮ&DC/DC converter) 
ĨŇħĨńŘĚŐĵĔŀĵŌƞħƟŅĬľĸńĚĕŀĚĴŀŏĨŀĶƢŐĸŃŀŇĬŏĺŀĶƢŏĨŀĶƢȮĪŜŅľĬƟŅĪňŗŐĮĸĚœĲĲƚŅĔĶŃŐĽĨĶĚŐĶĚħńĬĽŌĚœĮŏĮƦĬœĲĲƚŅ
ĔĶŃŐĽĨĶĚŐĶĚħńĬĨŗŜŅ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-29 

ĔŅĶŏĝŊŗŀĴĨƞŀœĲŐĶĚħńĬĽŌĚĽŅĴŏĲĽĶŃľĺƞŅĚĴŀŏĨŀĶƢĔńĭŀŇĬŏĺŀĶƢŏĨŀĶƢŒĝƟĽŅĵœĲŒĬĔŅĶŏĝŊŗŀĴĨƞŀȮőħĵ
ĪňŗĭĶŇŏĺĦİƤƧĚĕĺŅħƟŅĬĭĬĕŀĚĴŀŏĨŀĶƢěŃĴňŏĪŀĶƢĴŇĬńĸĭĸŖŀĔŀĵŌƞȮĞŉŗĚěŃĨƞŀŏĕƟŅĔńĭĮĸŅĵĽŅĵœĲŐĶĚĽŌĚĕƟŅĚľĬŉŗĚȮĕĦŃĪňŗ
ĮĸŅĵĽŅĵœĲŀňĔĕƟŅĚěŃĨƞŀĔńĭŏĪŀĶƢĴŇĬńĸĭĸŖŀĔĕŀĚŀŇĬŏĺŀĶƢŏĨŀĶƢĞŉŗĚŀĵŌƞĭĶŇŏĺĦħƟŅĬĕƟŅĚİƤƧĚĞƟŅĵĕŀĚŀŇĬŏĺŀĶƢŏĨŀĶƢȮħńĚ

ĶŌĮȮ3-4ȮȮĕĦŃĪňŗŒĬĬŇĽĽńĬĸňĲĶŋƞĬŒľĴƞěŃŒĝƟĭńĽĭŅĶƢŒĬĔŅĶŏĝŊŗŀĴĨƞŀŐĪĬĔŅĶŒĝƟĽŅĵœĲŐĭĭĪňŗŒĝƟŒĬĶĩĶŋƞĬŐĶĔȮĔŅĶ
ŀŀĔŐĭĭŒľƟœĴƞĴňĽŅĵœĲŐĸŃĝŇŘĬĽƞĺĬŏĔňŗĵĺĕƟŀĚĪŜŅŒľƟĕĬŅħŏĸŖĔĸĚŐĸŃĬŘŜŅľĬńĔŏĭŅĸĚȮőħĵĴňĬŘŜŅľĬńĔĴŀŏĨŀĶƢĭĺĔ
ŀŇĬŏĺŀĶƢŏĨŀĶƢĸħĸĚȮ11.7 kg ŐĸŃĮĶŇĴŅĨĶĸħĸĚȮ5.1 L ŏĴŊŗŀŏĪňĵĭĔńĭĶŋƞĬŐĶĔȮ(MY 2011) [4.1] 

 
ĶŌĮȮ3-4ȮȮĽŅĵœĲĽŜŅľĶńĭŏĝŊŗŀĴĨƞŀĪŅĚœĲĲƚŅĶŃľĺƞŅĚĴŀŏĨŀĶƢŐĸŃŀŇĬŏĺŀĶƢŏĨŀĶƢ &ĪňŗĴŅȮ: MTEC) 
őėĶĚĽĶƟŅĚĕŀĚĴŀŏĨŀĶƢŀŀĔŐĭĭĴňĸńĔļĦŃĪĶĚĔĶŃĭŀĔŐĭƞĚŏĮƦĬȮ3 ĽƞĺĬȮœħƟŐĔƞȮİŅħƟŅĬľĬƟŅȮőėĶĚ

ĴŀŏĨŀĶƢȮŐĸŃİŅħƟŅĬľĸńĚȮħńĚŐĽħĚŒĬĶŌĮȮ3-5ȮĴŀŏĨŀĶƢĴňĪƞŀĬŘŜŅŏĕƟŅŐĸŃĪƞŀĬŘŜŅŀŀĔĪňŗħƟŅĬĕƟŅĚĕŀĚőėĶĚĴŀŏĨŀĶƢŒĬ
ĪŇĻĪŅĚħƟŅĬľĬƟŅĨńĺĶĩȮİŅħƟŅĬľĸńĚŏĮƦĬĪňŗĨńŘĚĕŀĚėŀĵĸƢĕŀĚĶňőĞŏĺŀĶƢĪňŗŒĝƟŒĬĔŅĶĺńħĨŜŅŐľĬƞĚĔŅĶľĴŋĬĕŀĚőĶŏĨŀĶƢȮĪňŗ
ħƟŅĬĭĬİŅľĸńĚŏĮƦĬĨŜŅŐľĬƞĚĕŀĚŏĪŀĶƢĴŇĬńĸĭĸŖŀĔĽŜŅľĶńĭŏĝŊŗŀĴĨƞŀĕńŘĺœĲȮAC ĕŀĚĽŏĨŏĨŀĶƢŐĸŃĮĸŅĵĽŅĵœĲȮAC Īňŗ
ěŃĨƞŀŏĕƟŅŀŇĬŏĺŀĶƢŏĨŀĶƢ ħńĚĪňŗŏľŖĬŒĬĶŌĮ 

 
ĶŌĮȮ3-5ȮȮĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚĴŀŏĨŀĶƢ &ĪňŗĴŅȮMTEC)  

ĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĶĩĬŇĽĽńĬĸňĲěŃĴňŐĮƚĬĵŉħȮ(bracket)Ȯ3 ĨńĺŏıŊŗŀœĺƟĵŉħĶŃĭĭĽƞĚĔŜŅĸńĚŏĕƟŅĔńĭŏĲĶĴȮ

ĶĩȮįƞŅĬěŋħĵŉħȮ3 ĨŜŅŐľĬƞĚȮĪňŗĭĶŇŏĺĦħƟŅĬĞƟŅĵȮĕĺŅȮŐĸŃħƟŅĬľĸńĚȮħńĚŐĽħĚŒĬĶŌĮȮ3-6 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-30 

 
ĶŌĮȮ3-6ȮȮĨŜŅŐľĬƞĚĔŅĶĵŉħĶŃĭĭĽƞĚĔŜŅĸńĚĕŀĚĶĩĬŇĽĽńĬĸňĲ 

3.3.2 ĴŀŏĨŀĶƢœĲĲƚŅ (Traction Motor) 

ĴŀŏĨŀĶƢœĲĲƚŅĕŀĚĬŇĽĽńĬĸňĲŏĮƦĬĝĬŇħȮInterior Permanent Magnet Synchronous Machine 
(IPMSM) ĴňĕƟŀĴŌĸĪŅĚŏĪėĬŇėŏĭŊŘŀĚĨƟĬħńĚŐĽħĚŒĬĨŅĶŅĚȮ3-3ȮĽŏĨŏĨŀĶƢĴňĸńĔļĦŃĪĶĚĔĶŃĭŀĔĔĸĺĚĪňŗĴňĕħĸĺħ

ĪŀĚŐħĚıńĬŀĵŌƞŒĬĶƞŀĚĽĸŖŀĨȮ&ĶŌĮȮ3-7'ȮŏĴŊŗŀĕħĸĺħĪŀĚŐħĚĪňŗıńĬŀĵŌƞĴňĔĶŃŐĽœĲĲƚŅĽĸńĭȮ3 ŏĲĽœľĸįƞŅĬěŃŏĔŇħ
ĽĬŅĴŐĴƞŏľĸŖĔľĴŋĬȮ(rotating magnetic field)ȮľĴŋĬŀĵŌƞŒĬĝƞŀĚŀŅĔŅĻĶŀĭŕŐĔĬľĴŋĬȮĞŉŗĚěŃœĮħŉĚŐĴƞŏľĸŖĔ
ĩŅĺĶĪňŗŀĵŌƞĪňŗŐĔĬőĶŏĨŀĶƢĪŜŅŒľƟŏĔŇħŐĶĚĭŇħĪňŗĞŇĚőėĶĬńĽĔńĭėĺŅĴŏĶŖĺĕŀĚĽĬŅĴŐĴƞŏľĸŖĔľĴŋĬȮľĶŊŀŏĶňĵĔĺƞŅȮėĺŅĴŏĶŖĺ
ĞŇĚőėĶĬńĽȮ(Synchronous speed) ŐĶĚĭŇħĪňŗŏĔŇħĕŉŘĬěŃŐĮĶįńĬĨĶĚĔńĭĔĶŃŐĽȮĕĦŃĪňŗėĺŅĴŏĶŖĺĕŉŘĬĔńĭėĺŅĴĩňŗĕŀĚ

ĔĶŃŐĽœĲĲƚŅĽĸńĭȮ3 ŏĲĽȮĶŌĮȮ3-8ȮŐĽħĚľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĕŀĚĶĩĬŇĽĽńĬĸňĲ 

ĨŅĶŅĚȮ3-3ȮȮĕƟŀĴŌĸĪŅĚŏĪėĬŇėŏĭŊŘŀĚĨƟĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĕŀĚĶĩĬŇĽĽńĬĸňĲ 

Motor Max. Power 80 kW 

Motor Max. Torque 280 Nm 

Reduction Gear Ratio 7.937 

Maximum speed 10,500 rpm 

Cooling system Water cooling type 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-31 

 
ĶŌĮȮ3-7ȮȮĕħĸĺħĽŏĨŏĨŀĶƢĕŀĚĶĩĬŇĽĽńĬĸňĲ (ĪňŗĴŅȮ: MTEC) 

 
ĶŌĮȮ3-8ȮȮľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĕŀĚĶĩĬŇĽĽńĬĸňĲȮ[4.2] 

ĴŀŏĨŀĶƢĶĩĵĬĨƢĬŇĽĽńĬĸňĲĮĶŃĔŀĭħƟĺĵĝŇŘĬĽƞĺĬľĸńĔȮœħƟŐĔƞȮőĶŏĨŀĶƢȮĽŏĨŏĨŀĶƢȮőėĶĚĴŀŏĨŀĶƢȮ
(motor frame) ŏĪŀĶƢĴŇĬŀĸĭĸŖŀĔȮŐĭĶŇŗĚȮĶňőĞĸŏĺŀĶƢȮŏĞĬŏĞŀĶƢĺńħŀŋĦľĳŌĴŇȮĪƞŀĪŅĚŏħŇĬĬŘŜŅȮİŅĮƕħħƟŅĬľĬƟŅȮŐĸŃ

İŅĮƕħħƟŅĬĪƟŅĵȮħńĚŐĽħĚŒĬĶŌĮȮ3-9ȮőėĶĚĴŀŏĨŀĶƢĪŜŅľĬƟŅĪňŗĵŉħĽŏĨŏĨŀĶƢȮĕƟŅĚŒĬőėĶĚĴŀŏĨŀĶƢĪŜŅŏĮƦĬőıĶĚŏıŊŗŀŏĮƦĬ
ĪŅĚŏħŇĬĕŀĚĬŘŜŅľĸƞŀŏĵŖĬȮŏĪŀĶƢĴŇĬŀĸĭĸŖŀĔĪŜŅľĬƟŅĪňŗŏĝŊŗŀĴĨƞŀœĲŐĶĚĽŌĚĽŅĴŏĲĽĶŃľĺƞŅĚĴŀŏĨŀĶƢĔńĭŀŇĬŏĺŀĶƢŏĨŀĶƢȮ
ŐĭĶŇŗĚœĺƟĶŀĚĶńĭĨńĺőĶŏĨŀĶƢȮİŅĮƕħĪŜŅľĬƟŅĪňŗĶŀĚĶńĭőĶŏĨŀĶƢŐĸŃľƞŀľŋƟĴĨńĺĴŀŏĨŀĶƢȮĶňőĞĸŏĺŀĶƢĪŜŅľĬƟŅĪňŗĨĶĺěěńĭĴŋĴ
ĔŅĶľĴŋĬĕŀĚőĶŏĨŀĶƢȮőħĵĨŇħĨńŘĚĶƞĺĴŐĔĬĔńĭĴŀŏĨŀĶƢĪňŗİŅĮƕħĴŀŏĨŀĶƢħƟŅĬĪƟŅĵİƤƧĚŏħňĵĺĔńĭŏĪŀĶƢĴŇĬŀĸĭĸŖŀĔȮĴŋĴ
ĔŅĶľĴŋĬĕŀĚőĶŏĨŀĶƢěŃĩŌĔĽƞĚœĮĵńĚĝŋħėĺĭėŋĴĴŀŏĨŀĶƢ 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-32 

 
ĶŌĮȮ3-9ȮȮĴŀŏĨŀĶƢœĲĲƚŅĬŇĽĽńĬĸňĲȮMY2011 (ĪňŗĴŅȮ: MTEC) 

ĴŀŏĨŀĶƢĕŀĚĶĩĵĬĨƢĬŇĽĽńĬĸňĲĴňȮ8 pole ŒĝƟŐĴƞŏľĸŖĔĽŅĴĨńĺĨƞŀľĬŉŗĚőıĸȮ(Three magnets per pole) 

ħńĚĶŌĮȮ3-10ȮľĬŉŗĚĝŇŘĬĪňŗĕŀĭĬŀĔȮŀňĔĽŀĚĝŇŘĬŀĵŌƞĩńħŏĕƟŅĴŅħƟŅĬŒĬĴňĔŅĶĺŅĚĨƞŀĔńĬŏĮƦĬĶŌĮĨńĺĺňȮ(V-shape magnet) 
ĴŀŏĨŀĶƢĴňėĺŅĴĵŅĺĕŀĚĽŐĨŖĔȮ(stator stack length) 150mm ĞŉŗĚŏĴŊŗŀŏĪňĵĭĔńĭĴŀŏĨŀĶƢĕŀĚĶĩĬŇĽĽńĬĸňĲĶŋƞĬĮƖȮ
2013 ĪňŗœħƟĶńĭĔŅĶıńĥĬŅĨƞŀĴŅŐĸƟĺěŃĵŅĺĔĺƞŅĶŋƞĬĮƖȮ2013ȮŀĵŌƞ 10mm (ĴŀŏĨŀĶƢĶŋƞĬĮƖȮ2013 ĴňėĺŅĴĵŅĺĕŀĚ
ĽŐĨŖĔ 140mm)  

 
ĶŌĮȮ3-10  Rotor stack ŐĸŃȮStator stackȮ&MY2011) [4.3] 

ĶŌĮȮ3-11ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭőĶŏĨŀĶƢĸŅĴŇŏĬĝńŗĬĕŀĚĶĩĬŇĽĽńĬĸňĲĔńĭőĶŏĨŀĶƢĸŅĴŇŏĬĝńŗĬŒĬĴŀŏĨŀĶƢĕŀĚ
ĶĩĵĬĨƢœĲĲƚŅĶŋƞĬŀŊŗĬŕȮěŃŏľŖĬœħƟĺƞŅĽƞĺĬŒľĠƞŏĮƦĬĴŀŏĨŀĶƢĝĬŇħŐĴƞŏľĸŖĔİƤĚĨńĺĳŅĵŒĬȮ(IPM) ėŊŀĴňěŃĴňĝƞŀĚĽŜŅľĶńĭŒĽƞ
ŐĴƞŏľĸŖĔĩŅĺĶŀĵŌƞħƟŅĬŒĬĕŀĚőĶŏĨŀĶƢĸŅĴŇŏĬĝńŗĬȮĶŌĮĶƞŅĚĕŀĚŐĴƞŏľĸŖĔŐĸŃĶŌĮŐĭĭĔŅĶěńħĺŅĚěŃŐĨĔĨƞŅĚĔńĬŀŀĔœĮ
ĨŅĴŀĚėƢėĺŅĴĶŌƟŐĸŃĔŅĶŀŀĔŐĭĭĕŀĚŐĨƞĸŃĭĶŇļńĪȮĞŉŗĚěŃįƞŅĬĔĶŃĭĺĬĔŅĶŀŀĔŐĭĭŐĸŃĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŐĭĭěŜŅĸŀĚĪŅĚėĦŇĨĻŅĽĨĶƢŏıŊŗŀŒľƟœħƟĴŀŏĨŀĶƢĪňŗĴňėŋĦĸńĔļĦŃĨŅĴĪňŗĨƟŀĚĔŅĶȮőħĵĪńŗĺœĮŐĸƟĺĔŅĶİƤĚŐĴƞŏľĸŖĔĩŅĺĶ



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-33 

ĪňŗĭĶŇŏĺĦŒĔĸƟįŇĺěŃĪŜŅŒľƟĴňėĺŅĴľĬŅŐĬƞĬĕŀĚŏĽƟĬŐĶĚŐĴƞŏľĸŖĔĽŌĚĪŜŅŒľƟĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮŐĨƞėƞŅȮcogging 
torque ĪňŗŏĔŇħĕŉŘĬĔŖěŃĽŌĚĨŅĴħƟĺĵȮĞŉŗĚŏĮƦĬĽŇŗĚĪňŗœĴƞĨƟŀĚĔŅĶȮőħĵĪńŘĺœĮŐĸƟĺĨƟŀĚŀŀĔŐĭĭŒľƟĴŀŏĨŀĶƢĴňėĺŅĴľĬŅŐĬƞ
ŏĽƟĬŐĶĚŐĴƞŏľĸŖĔĽŌĚȮĴňőėĶĚĽĶƟŅĚŐĸŃĪŇĻĪŅĚĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚŏĽƟĬŐĶĚŐĴƞŏľĸŖĔĪňŗŏľĴŅŃĽĴȮĕĦŃĪňŗĴňėƞŅȮ
cogging torque ŐĸŃȮripple torque ĨŗŜŅȮĬŀĔěŅĔĬňŘĵńĚĨƟŀĚĪňŗĴňėƞŅȮflux weakening ĽŌĚȮŏıŊŗŀŒľƟĔŜŅĸńĚėĚĪňŗŒĬ
ĵƞŅĬėĺŅĴŏĶŖĺĽŌĚœħƟȮ 

 
ĶŌĮȮ3-11  Rotor lamination ŒĬĴŀŏĨŀĶƢĕŀĚĶĩĵĬĨƢœĲĲƚŅĶŋƞĬĨƞŅĚŕȮ(ĪňŗĴŅ: Bulent Sarlioglu) 

3.3.3 ŀŇĬŏĺŀĶƢŏĨŀĶƢȮ&Inverter) 

ŀŇĬŏĺŀĶƢŏĨŀĶƢĪŜŅľĬƟŅĪňŗėĺĭėŋĴĴŀŏĨŀĶƢĨŅĴĽńĠĠŅĦŐĶĚĭŇħĪňŗĨƟŀĚĔŅĶȮĴňĝƞĺĚĶŃħńĭŐĶĚħńĬœĲĕŅ
ŏĕƟŅĪňŗȮ240-403 VDC ŀŇĬŏĺŀĶƢŏĨŀĶƢĮĶŃĔŀĭħƟĺĵĝŋħėĺĭėŋĴĴŀŏĨŀĶƢȮ(motor controller) œħĶŏĺŀĶƢȮ(driver) 
ėŀĬŏħĬŏĞŀĶƢȮ(smoothing condenser) ŏĞĬŏĞŀĶƢĺńħĔĶŃŐĽȮŐĸŃŏıŅŏĺŀĶƢőĴħŌĸȮ(power module)Ȯĝŋħ
ėĺĭėŋĴĴŀŏĨŀĶƢĶńĭėƞŅĴŋĴĔŅĶľĴŋĬĕŀĚőĶŏĨŀĶƢěŅĔĶňőĞĸŏĺŀĶƢŐĸŃėƞŅĔĶŃŐĽĕŀĚĴŀŏĨŀĶƢěŅĔŏĞĬŏĞŀĶƢĺńħĔĶŃŐĽ
ŏıŊŗŀĽĶƟŅĚĽńĠĠŅĦıńĸĽƢĽŜŅľĶńĭĕńĭ IGBT ĬŀĔěŅĔĬňŘĝŋħėĺĭėŋĴĴŀŏĨŀĶƢĵńĚĨĶĺěěńĭŀŋĦľĳŌĴŇĕŀĚĴŀŏĨŀĶƢŐĸŃ
ěŜŅĔńħĔŅĶĽĶƟŅĚŐĶĚĭŇħĨŅĴĶŃħńĭėĺŅĴĶƟŀĬŒĬĴŀŏĨŀĶƢȮĽŜŅľĶńĭĝŋħœħĶŏĺŀĶƢȮ(Driver) ĪŜŅľĬƟŅĪňŗŐĮĸĚĽńĠĠŅĦ
ıńĸĽƢȮ12V ěŅĔĝŋħėĺĭėŋĴĴŀŏĨŀĶƢŏĮƦĬĽńĠĠŅĦŐĶĚħńĬĽŌĚȮ(300V) ŐĸŃĕńĭȮIGBT ĽƞĺĬŏıŅŏĺŀĶƢőĴħŌĸȮ(power 
module)ȮĮĶŃĔŀĭħƟĺĵȮIGBTȮ6 Ĩńĺ ĞŉŗĚĪŜŅľĬƟŅĪňŗŏĮƦĬĽĺŇĪĝƢŏĞĴŇėŀĬħńĔŏĨŀĶƢŏĮƕħĮƕħĪňŗėĺŅĴŏĶŖĺĽŌĚȮĕĦŃĪňŗ
ėŀĬŏħĬŏĞŀĶƢȮ(smoothing condenser)ȮĪŜŅľĬƟŅĪňŗėĺĭėŋĴŐĶĚħńĬœĲĔĶŃŏıŊŗŀĴȮ(ripple voltage) ĞŉŗĚŏĮƦĬįĸěŅ
ĔŅĶĽĺŇĪĝƢĝŇŗĚĕŀĚȮIGBT 

ŀŇĬŏĺŀĶƢŏĨŀĶƢĴňĸńĔļĦŃŏĮƦĬĭĸŖŀĔĽňŗŏľĸňŗĵĴ ĴňĕĬŅħȮ304x256.5x144.5mm ľĬńĔȮ16.8 kg. ĶŌĮȮ

3-12ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĕĬŅħŐĸŃĬŘŜŅľĬńĔŀŇĬŏĺŀĶƢŏĨŀĶƢĕŀĚĶĩœĲĲƚŅőĴŏħĸĨƞŅĚŕȮŏėĽĕŀĚŀŇĬŏĺŀĶƢŏĨŀĶƢĪŜŅ
ěŅĔŀĸŌĴŇŏĬňĵĴȮĪňŗħƟŅĬĸƞŅĚĕŀĚŀŇĬŏĺŀĶƢŏĨŀĶƢŀŀĔŐĭĭŏĮƦĬĪƞŀĪŅĚŏħŇĬĬŘŜŅľĸƞŀŏĵŖĬȮ(water jacket)Ȯ 

 



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-34 

 
ĶŌĮȮ3-12ȮȮŏĮĶňĵĭŏĪňĵĭĕĬŅħŐĸŃĬŘŜŅľĬńĔŀŇĬŏĺŀĶƢŏĨŀĶƢĕŀĚĶĩœĲĲƚŅőĴŏħĸĨƞŅĚŕ [4.4] 

3.3.4 ĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬĕŀĚĴŀŏĨŀĶƢœĲĲƚŅ 

ĶŃĭĭĽƞĚĔŜŅĸńĚěŃĩŌĔĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵĶŃĭĭľĸƞŀŏĵŖĬȮĞŉŗĚĪŜŅľĬƟŅĪňŗĶŃĭŅĵėĺŅĴĶƟŀĬĝŇŘĬĽƞĺĬ
ĨƞŅĚŕŒĬĶŃĭĭĽƞĚĔŜŅĸńĚœħƟŐĔƞȮĴŀŏĨŀĶƢȮŀŇĬŏĺŀĶƢŏĨŀĶƢȮDC/DC converter ĬŘŜŅĵŅľĸƞŀŏĵŖĬȮ(Coolant) ĪňŗŒĝƟ
ĮĶŃĔŀĭħƟĺĵĬŘŜŅȮŐĸŃĽŅĶľĸƞŀŏĵŖĬŒĬĪňŗĬňŘėŊŀ Ethylene Glycol ĬŘŜŅĵŅľĸƞŀŏĵŖĬœľĸŏĺňĵĬőħĵŀŅĻńĵĮƤƩĴĬŘŜŅœĲĲƚŅȮ
(electric water pump) Ȯ2 ĨńĺȮĞŉŗĚĩŌĔėĺĭėŋĴőħĵĝŋħőĴħŌĸėĺĭėŋĴĶĩȮ(Vehicle control module, VCM) ħńĚ

ŐĽħĚŒĬĶŌĮȮ3-13  

 
ĶŌĮȮ3-13ȮȮĮƤƩĴĬŘŜŅœĲĲƚŅŐĸŃěŋħŏĕƟŅŀŀĔĕŀĚĬŘŜŅĵŅľĸƞŀŏĵŖĬȮ[4.2] 

ĶŌĮȮ3-14ȮŐĽħĚŐįĬįńĚĔŅĶœľĸŏĺňĵĬĕŀĚĶŃĭĭľĸƞŀŏĵŖĬȮĮƤƩĴĬŘŜŅœĲĲƚŅĨńĺĪňŗľĬŉŗĚěŃĮƤƨĴĬŘŜŅĵŅľĸƞŀ
ŏĵŖĬěŅĔŐĪŖĚėƢȮ(Degas tank) œĮĵńĚĮƤƨĴĬŘŜŅœĲĲƚŅĨńĺĪňŗĽŀĚĞŉŗĚŏĮƦĬĨńĺȮBooster ŐĶĚħńĬȮĽƞĚĬŘŜŅľĸƞŀŏĵŖĬœĮĵńĚĝŋħ
ĝŅĶƢěŏěŀĶƢȮ(On board charger) ĪňŗŀĵŌƞĭĶŇŏĺĦĪňŗĬńŗĚįŌƟőħĵĽŅĶħƟŅĬľĸńĚȮŏıŊŗŀĶŃĭŅĵėĺŅĴĶƟŀĬĝŋħĝŅĶƢěŏěŀĶƢŏĮƦĬ
ĝŇŘĬĽƞĺĬŐĶĔȮŐĸŃœľĸĔĸńĭĴŅĵńĚȮDC/DC-J/B ĪňŗŀĵŌƞĭĶŇŏĺĦľƟŀĚŏėĶŊŗŀĚȮěŅĔĬńŘĬĬŘŜŅľĸƞŀŏĵŖĬěŃœľĸŀŀĔěŅĔȮ



őėĶĚĔŅĶĻŉĔļŅĺŇěńĵĩŀħŐĭĭĵŅĬĵĬĨƢœĲĲƚŅ 

ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-35 

DC/DC-J/B ŏĕƟŅœĮĵńĚŀŇĬŏĺŀĶƢŏĨŀĶƢŏıŊŗŀľĸƞŀŏĵŖĬĝŇŘĬĽƞĺĬŒĬŀŇĬŏĺŀĶƢŏĨŀĶƢȮŐĸŃěŃœľĸĨƞŀœĮĵńĚĴŀŏĨŀĶƢŏıŊŗŀĶŃĭŅĵ
ėĺŅĴĶƟŀĬĴŀŏĨŀĶƢȮĔƞŀĬĪňŗěŃœľĸĨƞŀœĮĵńĚľĴƟŀĬŘŜŅŏıŊŗŀĶŃĭŅĵėĺŅĴĶƟŀĬŀŀĔȮ Ȯ 

 
ĶŌĮȮ3-14ȮȮŐįĬįńĚŐĽħĚĔŅĶœľĸŏĺňĵĬĕŀĚĶŃĭĭľĸƞŀŏĵŖĬȮ&ĪňŗĴŅȮ: MTEC) 

ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚĴŀŏĨŀĶƢŀŅĻńĵĝƞŀĚĪŅĚŏħŇĬĬŘŜŅľĸƞŀŏĵŖĬȮ&Water jacket) ĪňŗŀĵŌƞőħĵĶŀĭȮ
StatorȮĴňĝƞŀĚĪŅĚĬŘŜŅŏĕƟŅȮ(Water inlet) ĪňŗĭĶŇŏĺĦħƟŅĬĕƟŅĚĨŀĬĸƞŅĚĕŀĚĴŀŏĨŀĶƢŐĸŃĴňĝƞŀĚĪŅĚĬŘŜŅŀŀĔȮ(Water 
outlet) ĪňŗĭĶŇŏĺĦħƟŅĬĭĬȮĝƞŀĚĪŅĚŏħŇĬĬŘŜŅľĸƞŀŏĵŖĬĪŜŅĴŅěŅĔŀĸŌĴŇŏĬňĵĴĴňĝƞŀĚĕĬŅħŒľĠƞĽŜŅľĶńĭĔŅĶœľĸĕŀĚĬŘŜŅ
ľĸƞŀŏĵŖĬȮ3 ĝƞŀĚĪŅĚȮ(coolant channels)ȮĝƞŀĚħńĚĔĸƞŅĺĴňĸńĔļĦŃŏĮƦĬĽňŗŏľĸňŗĵĴįŊĬįƟŅĴňĕĬŅħĔĺƟŅĚȮ35 mm ŐĸŃ
ĽŌĚ 12.5 mm ĝƞŀĚĪŅĚŏħŇĬĬŘŜŅľĸƞŀŏĵŖĬȮ&Water jacket) ĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĳŅĵŒĬȮ200 mm ŐĸŃĕĬŅħ
ŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĳŅĵĬŀĔȮ250 mm ĴňėĺŅĴĵŅĺĨŅĴŐĬĺŐĔĬȮ210 mm ŐĸŃĴňĬŘŜŅľĬńĔȮ10.1 kg. &ĬŘŜŅľĬńĔ
ŏĜıŅŃȮwater jacket œĴƞĶĺĴȮőĶŏĨŀĶƢ ŐĸŃȮstator)  

 
ĶŌĮȮ3-15  ĝƞŀĚĪŅĚŏħŇĬĬŘŜŅľĸƞŀŏĵŖĬĕŀĚĴŀŏĨŀĶƢ (MY2011) &ĪňŗĴŅ: MTEC ŐĸŃȮ[4.5]) 
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ĳŅĵŒĨƟĻŌĬĵƢĔŅĶŏĶňĵĬĶŌƟŏĪėőĬőĸĵňŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĔŅĶıńĥĬŅŀŋĨĽŅľĔĶĶĴĵŅĬĵĬĨƢœĲĲƚŅĮƖȮı,Ļ,2561 ľĬƟŅȮ3-36 

 
ĶŌĮȮ3-16ȮȮĔŅĶěŜŅĸŀĚĬŘŜŅľĸƞŀŏĵŖĬĪňŗœľĸŒĬĝƞŀĚĔŅĶœľĸĕŀĚĬŘŜŅľĸƞŀŏĵŖĬĴŀŏĨŀĶƢ (MY2011) [4.5] 

3.3.5 ĶŅĵĔŅĶĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢœĲĲƚŅ 

ĶŅĵĔŅĶĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢœĲĲƚŅŐĸŃĽƞĺĬĮĶŃĔŀĭĪňŗŏĔňŗĵĺĕƟŀĚœħƟĩŌĔŐĽħĚŒĬȮĶŌĮȮ3-17ȮĩŉĚȮĶŌĮȮ3-21 

 
ĶŌĮȮ3-17 ĶŅĵĔŅĶĝŇŘĬĽƞĺĬĝŋħĴŀŏĨŀĶƢŐĸŃŏĔňĵĶƢ 

 
ĶŌĮȮ3-18 ȮĶŅĵĔŅĶĝŇŘĬĽƞĺĬĴŀŏĨŀĶƢħƟŅĬĬŀĔ 


















































































































