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INTRODUCTION A?JD SUNNARY 

During the  second q u a r t e r ,  e f f o r t  on f a b r i c a t i o n  techniques of 

a shrouded t i t an ium impeller w a s  d i r e c t e d  toward completion of 

t h e  d e t a i l  des ign  drawings f o r  f u l l  s i z e  hardware f a b r i c a t i o n .  

Major e f f o r t  was a l s o  placed on f a b r i c a t i o n  and d i f f u s i o n  bond- 

i n g  of s imulated impe l l e r  samples t o  determine, and then e l M -  
nate, p o s s i b l e  problem a reas  that could arise i n  bonding of the 

f u l l  s i z e  impe l l e r  assembly, 

Detail  drawings f o r  the impel ler  pre-bond assembly have been 

completed and c o s t  quotat ions are being obtained. 

simulated impe l l e r s  have been f a b r i c a t e d ,  t h e  f irst  and t h i r d  

of which have been bonded, 

areas d i d  not  occur on the first sample, which used 17-b PH 
r e s t r a i n e r  t o o l i n g  mater ia l .  I n  view of p o s s i b l e  excessive 
r e s t r a i n e r  growth on t h e  f i r s t  sample, new s p l i t  ceramic re- 
s t r a i n e r  t o o l i n g  was f a b r i c a t e d  and u t i l i z e d  i n  bonding of the 

t h i r d  sample, 

and t h e r e f o r e  t h e  sample will be r ecyc led  be fo re  core  removal. 

Three trial 

Complete f i l l i n g  of t h e  f i l l e t  

Complete f i l l e t  fonna t ion  again w a s  no t  achieved, 

Fabr i ca t ion  of six t e s t  specimens and t o o l i n g  has  been completed 

t o  determine t h e  optimum bonding temperature and p res su re  f o r  

t i t an ium alloy ( 5  A1 2.5 Sn). 

placed through the  bonding cycle.  

One of t hese  specimens has been 

Estimated d e l i v e r y  d a t e  f o r  
J.: bIuQ,LILY,, &--:..- fV16A.-b- m r n i  nns tc! fahric3t.e. t w o  canp le t e  assemblies i s  

1s January 1968. 
i m a t e l y  1761 hours and $38,L36, 

The cumulative expendi ture  t o  date i s  approx- 
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IMPELLER DETAIL DESIGK AIEI 
TECHiNIQIIE DEVEL OPl4EMT 

IMPELLER DESIGN 

Detail d r a t i n g s  for t h e  i m p e l l e r  pre-bond assembly have been completed and 
are shown i n  Fig. 1. This i q e l l e r  w i l l  be capable  of be ing  tested i n  the 

Mark 29 l i q u i d  hydrogen pwnp with minor modif icat ions.  

eters are: 
b l a d e  discharge a n g l e - 3 7  degrees, number of vanes - 7  f u l l  and 7 p a r t i a l ,  

d ischarge diarnete? - 12 inches.  The f r o n t  shroud, back shroud, vanes, and 

c o r e s  wil l  be fabricated as matched assemblies t o  minimize r e q u i r e d  t o l a r -  

ances and thus  reduce the amount of t i t an ium t h a t  must be moved dwi.ng the 
bonding cycle. 
s u r f a c e s  t o  permit removal, by chem-milling, of  t h e  i n t e r a c t i o n  layer formed 

dur ing  t h e  bonding process. Cost quo ta t ions  are be ing  obtained f o r  fabrica- 

t i n g  two of t h e  pre-bond assemblies shown i n  F i g .  1. 

Major design param- 

head r i se  - 46,100 f t ,  flowrate - 9754 gpm, speed - 29,800 r p m ,  

An alluwance of O.O4O inch h a s  been added t o  a l l  passage 

DIFFUSION BOiU’DING TEST SAMPIES 

Three simulated t r i a l  i m p e l l e r s  have been fabricated, two of vhich have 

been bonded. S i x  specimens f o r  determining the  best bonding cond i t ions  

have been f ab r i ca t ed ,  and one nas been run through t!e bond cycle. 

F i r s t  Trial  I m D e l l e r  SamDle 

F i g u r e s  2 through 6 are a sequence of photographs s h m i n g  t h e  s m p l e  i n  var- 

i o u s  s t a g e s  of assembly before bonding. 
f r o n t  and back shrouds, and vanes. I n  r e fe rence  t o  Fig.  2, t h e  f r o n t  shroud 
i s  rep resen ted  by the c y l i n d r i c a l  r i n g  and t!e back sbroud by the contoured 
hub. Figure 3 shows the impe l l e r  assenbly w i t h  lower pressure p l a t e ,  o u t e r  
shroud, vanes, and cores.  The cores  are 4340 s t ee l  f i l l e r  material shown be- 
tween t h e  vanes. Edges of the cores have been rounded t o  permit  formation 

of vane t o  shroud f i l l e t s  whi l e  bonding. I n  r e f e r e n c e  t o  Fig. 3, +the back 
shroud has  been omitted t o  show t h e  f i l l e t  areas a t  the edge of the  c o r e s  

that must be f i l l e d  during t h e  bonding process. 
upper aqd l m e r  p r e s s u r e  p l a t e s ,  and o u t e r  r e s t r a i n i n g  t o o l i n g .  

shows t h e  impe l l e r  and t o o l i n g  assenbly p r i o r  t o  i n s t a l l a t i o n  i n  t h e  r e t o r t ,  

Fig. 6 shows the  completed asseitbly i n  t h e  r e t o r t  raady f o r  t h e  bondins cycle .  

F igu re  2 shows t h e  s imula t ed  i m p e l l e r  

F i g u r e  bb s h m s  the cores,  
F igu re  Sb 
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Figure 2a 

Figure 2b 

Figure 2a & 2b, Simulated Impeller - Rial Sample 
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Fig. 3a 

- 

Fig. 3b 
Figure 3a & 3b. Simalated Impeller - Assembly with  Cores and Lower 

Pressure P la te  ( id i thout  Back Shroud) 
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Fig. ha. Assembly with Back Shroud and Lower Presswe P la t e ,  and Cores 

0 

Fig. hb. Cores, Pressure, Pla t e s ,  and Outer Containment Tooling 

F igure  4. Simulated Impel ler  Assemblies 



Fig. sa Assembly Without Upper Pressure P l a t e  

--- - _I_--- ~ __1_11. _I^.__I"^ I 

Fig. Sb Assembly Wjth Upper Pressure P l a t e  

F igu re  5. Simulated Impeller Assembly 



Figure 6. Complete Simulat 
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3 Impeller Assembly 
Ready f o r  Bonding 
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The first sample was bonded a t  a temperature  of 1750 deg F f o r  a period of 

16 hours. P re s su re  on the pressure p l a t e  was v a r i e d  f r o m  2000 t o  4000 p s i  

during t h e  16 hours. Time a t  4OXI p s i  was  a minimum of 3 hours. 

7 and 8 show t h e  sample af ter  removal from t h e  r e t o r t  and r e s t r a i n e r  t o o l -  

ing. A f o r c e  of 280,000 pounds was requ i r ed  t o  remove the sample from t h e  

restrainer t o o l i n g ,  due t o  bonding of !J~LO steel  co res  t o  t he  17-4 PH 

outer  r e s t r a i n e r .  A s  can be seen from the photographs, this caused a 
s l i g h t  s e p a r a t i o n  of t h e  tooling and rear shroud. D e t a i l  i n spec t ion  i E d i -  

cated t h e  i n t e r a c t i o n  layer between t h e  co res  and impe l l e r  t o  be less  t h a n  

0,010 inch th i ck .  

a t  the impeller discharge d id  not occur a t  all j o i n t s .  

11 are d i f f e r e n t  views of t h e  impeller subsequent t o  a l i g h t  machine cut  

f o r  surface c l ean  up. 

i n g  of the c o r e s  and i n i t i a l  chem-milling t o  remove t h e  i n t e r a c t i o n  l a y e r .  

A s  can be seen f r o m  Fig.  12(a), a complete formation of t h e  f i l l e t s  d i d  

n o t  occur on t h e  vanes i n  t he  irripeller passages. 

that  this may be a t t r i b u t e d  t o  g r o w t h  and y i e l d i n g  of t h e  o u t e r  r e s t r a i n e r  

t o o l i n g  and/or i n c o r r e c t  l eng th  of t i m e  and  p res su re  at the  bonding tempera- 

F igu res  

It was also noted t h a t  c m p l e t e  forming of the f i l l e t s  

Figures  9 ,  13, and 

Figures  12 (a )  and 12 (b )  show the sample after l each -  

I n v e s t i g a t i o n  i n d i c a t e s  

ture. 

t i o n  of 250 (see Fig. 13) i nd ica t ed  t h a t  a s l i g h t  notch of 0.004 inch e x i s t e d  

af ter  i n i t i a l  chem-milling. 

specimen. 

t o t a l  of 0,020 i n c h  of material and t h u s  e l imina te  t h e  notched area. 

F igu re  &(a) and &(b) show t h e  i n n e r  and ou te r  f i l l e t  a t  the i m p e l l e r  eye 

a t  a magnification of LO after total material removal of 0.020 i n c h  on 

each surface.  

Examination of t he  f i l l e t  area a t  t h e  impe l l e r  eye under a magnifica- 

L i n e s  e f i s t i n g  on Fig.  13 are scratches on the 

Add i t iona l  chern-milling was  performed on the p a r t  t o  remove a 

Figure  l s ( a )  and 1S(b) shou t h e  grain s t r u c t u r e  of the t i t an ium material 
be fo re  and after bonding at a magnification of 250X. A s  can be seen, g r a i n  

growth occurred during t h e  bonding process .  

F igu res  16 through 18 are photographs of t h e  first sample impe l l e r  a f t e r  

f i n a l  chem-milling. 

i nch  of material p e r  su r face  by chem-milling and t o  s e c t i o n  t h e  p a r t  for 

Or ig ina l ly  it w a s  planned t o  remove a t o t a l  of 0.CLO 
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Figure  7. Test Sample After Removal From Restrainer Tooling 
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Figure  8. Test Sample After Removal From R e s t r a i n e r  Tool ing 
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Figure  9. Test Sample After Clean Up Machining - I n l e t  Eye View 
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Figure 10. Test, Sample After Clean Up Machining - Rear Shroud View 
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Figure ll, Test Sample After Clean Up Machining - Eye and Discharge View 
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Figure 12  (a). Eye V i e w  
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Figure 12(b). Side  V i e w  

F igure  12. Test Samgle After Core Removal 
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F i p r e 1 3 .  Typical notch a t  eye vane f i l l e t  on fk-st trial sample. 
Magnification 250 x - Notch . O h  inch  deep. 



Figure a ( b )  

Vane F i l l e t  a t  Outer Shroud - 40X 
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Figure &(a) 

Vane F i l l e t  a t  Inner Shroud - LOX 

F igure  14. Photographs of Vane F i l l e t s  a t  Impeller Eye on F i r s t  Tr ia l  
Sample After Chem-milling of 0.020 I n c h  (Ftagnification LOX) 
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Fig.  lsa. Before Bonding o r  as Received 

Fig.  15b. After Bonding 

F igure  15. Photographs of F i r s t  Sample Grain S t r u c t u r e  Before and After 
Bonding. Alloy Ti SAL- 2.5 Sn Forging. Magnif icat ion 250);. 
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Figure  16. First T r i d l  Sample After F i n a l  C h e m - K i l l i n g  - Eye Discharge V i e w  



Figure  17. First Tr ia l  Sample After F i n a l  Chem-Milling - Eye V i e w  
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t e n s i l e  specimens. 

t o  perform t h i s  t e s t i n g  on t h e  sample which r e p r e s e n t s  the more optimum 

bonding condi t ions.  

removed by chem-milling from t h e  f i rs t  t e s t  sample. 

s p e c t i o n  of t h e  bond j o i n t s  a f t e r  f i n a l  chem-milling i n d i c a t e s  t h a t  a 

l o c a l i z e d  crack about 1/32 inch  deep ef is ts  at the edge of the impe l l e r  

d I c h L r g e  vane fi l le%s. 

However, i n  order t o  minimize c o s t  it has been decided 

A t o t a l  of 0.020 inch  of material p e r  s u r f a c e  w a s  

Dye pene t r an t  i n -  

Second Trial Impeller Sample 

The second t r i a l  impe l l e r  sample i s  shown i n  Figs. 1 9  through 22. 

c o r e  t o o l i n g  f o r  the second trial sample has  been modified t o  determine 

t h e  e f fec t  of a co re  s p l i t  l i n e  on t h e  flow passage w a l l .  

shows a disassembled view of the  modified co re  and impe l l e r  assembly. 

Figure 20 shows a p a r t i a l l y  assembled view w i t h  t h e  a f t  shroud removed. 

Figure 2 1  and Fig. 22 show views of t h e  impe l l e r  eye and impe l l e r  d i s -  

charge f o r  the assembled u n i t .  

The 

Figure 19 

Bonding of t h i s  u n i t  has  been deferred pending determinat ion of optimim 

bonding condi t ions with t h e  six test specimens d i scussed  under Optimiun 

Bonding Condition Determination. 

Third T r i a l  Impel ler  Sample 

A t h i r d  t r ia l  impe l l e r  was f a b r i c a t e d  ( a t  no c o s t  t o  t h e  program). 

sample was i d e n t i c a l  t o  the f i r s t  sample; however, H - l l  t o o l  s tee l  was 

used f o r  core  material i n  l i e u  of 4340 steel. 

because of i t s  bet ter  high temperature c h a r a c t e r i s t i c s .  

has been bonded using new r e s t r a i n e r  t o o l i n g  designed t o  minimize r a d i a l  

growth during the bonding cycle.  This t o o l i n g  w a s  o r i g i n a l l y  in t ended  f o r  
u s e  i n  bonding t h e  second sample. The new r e s t r a i n e r  c o n s i s t s  of an i n n e r  

c y l i n d r i c a l  s t a i n l e s s  steel l i n e r  1h i nch  th i ck ,  an intermediate ceramic 

c y l i n d e r  6 inches i n  thickness, and 811 o u t e r  r e t a i n e r  of b3LO s tee l  about 

3 /h  inch th i ck .  

This 

H-11 t o o l  steel  was s e l e c t e d  

The th i rd  sample 
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F i g u r e  19. Disassembled View of  Second Tr i a l  Sample Showing Plodified Core 
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Figure 20. Pa r t i a l ly  Assembled V i e w  of Second Trial Sample Showing Modified Core 
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Figure 21. Assembled Eye View of Second Trial Sample 
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F i g u r e  22. Assembled 'Discharge V i e w  of Second Trial  Sw.g le  
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The ceramic and ou te r  steel  r e s t r a i n e r  are s p l i t  t o  prevent damage t o  the  

ceramic during assembly and disassembly. 

ufac tured  by the  Glass Rock Products Corporation w a s  used f o r  t h e  ceramic 

restrainer. 

hea t  t r a n s f e r .  

A c a s t a b l e  massrock material man- 

%is material has  low c o e f f i c i e n t s  of thermal expansion and 

Figures  23 through 28 are a s e r i e s  of photographs showing the  sample i n  

va r ious  stages of assembly and disassembly before  and af ter  the  bonding 

cycle .  

a per iod of 1 6  hours with constant pressure  of 2000 p s i  on t h e  pressure  

p l a t e .  It should be noted t h a t  the c racks  i n  the  ceramic r e s t r a i n e r  

shown i n  Fig. 28 a f t e r  t h e  bonding cyc le ,  are cu r ing  cracks and were 

present  before  bonding. 

t h e  second sample. 

The t h i r d  sample w a s  bonded a t  a temperature of 1650 deg F f o r  

It is planned t o  use t h e  same r e s t r a i n e r  f o r  

Visual inspec t ion  of t h e  t h i r d  tr ial  sample, af ter  removal from r e t o r t  

and too l ing ,  i n d i c a t e s  t h a t  complete formation of t h e  f i l l e t s  d id  not  

occur. Prel iminary inves t iga t ion  i n d i c a t e s  t h a t  t he  required a x i a l  de- 

formation f o r  complete f i l l i n g  of t h e  f i l l e t  areas d i d  not  occur. 

though the  requi red  compression was ind ica t ed  the  reason f o r  not  achiev- 

i n g  i t  on t h e  a c t u a l  p a r t  has not as y e t  been determined. It is planned 

t o  f a b r i c a t e  a new r e t o r t  and r e s t r a i n e r ,  and r ecyc le  the  p a r t  t o  achieve 

complete formation of t he  f i l l e t e .  

Al- 

O p t i m u m  Bondinn Condition Determination 

It has been found t h a t  some t i tanium a l l o y s  have an  optimum temperature 

a t  which the  material becomes most  p l a s t i c  and is  thus  more optimum f o r  

bonding. !his temperature may also be s i g n i f i c a n t l y  lower than the  be t a  

t r a n s i t i o n  poin t  thus  al lowing a greater margin between the bonding tem- 
p e r a t u r e  and t h e  b e t a  t r a n s i t i o n  po in t ,  which must be avoided i f  material 

p r o p e r t i e s  are t o  be maintained. As t h i s  information i s  not ava i l ab le  on 

t h e  p a r t i c u l a r  a l l o y  being used (5 A1-2.5 Sn) ,  i t  has  been decided t o  

I 
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Fig. 23a. Impel le r  Assembly Outside of Reta iner  

a 

Fig. 23b. Impel ler  Assembly i n  Retainer 

F i g u r e  23. Third T r i a l  Sample - P a r t i a l  Assembly P r i o r  t o  Bonding 
a 
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Fig. 24a. Assembly With R e t o r t  Cover Removed 

a 

Fig. 2bb. AssemblyWith Re to r t  Cover i n  Place 

Figure 24. Third Trial Sample - P r i o r  t o  Welding R e t o r t  
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Fig .  25a. Rest ra iner  Without S t e e l  Shims 

Fig. 25b. Restrainer  W i t h  S t e e l  Shims i n  Place 

Figure 25. Third Trial Sample Res t r a ine r  Tooling 
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Fig.  26a. R e t o r t  Assembly Removed From Res t r a ine r  

Fig.  26b. Retor t  Assembly i n  Restrainer 

F igu re  26. Third T r i a l  Sample - Retort Assembly and Restrainer Tooling 0 



e 

Fig .  27a. Reto r t  Assembly i n  R e s t r a i n e r  

LAP 68-9 (RC) 
Page 32 

Fig .  27b. Reto r t  Assembly Removed from 
Res t r a i n e r  

F igure  27. Third Trial Sample A f t e r  Bonding 
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r,gure 28. Close-up V i e w  of Ceramic Restrainer - After the 
Bonding Cycle 
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determine t h e  bes t  bonding temperature and pressure  by performing tests 

on s i x  small samples f a b r i c a t e d  from 7/8 inch  diameter  rod ( a l l o y  5 Al- 
2.5 Sn). 

p l e t ed  and one specimen hae been placed through t h e  bonding cycle. 

Figures  29 through 32 are a s e r i e s  of photographs showing one of these  

test specimens i n  var ious  stages of assembly. 

Fabr ica t ion  of theee samples inc luding  t o o l i n g  has been com- 

The first specimen was cycled under condi t ions  i d e n t i c a l  t o  t h a t  of t h e  

first impel le r  test  sample. 

f o r  comparison. 

specimen. It can be seen t h a t  the 4340 steel d i e  deformed and complete 

f i l l i n g  of the  large gap did not occur under t h e  bonding condi t ions em- 

ployed. Subsequent tests w i l l  employ a lower temperature and pressure.  

H-11 t o o l  steel  w i l l  a l s o  be t r i e d  f o r  t he  d i e  material t o  determine i f  

d i e  deformation can be reduced. 

1'1 lhese condi t ions  were se l ec t ed  as a b a s i s  

Figure 33 shows t h e  r e s u l t s  of the  t es t  on t he  first 

FORGING STAWS 

Titanium forginga f o r  the  f r o n t  shrouds and vanes and blades have been 

received.  

determine proper t ies .  

d i e  forginga is 15 January. 

4340 o r  H-11) w i l l  be procured, pending examination of the  t h i r d  t r i a l  

sample. 

Tens i le  specimens are being taken f roa  these  forgings t o  

A new estimated de l ive ry  d a t e  f o r  t he  back shroud 

S t e e l  forg ings  f o r  t h e  core material ( e i t h e r  

PLANS FOR NEXT QUARTER 

During the  next q u a r t e r ,  bonding of t h e  second impel le r  sample w i l l  be 

completed. 

of t e s t i n g  on t he  7/8 inch  diameter ( 5  Ai 2.5 Sn) specimeiiti. 

and ana lys i s  w i l l  be completed on t he  second and t h i r d  t r i a l  impel le r  

samples. 

i n g  resul ts  of t h e  d i f f u s i o n  bonded samples and review with NASA. 

Optimum bonding condi t ions w i l l  be determined w i t h  completion 
%ziii~t:cz 

Fabr ica t ion  of the  f u l l  s i z e  impe l l e r s  w i l l  be i n i t i a t e d ,  pend- 
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F i g u r e  33. Sect ioned V i e w  of F i r s t  7/8 inch Test Specimen After 
Simulated Bonding Cycle 

33a. View Comparing Sectioned 
P a r t  After P res s ing  and 
Mew Tooling 

33b. Close-up V i e w  Sharing Tooling 
and Titanium Deformation 


