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57 ABSTRACT 

An annular sleeve is radially deformed within a cylin 
drical bore to provide a housing for a pump having 
vanes slidable through slots in an eccentric rotor, the 
radially opposed edges of the vanes slidably contacting 
the inner surface of the sleeve. 

3 Claims, 6 Drawing Figures 
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1. 

VANE PUMP HOUSING 

The invention relates to a housing comprising a resil 
ient inner sleeve for a pump having vanes slidable 
through slots in an eccentric rotor, the radially opposed 
edges of the vanes slidably contacting the inner surface 
of the sleeve. 
This type of pump housing has a right cylindrical in 

terior surface comprising a section of circular profile 
and a section of non-circular profile, the two sections 
being smoothly connected to form a closed curve. In 
the prior art, the interior surfaces of pump housings of 
this type have been formed either by using expensive 
computer controlled machine tools, or by approximat 
ing the internal profile with a series of circular arcs cut 
by an ordinary lathe or grinder and finish machining 
the housing interior to eliminate the cusps produced by 
the approximate rough machining. In the latter case, 
such finish machining is quite expensive, and if it is not 
preformed, the vanes of the pump will abrade at a rapid 
rate, 

It is therefore an object of the invention to provide 
a housing for a vane pump as described above which is 
inexpensive to manufacture, can be produced using or 
dinary machine tools, and which has a smooth internal 
surface which will cause minimum abrasion of pump 
vanes which slidably contact therewith. 
This and other objects of the invention will become 

more clear from the following description taken in con 
junction with the accompanying drawings, in which: 

FIGS. 1, 2 and 3 are schematic views which illustrate 
the geometric basis of the invention; 
FIG. 4 is a longitudinal view, partly in section, of a 

pump incorporating therein an embodiment of a pump 
housing according to the invention; 
FIG. 5 is a view taken on a line A-A of FIG. 4; and 
FIG. 6 is a schematic view illustrating the assembly 

of a pump rotor and vane assembly into a pump hous 
ing embodying the invention. 
Referring first to FIGS. 4 and 5, there is shown a 

pump casing (no numeral) including a housing 10 of 
the invention, which defines therein a bore 12 and inlet 
and outlet passageways 14 and 16 which respectively 
communicate with the bore 12 through inlet and outlet 
ports, although not shown. A rotor 18 is rotatable 
within the bore 12 with a drive shaft 20. Two vanes 22 
and 24 are shown as being slidable through slots (no 
numerals) in the rotor 18, radially opposed edges of 
which are in constant sliding contact with the inner sur 
face of a resilient annular sleeve 26 disposed in the 
bore 12. The annular sleeve 26 is radially deformed by 
means such as a wedge 28 as will be described below 
in detail. The resilience of the annular sleeve may be 
uniform or dis-uniform throughout its extent. 
Referring now to FIG. 1, the geometric profile of the 

interior surface of the sleeve 26 is clearly shown, in 
which numerals 30, 32, 34 and 36 desginate points on 
the profile. The rotor 18 is shown disposed within the 
sleeve 26 to rotate in the direction of an arrow 38. Only 
the vane 22 is shown for simplicity. 
The rotor 18 rotates about a point 0, which is the ori 

gin of a rectangular coordinate system as shown. An 
arc 30-32-34 is that of a circle of radius Ro, which has 
a center 0' displaced by an offset distance e from the 
point 0 in a negative direction along the y axis. Edges 
40 and 42 of the vane 22 slidably engage with the inner 
surface of the sleeve 26 as the rotor 18 rotates, the edge 
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2 
40 being shown as engaging with the inner surface 
within the arc 30-32-34. As the rotor 18 rotates and 
the edge 40 moves between the points 30 and 32, an 
arc 34-36 is traced by the edge 42. As the edge 40 
moves between the points 32 and 34, the edge 42 traces 
an arc 36-30. Thus, a closed curve is generated in 
which the arc 30-32-34 is circular, and as is obvious to 
those skilled in the art, the arc 34-36-30 is non 
circular. Thus, the interior surface of the sleeve 26 and 
thus the housing 10 comprises sections of circular and 
non-circular profile, and as mentioned above, has a 
right cylindrical configuration. 

In terms of a radius vector r, the arc 30-32-34 can 
be expressed as: 
X = -rcos6 and Y = -rsine, or 
(Y-e) + X = R2 

Combination of the above equations provides 
r-2ersine -- e - R = 0 or 
r = estine -- (R - ecos'6). . . . . . . . . . . (1) 

O 6 t 
Since the arc 34-36-30 is traced by the edge 42, it can 
be expressed as 
X = (L-r) cos6 and Y = (L-r) sine . . . . . . . '... (2) 

for 0 6 7t, 
where L is the length of the vane 22. It is understood 
that the relationship between the edges 40 and 42 is re 
versed as the edge 42 enters the arc 30-32-34 and the 
edge 40 enters the arc 34-36-30. 
Assuming for simplicity that the thickness of the 

sleeve 26 is infinitesimal and that it is perfectly resil 
ient, it is proposed by the invention that if the sleeve 26 
has an outer (or inner) circumference equal to the 
length of the arc 30-32-34-36-30, that the bore 12 is 
cylindrical and has a radius R, and the wedge 28 (FIG. 
5) radially deforms the sleeve 26 by a predetermined 
amount along the Y axis so that its diameter along the 
Y axis is equal to L, and that the inner profile of the 
sleeve 26 and thus the housing 10 will closely approxi 
mate the configuration expressed by equations (l) and 
(2). It has been determined experimentally using 
sleeves of finite thickness that this phenomenon actu 
ally occurs. 

In practice, the thickness of the sleeve 26 must be 
taken into account, which is facilitated by the fact that 
the inner and outer surfaces of the sleeve 26 are con 
centric. The inner circumference of the sleeve 26 is se 
lected to have a value equal to the arc length 30-32-3- 
4-36-30, and the radius of the bore 12 is selected to be 
a value substantially equal to Ro plus the thickness (not 
designated) of the sleeve 26, although empirical cor 
rections may be made if necessary for the resilient 
characteristics of the sleeve 26. 
The arc length 30-32-34-36-30 is computed as fol 

lows: 
An arc length l is 

l = R (T + 2sine/R) 
where l is the arc length 30-32-34, since it is a circular 
aC. 

An arc length l is then computed from the following 
integral equation: 

*A - - - - - - - 1. 

l2 = 2J ( (L-r) de + (dr)?]-. 

O 
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where la is the arc length 34-36-30. 
The inner circumference of the sleeve 26, designated 
as So, is 

So se l -- l 
where S is the circumference 30-32-34-36-30. 
A radius Ric, representing the inner radius of the 
sleeve 26, is then 

RRo: S/27t. 
FIGS. 2 and 3 illustrate the process of deforming the 

sleeve 26, assuming for simplicity that it has an infini 
tesimal thickness. The rotor 18 is fixed in place on the 
shaft 20 within the bore 12, and the sleeve 26 is in 
serted loosely into the bore 12 with its bottom (as 
shown) contacting the inner surface of the bore 12 at 
the point 32. The bore 12, sleeve 26, and rotor 18 have 
radii R, RR and RR respectively such that 
R>RRod RR. 

The wedge 28 is then inserted into a recess (no nu 
meral) in the housing 10 such that it applies a radial 
force P to the sleeve 26 in the -Y direction. The di 
mensions of the wedge 28 are selected such that the 
sleeve 26 will be radially deformed along the Y axis to 
an extent that its diameter along the Y axis will be sub 
stantially equal to L, and its chord along the X axis will 
assume the value L. The radius R of the rotor 18 is se 
lected so that the top (as shown) of the rotor 18 will be 
closely adjacent to the inner surface of the sleeve 26 at 
the point 36 as the top of the sleeve 26 is deformed 
from its initial position 44 to the position 36. The final 
position of the sleeve 26 in relation to the bore 12 and 
the rotor 18 is shown in FIG. 3. 
FIG. 6 shows a preferred method of assembling the 

complete rotor and vane assembly into the housing 10. 
The vanes 22 and 24 are assembled into the respective 
slots in the rotor 18, and the rotor 18 is fixed in place 
on the shaft 20. The sleeve 26 is then placed in position 
in the bore and the rotor 18 and vanes 22 and 24 in 
serted in the sleeve. In order to minimize the stresses 
produced during deformation of the sleeve 26, the 
vanes 22 and 24 are oriented at angles of 45 to the Y 
axis as shown. The wedge 28 is then inserted to deform 
the sleeve 26 to its final position. 
For reference, a practical example of the dimensions 

of an experimentally successful pump housing pro 
duced in accordance with the invention is listed below: 

Diameter of bore 12 Approx 1.44 inch 
(36.64mm) 

Rotor 18 offset (e) '' 0.12inch 
(3mm) 

Sleeve 26 O.D. '' .43 inch 
(36.38mm) 

Sleeve 26 I.D. '' .35 inch 
(34.38mm) 

Sleeve 26 displacement '' 0.01 inch 
(44-36) (0.38mm) 
Vane 22 or 24 length '' 1.34 inch 

(34mm) 
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If desired the rotor 18 may be adapted for eccentric 

rotation within the sleeve 26 about a crank arm (not 
shown) having a length a and center at a point 46 as is 
clearly shown in FIG. 6. 
Thus, a pump housing of the invention can be manu- . 

factured cheaply and easily, and provides a highly fin 
ished interior surface of the required configuration for 
slidable engagement with pump vanes carried by a ro 
to. 
What is claimed is: 
1. A method of manufacturing a housing for a vane 

pump, wherein vanes are slidably inserted through slots 
provided in a rotor, radially opposed vane edges pro 
truding from the slots, the method comprising the steps 
of: 
forming in a casing a bore with a substantially circu 

lar profile; 
inserting a loosely fitting annular resilient sleeve into 

said bore; 
inserting the rotor and vane assembly into said resil 

ient sleeve to be rotatable relative to and within 
said resilient sleeve about a center which is a pre 
determined distance from the center of the sub 
stantially circular profile, and 

deforming a portion of said resilient sleeve radially 
inward by a predetermined amount in a direction 
of a line containing both centers, to form said hous 
ing, 

wherein vane edges are caused to be in continuous 
slidable contact with the interior surface of said re 
silient sleeve at all positions of the rotatable rotor 
and vane assembly. 

2. A method as claimed in claim 1, wherein the step 
of deforming said resilient sleeve results in said resilient 
sleeve to consist of a section of circular profile and a 
section of non-circular profile. 

3. A method as claimed in claim 2, wherein the inte 
rior surface of said section of circular profile has an arc 
length of: 

l = R(T + 2sine/R) 
and the interior surface of said section of non-circular 
profile has an arch length of: 

*2. 
l2 = 2 ( (L-r) + (E)^ de--. 

wherein 
= radius of said bore 

L = vane length 
r = radius vector 
e = distance between the centers 
6 F angle formed between a vane and an X-axis. 
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