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Summa rv  

One o f  the c r i t i c a l  areas i n  j e t  engine design i s  the h igh  pressure 
turbine (fig. 1). 
strong t rans ients  i n  both temperature and r o t a t i o n a l  speed f ie lds,  make 
the stress analyst  conscientious about construct ing a reasonably good 
model t o  study t h i s  p a r t i c u l a r  area. 
blade d e f i n i t i o n  and r e s u l t s  o f  the analysis.  

Combinations o f  h igh temperature gradients associated w i t h  

The present repor t  pertains t o  the 

Since the same model should l a t e r  be used t o  def ine some dynamic 
cha rac te r i s t i cs  and c e r t a i n  areas would requi re a non-linear analysis, 
NASTRAN was chosen as a convenient program t o  manage the several a l t e r -  
natives. 
i n  other areas o f  j e t  engine design. 

Previous experiences w i t h  the program were h i g h l y  sa t i s fac to ry  

I n t  roduct ion 

The Garret t  ATF3 fan j e t  engine has a high pressure turb ine w i t h  
r o t o r  blade cool ing conf igurat ion b a s i c a l l y  a three-cavity, convection- 
cooled design. The cool ing a i r  i s  d i s t r i b u t e d  t o  each blade by inser ted 
tubes which a l s o  serve the purpose o f  locking the blades i n  t h e  disk. 
The c a v i t i e s  must be designed i n  such way t h a t  the cool ing path i s  optimum 
f o r  the ove ra l l  performance o f  the blade, under cen t r i f uga l  loads and 
temperature f i e ld ,  especia l ly  considering the t rans ients  i n  both f i e l d s .  

A t  design tu rb ine  i n l e t  temperature the metal temperature map a t  
3 sec transient, f o r  a 5-second accelerat ion i n  a standard day a t  sea 
leve l  condition, i s  ind icated i n  Figure 2. 

The blade has a large amount o f  t w i s t  w i t h  a low hub-t ip r a t i o .  
The object  o f  the present study i s  t o  obta in  the best mechanical design 
compatible w i t h  the several condi t ions abovementioned. 

Mechanical Desiqn and Model 

Due t o  the strong t w i s t  and the cen t r i f uga l  load a s i g n i f i c a n t  
torque i s  developed. Shear stresses r e s u l t i n g  from t h i s  torque are 
reduced by the a d d i t i o n  o f  two shear webs i n  the blade. 

A previous stress analysis o f  the d i sk  f i r - t r e e  area defined the 
blade root  stress cha rac te r i s t i cs  (Figure 3). Considering the p a r t i c u l a r  



b lade c o n f i g u r a t i o n  i t  was decided t o  analyze the  p a r t  by  us ing the  
NASTRAN program s e l e c t i n g  the  PTRIA2 p l a t e  element t o  c o n s t i t u t e  t h e  
s h e l l - l i k e  s t ruc tu re .  

The blade was d i v ided  i n t o  915 t r i a n g u l a r  p l a t e  elements shown i n  
F igure  4. 

NASTRAN Analys is  

The ana lys i s  consis ted o f  t he  f o l l o w i n g  th ree  par ts :  

a) Stress d i s t r i b u t i o n  due t o  c e n t r i f u g a l  forces only, t o  ob ta in  
t h e  r o t a t i o n &  speed p a r t i c i p a t i o n  i n  t h e  o v e r a l l  ana lys is .  

Stress d i s t r i b u t i o n  due t o  combined s teady-state thermal and 
c e n t r i f u g a l  loads. Th is  case corresponds t o  the  normal opera- 
t i n g  cond i t ions .  

b) 

c)  St ress d i s t r i b u t i o n  due t o  combined t r a n s i e n t  thermal and 
c e n t r i f u g a l  loads. Th is  case was the p a r t i c u l a r  i n t e r e s t  
cons ider ing bo th  creep and low cyc le  f a t i g u e  ana lys is  and 
the  p o s s i b i l i t y  o f  d e f i n i n g  non- l inear  ma te r ia l  character- 
i s t i c s  a t  l o c a l  po in ts  t o  e s t a b l i s h  b lade l i f e  c h a r a c t e r i s t i c s .  

I n  Figures 5 and 6 several o f  t he  s t ress  maps obta ined from the  
compu!er runs a re  depi cted. 

Conclusions 

As a r e s u l t  o f  the  analysis, minor mod- i f icat ions have been made t o  
reduce the  stresses i n  two c r i t i c a l  areas. The forward shear web has 
been scal loped a t  the  roo t  sec t i on  t o  reduce t h e  h igh  shear stresses a t  
the  base o f  the  web. Add i t i ona l  ma te r ia l  has been added t o  the  t r a i l i n g  
edge o f  the  b lade by c u t t i n g  back the  core t r a i l i n g  edge a t  the roo t  o f  
t he  b lade t o  reduce the  peak s t ress .  

With respect t o  the  use o f  t he  NASTRAN program i t s e l f ,  several consi- 
dera t ions  could be summarized. W i t h i n  an environment where numerous 
computer programs a re  i n  use dur ing  the l a s t  t e n  years, t he re  i s  a na tu ra l  
i n e r t i a  against  s t a r t i n g  the  use o f  another l a rge  program, espec ia l l y  o f  
t he  NASTRAN s ize .  However, once the  ana lys t  has become more f a m i l i a r  
w i t h  the  several features o f  NASTRAN he becomes more aware and conscious 
o f  the s t rong a n a l y t i c a l  p o s s i b i l i t i e s  o f  the  present program. For 
example, i n  the  ana lys i s  mentioned above t h e  c a p a b i l i t y  o f  having a model 
t o  run dynamic ana lys i s  and non- l inear  ma te r ia l  behavior, p lus  p l o t t i n g  
the  model and shapes, was a dec i s i ve  f a c t o r  i n  the  use o f  t h i s  program. 
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FIGURE 1 
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3-SECOND TRANSIENT TEMPERATURES 
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EFFECTIVE STRESS LINES FOR HIGH-PRESSURE TURBINE 
BLADE & DISK FIR-TREE CONNECTION - KSI & (N/m2) 

FIGURE 3 



ANALYTICAL MODEL OF THE THREE CAVITY 
HIGH-PRESSURE TURBINE BLADE 
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FIGURE 44 



HIGH-PRESSURE TURBINE BLADE CENTRIFUGAL STRESS 
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PRESSURE S I D E  CF S T R E S S E S  S U C T I O N  S I D E  CF S T R E S S E S  

FIGURE 5 
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P 3-SECOND TRANSIENT THERMAL & CENTRIFUGAL STRESS 
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FIGURE 6 


