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*itle 5 n t i p . u ~  P r o p e r t i c s  of Ti-5Al-2.531 ELI i n  Smooth, Shot Peened, and Notched 

Surface Condit ions a t  7OF and -42jFJ 

Provide t h e  following information concerning t h e  d isc losed  item i n  t h e  sequence 
indica ted:  

1. Problem t h e  item sol red .  

2. Advantages of t h e  item over present ly  knom solu t ions .  

3. S p e c i f i c a l l y  descr ibe  t h e  item and i t s  operation. 

4. L i s t  f e a t u r e s  t h a t  a r e  be l ieved  t o  be novel, new, o r  s i g n i f i c a n t .  

5. L i s t  a s  s p e c i f i c a l l y  a s  poss ib le  p o t e n t i a l  appl ica t ions .  

1. I n  order  t o  des ign  turbopump components f o r  adequate f a t i g u e  l i f e ;  p r o p e r t i e s  
were requi red  f o r  t h e  sub jec t  m a t e r i a l  i n  smooth, sho t  peened, and notched eon- 
d i t i o n s  a t  room and -423F. None were ava i lab le .  

2. Design information,  n o t  previouslyav.ailable,  was obtained 

3 .  T e s t s  were performed a s  descr ibed  i n ' a t t a c h e d  r e p o r t  MPR 70- 305, w i th  r e s u l t s  
a s  shown i n  da ta  a t t ached  the re to .  

4. Q u a n t i t a t i v e  e f f e c t s  of sho t  peeningon inc reas ing  t h e  f a t i g u e  l i f e ,  and of 
notching decreas ing  it, e s p e c i a l l y  a t  cryogenic temperatures ,  a r e  be l ieved  t o  be 

highly novel and s i g n i f i c a n t ,  f o r  t h e  t i t an ium a l l o y  i n  question. 

5. P o t e n t i a l  a p p l i c a t i o n s  a r e  f o r  a l l  u s e r s  of t h i s  t i t an ium allby i n  t h e  tempera- 
t u r e  ranges from room down t o  a s  low a s  -42JF, and rho  a r e  concerned wi th  f a t i g u e  
p rope r t i e s .  



MPR No. 70-305 

25 March 1970 

SUBJ'ECT: Fat igue P rope r t i e s  of Ti-5Al-2.SSn ELI i n  Smooth, Shot Peened 
and Notched Surface Conditions a t  70°F and -423°F 

INTRODUCTION 

I n  order  t n  f u rn i sh  design information f o r  proper f a t i g u e  l i f e  of turbopump 
components, Ma te r i a l s  and Processes (w) i n i t i a t e d  a  program t o  determine 
t h e  f a t i g u e  p rope r t i e s  of forged  Ti-5A1-2.5% ELI i n  the  smooth, notched 
and sho t  peened condi t ions  a t  both room temperature and -423'F. The e f f e c t  
of v a r i a t i o n s  i n  micros t ruc ture  was a l s o  inves t iga ted .  

CONCLUSIONS 

1. G h e  f a t i g u e  p rope r t i e s  of Ti-5A1-2.5% ELI a re  s i g n i f i c a n t l y  a f f e c t e d  
by the  sur face  roughness condi t ions  of the  ma te r i a l  _- A 

2. \ Shot peening increased  t h e  average f a t i g u e  l i m i t  by 13.8% a t  70°F 
and 10.1% a t  -423'F 

.- 
. A 

3.7 Notching decreased the  average f a t i g u e  l i m i t  by 23.1% a t  70°F and 
21.5% a t  -423OFJ J J 

-.- 

4.j The S-N curves f o r  t hds  mate'rial  a r e  t y p i c a l  i n  shape f o r  t i t an ium 
' a l l o y s ,  e x h i b i t i n g  a  6kneeGand a  f a t i g u e  l i m i t .  / 

- :A  
Procedure and Resu l t s  

, A sample fo rg ing  of Ti-5A1-2.5Sn ELI was obtained from the  same b i l l e t  a s  
,'. the  ma te r i a l  of t h e  concerned components. The ma te r i a l  producer was Reactive 

Metals,  fnc.  (see Table I f o r  hea t  number on m i l l  ana lys i s )  The raw ma- 
t e r i a l  was forged by Reisner  i n t o  a  8.85 inch diameter by 3.83 inch high 

.. . 



To : G. J. Fasl ~/596-175 AC10 MPR 70-305 
'!.?ram : Meta l lu r~ icn l  and Chemical I,nb ~/596-175 FA36 25 March 1970 
Subject : Fat i f lo  Propwties  of Ti-5~1-2.531 

ELI i n  Smooth, Shot Pccned rind 
Ncichcd Surfage Condition3 a t  
70 P and -423 B 

cylindrigcs) s h p e .  (S/N 33657 P/N 461679-5). The forging was vacuum annealed 
t o  1400 F - 25 F f o r  four  hours. 

- 
, Both t ens i l e  (TR-250) and fa t igue  (FP-155 .080 in. thick) specimens were re- 

- 6  moved from the forging. The locations of t he ' t e s t  specimens a re  shown i n  s : ,,, 
'/ Figure 1. 

/ The f e t i y e  specimens were careful ly  prepared so a s  not t o  contaminate the  s u r  
,,, face. They were processed by wet hand grinding with 320 grit, ul t rasonic  clean- 

', , ing i n  acetcnePoan$ stijess r e l i  vinz. The s t r e s s  rel$_e_vvnp~ was done i n  a tube $ furnacc a t  1150 F - 10 f o r  60 - 5 --.---- minutes i n  an argon atmosphere. The speci- ----. L 

men8 were cooled - --- i n  the  cold _ _  . zone of the furnace under aCargoti atmosphere t o  
/ ._ . %  . ~ . ~ &  

room tempernture. 

The t e n s i l e  properties of the  forging were determined a t  both 7 0 ' ~  and -423'~. 
The r e s u l t s  of the  individual t e s t s  are  given i n  Table 11. 

These t e n s i l e  values were used t o  s e t  the  s t a r t i n g  poigts i n  the f a t i y e  tes t ine .  
Theomodulus of e p t i c i t g  usedofor each t e s t  was t6Y.10 p s i  f o r  room temperature 
(70 P) and 17x10 p s i  fo r  4 2 3  F. The fa t igue t e s t i ng  was then performed on a 
Krouse Flexural Fatigue Testing Machine, Model 150, as  shorn in  f ig .  6 ,  page 14. 

/The f@je;ue specimens were tes ted under three d i f fe ren t  surface conditions, 
; smooth, shot peened, and notched. A l l  specimens had a 32 fils o r  be t te r  f i n i s h  

. . ',, before the surface aonrlitions were chnnged f o r  testing.  The smooth specinsns 
, >, 

i 2  ,,. : r e t a ined  the 32 RKS o r  be t t e r  f i n i sh  and were tes ted i n  t ha t  unaltered condition. 
<.: :.‘ ;The shot peened specimens were peened a t  Fetal  ImprovenenC Cnmpsy ur.iy: i71?:-~; 

' b e d s  of ,009 in. t o  .016 in.  i n  diameter. The in tens i ty  was .00'lh with 
J " /  i, etght  piissee on e ~ c h  side. The notched -- .. .. specimens .. . . . -. . , were~.notched b t h  a scribe 

: i n  the  constant s t r e s s  area of t he  specimen. The notch was .OW35 inch deep 
+ " 1 m d  .m2 inch wide, end the notch w a s  placed d i rec t ly  opposite t o  the s t r a i n  
: 

\ @ge. (see  F'ipre 2 f o r  locat ion of s t r a i n  gage). 5 ,, -, , 
i ' < , 

.' . . The room tenperature f a t i m e  t e s t s  wore s e t  up with s t r a i n  gages and a s t r a i n  
indicator  read out box. The graphic r e s u l t s  of the  t e s t s  c r c  shown i n  r i m e  3. 
A l l  of the three conditions a r e  plotted on the same char t  f o r  con?r.rison. 
I 

The cryof;enic f a t i f l e  t e s t i ng  was perfornod a t  the  Sa~l ta  .%sane Field L n b o r n t ~ r ~ . ~ ~ .  
The specimen s e t  up was done a t  room temperature 16 th  n s t r a i n  <ace and 2 s t r a i n  
indic-.tor re?d out \ox. A Typc.4 plug-in u n i t  and oscilloscope were used t o  
check the s t rn in  leve ls  d u r i n ~  testing.  Al.lownnceo were mde a t  s e t  up f o r  
contraction during chill.lown. The grnphic r e su l t s  of the  c ryopn ic  terr t in ,~ 
a r e  shown i n  F i , w e  7.  he raw data f o r  t he  fa t igue t e s t i n e  appears i n  
Tables 3 and 4). 



,TO: . C. J. ~ n s l  ~/596-175 r h o  I~IH 70-305 
From : Mctnl l u r e c n l  nnrl Chernj.c?l Lab ~/596-175 q.k% 25 Mnrch 1970 
Subject: Fntir91e I 'ror~ertios of Ti-5Al-2.5Sn t 

ELI  i n  Smooth, Shot Peened and 
Nogched Surfage Conditions a t  
70 F snd -423 F 

I Photomicrographs were tnken of the  typ ica l  microstrnctures encountered i n  t h i s  
t e s t ,  and they appear a s  Figures 5a and 5b. Figure 5a is a photo~Lcroer??h of 
the  s t ruc ture  a t  the  center  of the  forging shoving the typical  p la te l ike  struc- 
t u r e  encountered. Figure 5b shows the  typ ica l  equiiuted s t ruc ture  observed 
i n  the  t e s t  specimens. 

Discussion 

The Ti-5Al-2.5Sn ELI exhibited the  typkal-shape fa t igue chrve f o r  titmim 
al loys ,  .with the  curved portion a t  high s t r e s s  l eve l s  and a knee and f l a t  por- 
t i o n  e t  the  lower s t r e s s  levels. The e f f ec t s  of the  two surface conditiocs 
imposed on the  fa t igue  specimens were sijgnificant on t he  posi t ion of t h e  curve. 
The smooth curve a t  both 70% and 4 2 3  F was between the  shot peened and the  
notched curves. 

Shot peening was benef ic ia l  t o  the  endurance l i m i t  of the  material. A t  7 0 ' ~  
shot peening ra i sed  the  enduragce 1Mt from 66 KSI (smooth condition) t o  
74 KSI (shot peened). A t  4 2 3  F shot peening increased the  endurance l i g i t  
from 78.5 KSI (smooth) t o  86.5 KSI (shot peened). 

The notching of the  fa t igue specimens was signific.mtly de t r jnen ta l  t o  t he  
fa t igue properties. A t  7 0 ' ~  the  note?-d specimen hzd an enprance  lidt of 
50 KSI a s  compared t o  66 f o r  the  smooth specimens. A t  -423 F the  notchin? 
of the  specimens reduced the  fa t igue limit from 78.5 KSI (smooth) t o  62 KSI 
(notched). 

These r e s u l t s  indicated t h a t  shot peening did improve the  Satigue limit, how- 
ever, the  e f f ec t  of notching was of a nuch ggeater magnitude. Shot peenin? 
increased the  fa t igue  l i m i t  onlyo13.@$ a t  70 F while notch4nz decreased the  
fa t igue  l i m i t  by 23.1%. A t  -423 F almost the  same degree df change was oh- 
served. Shot peening increased the  fa t igue limit by 10.15 ;and notcbing re- 
duced the  limit by 21.5%. ..---* ....... 

.Therefore, ceution shbuld be taken with t h i s  material  t o  minimize the  occurrcn&> 
\ 

of any machine marks o r  other scratches which ccould causeia notch e f fec t  on 
.. the..  part. . . .  . . . . . . . . . . . . . .  .. .-. ..-.... .+- . . . . . . . . . .  

The major typos of grain s t ruc tures  encountered were equiaxed and pla tes ,  
with some overlnpping.of the  two structures.  Approxinately €30:; of tho s c c i -  
mens tes ted  had R preaominnntly plntelilce s t ruct :~re ,  an4 25$ had apprecinfrlo 
amounts of cqvimed alph-.. The effect  of microntructure on fa t icdo  l i f e  was 
not s i f l i f i cnn t  i n  the  l imited testin,? which was done. Hociever, drie t o  
l imited numher of specimens tes ted,  no conclusive trends could he detemined 
t o  show whether a s i d f i c a n t  cffect  was present or  not. 



Attachment t o :  '?PR 70-305 
25 March 1970 

TABLE I -- 
9-03d 

MILL AXALYSIS OF ElMT.10. 29372;!s -- 
Ti-5A1-2.531 (ELI) FRO14 REACTIVX 1~:XTAIS. INC. 
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Attnahment to: NPR 70-305 
25 March 1970 

TENSILE PROPE9TIES OF Ti-5A1-2.5s~ ELI FORGING 

,k \fa- 
1 ~ ~ '  

a/ 
TEST 
TEIQ . Y.S. 

KSI 
BAR 
NO. 

U.T.S. 
Y S I  

EMNG. 
$ - 4 D  

RED. OF ARZh 
$ 



CONDITION 

SMOOTH * 

SHOT 

PEENED 

NGTCliEn 

- 

TABLE 111 i 
i 

ROOM TEMPEF&.TURR FATIGUE TEST RESULTS 

SPEC. NO. STRAIN 
in/in. 

4068 

3949 

5357 

4394 

4634 

41 45 

4065 

4097 - 
4357 

5075 

4690 

6010 

4500 

41 75 

5487 

4880 

481 7 - 
3275 

3482 

4072 

c 

STRESS 
PSI 

46 
DNF - DID GOT FAIL 



Attnchmnnt t o :  NPR 70-305 
75 M:irch 1970 

( p a c e  2 o f  2 ' - -. 
, , 

,ROOM'TEMPERATBT? FATIGUE TEST RESULTS 

COiJDITION SPEC. NO. 'STRAIN STRESS CYCLES TO FAILURS: 
/ i d i n .  PSI 

DNF - DID NOT Fb.IL 



CONDITION 

SMOOTH 

SROT 

PEENED 

NOTCBED 

Attachment to: MPR 70-305 . 
March 25, 1970 

TABLE IV -- 
CRYOGENIC FATIGUE TEST RESULTS 

SPEC. NO. STRESS 
PSI 

81,600 

90,000 

78,400 

74,800 

102.00C 

CYCLZS TO FAILUBE 

736,900 

135,500 

1 ,003,000 DIP * 
~i,m,~ DIP * 

50,500 

* DNF - DID NOT FAIL 

Approved By: E. F. Green - Ikinager 
Member Technical Staff Metallurgical and 
Metnllur[:icnl and Chemical Laboratory 
Chemical Laboratory M~terials and Proccsoes 
Materials and l'roccsnos 
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Attachnlo~ !t to: W R  70305 '1 25 Mnrch 1970 

i 
i 

SECTIONIITG OF FORGING FOR TEST SPECINENS - 
i 

F a t i ~ e  section was s l iced  into 16 "Half-Moonn 
s l i c e s  and 8 fatigue specimens removed from 
each s l i c e  pointing townrd center of forging. 

-- 
-- . . .. . - -- .- . . . . .... . 

Six tenai1.o cpecimenn were renoved in R 

radial oriontotion. 
__l_l_ , . . n. . .. ~.~~ . .. -- I 



it t o r  MPR 70-305 
25 Narch 1970 

FIGURE 2 -- 
LOCATION OF STRAIi? GAGE 











Ti t l cPa t iguc  P r o p e r t i e s  of Ti-5111-2.5Sn ELI i n  Smooth, Sho t  Peened,  Docket No. 
and Notched S u r f a c e  C o n d i t i o n s  a t  70F and -1123F 

P e t e r  T. Ja roccwicz  1 326992 1 3761 M 69  E.F.Green 
- 

Edwin F. Green 301736 3761 RA 69 W . J .  Kappen - 
T I ~ E  PROBLEM: 'In o r d e r  t o  d e s i g n  turbopump components f o r  adequate  f a t i g u e  l i f e ,  smooth, 

s h o t  peened and notched f a t i g u e  p r o p e r t i e s  of s u b j e c t  m a t e r i a l  were r e q u i r e d .  None were a v a i l a b l e  

DESCRIPTION OF SOLUTION: (Succinct statement of broad solution together with detailed description, illustrated hy 
sketches where appropriate, of the structure, operation, physical characteristics - - 
electrical. chemical, mechanical - - describing the new result. Attach additional 
material, preferably on Form 74-5.) 

T e s t  were performed a s  d e s c r i b e d  i n  a t t a c h e d  r e p o r t  MF'R 70-305, w i t h  r e s u l t s  a s  shown 
i n  d a t a  a t t a c h e d  t h e r e t o .  

Witnesses: (Rcao and linderstood By:) . '-- . , - ,," . i , / .(./!..?-.., y .  <,' ,> 

(1) \..<__-. ~ 

, , 
,' 

(2) - 
.,"ST " I M L  I * , l l *L  LA,, N A M '  0.1r 

FOHU 74-%I  H C V .  12 -83  (0Vk:R) 
\ Jt 


