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22 Claims.

This invention relates to pumps, and more par-
ticularly to gear pumps.

The primary object of our invention is to gen-
erally improve gear pumps. A more particular
object is to cheapen the manufacture of gears
for such pumps, this preferably being done by
building up the gears out of stamped laminations,
thus eliminating the need for cutting the gear
teeth.

A further object is to dispense with the need
for precision manufacture, and to avoid jamming
or locking of the laminated gears. even though
the teeth have not been finish ground to exach

dimension. For this purpose the laminations of .

only the driving gear are keyed, while the driven
laminations are left unkeyed and at least slight-
ly rotatable relative to one another in order to
automatically and freely adjust themselves to
the laminations of the driving gear.

Still another object centers about the need for
holding the laminations compressed together in
face to face relation. If they are clamped solely
at the hub, they may tend to spread at the teeth.
To clamp the gears at the teeth would be ex-
pensive, and with small gears would be imprac-
tical. In accordance with an important feature
and object of our invention, the laminations are
held together by fluid pressure, and are still
‘capable to move axially away from each other
so as to prevent possible interference with the
adjacent laminations whicH are in mesh. A very
slight surface wear on the side faces of the teeth
can, therefore, take place during a running-in
period until the required operating clearances
have been established, and there is no longer
any necessity for axial yielding, excepting to
permit passage of slight impurities.

Still another object of our invention is to ob-
+an mest of the benefits of helical gearing without
the usual expense of making helical teeth, and
without the disadvantage of axial thrust, nor the
cost of double helical gears. For this purpose the
successive laminations are stepped or rotatably
displaced to form an approximate helical gear.
There is no axial thrust because the individual
laminations are thin spur gears. The slight an-
gular displacement of the laminations also elim-
inates trapping between the meshing teeth of
the individual pairs of laminations since the lig-
uid trapped is enclosed between the meshing
teeth of one pair of laminations and is in com-
munication with similar spaces of trapped liquid
in the adjacent pairs of lamination until the
spaces finally communicate either with the in-
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take or the discharge.port. As long as the an-
gular displacement of the end laminsations is not
such as to permit a short circuit between the
intake and the discharge ports, there will be no
danger of leakage. Since there is no trapping,
there is consequently no necessity for artificial
leakage to avoid the hydraulic shock which is a
consequence of trapping. This method of ro-
tatably displacing laminations may also be used
to obtain rotors for screw pumps. The features
of the invention are applicable to internal as well
as external gear pumps.

To the accomplishment of the foregoing gen-
eral and such other more specific objects as will
hereinafter appear, our invention consists in the
gear pump elements and their relation one to the
other as hereinafter are more particularly de-
scribed in the specification and sought to be de-
fined in the claims. The specification is accom-’
panied by drawings, in which:

Fig. 1 is a section through a spur gear pump
taken in the plane of the line I—1{ of Fig. 2;

Fig. 2 is a section through the spur gear pump
taken in the plane of the line 2—2 of Fig. 1;

Tig. 3 is an enlarged fragmentary section
through a part of a gear tooth, and is explanatory
of a detail; o

Fig. 4 is a section through the housing taken
approximately in the plane of the line 4—4& of
Fig. 2, with the gears removed;

Fig. 5 is a front elevation of a modification
using gears having rotatably displaced lamina-

“tions;

Fig. 6 is a section taken approximately in the
plane of the line 6—6 of Fig. 8;

Fig. 7 is a bottom view of the base of the pump,

Fig. 8 is a transverse section taken approx-
imately in the plane of the line 8—8 of Fig. 6;

Fig. 9 is a sectional development at & radial
balance port, drawn to enlarged scale, and shows
the stepping of the gear teeth;

Fig. 10 is an enlarged fragmentary section
through a gear tooth;

Fig. 11 is a section through a modification of
the invention;

Fig. 12 shows the invention applied to an in-
ternal gear pump, and is a section taken ap-
proximately in the plane of the line 12—I12 of
Pig. 13; )

Fig. 13 is a section taken approximately in the
plane of the line §3—1{3 of Fig. 12; and

Fig. 14 is a horizontal section through the
casing, taken approximately in the plane of the
line {4—I14 of Fig. 12, with the rotors removed.
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Referring to the drawings, and more particu-
larly to Figs. 1, 2, and 4, the pump there shown
comprises & casing 12 closed by a cover plate 14
and rotatably receiving a driving shaft 16. The
driving gear 18 comprises stacked laminations
which are keyed to shaft {6 by means of key 20.
The driven gear 22 is similarly made of stacked
laminations, but these laminations are preferably
freely rotatable on their support shaft 24. Thus
the individual laminations of gear 22 are free to
adjust themselves for proper mesh with the lam-
inations of the driving gear (8, and this dis-
penses with the need for precision manufacture
or close tolerances. In fact, the gear teeth need
not be finish-machined nor ground, and instead
may be stamped out of sheet metal stock directly
to proper configuration and dimension.

The pump housing is provided with main
pumping ports 26 and 28. The cover plate 14 is
recessed or hollowed at 30 (Fig. 4), thus provid-
ing end ports which communicate with the pump-
ing ports and open onto the end faces of the
gears. 'The main casing body 12 is similarly
recessed at 32 (Fig. 4), thereby forming ports at
the opposite ends of the gears. The pump is sym-
metrical and reversible but whichever port acts
as a pressure port is connected to end ports lo-
cated at opposite sides of the gears, and the lam-
inations are thereby squeezed together by the
hydraulic pressure of the fluid being pumped. In
other words, the pressure developed by the pump
itself is used to hold the gear laminations in de-
sired face to face contact.

The laminations, if not treated further after
being stamped from sheet meta]l in a suitable
die, will be rounded at one edge, as indicated at
34 (Fig. 3), and feathered at the opbposite edge,
as indicated at 36 (Fig. 3). The feathering at
36 is invariably smaller than the rounding of the
metal at 34, and the laminations may therefore
be nested together properly as shown in the
drawings. Moreover, there is some clearance
left because the feathered edge is smaller than
the rounded edge and this permits the desired
slight self-adjustment of one driven lamination
relative to another for best mesh with the driv-

+ ing laminations.

The laminations may, of course, be treated
to remove the feathered edges, as will be subse-
quently described, this being desirable when ro-
tatably displacing the laminations to form ap-
proximately helical teeth, but the point here
made is that when using simple spur gear teeth.
it is not even necessary to further treat the lami-
nations to eliminate the feathered edges.

Referring now to Figs, 5-8 of the drawings,
the pump there shown comprises & main housing
40. closed by means of a cover plate 42. The
driving shaft is indicated at 44 and this passes
into the pump casing through a suitable seal,
the mechanism of which is generally designated
46.

The driving gear 48 is built up of laminations,
these being keyed to shaft 44 by means of a key
$0. The driving gear 48 differs from that previ-
. ously described, in that the successive laminations
are rotatably displaced or stepped relative to one
another in order to form approximately helical
teeth. This stepping of the successive lamina-
tions is clearly shown in Fig. 9, and it should be
observed that the amount of rotatable adjust-
ment is kept less than the width of a tooth edge.
Thus, although the tooth edge 52 is displaced
from the tooth edge 54, there is no space for
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placement is less than the width of the tooth
edge, leaving an overlap which provides a con-
tinuous seal from one end of the gear to the
other.

The driven gear 68 is similarly made up of lam-
inations which are in stepped relation, but this
stepped relation is maintained solely by reason
of the engagement of the driven gear with the
driving gear, for the driven laminations as before
are unkeyed and relatively rotatable.

For convenience in handling the driven lami-
nations, they may, if desired, be carried loosely
or rotatably on a sleeve. This is most clearly
shown in Figs. 6 and 8 in which it will be seen
that the laminations are disposed on a sleeve 62
which, in turn, is-received over a support shaft
64. .The ends of sleeve 62 may, if desired, be
slightly upset, thus anchoring the laminations
on the sleeve for purposes of handling. ' The
sleeve 62 may, if desired, be rotatable on shaft
64 in which case the relative movement of the
laminations on the sleeve may, for the most part,
be limited to any slight self-adjustment needed.

The present pump is somewhat more elaborate
than that previously described in being provided

‘with radial balance ports indicated at 66 and 68

in Figs. 6 and 8. The present pump is not in-
tended to be reversible, and the radial balance
ports are connected to the pressure pumping
port 10, as by means of the connections indi-
cated at 12 in Fig. 5.

End ports are also provided to hold the lami-
nations together under hydraulic pressure. The
end ports comprise relatively large circular re-
cesses (14 in Fig. 5) formed concentrically with
the gears, such recesses being provided at both
ends of the gears, as is clearly shown in Fig. 8.
The recesses 14 are formed in the end cap 42,
while the corresponding recesses 716 are formed
in the pump body 40. These recesses are con-
nected to the radial balance ports by means of
additional end ports 18 and 80, and are connected
with the pumping port by means of the connec-
tions 12 previously referred to. Thus the end
ports and the radial balance ports are all under
pressure, the action of the end ports being to
compress the laminations together, and the ac-
tion of the radial Qalance ports being to counter-
act the radial pressure at the Pumping port 82,
the radial balance ports 866 and 68 being lo-
cated approximately diametrically opposite the
pumping port §2.

In reversible pumps it is essential to provide
additional radial balance ports opposite the suc-
tion pumping port, but that refinement is dis-
pensed with in the present pump and this, in turn,
simplifies the problem of providing extensive pres-
sure ports at the ends of the gears for holding
the laminations together. In the specific pump
here shown it would not be feasible to provide
radial balance ports opposite both pumping ports
because of the small number of teeth on the gears,
but with gears having a larger number of teeth
it would be feasible to do so. In Fig. 8 it will be
seen that the end area of the shaft 44 is exposed
to pressure. This tends to urge the shaft toward

* the right as viewed in Fig. 8, and this excess pres-
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leakage therebetween because the amount of dis- 75

sure is used to keep the sealing surfaces at the
seal 46 in sealing contact. The rotor assembly
with its key is preferably slidable on the shaft
and the key may have upturned ends as shown.
When dealing with helically-stepped lamina-
tions, the feathered edges of the laminations are
preferably eliminated. This is most simply done
by feeding the stamped blanks into a second op-
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eration die which functions essentially as a coin-
ing die and forces the feathered edge back into
the plane of the lamination. This also eliminates
the curvature at the opposite edge. The edges
of the laminatiofis then have a configuration like
that shown in Fig. 10, there being no feathered
edge at 84, and no curvature at 86, :

This additional operation to eliminate the
feathered edge on the laminations may, of course,
be employed even when dealing with a spur gear
pump of the type shown in Figs. 1 and 2. With
spur gears the slight residual crevice is of no
great disadvantage and, in fact, has the advantage
of preventing trapping of liquid in the teeth-of
the gears. This feature of eliminating trapping is
important and is desirable even with solid gears.
But there is no such trapping of liquid with heli-
cal gears, and the crevices would merely produce
undesirable leakage.

Fig. 11 is a fragmentary section taken through
the shafts, as in Fig. 8, but illustrates 2 modifica-
- tiron characterized by two features. The pump,
- contrary to the others described in the specifica-
tion, i1s & relatively large one and is intended to
handle particularly heavy or viscous liquids. In
that case the gears are built up of laminations 9¢
which are relatively thick and may be individually
cast and machined, instead of being stamped
from sheet metal. In the finishing of these lami-
nations the side faces of the gear teeth are ground
away slightly to provide clearances 32 between the
laminations, these being intended to prevent ex-
cessive friction and heating. Of course, the spaces
in Fig. 11 are exaggerated, and in practice the
amount ground away at the sides of the teeth
would be a matter of only one-half to five one-
thousandths of an inch. Thin spacing washers
may be used for the same purpose.

The illustration in Fig. 11 also shows the provi-
sion of bearing surfaces at 94, which surfaces are
localized to the hub portion only of the gear or
rotor. In the present case, this localization of
the bearing surface may be obtained as a result
of the grinding away of the sides of the gear lami-
nations as previously described or, in other cases,
may be obtained by recess'ng the wall of the cas-
ing around the annular parts 84 as is indicated at
98, or by providing a slight projection at 94.

The invention is applicable to internal as well
as external gear pumps, and such a pump is illus-
trated in Figs. 12, 13, and 14. Referring to those
figures, the driving gear 100 in this particular
case has five teeth and meshes with a driven gear
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case w.th external gear teeth. The driving gear
is similar to those previously described, and the
displacement of the driven laminations takes place
automatically by reason of their free mesh with
the driving laminations,

The pump body 106 is provided with pumping
ports {16 and 118, the pump being symmetrical
and reversible. These lead to one side of the gears
asis most clearly shown in Fig. 14, Ports 120 and
122 are provided at the opposite ends of the gears
and are connected respectively to ports {16 and
118 by means of passages 12§ and 126. As in the
case of the pumps previocusly described, the ports
are enlarged in area at the ends of the gears in
order to provide equal opposed hydraulic pressures
on the gear laminations. This fluid pressure is
obtained at whichever side of the pump is being
used as the discharge side.

It is believed that the construction and oper-
ation, as well as the many advantages of my
improved laminated gear pump will be apparent
from the foregoing detailed description. It will
be understood that the features of the inven-
tion described herein are applicable to either
spur gears, or gpproximately helical gears, and
even screw pumps, the screw rotor being ob-
tained by displacing laminations exactly as here-
tofore described for helical gears. The loose
laminations of the driven gear may, if desired,
be carried on a sleeve or tube for convenience
in handling. This might also be done with a
driving gear, but that would be wasteful be-
cause the driving gear laminations are anyway
keyed to the driving shaft and may be handled
with the shaft as a unit. When the term
“keyed” is used in this description and in the

. appended claims, it will be understood that the
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182 having seven teeth. The gears are separated -

at the bottom by a stationary crescent $04 form-
ing a part of the gear casing. The casing is made
up of a main body 106, and & head or cover {08,
and in the present case the crescent 104 is formed
integrally with the cover {08,

The driving gear 100 is built up of relatively
thin laminations keyed to the driving shaft (1]]
as indicated at 112. The driven gear is similarly
built up of laminations, these being rotatably re-
celved within the cylindrical casing. The driven
laminations are unkeyed and are free to adjust
themselves rotatably for proper mesh with the
driving laminations. .

One very important advantage of using lami-
nated gears in the present pump is the possibility
of providing approximately helical teeth. Helical
teeth have rarely been used for internal gear
pumps Recause of the extreme difficulty and high
cost of providing the internal gear with helical
teeth. When using laminated gears as here dis-
closed, however, the stepped relationship of the
jaminations is obtained fully as readily as is the
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‘yieldable a slight amount.

term is meant to include other methods of fixing
or securing the laminations to the shaft.. The
in%ention is applicable to internal as well as
external gear pumps, and the internal gear
pumps may have either spur teeth or approxi-
mately helical teeth, as desired.

The use of unkeyed driven laminations dis-
penses with the need for precision manufacture
and avolds possible jamming of the gears. The

use of fluid pressure to hold the laminations to-

gether is of great practical convenience because
it eliminates the need for special mechanical
means for that purpose which, in many cases.
would not be feasible or would be far too costly.

Moreover, the use of fluid pressure to hold the
laminations together makes the same axially
This permitted axial
“preathing” between the laminations is par-
ticularly important until the gears have been
properly run-in, because it provides relative
clearance of the laminations of the two gears as
they pass one another.

The circumferential displacement of the
laminations in the approximate helical type
gears has many advantages such as improved
mechanical meshing with less noise; a substan-
tially constant rate of delivery from the pump.
that is, from all of the laminations, despite the
variations in the delivery at each single lami-
nation: and the elimination of trapping of fluid
between the teeth of the individual laminations.
there being communication from one to the next
and ultimately to the pumping port. Of course.
the total angular displacement of the end lami-
nations must be so limited as to prevent a short
circuit from the inlet to the outlet port, and
further the displacement of the individual lami-
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nations must not be so great as to permit leak-
age around the edges of the tooth lands.

The circumferentially displaced laminations
are axially balanced. All laminations, except
the two outside ones, are axial balanced because
the differential surfaces exposed to fluid pressure
are always the same. 'The outside laminations
exposed to the end port areas are substantially
the same on both sides and are considerably
larger than the differentially exposed inside sur-
faces of the end laminations. Therefore the
outside laminations are pressed inwardly with
variable but substantially equal pressures. The
rotor assembly as a whole consequently remains
axially balanced.

It has been mentioned that the laminations
are yieldably held together by the fluid pressure.
Where the pressure available is comparatively
slight as, for example, in vacuum pumps, suit-
able spring means may be used to yieldably hold
the laminations together.

The invention may be applied to finids of a
liquid or gaseous nature, and may be applied to
motors as well as pumps.

The laminations may be used as struck from

sheet metal or may be additionally treated to

remove any feathered edge. Residual crevice
between laminations at their edges may be use-
fully employed, in the case of spur gears, to
avoid trapping of liquid between teeth. In such
case the laminations are preferably stacked in
a common direction relative to the direction in
which they were stamped from sheet metal.

It will be apparent that while we have shown
and described our invention in severa] preferred
forms, many changes and modifications may be
made in the structures disclosed without depart-
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ing from the spirit of the invention as sought to -

be defined in the following claims. -

We claim:

1. A gear pump comprising s casing, fluid in-
let and discharge ports in said casing. a driving
shaft, a driving gear built un of laminations keyed
to sald driving shaft but being axially free for
slight axial movement, a driven gear meshing
with said driving gear, said driven gear being
built up of laminations rotatively carried in satd
casing, each driven lamination meshing with and
having substantially the same thickness as g
svecific corresponding driving lamination. said
driven laminations being at least slightly self-
adjustably rotatable relative to one another, for

best mesh with their respective mating driving

laminations,

2. A gear pump comprising a casing, a driving
shaft, driving and driven gears, said gears being
built up of laminations, the laminations of the
driving gear being so keyed to said driving shaft
as to be non-rotatable but axially movable on
said shaft. the laminations of said driven gear
being axially movable relative to one another,
pumping ports in said casing, and end ports in
said casing at the opposite ends of the laminated
gears and connected to the pressure pumping
port, whereby the respective laminations of the
driving and driven gears are held closely together
in face to face relation by the hydraulic pres-
sure of the fluid being pumped. .

3. A gear pump comprising a casing, a driv-
ing shaft, a driving gear built up of laminations
keyed to said driving shaft, a gear meshing with
- said driving gear, said gear being built up of lam-
inations at least slightly self-adjustably rotat-
able relative to one another, for best mesh with
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their respective driving gear laminations, inlet 75
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and discharge ports in said casing, and end ports
in the casing at the opposite ends of the mesh-
ing gears and connected to the pressure pump-
ing port, whereby the respectivg laminations of
the driving and driven gears are held closely
together in face to face relation by the hydrau-
lic pressure of the fluid being pumped.

4. A gear pump comprising a casing, a driving
shaft, a driving gear built up of relatively thin
stamped laminations keyed to said driving shaft,
a driven gear meshing with said driving gear,
said driven gear being built up of relatively thin
stamped laminations rotatively carried in said
casing, said driven laminations being at least
slightly self-adjustably rotatable relative to one
another, for best mesh with the driving lamina-
tions, inlet and discharge ports in said casing,
and end ports in the casing at the opposite ends
of the driving and driven gears and connected
to the pressure pumping port, whereby the re-
spective laminations of the driving and driven
gears are held closely together in face to face
relation by the hydraulic pressure of the fluid
being pumped. )

5. A gear pump comprising a casing, fluid inlet
and discharge ports in - said casing, a driving
shaft, intermeshing gears built up of relatively
thin stamped metallic laminations axially yield-
able with respect to each other, one of said inter-
meshing gears being secured to said driving shaft,
the laminations of said gears all being faced in
the same direction relative to the direction in
which they were stamped from sheet metal,
whereby any feathered edge produced on one
lamination during the stamping operation is ac-
commodated by the rounded edge of the next
lamination, the sheared edges of said metallic lam-
inations constituting the meshing working sur-
faces of the teeth. .

6. A gear pump comprising casing, fluld inlet
and discharge ports in said casing, a driving
shaft, a driving spur gear built up of stamped
laminations so keyed to said driving shaft as to

_ be non-rotatable but axially movable on said

shaft, a driven spur gear meshing with said driv-
ing gear, said driven gear being built up of
stamped laminations rotatively carried on a sup-
port shaft, said driven laminations being unkeyed
and at least slightly self-adjustably movable rela-
tive to one another rotatively and axially free
for slight movement on the support shaft, for
best mesh with the driving laminations without
side interference of adjacent laminations, and
means to axially yieldably hold the respective
laminations of the driving and driven gears
closely together in face to face relation by the
application of forces in the direction of the axes
of the gears, the laminations all being made of
stiff hard self-supporting material suitable for

‘Use as a pump gear, all being faced in the same

direction relative to the direction in which they
were stamped from sheet material, whereby any
feathered edge produced on one lamination dur-
ing the stamping operation is accommodated by
the rounded edge of the next lamination, the
sheared edges of said laminations constituting
the meshing working surfaces of the teeth.

7. A gear pump comprising a, casing, a driving
shaft, a -driving gear built up of laminations so
keyed to said driving shaft as to be mon-rotat.
able but axially movable on said shaft, a driven
gear meshing with said driving gear, said sec-
ond-named gear being built up of laminations
self-adjustably rotatable and also axially mov-
able relative to one another for best mesh with the
driving gear laminations, each driven lamina-
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tion meshing with and having substantially the
same thickness as a specific corresponding driv-
ing lamination, pumping ports in sald casing,
and means to axially yieldably hoid the respec-
tive laminations of the driving and driven gears
together by the application of forces in the di-
rection of the axes of the gears.

8. A gear pump comprising a casing, & driving
shaft, a diving spur gear built up of laminations
keyed to said driving shaft, a driven spur gear
meshing with said driving gear, said driven gear
being built up of laminations rotatively carried
on a support shaft, said driven laminations being
unkeyed and at least slightly self-adjustably
movable relative to one another about the sup-
port shaft, for best mesh with the driving lami-
nations, inlet and discharge ports in said casing,
and end ports in the casing at the opposite ends
of the driving and driven rotors and connected
to the pressure pumping port, whereby the re-
spective laminations of the driving and driven
gears are held closely together in face to face re-
lation by the hydraulic pressure of the fluid being
pumped.

9. A gear pump comprising a casing, & driving
shaft, a driving gear built up of laminations so
keyed to said driving shaft in rotatively displaced
or stepped relation, as to be non-rotatable but
axially movable on said shaft, a driven gear
meshing with said driving gear, said driven gear

being built up of laminations stepped to mesh .

with the driving laminations, said driven lami-
nations being axially movable relative to one an-
‘other, each driven lamination having substan-
tially the same thickness as its meshing driving
lamination, pumping ports in said casing, and
means to axially yieldably hold the respective
laminations of the driving and driven gears
closely together in face to face relation by the
application of forces in the direction of the axes
of the gears. ) :

10. A gear pump comprising a casing, a driv-
ing shaft, a driving gear built up of laminations
keyed to said driving shaft in rotatively dis-
placed or stepped relation, the rotative displace-
ment being less than the width of the tooth edge,
a drivéen gear meshing with sald driving gear,
-said driven gear being built up of laminations
stepped to mesh with the driving laminations,
inlet and discharge ports in said casing, and end
ports in the casing, at the opposite ends of the
driving and driven rotors and connected to the
discharge pressure pumping port, whereby the
respective laminations of the driving and driven
gears are held closely together in face to face re-
lation by the hydraulic pressure of the fluid be-
ing pumpead.

" 11. A gear pump comprising g casing, fluig ir-
let and discharge ports in said casing, a driving
shaft, & driving gear built up of laminations so
keyed to said driving shaft in rotatively dis-
‘placed or stepped relation as to be non-rotatable
but axially movable on said shaft, the rotative
displacement being less than the width of the
tooth edge, a driven gear meshing with said
driving gear, said driven gear being built up of
laminations rotatively carried on a. support
shaft, each driven lamination having substan-
tially the same thickness as its meshing driving
lamination, said driven laminsations being un-
keyed and self-adjustably rotatable and axially
movable relative to one another about the sup-
port shaft for proper mesh with the driving lam-
inations, and means to axially yieldably hold the
respective laminations of the driving and driven
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gears closely together in face to face relation by
the application of forces in the direction of th~
axes of the gears. ‘

12.' A gear pump comprising a casing, fluid in-
let and discharge ports in said casing, a driv-
ing shaft, a driving gear built up of laminations
so keyed to sald driving shaft as to be non-ro-
tatable but axially movable on said shaft, & driven
gear meshing with said driving gear, said driven
gear being built up of laminations rotatively
carried on a tube or sleeve which in turn is car-
ried on a support shaft, each driven lamination
meshing with and having substantially the same
thickness as a specific corresponding driving
lamination, said driven laminations being un-
keyed and self-adjustably rotatable and axially
movable relative to one another about the sleeve
for proper mesh with the driving laminations,

"and means to axially yieldably hold the respec-

tive laminations of the driving and driven gears
closely together in face to face relation by the
application of forces in the direction of the axes
of the gears, .

13. A gear pump comprising a casing, & driv-
ing shaft, a driving gear built up of laminations
keyed to said driving shaft, a driven gear mesh~
ing with said driving gear, sald driven gear being
built up of laminations rotatively carried on &
tube or sleeve which in turn is carried on a sup-
port shaft, sald driven laminations being un-
keyed and self-adjustably rotatable relative to
one another about the sleeve for proper mesh
with the driving laminations, inlet and discharge
ports in said casing, and end ports in the casing
at the opposite ends of the driving and driven
rotors and connected to the pressure pumping
port, whereby the respective laminations of the
driving and driven gears are held closely to-
gether in face to face relation by the hydraulic
pressure of the fluid being pumped.

14. A gear pump comprising a casing, a driv-
ing shaft, & driving gear built up of laminations
keyed to said driving shaft in rotatively dis-
placed or stepped relation, the rotative displace-
ment being less than the width of the tooth
edee, o driven gear meshing with said driving
gear, said driven gear being built up of lamina-
tions rotatively carried on a support shaft, said
driven laminations being unkeyed and at least
slightly self-adjustably movable relative to one
another about the support shaft, for best mesh
with the driving laminations, inlet and discharge
ports in said casing, and end ports in the casing
at the opposite ends of the driving and driven
rotors and connected to the pressure pumping
port, whereby the respective laminations of the
driving and driven gears are held closely to-
gether in face to face relation by the hydraulic
pressure of the fluid being pumped.

15. An internal gear pump comprising a cas-
ing, a driving shaft, a driving gear builf up of
laminations keyed to said driving shaft, an in-
ternally toothed driven gear meshing with said
driving gear, said driven gear being built up of
laminations rotatively carried in the housing,
said driven laminations being unkeyed and at
least slightly self-adjustably movable relative to
one another, for best mesh with the driving lam-
inations, inlet and discharge ports in said casing,
and end ports in the casing at the opposite ends
of the driving and driven rotors and connected -
to the pressure pumping port, whereby the re-
spective laminations of the driving and driven
gears are held closely together in face to face
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relation by the hydraulic pressure of the fluld
being pumped. )

16. An internal gear pump comprising a cas-
ing, a driving shaft, a driving gear built up of
laminations keyed to said driving shaft in rota-
tively displaced or stepped relation, the rotative
displacement being less than the width of the
tooth edge, an internally toothed driven gear
meshing with said driving gear, said driven gear
being built up of laminations stepped to mesh
with the driving laminations, inlet and discharge
ports in sald casing, and end ports in the casing
at the opposite ends of the driving and driven
rotors and connected to the pressure pumping
port, whereby the respective laminations of the
driving and driven gears are held closely to-
gether in face to face relation by the hydraulic
pressure of the fluid being pumped.

17. An internal gear pump comprising a cas-
ing, a driving shaft, a driving gear built up of
laminations keyed to said driving shaft in ro-
tatively. displaced or stepped relation, the rota-
tive displacement being less than the width of
the tooth edge, an internally toothed driven gear
meshing with said driving gear, said driven gear
being built up of laminations rotatively carried
in the housing, said driven laminations being un-
keyed and at least slightly self-adjustably mov-
able relative to one another, for best mesh with
the driving laminations, inlet and discharge ports
in said casing, and end ports in the casing at
the opposite ends of the driving and driven ro-
tors and connected to the pressure pumping port,
whereby the respective laminations of the driv-
ing and driven gears are held closely together in
face to face relation by the hydraulic pressure
of the fluid being pumped.

18. An internal gear pump comprising a cas-
ing, a driving shaft, a driving gear built up of
relatively thin stamped laminations keyed to said
driving shaft in rotatively displaced or stepped
relation, the rotative displacement being less than
the width of the tooth edge, an internally toothed
driven gear meshing with said driving gear, said
driven gear being built up of relatively thin
stamped laminations rotatively carried in the
housing, said driven laminations being unkeyed
and at least slightly self-adjustably movable rela-
tive to one another, for best mesh with the driv-
ing laminatidns, inlet and discharge ports in said
casing, end ports in the casing at the opposite
ends of the driving and driven rotors and con-
nected fo the pressure pumping port, whereby the
respective laminations of the driving and driven
gears are held closely together in face to face
relation by the hydraulic pressure of the fluid
being pumped, and a stationary crescent dis-
posed between the driving and driven gears at a

“point opposite the meshing point of the gears
and between the pumping ports.

19, A gear pump comprising a casing, fluid in-
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let and discharge ports in said casing, a driving
shaft, a driving gear built up of laminations so
keyed to said driving shaft as to be non-rotat-
able but axially movable on said shaft, a driven
gear meshing with said driving gear, sald driven
gear being bullt up of laminations rotatively car-
ried in said casing, the layninations of said driven
gear being rotatably and axially self-adjustable
relative to one another, and means to axially
yieldably hold the respective laminations of the
driving and driven gears closely together in face
to face relation by the application of forces in
the direction of the axes of the gears, said gears -
having a sufficient number of teeth to mesh for
desired driving relation without the use of ex-
ternal gears, each driven lamination meshing
with and having substantially the same thick-
ness as & specific corresponding driving lamina-
tion.

20. In a gear pump comprising a casing haying
pressure and suction pumping ports, and & drive
shaft, a gear built up of relatively thin lamina-
tions disposed face to face along the shaft, said
laminations being axially movable on said shatt,
and end ports at the opposite ends of said gear

- connected to the pressure pumping port in or-
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der to yieldably hold the laminations together
by means of hydraulic forces applied in the direc-
tion of the shaft.

21. A gear pump comprising a casing, fluid in-
let and discharge ports in said casing, a driving
shaft, a driving gear built up of laminations so
keyed to sald driving shaft as to be non-rotat-
able but axially movable on said shaft, a driven
gear meshing with said driving gear, said driven
gear being built up of laminations rotatively car-
ried on a member which in turn is rotatively car-
ried in the casing, each driven lamination mesh-
ing with and having substantially the same thick-
ness as & specific corresponding driving lamina-
tion, said driven laminations being unkeyed and
self-adjustably rotatable and axially movable rel-
ative to one another about the member for proper
mesh with the driving laminations, and means to
axially yieldably hold the respective laminations
of the driving and driven gears closely together
in face to face relation by the application of forces
in the direction of the axes of the gears.

22, In a gear pump, a driving shaft, a driving
gear constituted of a plurality of laminations
keyed to said shaft but being free to move axial-
ly thereon, a driven gear support shaft, and a
driven gear constituted of a plurality of lami-
nations slightly self-adjustably rotatable relative
to one another for meshing with the driving lami-
nations without side interference of adjacent lam-
inations and also free to move axially upon said
support shaft.
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