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DC DRIVES  
 
Princ iple  o f ope rat ion  and c ons truc t ion  – a re vie w 
 
DC m a ch in e con s is t s  of 
  

s ta tor  – s ta t ion a ry – wh ere th e field  flu x is  p rodu ced   
rotor  – rota t in g – wh ere th e a rm a tu re win d in g is  p la ced . 

 
Field  flu x is  ob ta in ed  eith er  from  perm a n en t  m a gn et  or  from  field  win d in g excita t ion . Field  flu x 
in tera cts  with  cu r ren t  ca r ryin g con du ctors  in  a rm a tu re to p rodu ce torqu e. Com m u ta tor  in  
a rm a tu re circu it  will en s u re th a t  th e torqu e p rodu ct ion  is  a lwa ys  m a xim u m , rega rd les s  of rotor  
pos it ion .  

 
 
 

Mode ling of DC m otor 
 
Th e torqu e is  p rodu ced  a s  a  res u lt  of in tera ct ion  of field  flu x with  cu r ren t  in  a rm a tu re 
con du ctors  a n d  is  given  by  
 

Te = k t  Φ ia       (1 ) 
 

wh ere  k t is  a  con s ta n t  depen din g on  m otor  win d in gs  a n d  geom etry 
  Φ is  th e flu x per  pole du e to th e field  win d in g 
 
For  th e m otor  with  wou n d  field , th e flu x ca n  be va r ied  to con t rol th e s peed , bu t  for  perm a n en t  
m a gn et  m otor , th e flu x is  fixed  a n d  th u s  ca n  be wr it ten  a s : 
 

Te = Ktia  
 
 wh ere Kt depen ds  on  th e perm a n en t  m a gn et  m a ter ia l 
Th e d irect ion  of th e torqu e p rodu ced  depen ds  on  th e d irect ion  of th e a rm a tu re cu r ren t  
Wh en  th e a rm a tu re rota tes , th e flu x lin k in g th e a rm a tu re win d in g will va ry with  t im e a n d  
th erefore a ccord in g to Fa ra da y’s  la w, a n  em f will be in du ced  a cros s  th e win d in g. Th is  gen era ted  
em f, kn own  a s  th e ba ck  em f, depen ds  on  s peed  of rota t ion  a s  well a s  on  th e flu x p rodu ced  by 
th e field  a n d  is  given  by: 
 

ea  = k t  Φ ω      (2 ) 
 
S im ila r ly, for  perm a n en t  m a gn et , th is  ca n  be wr it ten  a s : 
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ea  = Kt  ω 
 
Th e pola r ity of th e ba ck  em f depen ds  on  th e d irect ion  of th e m otor  rota t ion  
 
 
For   s epa ra tely excited  DC m otor , th e a rm a tu re circu it  is  s h own : 
 
 
 
 
 
 
 
 
 
 
 
Ra  – lu m ped  a rm a tu re win d in g res is ta n ce 
La  – s elf in du cta n ce of th e a rm a tu re win d in g 
ea  – a s  defin ed  before, is  th e ba ck  em f of th e m otor  
 
Us in g KVL,  
 

(3 ) 
 
In  s tea dy s ta te con dit ion , 
 

(4 ) 
 
 
In  term s  of torqu e a n d  s peed  th e s tea dy s ta te equ a t ion  ca n  be wr it ten  a s : 
 

(5 ) 
 
 
wh ich  gives : 
 

(6 ) 
 
 
 
Th u s  th ree m eth ods  ca n  be u s ed  to con t rol th e s peed :  Vt ,  Φ a n d  Ra  
 
Speed  con t rol u s in g a rm a tu re res is ta n ce by a dd in g extern a l res is tor  Rext is  s eldom  u s ed , 
es pecia lly for  la rge m otor  du e to th e los s es  a s s ocia ted  with  Ia 2Rext.  Vt   is  n orm a lly con t rol for  
s peed  u p  to ra ted  s peed . Beyon d  ra ted  s peed , for  s epa ra tely excited  DC m otor , th e s peed  con t rol 
is  a ch ieved  by flu x con t rol, Φ.  Wh en  s peed  con t rol by flu x con t rol is  u s ed , th e m a xim u m  torqu e 
ca pa b ility of th e m otor  is  redu ced  s in ce for  a  given  m a xim u m  a rm a tu re cu r ren t , th e flu x is  les s  
th a n  th e ra ted  va lu e a n d  th u s  th e m a xim u m  torqu e p rodu ced  is  les s  th a n  th e m a xu m u m  
torqu e. Als o it  s h ou ld  be n oted  th a t  , with  perm a n en t  m a gn et  excita t ion , s peed  con t rol u s in g 
flu x wea ken in g is  n ot  pos s ib le – th u s  m a xim u m  s peed  of perm a n en t  m a gn et  m otor  is  lim ited .  
 
Wh en  des ign in g con t roller s  for  DC m otor  d r ives  u s ed  in  s ervo or  h igh  per form a n ce a pp lica t ion s , 
a  s m a ll s ign a l m odel of th e m otor  is  requ ired . A s epa ra tely excited  DC m otor  with  fixed  field  
excita t ion , or  a  perm a n en t  m a gn et  DC m otor , is  des cr ibed  by equ a t ion s  (3 ), (1 ) a n d  (2 ). If a  s m a ll 
per tu rba t ion  a rou n d  a  DC opera t in g poin t  is  in t rodu ced , th es e equ a t ion s  ca n  be wr it ten  a s  (7 )-
(9 ). Th e ‘~’ in d ica tes  a  s m a ll per tu rba t ion , wh ich  is  a dd  to th e DC com pon en ts  of vt,  ia ,  ea ,  Te,  TL 
a n d  ω : 
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(7 ) 
 

 
 

(8 ) 
 
 

(9 ) 
 
 
Equ a t ion  des cr ib in g th e dyn a m ic of th e m ech a n ica l s ys tem  is  given  by: 
 

(10) 
 
wh ere Tl = TL + Bω 
  
Tl is  th e loa d  torqu e com pos ed  of work in g torqu e of th e loa d , TL a n d  torqu e du e to fr ict ion , Bω.  
Th e fr ict ion a l torqu e depen ds  on  th e rota t ion a l s peed , wh ile TL depen ds  on  th e n a tu re of th e 
loa d  bein g d r iven . S im ila r ly, if a  s m a ll per tu rba t ion  is  in t rodu ced  in  Te a n d  TL a n d  ω,  equ a t ion  
(10) ca n  be wr it ten  a s : 
 

(11) 
 
 
Sepa ra t in g th e DC a n d  s m a ll per tu rba t ion  or  AC com pon en ts  in  (7 )–(9) a n d  (11), th e s tea dy s ta te 
a n d  s m a ll s ign a l equ a t ion s  des cr ib in g th e DC m otor  ca n  be ob ta in ed : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Th e t ra n s fer  fu n ct ion of th e DC m otor  is  ob ta in ed  by ta k in g th e La p la ce t ra n s form  of th e s m a ll 
s ign a l equ a t ion s . 
 
 

Vt(s ) = Ia(s )Ra  + Las Ia  + E a(s )     (12) 
 

Te(s ) = k EIa(s )       (13) 
 

E a(s ) = k Eω(s )       (14) 
 

Te(s ) = TL(s ) + Bω(s ) + s J ω(s )      (15) 
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Th u s  th e b lock  d ia gra m  repres en t in g th e DC m otor  is  s h own :  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Powe r e le c t ron ic  c onve rte rs  in  DC drive s  
 
Th e power  elect ron ic con ver ter s  a re u s ed  to ob ta in  a n  a d ju s ta b le DC volta ge a pp lied  to th e 
a rm a tu re of a  DC m otor . Th ere a re ba s ica lly two types  of con ver ter  n orm a lly em ployed  in  DC 
dr ives : (i) con t rolled  rect ifier  (ii) s witch –m ode con ver ter . 
 
(i) Con trolled  rect ifier  
Con trolled  rect ifier  ca n  be opera ted  from  a  s in gle ph a s e or  th ree ph a s e in pu t  
Ou tpu t  volta ge con ta in  low frequ en cy r ipp le wh ich  m a y requ ire a  la rge in du ctor  in s er ted  in  
a rm a tu re circu it , in  order  to redu ce th e a rm a tu re cu r ren t  r ipp le. A la rge a rm a tu re cu r ren t  r ipp le 
is  u n des ira b le s in ce it  m a y be reflected  in  s peed  res pon s e if th e in er t ia  of th e m otor–loa d  is  n ot  
la rge en ou gh . Con trolled  rect ifier  h a s  low ba n dwid th . Th e a vera ge ou tpu t  volta ge res pon s e to a  
con t rol s ign a l, wh ich  is  th e dela y a n gle, is  rela t ively s low. Th erefore con t rolled  rect ifier  is  n ot  
s u ita b le for  d r ives  requ ir in g fa s t  res pon s e, e.g. in  s ervo a pp lica t ion s .  
In  term s  of qu a dra n t  of opera t ion s , a  s in gle ph a s e or  a  th ree ph a s e rect ifier  is  on ly ca pa b le of 
opera t in g in  fir s t  a n d  fou r th  qu a dra n ts  – wh ich  is  n ot  s u ita b le for  d r ives  requ ir in g forwa rd  
b rea k in g m ode. To be a b le to opera te in  a ll fou r  qu a dra n ts , con figu ra t ion s  u s in g ba ck  to ba ck  
rect ifier s  or  con ta ctors  s h own  below m u s t  be em ployed . 
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(ii) Switch –m ode con ver ter  
Switch –m ode con ver ter s  n orm a lly opera te a t  h igh  frequ en cy. As  a  res u lt  of th is , (i) th e a vera ge 
ou tpu t  volta ge res pon s e is  s ign ifica n t ly fa s ter  th a n  th e con t rolled  rect ifier , in  oth er  words  th e 
ba n dwid th  of a  s witch –m ode rect ifier  is  h igh er  com pa red  to th e con t rolled  rect ifier , a n d  (ii) th e 
a rm a tu re cu r ren t  r ipp le is  rela t ively les s  th a n  th e con t rolled  rect ifier  circu it  wh en  th e s a m e 
a m ou n t  of in du cta n ce p res en t  in  th e a rm a tu re circu it . Th e s witch -m ode con ver ter  is  th erefore 
s u ita b le for  a pp lica t ion s  requ ir in g pos it ion  con t rol or  fa s t  res pon s e, for  exa m ple in  s ervo 
a pp lica t ion s , robot ics , etc. In  term s  of qu a dra n t  of opera t ion s , 3  pos s ib le con figu ra t ion s  a re 
pos s ib le: s in gle qu a dra n t , two–qu a dra n t  a n d  fou r–qu a dra n t  con ver ter s  – th es e a re s h own  below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference: 
N. Mohan,  “Electric Drives: An integrative approach”,  University of Minnesota Printing services, 2000. 
N. Mohan, “Power Electronics: Converters, applications and design” John Wiley and Sons, 1995. 
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