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A b s t r a c t  
 

T h e anal ys is  of  t r ans ient  s t at es  in as ync h r onou s  s l ip -r ing  m ot or  wit h  t h e 
ap p l ic at ion of  t h e p ar al l el  m et h od is  p r es ent ed in t h e p ap er .  T r ans ient  
s t at es  ar e des c r ib ed b y a s ys t em  of  non-l inear  or dinar y dif f er ent ial  
eq u at ions .  S ol v ing  s ys t em s  of  s u c h  eq u at ions  is  a s eq u ent ial  p r oc es s .  T h e 
p r op os ed p ar al l el  m et h od c onv er t s  s eq u ent ial  c om p u t at ions  int o 
int ens iv el y p ar al l el  ones .  T h e g ener al  idea of  t h is  m et h od is  b as ed on 
dec om p os it ion of  t h e int eg r at ion int er v al  int o s u b -int er v al s .  C om p u t at ions  
in s u b -int er v al s  ar e done b as ed on init ial  c ondit ions  det er m ined on t h e 
b as is  of  an ap p r ox im at ion of  t h e c onv er g enc e g r ap h  b y t h e ex p onent ial  
f u nc t ion.  
 
K e y w o r d s :  or dinar y dif f er ent ial  eq u at ions ,  p ar al l el  c om p u t ing ,  t r ans ient  s t at es .  
 
Ró wn ol e g ła an al i z a st an ó w n i e u st al on y c h   
w si l n i k u  e l e k t ry c z n y m  

 
S t r e s z c z e n i e  

 
W  ar t yk u l e p r zeds t awiono zas t os owanie or yg inal nej  m et ody r ó wnol eg ł ej  
anal izy s t anó w nieu s t al onyc h  do b adania dynam ik i m odel u  s il nik a 
as ync h r onic zneg o p ier ś c ienioweg o.  M et oda t a p r zeznac zona j es t  do 
anal izy s t anó w nieu s t al onyc h  wys t ę p u j ąc yc h  w ob wodac h  el ek t r yc znyc h  
w p r zyp adk u ,  g dy s t an nieu s t al ony op is any j es t  u k ł adem  r ó wnań  
r ó ż nic zk owyc h  zwyc zaj nyc h ,  l iniowyc h  l u b  niel iniowyc h  ( r ó wnaniem  
s t anu ) .  O g ó l na idea m et ody op ier a s ię  na dek om p ozyc j i p r zedział u  
c ał k owania ( t0 ,  tN )  na p odp r zedział y ( r ys .  2) .  O b l ic zenia zm iennyc h  s t anu  
w p os zc zeg ó l nyc h  p odp r zedział ac h  wyk onywane s ą r ó wnol eg l e p r zy 
zas t os owaniu  j ednej  ze znanyc h  s ek wenc yj nyc h ,  j ednok r ok owyc h  m et od 
nu m er yc znyc h  r ozwiązywania u k ł adó w r ó wnań  r ó ż nic zk owyc h  
zwyc zaj nyc h .  W yk onanie r ó wnol eg l e ob l ic zeń  wym ag a znaj om oś c i 
war t oś c i zm iennyc h  s t anu  na p oc ząt k u  k aż deg o p odp r zedział u  ( war u nk ó w 
p oc ząt k owyc h ) .  W  c h wil i t0 war t oś c i t e znane s ą z zał oż enia.   
W  p ozos t ał yc h  p odp r zedział ac h  war t oś c i zm iennyc h  s t anu  wyznac zane s ą 
na p ods t awie p r zyb l iż enia wyk r es u  zb ież noś c i r ozwiązania s ek wenc yj neg o 
f u nk c j ą wyk ł adnic zą ( 3 ) .  Al g or yt m  m et ody zaim p l em ent owany zos t ał  w 
s t r at eg ii „ M as t er -S l av e”  ( r ys .  1 ) .  Pr oc es  m as t er  wyznac za s ek wenc yj nie 
war t oś c i zm iennyc h  s t anu  na p oc ząt k u  p odp r zedział ó w i p r zes ył a j e do 
p r oc es ó w s l av e.  W s zys t k ie p r oc es y ( m as t er  i s l av e)  wyk onu j ą r ó wnol eg l e 
ob l ic zenia war t oś c i zm iennyc h  s t anu  w odp owiednic h  p odp r zedział ac h  
p r zedział u  c ał k owania.  Po zak oń c zeniu  ob l ic zeń  p r oc es  m as t er  odb ier a 
wynik i ob l ic zeń  od p r oc es ó w s l av e i zap is u j e r ozwiązanie k oń c owe.  J ak o 
p r zyk ł ad zas t os owania p owyż s zej  m et ody p r zeds t awiona zos t ał a anal iza 
dynam ik i m odel u  s il nik a as ync h r onic zneg o p ier ś c ienioweg o.  S t an 
nieu s t al ony w s il nik u  op is any j es t  u k ł adem  p ię c iu  niel iniowyc h  r ó wnań  
r ó ż nic zk owyc h  zwyc zaj nyc h  ( 5 ) .  O b l ic zenia p r zep r owadzone zos t ał y p r zy 
zas t os owaniu  s ys t em u  k l as t er  s k ł adaj ąc eg o s ię  z 6  s t ac j i r ob oc zyc h .  
Podc zas  ob l ic zeń  ot r zym ano dob r e p r zyb l iż enie war t oś c i zm iennyc h  s t anu  
na p oc ząt k u  k aż deg o p odp r zedział u ,  c o zap ewnił o dob r ą dok ł adnoś ć  
r ozwiązania k oń c oweg o.  
 
S ł o w a  k l u c z o w e :  r ó wnania r ó ż nic zk owe zwyc zaj ne,  ob l ic zenia r ó wnol eg ł e,  
s t any nieu s t al one.  
 
1 .  I n t rod u c t i on  
 
T ran sien t  st at es in  elect rical circuit s are d escrib ed  b y  sy st em s o f  

o rd in ary  an d  part ial d if f eren t ial eq uat io n s (co n t in uo us sy st em s) o r 

sy st em s o f  d if f eren ce eq uat io n s (d iscret e sy st em s) [ 1 -3 ] .  I n  t h is 
paper t h e t ran sien t  st at es d escrib ed  b y  a sy st em  o f  o rd in ary  
d if f eren t ial eq uat io n s (t h e st at e eq uat io n ), lin ear o r n o n -lin ear, w ill 
b e co n sid ered .  I n  m o st  cases such  sy st em s o f  eq uat io n s are so lv ed  
usin g  n um erical m et h o d s [ 4 -6 ] , w h ich  are t y pically  seq uen t ial 
m et h o d s.  I n  such  m et h o d s k n o w led g e o f  t h e v alues o f  t h e 
v ariab les f ro m  t h e prev io us st ep is n ecessary  in  o rd er t o  d et erm in e 
v alues o f  t h e v ariab les in  t h e n ext  st ep.  T h ere are sev eral reaso n s 
t h e applicat io n  o f  parallel m et h o d s f o r so lv in g  sy st em s o f  O D E s 
can  b e h elpf ul [ 7 ] :  so lv in g  o f  t h e f un ct io n s o f  t h e rig h t -h an d  sid e 
o f  t h e d if f eren t ial eq uat io n s is t o o  t im e co n sum in g , t h e n um b er o f  
eq uat io n s in  t h e sy st em  is larg e, t h e in t eg rat io n  in t erv al is lo n g , 
t h e sy st em  m ust  b e so lv ed  repeat ed ly , ach iev in g  h ig h  accuracy  o f  
co m put at io n  result s in  a sh o rt  t im e req uires a v ery  sm all 
in t eg rat io n  st ep siz e.  S ev eral appro ach es t o w ard s t h e parallel 
so lut io n  o f  O D E s h av e b een  d ev elo ped .  A  g o o d  o v erv iew  o f  t h o se 
m et h o d s can  b e f o un d  in  papers [ 8 -1 0 ]  an d  m o n o g raph s [ 7 , 1 1 ] .  
T h e m ean s o f  ach iev in g  parallelism  in  so lv in g  sy st em s o f  O D E s 

is classif ied  in t o  t h ree cat eg o ries:  parallelism  acro ss t h e sy st em , 
parallelism  acro ss t h e m et h o d  an d  parallelism  acro ss t im e [ 7 , 1 1 ] .  
I n  parallelism  acro ss t h e sy st em  an d  parallelism  acro ss t h e m et h o d  
each  sin g le pro cess h as t o  co m m un icat e w it h  all o t h er pro cesses 
d urin g  each  in t eg rat io n  st ep.  I t  m ay  h av e a n eg at iv e ef f ect  o n  t h e 
perf o rm an ce o f  co m put at io n s, w h en  t h ey  are execut ed  in  parallel 
sy st em s w it h  a slo w  co m m un icat io n .  I n  t h is paper t h e parallel 
m et h o d  f o r so lv in g  sy st em s o f  O D E s, w h ich  b elo n g s t o  t h e 
parallelism  acro ss t im e cat eg o ry , an d  d o es n o t  req uire 
co m m un icat io n  in  each  in t eg rat io n  st ep, is pro po sed .  T h is m et h o d  
o rig in at es f ro m  t h e appro ach  t o w ard s t h e parallel an aly sis o f  
t ran sien t  st at es in  elect rical circuit s pub lish ed  in  [ 1 2 ] .  T h e g en eral 
id ea o f  t h e m et h o d  is b ased  o n  d eco m po sit io n  o f  t h e t im e d o m ain  
(t h e in t eg rat io n  in t erv al).  P arallel co m put at io n s in  sub seq uen t  sub -
in t erv als are co n d uct ed  w it h  t h e use o f  seq uen t ial n um erical 
R un g e-K ut t a m et h o d .  T o  st art  parallel co m put at io n s it  is n ecessary  
t o  k n o w  t h e v alues at  t h e b eg in n in g  o f  each  sub -in t erv al.  I n  t h e 
pro po sed  m et h o d  t h o se v alues are d et erm in ed  o n  t h e b asis o f  an  
appro xim at io n  o f  t h e co n v erg en ce g raph  b y  t h e expo n en t ial 
f un ct io n .  A s an  exam ple o f  t h e applicat io n  o f  t h e parallel m et h o d , 
t h e an aly sis o f  d y n am ics o f  t h e asy n ch ro n o us slip-rin g  m o t o r w ill 
b e sh o w n .  
 

2 .  T h e  P aral l e l  A n al y si s of  T ran si e n t  S t at e s 
 
T h e pro po sed  m et h o d  is in t en d ed  t o  co n d uct  t h e an aly sis o f  

t ran sien t  st at es in  elect rical circuit s in  w h ich  t h e t ran sien t  st at e is 
d escrib ed  b y  a st at e eq uat io n  (a sy st em  o f  f irst -o rd er o rd in ary  
d if f eren t ial eq uat io n s), lin ear:  
 

 00 )(),()()( xttt
dt
td

=+= xBuAxx , (1 ) 
 
o r n o n -lin ear:  
 
 00 )(),),(),(()( xttttfdt

td
== xux

x , (2 ) 
 
w h ere:  x(t)∈Rn - t h e v ect o r o f  st at e v ariab les, u(t)∈Rm - t h e v ect o r 
o f  t h e in put  f un ct io n s, A - t h e st at e m at rix, B - t h e in put  m at rix,  
x0 - t h e v ect o r o f  in it ial co n d it io n s, f(x(t),u(t),t) - t h e v ect o r o f  
n o n lin ear f un ct io n s.  
T h e m ain  aim  o f  t h e applicat io n  o f  t h is m et h o d  is t o  red uce t h e 

t im e o f  t h e st at e eq uat io n  so lv in g  an d  t h ereb y  t o  red uce t h e t im e o f  
t h e t ran sien t  st at e an aly sis.  
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The parallel algorithm has been implemented using the 
“ M aster-S lav e”  principle.  (F ig.  1 ) .   
 
 

  
F i g .  1 .   T h e  p a r a l l e l  a l g o r i t h m  f l o w  c h a r t  
R y s .  1 .   S c h e m a t  b l o k o w y  a l g o r y t m u  r ó w n o l e g ł e g o  
 
The lef t part of  the f low  chart show s the operation executed by  

master process w hile the right part - by  the slav e processes.  The 
algorithm is composed of  three main stages.  The f irst and the third 
stage are executed seq uentially  by  the master process, w hile the 
second stage is executed in parallel by  the master and all slav e 
processes.  
I n the f irst stage of  the algorithm, the master process div ides the 

integration interv al (t0, tN)  into N eq ual sub-interv als of  time (t0,t1) , 
(t1,t2) ,… ,(tN-1,tN)  (F ig.  2 ) .  The number of  sub-interv als should be 
eq ual to the number of  processes used in the second stage of  the 
parallel algorithm.  
 
 

x(t)

t

t0 t1 t3 tN-1 tN...

. . .

t2 t4   
F i g .  2 .   D i v i s i o n  o f  t h e  i n t e g r a t i o n  i n t e r v a l  ( t0 ,  tN) i n t o  s u b -i n t e r v a l s  
R y s .  2 .   P o d z i a ł  p r z e d z i a ł u  c a ł k o w a n i a  ( t0 ,  tN) n a  p o d p r z e d z i a ł y  
 
I n order to execute parallel computations in the second stage of  

the algorithm it is necessary  to k now  the v alues of  the state 
v ariables at the beginning of  each sub-interv al, i. e.  at time points 
t0, t1, … , tN-1.  These v alues are also called the initial conditions.  A t 
time point t0 the initial conditions are k now n f rom the 
assumptions, w hereas at remaining time points the initial 
conditions must be determined.  D uring examinations of  the 
conv ergence of  the solutions obtained w ith the use of  seq uential 
numerical method f or solv ing sy stems of  O D E s, it w as observ ed 

that the conv ergence graph presented in logarithmic scale (F ig.  3 )  
could be approximated by  exponential f unction:  
 

 )1()( teAtx α−
−= . (3 )  

 
The observ ation mentioned abov e w as the basis f or w ork ing out 

the method f or determination of  the initial conditions at the 
beginning of  each sub-interv al.  Theref ore, if  the state v ariables 
v alues (xh1,  xh2, xh3)  computed f or large integration step siz es (h1, 
h2, h3)  are k now n, it is possible to compute A and α parameters of  
exponential f unction (3 )  and then to determine an approximate 
v alue (xhs )  f or a small hs step siz e (F ig.  3 ) .  D etailed description of  
the method f or determination of  the initial conditions w as 
presented in papers [ 1 3 ]  and [ 1 4 ] .  
 
 

  
F i g .  3 .   T h e  c o n v e r g e n c e  g r a p h  ( h1 >  h2 >  h3 >  hs) 
R y s .  3 .   W y k r e s  z b i e ż n o ś c i  ( h1 >  h2 >  h3 >  hs) 
 
I n the practical implementation of  the algorithm the master 

process solv es state eq uation seq uentially  three times in the w hole 
integration interv al (t0, tN)  w ith three integration step siz es h1, h2 
and h3, respectiv ely .  N ext, on the basis of  the obtained solutions, 
separately  f or each state v ariable and f or each time point t1, t2, … , 
tN-1, the master process computes parameters of  eq uation (3 )  and 
then the initial conditions.  
A f ter determination of  initial conditions, the second, parallel, 

stage of  the algorithm is started.  I n this stage the master process 
sends the initial data to slav e processes.  A f ter receiv ing of  data, all 
processes (also the master process)  execute computations w ith  
a small integration step siz e h.  The master process computes the 
v alues of  the state v ariables in the f irst sub-interv al (t0, t1) , the f irst 
slav e process - in the second sub-interv al (t1, t2) , the second slav e 
process - in the third sub-interv al (t2, t3 ) , etc.  W hen the 
computations are f inished, the slav e processes send computed 
solutions to the master process.  
I n the third stage the master process sav es the f inal solution, 

w hich consists of  parts computed by  particular processes, on his 
local hard disk .  
 

3. A n a l y s i s  o f  T r a n s i e n t  S t a t e  i n  E l e c t r i c  M o t o r  
 
A s a practical example of  the application of  the proposed 

method, the analy sis of  transient states in asy nchronous slip-ring 
motor w ill be presented.  The motor has the f ollow ing rating data:  
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The transient state in this motor is described by  a sy stem of  f iv e 

non-linear ordinary  dif f erential eq uations [ 1 5 ] :   
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w h er e x1,  x2 - s t and ar d  f or m of  t h e s t at or  c u r r ent ,  x3,  x4 - s t and ar d  
f or m of  t h e r ot or  c u r r ent  and  x5 - t h e ang u l ar  v el oc it y .  
T h is  s y s t em is  p r es ent ed  in s t and ar d  f or m,  w h ic h  w as  ob t ained  

b y  a t r ans f or mat ion of  t h e s t at or  and  r ot or  c u r r ent  eq u at ions  w it h  
t h e u s e of  or t h og onal  mat r ix  [ 1 5 ] .  T h e c oef f ic ient s  on t h e r ig h t  
h and  s id e of  eq u at ion ( 5 )  h av e t h e v al u es  r es u l t ing  f r om t h e r at ing  
d at a of  t h e mot or  and  it s  el ec t r ic al  p ar amet er s .  F or  t h e anal y z ed  
el ec t r ic  mot or ,  t h e c oef f ic ient s  h av e t h e f ol l ow ing  v al u es :  
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T h e s y s t em of  eq u at ions  ( 5 )  w as  s ol v ed  u s ing  t h e p ar al l el  

met h od  p r es ent ed  in p r ev iou s  p ar ag r ap h .  T h e c omp u t at ions  w er e 
c ar r ied  ou t  w it h  t h e u s e of  a h omog eneou s  c l u s t er ,  w h ic h  c ons is t s  
of  s ix  w or k s t at ions .  T h e c l u s t er  nod es  ar e b as ed  on I nt el  
S E 7 5 0 5 V B 2  mot h er b oar d ,  eac h  eq u ip p ed  w it h  an I nt el  X eon  
2 . 6 6  G H z  p r oc es s or ,  1  G B  R A M  and  an 8 0  G B  h ar d  d is k  d r iv e.  
I nd iv id u al  nod es  ar e c onnec t ed  b y  a G ig ab it  E t h er net  w it h  t h e 
A l l ied  T el es y n A T -9 4 1 0 G B  s w it c h  and  t h e I nt el  8 2 5 4 0 E M  
int eg r at ed  net w or k  int er f ac e c ar d .  T h e s of t w ar e env ir onment  is  
U b u nt u  L inu x  and  O p en M P I  as  t h e mes s ag e p as s ing  l ib r ar y .   
D u r ing  c omp u t at ions  t h e int eg r at ion int er v al  ( t0,  tN) :  t0 =  0  s ,  tN 

=  1 . 2  s  w as  d iv id ed  int o s ix  eq u al  s u b -int er v al s  ( t0,  t1) ,  … ,  ( t4,  t5) .  
T o d et er mine t h e v al u es  of  t h e s t at e v ar iab l es  at  t h e b eg inning  of  
eac h  s u b -int er v al  ( t h e init ial  c ond it ions ) ,  h1 =  2 . 5 ⋅1 0 -3 s ,  h2 =  1 0 -3 s  
and  h3 =  5 ⋅1 0 -4 s  s t ep  s iz es  w er e as s u med .  T h e main c omp u t at ions  
w er e c ar r ied  ou t  w it h  t h e h =  1 0 -8 s  s t ep  s iz e.  T h e f ou r t h -or d er  
R u ng e-K u t t a met h od  w it h  a f ix ed  s t ep  s iz e w as  u s ed  as   
a s eq u ent ial  nu mer ic al  met h od  f or  s ol v ing  s y s t em of  O D E s .  
F ig .  4 -8  p r es ent  t h e ob t ained  p ar al l el  s ol u t ion of  al l  s t at e 

v ar iab l es .  I n t h es e f ig u r es  t h e l imit s  of  d iv is ion of  t h e int eg r at ion 
int er v al  int o s u b -int er v al s  ar e al s o mar k ed .  
T h e ac c u r ac y  of  ob t ained  p ar al l el  s ol u t ion is  mainl y  d ep end ant  

on t h e ac c u r ac y  of  d et er minat ion of  t h e init ial  c ond it ions .  I n or d er  
t o es t imat e er r or s  int r od u c ed  b y  p ar al l el  met h od ,  t h e s y s t em of  
non-l inear  eq u at ions  w as  s ol v ed  w it h  t h e ap p l ic at ion of   
a s eq u ent ial  al g or it h m of  t h e R u ng e-K u t t a met h od  w it h  s t ep  s iz e  
h =  1 0 -8 s  ( t h e s ame s t ep  s iz e as  in t h e main c omp u t at ions  in t h e 
p ar al l el  met h od ) .   
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F i g .  4 .   T h e  s o l u t i o n  o f  t h e  s t a t e  v a r i a b l e  x1 - t h e  s t a n d a r d  f o r m  o f  t h e  s t a t o r  c u r r e n t  
R y s .  4 .   R o z w i ą z a n i e  d l a  z m i e n n e j  s t a n u  x1 - s t a n d a r d o w a  p o s t a ć  p r ą d u  s t o j a n a  

 

0
5 0

100
15 0
200
25 0
3 00
3 5 0
4 00

0 0. 2 0 . 4 0. 6 0. 8 1 1. 2
t i m e  [ s ]Th

e s
tan

da
rd
 fo

rm
 of

 th
e s

ta
tor

 cu
rre

nt
 [A

]
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The obtained values of the sequential and parallel solutions at 
the beg inning  of eac h sub-interval are presented in Table 1  and 
Table 2 ,  respec tively .  
 

Tab. 1.  Th e  v al u e s  o f  t h e  s e q u e n t i al  s o l u t i o n  at  be g i n n i n g s  o f  s u b-i n t e r v al s  
Tab. 1.  W ar t o ś c i  r o z w i ą z an i a s e k w e n c y j n e g o  n a p o c z ą t k u  p o dp r z e dz i ał ó w  
 

 t1 = 0 .2  s  t2 = 0 .4  s  t3 = 0 .6  s  t4 = 0 .0 8  s  t5 = 1.0  s  
x1 -114 .5 7 6 2  -6 7 .4 113 3.6 5 4 9  -13.0 4 6 3 -12 .5 0 5 3 
x2 2 6 6 .3318  2 6 8 .4 5 8 3 19 9 .2 9 37  16 .2 8 7 8  16 .10 2 6  
x3 17 0 .15 19  9 5 .4 6 4 5  -2 4 .4 7 7 4  -1.6 2 5 8  -2 .5 2 8 7  
x4 -4 11.8 9 7 5  -4 2 0 .6 0 9 1 -30 7 .4 14 5  -2 .9 6 6 4  -2 .6 7 6 8  
x5 2 9 .8 4 0 1 7 0 .2 5 15  12 7 .15 7 1 15 6 .8 2 7 3 15 6 .7 7 35  
 
 
Tab. 2 .  Th e  v al u e s  o f  t h e  p ar al l e l  s o l u t i o n  at  be g i n n i n g s  o f  s u b-i n t e r v al s  
Tab. 2 .  W ar t o ś c i  r o z w i ą z an i a r ó w n o l e g ł e g o  n a p o c z ą t k u  p o dp r z e dz i ał ó w  
 

 t1 = 0 .2  s  t2 = 0 .4  s  t3 = 0 .6  s  t4 = 0 .0 8  s  t5 = 1.0  s  
x1 -114 .5 7 5 9  -6 7 .4 112  3.6 5 5 3 -13.0 4 6 3 -12 .5 0 5 3 
x2 2 6 6 .337 3 2 6 8 .4 5 8 6  19 9 .30 9 5  16 .2 8 8 4  16 .10 2 6  
x3 17 0 .15 7 3 9 5 .4 6 4 5  -2 4 .4 6 4 9  -1.6 2 5 7  -2 .5 2 8 7  
x4 -4 11.8 6 19  -4 2 0 .6 0 8 9  -30 7 .4 135  -2 .9 6 6 4  -2 .6 7 6 8  
x5 2 9 .8 4 0 2  7 0 .2 5 16  12 7 .15 7 3 15 6 .8 2 7 3 15 6 .7 7 35  
 
 
The relative errors of the determ ination of the initial c onditions 

w ere c alc ulated w ith the use of the values presented in above-
m entioned tables,  as w ell as,  w ith the use of form ula:  
 

 %100⋅
−

=

SEQ

PARSEQ

x

xx
xδ . ( 7 )  

 
w here xSEQ - the values of sequential solution,  x P A R  - the values of 
parallel solution.  The obtained relative errors are presented in 
Table 3 .  
 
Tab. 3.  Th e  r e l at i v e  e r r o r s  o f  t h e  de t e r m i n at i o n  o f  s t at e  v ar i abl e s  v al u e s  at  t h e  

be g i n n i n g  o f  e ac h  s u b-i n t e r v al  
Tab. 3.  B ł ę dy  w z g l ę dn e  w y z n ac z an i a w ar t o ś c i  z m i e n n y c h  s t an u  n a p o c z ą t k u  

p o dp r z e dz i ał ó w  
 

 t1 = 0 .2  s  t2 = 0 .4  s  t3 = 0 .6  s  t4 = 0 .0 8  s  t5 = 1.0  s  
δx1 0 .0 0 0 3 % <  0 .0 0 0 1 % 0 .0 0 7 9  % <  0 .0 0 0 1 % <  0 .0 0 0 1 % 

δx2 0 .0 0 2 1 % 0 .0 0 0 1 % 0 .0 0 7 9  % 0 .0 0 34  % <  0 .0 0 0 1 % 

δx3 0 .0 0 31 % <  0 .0 0 0 1 % 0 .0 5 1 % 0 .0 0 33 % <  0 .0 0 0 1 % 

δx4 0 .0 0 8 6  % <  0 .0 0 0 1 % 0 .0 0 0 3 % 0 .0 0 13 % <  0 .0 0 0 1 % 

δx5 0 .0 0 0 4  % 0 .0 0 0 2  % 0 .0 0 0 2  % <  0 .0 0 0 1 % <  0 .0 0 0 1 % 

 
 
A s w e c an see,  the relative errors are very  sm all.  I t should 

ensure a hig h ac c urac y  of the parallel solution in the w hole 
integ ration interval.   
I n parallel c om puting  the m ost c om m only  used perform anc e 

m etric  is speedup.  I n order to determ ine the speedup,  the 
integ ration interval w as divided into 2 ,  3 ,  4 ,  5  and 6  sub-intervals 
and c om putations w ere c arried out w ith the use of 2 ,  3 ,  4 ,  5  and 6  
c om puting  nodes,  respec tively .  The obtained tim e of the parallel 
m ethod solution w as c om pared w ith the tim e of the sequential 
solution ( R ung e-K utta m ethod w ith fix ed step siz e:  h =  1 0 -8 s) .  
The ac hieved values of the speedup are presented in F ig .  9 .  
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F i g . 9 .  Th e  ac h i e v e d v al u e s  o f  t h e  s p e e du p  
R y s . 9 .  O t r z y m an e  w ar t o ś c i  p r z y s p i e s z e n i a o bl i c z e ń  
 

 
4. C o n c l u s i o n s  
 
I n this paper the analy sis of dy nam ic s of the asy nc hronous slip-

ring  m otor w as presented.  The applied parallel m ethod for 
transient state analy sis is c om posed of three m ain stag es.  D espite 
the fac t that tw o stag es are ex ec uted sequentially ,  g ood speedup 
w as obtained in the presented ex am ple.  The initial c onditions at 
the beg inning  of eac h sub-interval determ ined on the basis of an 
approx im ation of the c onverg enc e g raph by  ex ponential func tion 
w ere c lose to the values of the sequential solution.  I t ensured  
a hig h ac c urac y  of the parallel solution.  
 
This w ork  w as c arried out w ithin the fram e of B iał y stok  

Tec hnic al U niversity  G rant N o:  S / W E / 3 / 0 8 .  
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