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EXPERIMENTAL lNV]STIGATION OF STRENGTH AND STmsS-STRAINED 

STATE OF TURBOMACHINE BLADES 
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Resul ts obta1ned trom calculat ed-exper1mental s tud1es 

in lowcycle tat 1gue o f  gas-turb1ne · eng1ne blades 

under mul t lfac tor1al load1ng are cons1dered. Equat lon 

of l1m1t1ng s tate under thermov1brocyc11c load1ngs 

are obta1ned. 
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Turb1ne blades of modern h1gh t emperature gas turb1ne 

endtnes w1th htgh s ervlce l 1fé are subjec ted in s ervlce 

operat 1on to complex load1ng 1nclud1ng s tatlc , · vlbrat 1onal 

and cyc l lc loads applled 1n non-lsothermal cond1t lons . 

Me tal lographlc analys ls of turbine trac tured blade m1cro­

sect 10ns in mos t  cases shows that the cause of blade fa1lure 
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was joint ac t lon o f  the above-ment loned types O! Ioads . ln 

connect lon wlth thls a pro blem ls appeared to develop 

methods of tul l -s eale s t ruc tures durablllty e s t 1mat lon and 

to de! ine the condl t lons o f  t he lr I imlt lng s tat e at mul t l ­
fac tor non--lso thermal loadlng solVlng thls problem ls 

poss lble on the bas l s  o r  ex t enslve des lgn-experimental 

lnves t 1gat 1ons . 

Th1s art lcle conc erns an a t t emp t to develop me thod ot 

es t 1mat lon o f  turbine b lade durab lllty at mUl t l!ac tor non­

lso thermal l oadtng on t he bas ls of resul ts or des lgn-expe­

rtmental s tudle s  of turbine blades from heat-resls tant 

nlckel base aIloy ot ZhS c lass . 
BIade durabl I 1 t y  lnves t lga t lon ln thermocyc l l c  and 

t hermov lbrocyc l lc loadtngs was on t e s t -bed VL-2 . 
BIade heat tng  perrormed prot lled induc tor the torm ot 

whlch and locat lon re Iat lve t o blade protlle was de t ermlned 

by the requ1rement to provlde necessary t emperature flelds 

wlth maximul blade edges heat tng . ln hal t  cyc l e of blade 

coo l tng  the blade was blown over by alr rlow !rom the noz­

�l e . Vlbrat lonal Ioadtng was performed by means o r  bIade one 

ot charac t er1s t 1c rat 10n modes exc 1tat 1on generat ed by 

eIec trodynam1C v lbra t or . 

Blade evolut lon in stress-s traned s tate in the process 

o f  Ioadtng was de s lgned us lng packe t e d  app 1 1cat 1on progrrun­

mes lnc ludtng progrruTh�es for des lgn of bIade non- s t eady 

thermal s ta t e and kine t 1c s  or non-e las t 1c d1stort lon of 

bIade s e c t 1 0n at cyc 1 1 c  non1sothermal loadtng ; programme ot 

blade durab111ty des 1gn at muI t 1tac t or non1sothermaI load1ng 

and programme <j r �ltomated pro c e s s L� and graph1cal presen-
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tat lon of des lgn resUlts . 

In es t 1mat lon o f  blade sectlon non-stat lonary thermal 

s tate lt was cons ldered that : 

- blada heat tng comes from the surface .  sources of in­

t ernal heattng are absent : 

- a port lon of blade sect lon subdlvlslon ls of cons tant 

the lckness t emperature of port lon s e c t lon surface ls cons tant 

and equal to temperature in the mlddle po int of port lon 

surface ;  

- heat overflow between port lons are absent . 

Wlth t he ment loned assump t lons the problem of es t 1mat lon 

of blade sec t lon non-s teady thermal s tate can be reduced to 

solvtng a number of pro blerns of non-s tat lonary the:rmal con­

duct lon . enunc lat e d  tor every blade s e c t lon port lon . present ed 

as plane wal l . 
Thermal conduc t lon equat lon for every blade sec t lon 

port lon ls as follows -a / (x , t ) _ , ci2. T(x J f. ) 
'd X  - Q 'Gl t 2.  • 

For mathemat lcal descrlpt lon of inl t lal and boundary con-

dlt lons the resUl t s  of blade s e c t lon thermome try were used. 

S tress-straned s ta t e  parame t ers at cyc 1 lc loadtng were 

de f ined from des lgn of blade s e c t lon non-elas t lc dls t ort lon 

kine t lcs . Non- l inear boundary-value problem in every computa­

t lon step was solved wlth me thod of addl t lonal dlstort lons . 

Computat lon was made ln accordanc e  wlth beam theory that 

glves resul t s  of sat lsfac tory accuracy for edges - blade e1e­

ments wlth hlghes t load . 
Struc tural mode l of elas t ovlscoplas t lc medlum on t he 

bas ls of materlal el ement representat lon as a s e t  of sub-
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Blade t e s t  programme cons1sted of the followtng stages : 

1 • Inves t 1gat 1on of  1n1t 1al charac t er1stlcs o r  blade 

hlgh-cycle  rat lgUe s trength 1n 1so thermal condlt lons wl th 

temperatures T=950 . 1 000 . 1 050 . 1 1 00 °c . 
2 . Invest 1gat 1on o f  b lade t hermal fat lgue charac t erls t lc s  

for max1rnum cyc l e  t emperatures T"'�'l=950 . 1 000 . 1  050 . 1 1  00 ° c  and 

m1n1rnum t empera ture Tllli�=350 ° c  w1th max1rnum tempera ture 

exposure durlng 30 s .  

3 . Inves t 1gat lon o f  blade durab l 1 1 t y  for varlous comb1na-

t lons of t hermocyc l 1G and v1bra t 1onal IOá.M w1 th s ta t lc damage 
due to max1rnum t emperature exposure durlng 30 s .  

On the bases of these resul ts a relat10n 18 proposed tOl' 
blade durabl 1 l ty es t 1rna t lon at non-18o thermal mult 1tact or 

load1.ng: l". ?'1Iť- 2:,. � 
l ... · Zf [ i  - f'-c: :"YJ [l - (L.",�'l1 r = l f K r:  K", , 

where 't.p - dl.lrab111  ty at t hermo cyc l 1c :;'oad1.ng ; 

K-r and � '"  - coeff1c 1ents tak1ng 1nto aecount the e ffe c t o f  
s tat 1c an d  v 1bra t 1onal l oadlng correspondlngly 

on durab l 1 lty exhaus t lon . 
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