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Summary .  

U i brat i on stress  o f  two-stage propfan b l ades o f  h i gh-eff i c i ent 

av iat i on gas turb i ne engine dur ing ful l  sca l e  eng ine bench tests 

has been e st i mated and its  operat i ng regi mes have been defined as 

a resu l t  o f  the stud i e s . 
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The a i m  of th i s  work was to analyze v i bratory stress state of two-stage 

propfan b l ades of h i gh-eff i c i ent gas turb i ne aeroengine dur ing ful l sca l e  

engine bench test . 

At the f irst stage propfan b l ades natura l dynami c  character i st i cs l natu­

ral frequenc i e s  and c orresponding v i brat i on modes and re lat ive stress  f i e l ds l 

were de f i ned exper i menta l l y  i n  lab oratory condi t i ons . 

B l ade natural frequenc i es and v ibrat i on modes have been de f ined  by means 
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o f  ho l ograph i c  i nterferometry method - t i me averaging .  The i nvest i gated b la­

des were f ixed overhung in a spec ial  devi ce . s i mulat i ng standard b l ade at­

tachment . and were mounted on ho l ograph i c  bench p l atform o Exc i tat i on was 

prov i ded w i th e l ectrodynam i c  vibrator . Natural frequenc i es and corresponding 

v i brat i on modes were def ined for each b lade i n  the frequency range 

of 0 • • •  800 Hz . 

I nvest i gat i on o f  r e l at ive stresses d i str ibut i on al ong the propfan b l ades 

by the ir natural v i brat i on modes were carr i e d  out on e lectrodynam i c  vibra­

t i on tah l e .  Each b lade was prepared by wire tensoresi stors with 5 mm base 

and attached overhung in a spec ia l  dev i ce . S i mulat i ng standard b l adde at­

tachment . mounted on a hor i zontal v i brat i on tah l e .  The obtained relat i ve 

stress f i e l ds al l owed to def i ne the most l oaded b l ades areas by correspon­

d i ng modes . 

Dynam i c  character i st i cs of propfan b l ade stage cons i dered . as a S i n g l e  

e l ast i c  rotat i ona l l y-symmetr i c  system with taking i nto  account t h e  effect of  

c entr i fuga l forces fi e l d .  have been computed on the  base of Wave Dynam i c  R i ­

gi dity an d  Y i e l d i ng Method .  Th e  obtained  resu l t s  c o i nc i ded w ith  t h e  exper i ­

mental Dnes at zero r otat i on speed of  the propfan and that confirmed the se­

l e ct i on of  the scheme and l i m i t ing  cond i t i ons o f  computat i on .  

A scheme o f  propfan b l ade stage pr eparat i on w i th tensores i stors has been 

se l ected on the base of  computat i on - exper i menta l data on propfan dynami c  

character i st i cs .  Preparat i on scheme opt i m i zat i on was based on the cr iter i on :  

m i n imum sensors - maxi mum i nformat i on .  

The second stage c ons i sted o f  ful l  sca l e  engine  bench tests at near t�� i ­

c a l  f l i ght cyc l e  condi t i ons . The measurement and recording program for Ras 

turb i ne engine condi t i on parameters i nc l uded a large vo l ume o f  the p�opfan 

stra i n  gauging .  

At  the th ird  stage operat i onal vi brat i on l oading was est imated and prop­

fan dynami c  state features were def i ned  on the results  of dynam i c  strain ga­

uging . Strain gauging data were processed and analyzed uS i ng mul t i l evel  spe-
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c ial purpose computer system based on IBM PC AT/386 type standard confi gura­

t i on personal computers . uni ted into a l ocal network.  and on anal o gue/digi­

tal s i �l input/output mul t i p l ex system . Use of  advanced s i �l di gital 

process i ng techn i que al l owed to obtain test results  in  the real t i me of the 

engine deve l opment test . 

Substant iated by stat i st i cs results of amp l itude and spectral analys i s· of 

propfan blades stres ses al l owed to define engine resonance operat ing regimes 

and to p l ot Campbe l l  diagram for each propfan stage . that provi ded i dent i fi­

cat i on o f  vibrat i on sources and working out of  measures e l iminat ing poss ibi­

l i ty of dangerous propfan dynamic state i n  servi ce operat i on .  

Propfan dynam i cs features . defined dur ing stud i e s . are caused b y  a comp­

l ex nature of aerodynami c  exc itat i on due to steady c i rcumferenc ial  f l ow non­

un i form i ty and random d��ami c  effect dependent on engine i n l et conditi ons 

( f l ow turbul ence degree l .  The ment i oned features are :  

- non-regular i ty o f  propfan b l ade stress amp l i tude var iat i on character at 

resonance power sett ings : 

- stress amp l itudes versus engine i n l et cond i t i ons r e l at i onshi p  ( a  number 

of tests have been carr ied  out uS ing di fferent i ntakes ver s i ons l :  

- " b l urred" character o f  resonance curve . caused by propfan b l ade vibra­

t i ons for severa I natural modes s imul taneous l y .  

S i nce even propfan resonance power sett i ngs are character ized  b y  random 

amp l i tude modulat i on approaches to fat i gue strength margin  and operat ing t i ­

m e  est imat i on of the i nvest i gated component o n  the bas i s  of numer i cal  method 

o f  stress amp l i tudes dens ity of d istr ibut i on eva l uat i ons and l inear hypothe­

ses of fat i gue damage cumulat i on were defined . 

Ui brat i on stress of the gas turb ine aeroengine propfan has been est imated 

and its  operat ing regimes have been defined as a resu l t  of  the stud i es . Pro­

p fan blades alternat i ng stress l eve l has been reduced due to i n l et configu-
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rat i on geometr i e  di ment i ons opt i m i zat i on .  
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