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The present invention relates to a pump runner 
assembly of the type requiring corrosion-resisting 
material as a composition of the runner proper 
and sleeve which contact With the liquid handled 
by the pump and a drive shaft of stronger, 
tougher material. 
When a centrifugal pump is designed to handle 

an acid or water containing acid, it is usual to 
fabricate the runner or impeller out of high sili 
con iron which has been found to resist corrosion. 
This metal is somewhat brittle and is extremely 
hard to machine, which facts introduce a severe 
problem in securing the shaft to the runner. The 
latter revolves at a high rate of Speed, e. g., 
1800 revolutions per minute, so that it is absolute 
ly necessary that the shaft be rigidly affixed to 
the runner and to maintain this connection even 
when the pump is being subjected to variable 
loads. It is apparent that the slightest Wear - or 
tendency for the shaft to move with respect to 
the runner Would soon result in considerable 
looseness due to the Small lever distances through 
which the shaft exerts its rotative effort on the 
impeller. 
The prior art has evolved certain modes of 

connection between the shaft and the impeller, 
which has withstood the severe strains exerted at 
the point where the shaft connects with the im 
peller, but such connections have not had a con 
siderably long life, particularly when the pump 
Was Working under variable loads, variable heads. 
and variable speeds, and more especially when 
the impeller was large, heavy and its inertia con 
siderable. It will be understood that it is im 
pOSSible to use bolts or other positive securing 
means, because the impeller material does not 
lend itself to machine Working. 
The primary object of the present invention is 

to provide an improved mechanical connection 
which is of simple and sturdy design and adapted 
to Secure a steel shaft to a disk of corrosion 
resisting material carried on the end of the shaft, 
thus providing an assembly which can be rotated 
at high speeds and under variable loads. 
Another object is to provide a positive lock 

between the runner of a centrifugal pump and 
its shaft, permitting the assembly to be driven in 
either direction without slippage under the strains 
introduced at the time the impeller is being 
started and also preventing unscrewing of the 
shaft when the pump is started up backwards. 
A still further object is to provide a bond be 

tWeen the impeller and shaft, not only as against 
rotation between members when the impeller is 

i subjected to considerable inertias or momentums, 

(Cl. 287-53) 
but also as against relative longitudinal move 
ment between the impeller and the shaft. 
The invention Will be better understood. When 

reference is made to the following description and 
the accompanying: drawing. . . . . . . 

Figure 1 is a longitudinal section of a pump 
assembly, partly, broken away, and showing the 
drive pulley and shaft in elevation. 

Figure 2 is an enlarged section of a portion of 
the impeller and shaft showing the improved 
nanner in Which these elements are Secured to 
gether. 

Figure 3 is a cross section taken along line 3-3 
of Figure 2 and looking in the direction of the 
arOWS. - - - 

Figure 4 is a cross section taken along line 4-4 
in Figure 2 and looking in the direction of the 
3''OWS. ··· 

Referring to the drawing in detail, numerals 
and 2. designate the front and back plates re 
Spectively of a pump housing containing an im 
peller of the open runner type. The back plate 2 
terminates in a horizontal sleeve 3 which extends 
away from the plate and takes on a cylindrical 
configuration to form a housing for packing ma 
terial. The plate 2 is provided with a pair of 
Sealing rings 4 against which the solid or plate 
portion 5 of the impeller bears. An opening 4a. 
is provided to drain off the fluid which gets by 
these rings. There is a plurality of vanes or 
blades 6, either of arcuate or straight configura 
tion, secured to the front side of the impeller 
plate 5. These vanes are shown in elevation in 
Figure 1, because the line of section does not pass 
therethrough. As will be noted from Figure 1, 
the front plate f of the housing terminates in a 
cylindrical member 7 provided with an opening 
8 which serves as the eye or the inlet passage for 
the impeller. 
The plate 5 of the impeller is provided with a 

nose or humped portion 9 which extends into 
the opening 8 and serves to direct the liquid 
Which passes through the opening into the pas 
Sages (not shown) between the vanes 6. There 
are projecting from the other side of the plate 5 
a. number of cylinders or hubs of different diam 
eters, and indicated at 0, which finally extend 
into a long sleeveportion which has a pair of 
annular bearing surfaces 2 normally separated 
by a cutaway annular space indicated at 3. The 
cylinders 9 and the nose portion 9 of the im 
peller are cored out to leave a compartment in 
dicated at 14 which, as will be explained here 
inafter, contains a machinable metal, such as 
bronze, white metal or the like, positioned by a 
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casting operation. Between the sleeve and the 
housing 3, there is a quantity of packing mate 
rial 5 which preferably takes the form of rings 
so as to accommodate themselves to the cylin 
ders of different sizes and these rings are clamped 
together in any suitable manner, for example, by 
a flanged plate 6 which slides along the sleeve 
if and is adapted to exert longitudinal pressure 
against the packing. . . 
By moving the plate 6 to the right, it is obvi 

ous that the packing 5 will press downwardly on 
the sleeve to form a liquid-tight joint. The 
pores of the packing are filled With grease in any 

5 suitable manner and, as illustrated, there is pro vided a nozzle f7 leading to an adjustable grease 
cup which is adapted to force grease under pres 

O 

30 

35 

sure through the opening 8 in the housing 3 
and through openings in the partition member 
9 to the packing. 
The shaft for rotating the impeller is indicated 

at 20 and is provided at one end with a screw 
portion 2 and at the other end a portion 22 of 
larger diameter, to which a pulley 23 is keyed. 
This shaft is made preferably of machinable steel 
designed to carry heavy rotating loads at con 
siderable speed. - There is thus a shoulder indi 
cated at 24 formed between the portion 22- and 
the portion. 20. As will be noted, this shoulder 
abuts the outer end of the sleeve. 
The shaft is provided with sleeves 25 secured 

thereto by a headless set screw 26 and is adapted 
to rotate in the ball bearings 27 which are se 
cured to a housing 28. The latter is supported 
from the frame 29 of the machine and is pro 
vided at a position intermediate the ball bear 
ings with an opening containing a plug 3. The 
interior diameter of the housing is considerably 
greater than the portion 22 of the shaft to leave 

: an annular compartment which receives grease 40 

50 

60. 

75 

Oc other lubricant through the opening in the 
housing 28 when the plug 30 is removed. 
As stated hereinbefore, the present invention 

is concerned more especially with the difficult 
problem of obtaining a positive locking or se 
curing means between the screwed end of the 
shaft, and the impeller. The manner in which 
the improved locking arrangement is effected is 
best shown in Figures 2, 3 and 4. The inner or 
lefthand i end of the bronze member 4 is pro 
vided with a number of milled slots 3, five as 
shown in Figure 4, these slots having a depth 
along the axis of the shaft of approximately 4'. 
and a width of about the same dimension. The 
slots 3 are preferably equidistantly spaced 
around the bronze member and each slot is pre 
sented to the threaded opening in the member. 
The shaft 20 is provided with a pair of oppo 
sitely positioned, elongated key Ways 32 of con 
siderably greater width than the width of each 
slot 3, and extending on each side of the right 
hand bearing surface 2. As will be noted in 
Figure 2, the milling of the keyways begins at a 
position considerably to the left of the bearing 
surface 2 and terminates at a position near the 
deeper surface of the slots 3i. As will also be 
noted in Figure 2, there is an annular space left 
between the lefthand end of the bronze member 
E4 and the righthand edge of the shoulder formed 
by the bearing portion 2. 
Keyways 33, similar to keyway 32, are also 

provided at a position determined by the shoul 
der 24 so that part of the keyway 33 is cut in 
the large diameter portion 22 of the shaft and 
the remainder of the keyway is cut in the small 

2,228,212 
diameter portion 20 of the shaft. The purpose 
of these keyways will be explained presently. 

In order to assure that the bronze member 4 
does not turn within the cored hub member 10, I 
provide four or more ribs 34 which project in 
Wardly toward the Shaft and are made integral, 
as by casting, with the hub member. 
In the assembly of the shaft and impeller, and 

assuming that the compartment within the hub 
f0 contains the integral ribs 34, the first thing 
done is to cast the bronze member 4 in place. 
This is accomplished by holding the impeller in 
a horizontal position so that the sleeve re 
mains upright and then pouring the bronze or 
other fusible metal through the opening in the 
sleeve until it collects in the cored compartment 
Within the hub O. The molten metal will obvi 
Ously fill up all the spaces between the ribs 34, 
as indicated in Figure 3. When Sufficient metal 
has thus been introduced, the latter is permitted 
to solidify and a hole is bored into the metal and 
threaded to receive the threaded end of the 
shaft 20. However, before the threads are actu 
ally cut, the keyWays 3 are provided by an end 
miller and shaper, the lefthand end of the bronze 
member 4 being also milled to the proper length 
at the same time. During this machining oper 
ation, the bearing surfaces 2 are ground very 
carefully SO as Snugly to receive the shaft por 
tion. 20. ? - 

ASSunning that the key Ways 32 and 33, have 
been cut in the shaft, the latter is then intro 
duced into the sleeve and the end of the Shaft 
is Screwed into the threaded Opening provided in 
the bronze member 4. The shaft is threaded 
into this opening to such a depth that the shoul 
der on the shaft. 22 firmly abuts the lefthand 
end of the sleeve.f. 
Molten metal, for example, lead or Babbitt, 

is then introduced into the keyways 3 and 32 
to prevent the shaft from turning with respect 
to the bronze member and thus lock the shaft 
in position. This metal is indicated at its various 
positions by the reference character 35. For 
pouring the locking metal, the assembly is held 
With the shaft in vertical position and is heated 
to insure against freezing of the metal during 
the pouring operation. One of the keyways 33 
adjacent the shoulder 24 is utilized as the inlet 
in pouring, a suitable funnel gate being applied 
to facilitate the operation. The metal, thus sup 
plied, flows downward between the shaft and the 
sleeve , filling all of the spaces therebetween, 
including the annular space between the bear 
ing surfaces 2, the keyways 3 , 32 and also the 
annular space immediately to the left of the 
keyWayS. The key Way 33 at the shoulder 24 
which lies in opposition to the one through 
which pouring occurs, merely acts as an escape 
passage for air or gases during the pouring op 
eration, thus facilitating the free inflow of the 
metal. 
When the assembly cools, the locking metal 

Solidifies, and any unscrewing action of the shaft 
with respect to the bronze member 4 is posi 
tively prevented due to the locking effect of the 
metal in the two sets of keyways 3, 32, the one 
lying in the bronze member f4 and the other in 
the shaft 20. The arrangement also gives as 
surance that the keyways 3 f which are over 
lapped by the keyway 32 will be filled with fusi 
ble metal, since the combined depth of the two 
keyWayS permits a much more ready flow of the 
molten metal than is the case with those of the 
keyWays 3 whose sole source of supply is the 
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annular recess indicated at 36. These latter 
key Ways constitute narrow pockets closed at their 
inner ends, and into Which it is. Somewhat diffi 
cult to flow molten metal because of the air 

5 trapped therein. 
The impeller is operated by rotating the pulley 

23 in any Suitable manner, for example, by a belt 
drive (not shown). The acid or water contain 
ing acid is dra Win fron a Suitable reservoir (not 
shown) and is caused to flow through the open 
ing 8 and up through the Spaces between the 

0 

blades 6, as indicated by the arrows, and emerges 
from the periphery of the blades to be delivered 
to a Volute chamber Which communicates With 

15 an air or separation chamber (not shown). 
During operation, it is apparent that heat is 

developed at the various surfaces which contact 
with the impeller, such as the sealing rings 4 
and to Some extent at the packing 5 which is 

20 compressed against the sleeve in order to con 
Stitute a Water-tight joint. Friction may also be 
produced at the bearing surfaces on the member 
3 and at the surface 37 which forms part of 
annular ledge against which the packing is com 
pressed. Since the impeller revolves at a high 
rate of speed, the temperature of the immediate 
parts may become greatly elevated, and thus 
facility for the transference of this heat to cool 
the metal parts must be provided. This heat un 
less quickly dissipated may cause the sleeve 
to bulge in the middle, i. e., due to the longi 
tudinal stress introduced by the shoulder 24, and 
this bulging effect might cause additional heat 
to be developed at the packing and at other bear 
ing SurfaceS. 

It has been found that the poured metal which 
fills the elongated annular Space between the 
bearing surfaces 2 acts as an excellent medium 
to transfer heat from the sleeve to the large 

40 metal mass of the shaft which is at a consider 
ably lower temperature. It Will be understood 
that this annular space must be provided in Or 
der that the entire inner Surface of the sleeve 
need not be ground to fit the shaft-a laborious 

45 and very expensive job. Consequently, unless 
this space Were filled with the metal 35, there 
would be a cylindrical body of air positioned be 
tween the shaft and the sleeve Which Would pre 
clude in considerable degree the ready transfer 

50 ence of heat between the sleeve and the shaft. 
Thus, the poured metal not only provides a lock 
ing means between the shaft and the bronze 
member 4, but in addition furnishes an all 
metal path for heat, which might otherwise ac 

55 cumulate in the sleeve to be distributed and 
readily dissipated by the shaft. 

It has been pointed out that the shaft is 
positively locked in the member f4. It is also 
apparent that, by reason of the ribs 34 and the 

60 fact that the bronze member 4 is cast around 
these ribs, the member 4 is securely locked 
Within the cored hubs 0. 
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From the foregoing, it is evident that I have 

provided an improved construction by which a 
shaft of steel is firmly secured to an impeller 
made of an acid-resisting metal and which is not 
readily machinable. The locking arrangement is 
obtained solely by successive casting operations 
and is So effective that, regardless of the direction 
in Which the heavy impeller is started, the shaft 
positively cannot turn with respect to the mem 
ber 4 and the latter is firmly secured to the 
innpeller. 
While I have shown only four ribs 34 project 

ing into the member 4, it is obvious that any 
number of ribs may be employed and having any 
desired shape. These ribS may be cast Within 
the hub member 0 by the same coring operation 
which provides the compartment. 

It will be understood that I desire to compre 
hend Within my invention such modifications as 
come within the Scope of the claims and the in 
vention. 

Having thus fully described my invention, 
What I claim as new and desire to secure by 
Letters Patent is: 

1. In combination, a fluid impeller of acid-re 
Sisting, hard-to-machine metal and a steel shaft, 
said impeller having a hollow hub containing 
Solidified fusible material, a shaft screwed into 
said fusible material, means for preventing the 
unscrewing of the shaft in said material, and 
means for preventing rotation of the fusible ma 
terial With respect to said impeller whereby said 
shaft is prevented from rotating and moving 
longitudinally with respect to said impeller. 

2. In combination, a fluid impeller of acid-re 
sisting, hard-to-machine metal and a steel shaft, 
said impeller having a hollow hub of cylindrical 
configuration and containing cast metal, a shaft 
screwed into Said cast metal, means for prevent 
ing the unscreWing of the shaft in said cast 
metal, and means for preventing rotation of the 
cast metal With respect to said impeller whereby 
said shaft is prevented from rotating and mov 
ing longitudinally with respect to said impeller, 
Said last-mentioned means comprising interlock 
ing projections which extend radially inwardly 
and outWardly from Said hub and said cast metal 
respectively. 

3. In combination, a rotatable member and a 
shaft adapted to be secured thereto, said mem 
ber having a hollow hub containing fusible ma 
terial Solidified in situ and bored for receiving 
the end of the shaft, means for anchoring said 
shaft to said fusible material, and internal ribs 
On Said hub for preventing rotation of the fusible 
material with respect to said member whereby 
the shaft is prevented from rotating and moving 
longitudinally With respect to Said member. 

OYSTEIN JACOBSEN. 
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