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NOTICE 

The invention disclosed in this document resulted from 

research in aeronautical and space activities performed under 

programs of the National Aeronauti'cs and Space Administration. 

The invention is owned by NASA and is, therefore, available for 

licensing in accordance with the NASA Patent Licensing 
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Regulation (14 Code of Federal Regulations 1245.2). 

To encourage commercial utilization of NASA-owned inventions, 

it is NASA policy to grant licenses to commercial concerns. 

Although NASA encourages nonexclusive licensing to promote 

competition and achieve the widest possible utilization, NASA 

will consider the granting of a limited exclusive license, 

pursuant to the NASA Patent Licensing Regulations, when such a 

license will provide the necessary incentive to the licensee to 

achieve early practical application of the invention. 

Address inquiries and all applications for license for this 

invention to NASA Patent Counsel, Marshall Space Flight Center, 

Mail Code CCO1, Huntsville, AL 35812. Approved NASA forms for 

application for nonexclusive or exclusive license are available 

from the above address. 
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. NASA Case No. MFS-283~3-2  

PATENT APPLJCATION -..- ABS'I'RACT __- 

TURBOMACHINERY SHAFT INSERT 

T h i s  i n v e n t i o n  i s  directed t o  a n  i n s e r t  f o r  u s e  i n  

m o u n t i n g  t h e  impe l l e r  o n  t h e  h o l l o w  s h a f t  of t h e  

p r e - b u r n e r  pump of t h e  h i g h  p r e s s u r e  o x y g e n  t u r b o p u m p  u s e d  

i n  t h e  space s h u t t l e  m a i n  e n g i n e .  

The  i n s e r t  22 h a s  a c y l i n d r i c a l  p o r t i o n  24 received 

w i t h i n  t h e  bore a t  t h e  e n d  of t h e  s h a f t  16. The  impel ler  

12 i s  m o u n t e d  o n  t h e  o u t e r  diameter of t h e  s h a f t  16 by 

m e a n s  of a s p l i n e  15. The i n s e r t  h a s  a n  a n n u l a r  f l a n g e  32 

e x t e n d i n g  i n  t h e  d i r e c t i o n  oppos i t e  t o  t h e  s h a f t ,  a n d  t h i s  

f l a n g e  h a s  a n  i n n e r  a n n u l a r  s u r f a c e  34 a n d  a n  o u t e r  

a n n u l a r  s u r f a c e  36. The f l a n g e  32 i s  received w i t h i n  a 

recess 38 i n  t h e  impel ler  a n d  t h e  s u r f a c e s  34 a n d  36 

e n g a g e  c o r r e s p o n d i n g  s u r f a c e s  40 a n d  42 i n  t h e  recess so 

a s  t o  f o r m  a d o u b l e  p i l o t  f o r  g u i d i n g  a n d  c e n t e r i n g  t h e  

impe l l e r - r e l a t ive  t o  t h e  s h a f t .  The  i n s e r t  a l s o  i n c l u d e s  

a n  e l o n g a t e d  t u b u l a r  p o r t i o n  44 w h i c h  h a s  l o n g i t u d i n a l l y  

e x t e n d i n g  s l i t s  48 spaced a b o u t  t h e  c i r c u m f e r e n c e .  The  

e n d  of t h e  i n s e r t  h a s  a series of h o o k - l i k e  t o n g u e s  50 

w h i c h  are s q u e e z e d  i n t o  t h e  bore of t h e  impel le r  d u r i n g  . 
assembly a n d  s n a p  r a d i a l l y  o u t w a r d l y  i n t o  recesses 54 i n  

t h e  w a l l  of t h e  bore when t h e  i m p e l l e r  i s  p r o p e r l y  seated 

a x i a l l y  d u r i n g  assembly.  



The novelty of the invention appears to lie in the 

double pilot arrangement for guiding and centering the 

impeller during assembly and low speed, and also at high 

speed. It also solves the piloting problem of overhung 

impellers. The double pilot arrangement prevents spline 

friction from becoming a whirl driver as the impeller 

rotates. 
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ORIGIN OF THE INVENTION 
The invention described herein was made by an 

employee of the United States Government and may be 
manufactured and used by or for the government for 
government purposes without the payment of any royalties 
thereon or therefor. 
BACKGROUND OF THE INVENTION 

This invention relates to an insert for use with a 
disc or impeller mounted on a rapidly rotating hollowc 
shaft such as utilized in high speed turbomachinery, and 
inore particularly to an insert which aids in securing an 
impeller mounted in overhung fashion to a rotatably driven 
hollow shaft in high speed turbomachinery such as the high 
-pressure oxygen turbopump of the space shuttle main 
engine, the insert having a pair of annular surfaces 
cooperating with receiving surfaces in the impeller to 
provide a double pilot remaining tight at all speeds to 
aid in the elimination of whirl instability in such 
turbomachinery. - 

The high pressure oxygen turbopump used in the space 
shuttle main engine uses duplex b a l l  bearings, i.e., a 

pair of bearings mounted closely adjacent each other, near 
each end of the rotor. A damping seal such as that 
disclosed in U.S. Patent No. 4 , 5 4 5 , 5 8 6 ,  adjacent the pump 
end of the rotor besides reducing leakage between the 
fixed and rotating portions also damps rotor lateral 
motion and thus shares the bearing load in the pump 
portion of the turbopump. The duplex bearings are each a 
pair of ball bearings having an axial preload force 
applied thereto to avoid ball skidding and wear. The 
preload is provided by a spring located between the outer 
races of each pair of duplex ball bearings. The ball 
bearing prevents seal rubbing and the (lamping seal 



e l i m i n a t e s  i n s t a b i l i t y  d u e  t o  w h i r l ,  t h a t  is ,  t h e  o r b i t i n g  
of t h e  ro to r  s h a f t  d u e  t o  f l u i d  f o r c e s  a c t i n g  t o  u r g e  t h e  
s h a f t  t a n g e n t i a l l y ,  when r a d i a l l y  from t h e  r o t a t i o n a l  
c e n t e r ,  c r e a t i n g  a n  e c c e n t r i c  r o t a t i o n .  

5 Due t o  b a l l  b e a r i n g  wear t h e  o r i r a t i o n a l  t i m e  of t h e  
h i g h  p r e s s u r e  o x y g e n  t u r b o p u m p  of t h e  space s h u t t l e  m a i n  
e n g i n e  i s  l i m i t e d ,  t h e r e b y  h i n d e r i n g  t h e  space s h u t t l e  
program. T h e  excessive b a l l  b e a r i n g  wear i s  a r e s u l t  of 
excessive l a t e r a l  or side loads.  S u c h  side loads 

10 f r e q u e n t l y  may n o t  be s h a r e d  e q u a l l y  b e t w e e n  t h e  b e a r i n g  Y 

u n i t s  of o n e  d u p l e x  b e a r i n g  p a i r  b e c a u s e  of s h a f t  b e n d i n g ,  
d e f o r m a t i o n  of t h e  b e a r i n g  ho lde r s  a n d  o t h e r  f a c t o r s .  T h e  
forces o n  t h e  r a p i d l y  r o t a t i n g  impel le r  may c a u s e  t h e  side 

loads o n  a s i n g l e  b e a r i n g  t o  be i n  excess of t w i c e  t h e  
15  b e a r i n g  a x i a l  preload,  w h i c h  i s  s u b s t a n t i a l l y  g r e a t e r  t h a n  

t h e  g e n e r a l l y  recommended o n e - h a l f  or o n e - t h i r d  l o a d i n g .  
T h u s ,  t h e  b a l l s  are forced u p  a n d  down t h e  s h o u l d e r s  of 

t h e  b e a r i n g  races c y c l i c a l l y  as  t h e  bal.1 t r a i n  ro ta tes  a t  
a p p r o x i m a t e l y  4 3  p e r c e n t  of t h e  s h a f t  speed. T h e s e  

2 0  e x c u r s i o n s  of t h e  b a l l s  c a u s e  b a l l  s k i d d i n g ,  excess ive  - 
h e a t i n g  a n d  e x c e s s i v e  wear of t h e  b e a r i n g s .  A d d i t i o n a l l y ,  
d u r i n g  t u r b o p u m p  s t a r t - u p  a n d  shu t -down  a x i a l  o v e r l o a d s  
a re  p r e s e n t  w h i c h  r e q u i r e  t h a t  t h e  b a l l s  h a v e  l a rge  

c o n t a c t  a n g l e s  t o  c o u n t e r a c t  t h e s e  a x i a l  forces. On t h e  

o p e r a t i o n  r e q u i r e  small c o n t a c t  a n g l e s  i f  over-stress is 
t o  be p r e v e n t e d .  Where t h e  o u t e r  races a re  permitted t o  
f l o a t  a n d  t h e  b a l l s  h a v e  large c o n t a c t  a n g l e s ,  s p i n n i n g  of 
t h e  o u t e r  races o c c u r s  a n d  l o a d ' s h e a r i n g  by t h e  b e a r i n g  

compromises i n  t h e  b e a r i n g  d e s i g n  h a v e  b e e n  made w h i c h  
h a v e  r e s u l t e d  i n  t h e  aforesaid l i m i t a t i o n s  i n  b e a r i n g  wear. 

2 5  o t h e r  h a n d ,  t h e  large l a t e r a l  or side loads d u r i n g  

30 w i t h  t h e  d a m p i n g  seal  i s  l i m i t e d .  A c c o r d i n g l y ,  

I n  c o p e n d i n g  U n i t e d  S t a t e s  p a t e n t  a p p l i c a t i o n  (NASA 

C a s e  No. MFS-28345-1) t h e r e  i s  proposed d a m p i n g  seals ,  
damping b e a r i n g s  a n d  s u p p o r t  m e a n s  f o r  t h e  b a l l  b e a r i n g s  3 5  



of the rotor of such high speed machinery which reduces a 
substantial number of these problems by preventing tilting 
and spinning of the outer races; aids in supporting the 
shaft at low speeds; avoids and counteracts radial loading 
of the bearings while absorbing axial loads at high speed; 
and eliminates a substantial amount of the whirl driving 
forces. However, there are other whirl drivers in such 
high speed turbomachinery. For example, the impeller is 
rotatably connected to the shaft by a spline, and spline 
friction is a potential source for tangential forces which - 
result in whirl instability. This is especially a problem 
where the impeller projects a substantial amount beyond 
the end of the shaft such as in the case with a 
centrifugal impeller of the type used in the high pressure 
oxygen turbopump of the space shuttle main engine. 

5 
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SUYi4ARY OF THE INVENTION 
Consequently, it is a primary object of the present 

invention to provide an insert for insertion into the end 
of a hollow rotating shaft for aiding in the mounting of a 
rotor such as an impeller on the shaft, the insert having 
means for securing the rotor thereto and for supporting 
the rotor during the entire speed range of the shaft. 

It is another object of the present invention to 
provide an insert for the end of a hollow rotatable shaft 
to which an impeller or the like is secured, the insert 
having impeller securing means and a pair of annular 
support surfaces which engage cooperatively with surfaces 
within an annular recess in the impeller to provide a 
double pilot, one pilot being effective at assembly and 
low speeds, and the other being effective at high speeds. 

for a hollow rotatable shaft on the end of which an 
impeller or similar rotor is mounted, the insert having a 
first cylindrical portion receivable within the end of the 
shaft, a radially extending portion adjacent the end of 
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Accordingly, the present invention provides an insert 

3 5  
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the shaft having an annular flange facing remote from the 
shaft and received within a recess in the impeller, the 
flange having radially inner and outer surfaces for 
engaging tightly radial walls of the recess, and a tubular 
extension which is receivable securely within a bore 
formed in the impeller. 
and includes axial slits for permitting the extension 
together with radially extending hook-like tongues thereon 
to be received within radial slots in the end of the bore 
to lock the impeller to the insert. The radially inner 
and outer surfaces of the tight fitting flange form a- 
double pilot with the walls of the recess, the radially 
outer surface of the flange acting to guide and center the 
impeller relative to the shaft at assembly and low speed, 
while the radially inner surface acts to guide and center 
the impeller relative to the shaft at high speed. 
BRIEF DESCRIPTION OF THE DRAWINGS. 

The tubular extension is hollow 

The particular features and advantages 0.f the 
invention as well as other objects will become apparent 
from the following description taken in connection with 
the accompanying drawings, in which: - 

Fig. 1 is a partial cross sectional view of the high 
pressure pump portion of a turbopump incorporating a s h a f t  

insert constructed in accordance with the principles of 
the present invention; and 

Fig. 2 is a perspective view of the insert of the 
present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, a partial cross 
sectional view of the high pressure pump portion 10 of a 
turbopump used in the space shuttle main engine is 
illustrated, the pump having an impeller 12 mounted within 
a shroud or housing 14. The impeller is connected by a 
spline 15 to a hollow shaft 16 open at the pump end 
thereof rotatably dri<en at a speed of approximately 
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3 0 , 0 0 0  rpm by a turbine (not illustrated) mounted on the 
shaft 1 6  remote from the pump portion of the turbopump. 
Annular damping seals 1 8  and 20 for restricting fluid 
leakage and damping rotor whirl are fastened between the 

5 rotatable impeller 1 2  and the fixed housing 1 4  adjacent 
the inlet and discharge portions of the impeller, the 
seals 1 8  and 20 being similar to the damping seals forming 
the subject matter of my aforesaid U . S .  Patent No. 
4 , 5 4 5 , 5 8 6 ,  modified as described in accordance with my 

10 aforesaid copending application No. (NASA Case No. 
L 

MFS-28345-1). 
A s  aforesaid, the frictional forces of the spline 

connection 15 between the shaft 16 and the impeller 1 2  is 
a potential whirl driver. The damping seals attenuate the 

1 5  whirl, but it is desirable to prevent spline friction from 
becoming a whirl driver. To this end the present 
invention provides a hollow insert 2 2  having a first 
cylindrical portion 24 receivable within the h o l l o w . 2 6  at 
the end of the shaft 1 6  and secured therein by threads 2 5  

20 or the like. The insert 2 2  includes a radially extending 
web 2 8  having a surface 30 thereof which abuts  the end of 
the shaft 16. At the outer periphery of the web 28 an 
annular flange 32  is formed, the flange being defined by a 
cylindrical wall projecting in the direction facing 
remotely from the shaft 1 6  and having inner and outer 
annular surfaces 3 4 ,  36 respectively. 

2 5  

The flange 32  is received within a recess 3 8  in the 
impeller 1 2  spaced axially from the shaft 16, the recesses 
having inner and outer wall surfaces 4 0 ,  4 2  respectively 
which tightly abut the respective surfaces 3 4  and 36 of 
the flange 3 2  of the insert 2 2 .  The outer surface 36 of 
the insert acts as a low speed pilot against the surface 
4 2  to guide and center the impeller 1 2  relatively to the 
shaft 1 6  at assembly and at low rotational speeds, while 
the inner surface 3 4  of the insert acts as a high speed 

3 o  

3 5  



pilot with the surface 4 0  when centrifugal growth of the 
impeller occurs during high speed rotation of the 
turbopump. In contrast with prior art arrangements where 
the piloting or guiding became looser and less effective 

5 at high speed, in the arrangement here disclosed as the 
speed increases the piloting becomes stronger, i.e., 
tighter so that it is tight at low speeds and at high 
speeds . 

Extending from the central portion of the web 28 in 
10 the direction away from the first cylindrical portion 24  

is another cylindrical portion 4 4  which is received within 
the central bore 46  of the impeller 12. The portion 4 4  is 
tubular and has a series of longitudinally extending 
spaced apart slits 4 8  extending through the wall about its 

1 5  periphery, the slits extending substantially the entire 
length of the portion 4 4 .  The free end of the portion 44 

has a plurality of spaced apart radially extending narrow 
tab or tongue members 5 0 ,  the tongue members having. 
inclined leading edges 52. The tongue members 50 are 

20 received within similarly shaped recesses or slots 5 4  in 
the wall of the bore 46  at the end of the impeller 12 and 
aids in mechanically securing the impeller on the shaft 16. 
During assembly, the slits 48 permit the tongue members SO 

to be squeezed radially inwardly so that they may be 
received through the bore 4 6 ,  aided by the inclined edges - 

52, until they reach the recesses 5 4  where they may then 

25 

snap radially outwardly when the impeller is axially 
seated in the turbopump. 

With the insert of the present invention, not only do 
the pilots eliminate spline friction from becoming a whirl 
driver as it provides a tight guide and centering means at 
all speeds, but it also overcomes the piloting problems of 
overhung impellers and other rotating discs, i.e., when 
the impeller or disc projects beyond the end of the shaft 

3o 

3 5  as in the preferred em6odiment. Effectively, it is a 
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hollow bolt which secures the impeller 12 to the hollow 
shaft 16 by securely gripping the impeller 12 and the 
shaft 16, and guides and centers the impeller during the 
entire speed range thereof. Additionally, the tongues 50 

5 also tighten in the recesses 5 4  as the speed increases. 
Numerous alterations of the structure herein 

disclosed will suggest themselves to those skilled in the 
art. However, it is to be understood that the present 
disclosure relates to the preferred embodiment of the 

10 invention which is for purposes of illustration only and 
\. 

not to be construed as a limitation of the invention. All 
such modifications which do not depart from the spirit of 
the invention are intended to be included within the scope 
of the appended claims. 



TURBOMACHINERY S H A F T  I N S E R T  

A B S T R A C T  O F  T H E  D I S C L O S U R E  

An insert for a hollow rotatable shaft on the end of 
which an impeller is mounted, the insert having a first 
cylindrical portion receivable within the end of the shaft. 

5 The insert includes a radially extending portion adjacent 
the end of the shaft having an annular wall including 
radially inner and outer surfaces for engaging tightly 
similar surfaces in a recess formed in the impeller to 
provide inner and outer pilot surfaces. The insert also 

10 includes a tubular extension which is received within a 

bore in the impeller, the tubular extension having spaced 
longitudinally extending slits for permitting the 
extension together with -radially extending hook-like 
tongues thereon to be received within radial slots in the 

15 bore of the impeller to lock the impeller to the insert. 


