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Summary . 

Mul t i l eve l  Spe c i a l  Purpose Computer System ( MSPCS ) was deve l oped 

for operat i ona l v i bratory stress state analys i s  o f  turbomach ine . 

MSPCS prov i de s  contro l .  trackinll processinll and d i a\IDost i cs of  

stress and vi brat i on af turbomachine camponents and e l ements i n  

bench test s . 
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Qual ity  and effi c i ency i mprovement o f  analys i s  of dynami c  pr ocesses . re

c orded dur inll turbomachines  bench tests . is an urllent tas k a i med  at bui l dinll 

r e l iab l e  machines i n  short per i ods . Sharten i nll t i me o f  turbomach ines 

strenllth deve l opment w i th i mprovement at the same t i me af  the i r  re l iab i l i ty 

demands extens i on o f  bench tests pro\lfammes and l eads to dynam i c  stress i n

format i on vo l ume \lfowth . Th i s  i n  its  turn demands to acce l erate process inll 

and anal ys i s  o f  dynam i c  stress  informat i on uS i nll advansed techn i que af s i ll-



nal d i g i ta l  process i ng for opt i ma l  des i gn chan�es i n  due t i me .  

Mu l t i l eve l Spec i a l  Purpose C omputer System ( MSPCS  ) on the bas i s  of 

I BM PC  AT/386 type persona l  computers ( PC )  and mul t i channe l system o f  input/ 

output of ana l o�ous and d i � i tal  s i gnal s  was deve l oped for th i s  a i m . Pr inc ip

le of  MSPCS  its structure and so ftware  were deve l oped tak i n� i nt o  account 

the spec i f i c  of ana l i zed dynam i c  processes . The i r  mai n  feature i s  h i gh i n

format i on dens i ty due to w i de frequency and comp l ex structure  o f  v i brat i on 

spectrum of the i nvest i gated ob i ects and the per i od of real i zat i ons t i me .  As 

MSPCS  i s  t o  prov i de f i nal  test resu l t s  i n  real  t i me sca l e  o f  eng i ne stren�h 

deve l opment , 50 for deve l opment of opt i ma l  process in� procedure and corres

pond i ng MSPCS structure there was adopte d  ana l ogous-d i g i ta l  two-sta�e scheme 

of  stora�e and proces s i ng of  exper i mental  data on i nvest i gate d  obi ects v i 

brat i ona l l oad . 

On the f i r s t  stage w i th the he l p  o f  mu l t i channe l  program-contro l l ed i nput 

system MSPCS  i so lates  dynam i c  processes enve l opes  and i nputs the i r  va l ues to  

PC  memory , where re lat i onsh i p s  are made on each channe l :  

A = f( N , t l ,  

where : A - process amp l i tude : N - engi ne operat i ona l power sett i ng :  

t - t i me .  

( 1 )  

Mu l t i channe l detector i so l ates enve l op e s  i n  the mode of  op erat i on to  se l ect 

max i mum and root mean squar e va l ues o f  amp l i tude s : 

{Amaxe dt , N , t l :  

A = 

S e dt , N , t ) ,  

( 2  I 

where : Amax - max i mum va l ue of process  amp l i tude : S - root mean square 

va l ue of process amp l i tude : dt - t i me of detect i on .  

I f  i t  i s  requ i r e d  a spec ial  un i t  i n  MSPCS can p l ot h i stograms o f  numer i cal  

e st i mat i on o f  dynam i c  processes amp l i tude dens ity  o f  di str ibut i on funct i on .  

I nput s i gna l for th i s  spe c i a l  un i t  i s  detector s i �nal an d  output s i gna l i s  

process amp l i tude w i th pre-set b y  researcher probab i l i ty ,  that th i s  l eve l 
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w i l l  not be exceede d .  Then form i ng o f  r e l at i onsh i p s  ( 1 )  taking i nto acco

unt ( 2 )  w i l l  b e  as fo l l ows : 

A( N , t ) = A( dh ) .  PC a< A ) = c onst , C 3 )  

where : dh - t i me base for h i stogram p l ott i n g ;  P C a< A ) - pr obab i l i ty of  

amp l i tude current va l ue a not  exc e e d i ng l eve l A .  

D i scret i zat i on o f  enve l opes s i gnal s  i s  performed w i th the he l p  o f  qui ck-ac

t i ng ana l og-to-d i g i ta l  converter ( ADC ) ,  wh i ch i nterrogates  a l l channe l s  one 

by one through mul t i p l exer . A dev i ce of or i g i nal  structure  w i th i t s  own buf

fer memory provi de s  a un i que t i me sect i on of numer i ca l  data over a l l chan

ne l s .  Ac cumu l at i on af d i screte data i s  per formed in two c ondi t i ons : 

- a l ong the channe l o f  d i rect access  C DMA ) to PC i nt ernal  storage : 

- al ong the channe l DMA to hard d i sk o l' " w i nchest er " type . 

Spec i a l  po i nt s  o f  r e l at i onsh i p  ( 1 ) , where d i agnost i c  ana l ys i s  of the process 

i s  needed , ar e s e l ected  accordi ng to ma i n  extrema cr i ter i a  or according to  

the other cr i ter i a ,  de f i ned by i nvest i gated prob l em .  

The real i zat i ons o f  the base proce s s , corre spond ing t o  the s e l ected spe

c i al  po i nts  of r e l at i onsh i p  ( 1 ) , are i nput to  P C  memory w i th the he l p  o f  ADC 

and the i r  d i agnost i c  ana l ys i s  i s  performed on the second stage . Durat i on of  

the real i zat i on is  de f i ned  by the  stat i onar i ty cond i t i on w i th adopted by re

searcher assumpt i on .  

The prapos e d  method o f  pre l i m i nar)' reduct i on o l'  dynam i c  state i nformat i on 

saves s i gn i f i cant l y  PC memory cap i c i ty and shortens process i ng t i me due to 

the fact , that d i scret i zat i on per i od at i nput o f  process  enve l ope repres en

t i ng l ow-frequency proce s s . i s  much mor e , than needed per i od of d i scret i za

t i on of the process  i t se l f . Dynam i c  i nformat i on f l ow dens i ty i s  reduced by 

th i s  too . The use of dev i ce for h i stogram p l ott i ng prov i des dynam i c  i nforma

t i on reduct i on of the h i gher rate , that i s  de f i ned  by real i zat i on durat i on 

dh , serv i ng as the base for h i stogram p l ott i ng .  

MSPCS i s  eas i l y  adapted t o  var i ous test-bed i nstrumentat i on and compat i b

l e  w i th a w i de range o f  transducers and c onverters . 
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HSPCS prov i de s  eontro l .  traek in� proeess i n� and d ia�ost i es o f  stress and 

v i brat i on of turbomaeh i ne eomponent s and e l ements in beneh tests . The deve

l oped software enab l e s  so l v i ng of the above-ment i oned prob l ems in steady

state  and trans i ent operat i ons of turbomaeh i nes  in a w i de ran�e of frequen

e i es and amp l i tudes of i nvest i �ated proeesses and i ne l udes : est i mat i on of  

stat i onar i ty and er�od i e i ty o f  v i brat i onal proees ses :  amp l i tude ana lys i s :  

stat i st i e  ana l ys i s :  fre queney analys i s :  est i mat i on o f  i nterre l at i on o f  v i b

rat i on proees s e s : i dent i f i eat i on of sources  o f  v i brat i on and dangerous dyna

m i e  states : d i a�ost i cs of v i brat i on types : di s i gn of natural dynam i c  eha

raeter i st i es  aeeor d i n� to test  resul ts : d i g i ta l  f i l t er i n� and trae k i n� ana

h' s i s .  

HSPCS has an open areh i tecture . enab l in� t o  i ncrease the number o f  app l i 

cab l e  PCs . beS i des there i s  poss i b i l i ty of swi teh i n� PCs  to a l arger-powered 

computer . MSP C S  prov i des  i nteract i ve mode  and s i �n i f i cant l y  w i dens resear

cher ' s  capab i l i t i es and guarantees qua l i ty o f  f i na l  resu l t s . Dne can output 

graph i cal and tab l e-t ext forms o f  i nformat i on to PC and computer p er i phera l 

dev i ees . 

MSPCS i s  approved for i nvest i gat i ons of stressed state of fan b l ading . 

nozz l e  and �u i de vanes and b l ade rows o f  turbomach i nes . MSPCS exper i menta l 

serv i c e operat i on proved . that offered methodo l o�y of dynam i c  i n format i on 

process i ng and ana l yS i s .  based  on pre l i m i nary reduet i on o f  data f l ow and ap

p l i eat i on of advaneed techno l o�y' of d i g i ta l  proceSS i ng o f  s i �a l s .  prov i des  

r e l i ab l e  est i mat i on o f  operat i ona l v i brat i onal l oad o f  turbomaeh i ne un i t s  

and part s .  
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