
LIST OF SYMBOLS AND ABBREVIATIONS 
 

 
lm : Length of magnet 

L : Core length of generator 

Li : Iron core length 

lsy : Stator yoke length 

lry : Rotor yoke length 

µfe : Rotor yoke length 

µo : 4π ∗ 10-7 

Hpm : Height of magnet 

g : Airgap length  

geff : Effective airgap length 

rs : Mean stator radius 

rr : Mean rotor radius 

θp : Angular pole pitch  

ws : Slot width 

ts : Slot pitch 

Nph : Per phase number of turns 

f : Frequency 

θe : Electrical angle 

β : Half of pole arc electrical angle 

h : Space harmonic 

k : Time harmonic 

P' : Pole pair 

Agi, Ago : Area of airgap - inner, outer 

Apmi, Apmo : Area of permanent magnet - inner, outer 

µpm : Permeability of magnet 

we : Electrical angular speed 

wm : Mechanical angular speed 

Rsh_nc : Natural Convective thermal resistance of shaft to the Environment 

Rsh : Conductive thermal resistance of shaft 

xviii 
 



Rryu , Rryl : Conductive thermal resistance of upper and lower part of rotoryoke 

Rpmu, Rpml : Conductive thermal resistance of upper and lower part of PM 

Rpm_air : Conductive thermal resistance of air between the two magnets 

Rair : Conductive thermal resistance of air 

Rar_nc : Convective thermal resistance between rotor to air 

Rsw : Conductive thermal resistance between the winding and core 

Rsti, Rstu : Conductive thermal resistance of lower and upper part of tooth 

Rsyl, Rsyu :  Conductive thermal resistance of lower and upper part of stator yoke 

Rsy_nc : Convective thermal resistance between stator yoke to environment 

Cry : Thermal capacitance of rotor yoke 

Cpm : Thermal capacitance of permanent magnet 

Ccu : Thermal capacitance of Copper winding 

Cst : Thermal capacitance of stator tooth 

Csy : Thermal capacitance of stator yoke 

Pcu : Power loss in copper winding 

Ppm : Power loss in permanent magnet 

Psy : Power loss in stator yoke 

Pst : Power loss in stator tooth 

Pry : Power loss in rotor yoke 

Ta : Ambient temperature (30ºC) 

Rsh_nc : Natural Convective thermal resistance between shaft to environment 

Rsh : Conductive thermal resistance of shaft 

Rsh_r : Radiation thermal resistance from the shaft to the environment 

Rsyiu, Rsyil : Conductive thermal resistance of the radially upper and lower part of 

inner stator yoke 

RsyiL, RsyiR : Conductive thermal resistance of axially left and right side of the inner  

  stator yoke 

Rsyi_nc : Natural Convective thermal resistance between inner stator yoke to the  

  environment 

Rsyi_r : Radiation thermal resistance from the inner stator yoke to the  

  environment 
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Rstiu, Rstil : Conductive thermal resistance of the radially upper and lower part of  

  inner stator tooth 

RstiL, RstiR : Conductive thermal resistance of the axially left and right side of the  

  inner stator tooth 

Rsti_nc : Natural Convective thermal resistance between inner stator tooth to the  

  environment 

Rsti_r : Radiation thermal resistance from the inner stator tooth to the  

  environment 

Rag_sti : Conductive thermal resistance between inner air and inner stator tooth 

Rst_wi : Conductive thermal resistance between inner stator tooth  and inner  

  stator winding 

Rstpmi_r : Radiation thermal resistance from the inner stator tooth to the  

  environment 

Rstpmi_c : Convective thermal resistance between inner stator tooth and inner  

  permanent magnet 

Rsw_syi : Conductive thermal resistance between inner stator winding  and inner  

  stator yoke 

Rag_swi : Conductive thermal resistance between inner stator winding and inner  

  airgap 

Rsw_ui, Rsw_li : Conductive thermal resistance of the radially upper and lower part of  

  inner stator winding 

RswiL  : Conductive thermal resistance of the axially left side of the inner stator  

  winding 

RsewiL,RsewiR : Conductive thermal resistance of the axially left and right side of the  

  inner stator end winding 

Rsewi_r : Radiation thermal resistance from the inner stator end winding to the  

  environment 

Rsewi_nc : Convective thermal resistance between inner stator end winding to the  

  envirement 

Rpmiu, Rpmil : Conductive thermal resistance of the radially upper and lower part of  

  inner PM 
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RpmiL,RpmiR : Conductive thermal resistance of the axially left and right side of the  

  inner PM 

Rpmi_r : Radiation thermal resistance from the inner PM to the environment 

Rpmi_nc : Convective thermal resistance between inner PM to the envirement 

Rpm_agi : Conductive thermal resistance between  inner PM and inner air 

Rryu, Rryl : Conductive thermal resistance of the radially upper and lower part of  

  rotor yoke 

RryL, RryR : Conductive thermal resistance of the axially left and right side of the  

  rotor yoke 

Rry_r : Radiation thermal resistance from the rotor yoke to the environment 

Rry_nc : Convective thermal resistance between of the rotor yoke to the  

  environnent 

Rry_agi : Conductive thermal resistance between  rotor yoke and inner air 

Rpmou, Rpmol : Conductive thermal resistance of the radially upper and lower part of  

  outer PM 

RpmoL, RpmoR : Conductive thermal resistance of the axially left and right side of the  

  outer PM 

Rpmo_r : Radiation thermal resistance from the outer PM to the environment 

Rpmo_nc : Convective thermal resistance between outer PM to the envirement 

Rpm_ago : Conductive thermal resistance between  outer PM and outer air 

Rag_sto : Conductive thermal resistance between outer air and outer stator tooth 

Rst_wo : Conductive thermal resistance between outer stator tooth  and outer  

  stator winding 

Rstpmo_r : Radiation thermal resistance from the outer stator tooth to the outer PM 

Rstpmo_c : Convective thermal resistance between outer stator tooth and outer  

  permanent magnet 

Rsw_syo : Conductive thermal resistance between outer stator winding  and outer  

  stator yoke 

Rag_swo : Conductive thermal resistance between outer stator winding and outer  

  airgap 

Rsw_uo, Rsw_lo : Conductive thermal resistance of the radially upper and lower part of  
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  outer stator winding 

RswoL  : Conductive thermal resistance of the axially left side of the outer stator  

  winding 

RsewoL,RsewoR : Conductive thermal resistance of the axially left and right  

  side of the outer stator end winding 

Rsewo_r : Radiation thermal resistance from the outer stator end winding to the  

  environment 

Rsewo_nc : Convective thermal resistance between outer stator end winding to the  

  envirement 

Rstou, Rstol : Conductive thermal resistance of the radially upper and lower part of  

  outer stator tooth 

RstoL, RstoR : Conductive thermal resistance of the axially left and right side of the  

  outer stator tooth 

Rsto_nc : Natural Convective thermal resistance of outer stator tooth to the  

  environment 

Rsto_r : Radiation thermal resistance from the outer stator tooth to the  

  environment 

Rsyou, Rsyol : Conductive thermal resistance of the radially upper and lower part of  

  outer stator yoke 

RsyoL, RsyoR : Conductive thermal resistance of the axially left and right side of the  

  outer stator yoke 

Rsyo_anc : Natural Convective thermal resistance between  outer stator yoke along  

  axial length to the environment 

Rsyo_ar : Radiation thermal resistance from the outer stator yoke along axial  

  length to the environment 

Rsyo_nc : Natural Convective thermal resistance between  outer stator yoke to the  

  environment 

Rsyo_r : Radiation thermal resistance from the outer stator yoke to the  

  environment 

Csyi : Thermal capacitance of inner stator yoke 

Csti : Thermal capacitance of inner stator tooth 
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Csewi : Thermal capacitance of inner stator end winding 

Ccui : Thermal capacitance of inner stator winding 

Cpmi : Thermal capacitance of inner PM 

Cryi : Thermal capacitance of rotor yoke 

Cpmo : Thermal capacitance of outer PM 

Csewo : Thermal capacitance of outer stator end winding 

Ccuo : Thermal capacitance of outer stator winding 

Csto : Thermal capacitance of outer stator tooth 

Csyo : Thermal capacitance of outer stator yoke 

Psyi : Power loss in inner stator yoke 

Psti : Power loss in inner stator tooth 

Psewi : Power loss in inner stator end winding 

Pcui : Power loss in inner stator winding 

Ppmi : Power loss in inner PM 

Pryi : Power loss in rotor yoke 

Ppmo : Power loss in outer PM 

Psewo : Power loss in outer stator end winding 

Pcuo : Power loss in outer stator winding 

Psto : Power loss in outer stator tooth 

Psyo : Power loss in outer stator yoke 
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