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3,186,166
PRETIMED THREE-LOBED ROTARY PUMP
Howard M. Tomaske and Robert A, Hii, Miﬁneap}yhs,
Minn., assignors to Waterous Company, St. Paul, Minn.,
a eorporation of Minnesota
Filed Jon. 20, 1960, Ser. No. 3,551
9 Claims. (Cl 183—126)

This invention relates to an improvement in pre-timed
three lobed rotary pump and method of forming the same
and deals particularly with a pump of the type described
having gears pre-set in fixed refation to the rotor lobes.

In the production of rotary pumps, considerable time
and effort is required to properly locate the gears on the
shafts. Due to the fact that the lobes on the pump in-
terengage with but slight clearance therebetween, it is
necessary to position the intermeshing gears on the rotor
shafts with extreme accuracy. In the past, it has been
usual practice to mount the rotors on suitable fixtures,
to key the gear on one of the shafts, and to then key the
intermeshing gear to the other shaft through the use of
a split key or some other arrangement to compensate for
variations in the location of the keyway in the shaft and
the location of the keyway in the gear: Properly timing
the gears relative to the rotors has usually required from
six to twenty hours of manual labor. It is an object of
the present invention to provide a pump of the type de-
scribed having the gears properly related to the rotors be-
fore the pump is assembled.

A feature of the present invention lies in the provision
of a rotary pump having rotors provided with a predeter-
mined number of lobes, and in providing intermeshing
gears on the rotor shafts which are pre-set so that upon
assembly, the lobes are properly timed. This requires a
certain relationship between the rotors and the gears,
which will be described.

As will be understood, the lobes of one rotor are sep-
arated by “valleys” to accommodate the lobe of the co-
operating rotor. As long as the gears on both rotor
shafts have the same number of gear teeth, the two rotors
will operate in unison. We have found, however, that
by properly choosing the gears, and by securing each gear
to the rotor shaft so that the center of a gear tooth is
directly aligned with the center of the rotor lobe, the
rotors and their gears. may be pre-timed. Obviously the
same result can be accomplished by centering a gear
tooth “space” (midway between the gear teeth) with the
center of a gear lebe. To do this two things are neces-
sary. In the first place, it is necessary that the number
of teeth on the gears be a multiple  of the number of
lobes. Secondly, it is necessary that, midway of the angu-
lar distance between the Iobes, the gear must have a gear
tooth space, when the gear teeth are centered with the
rotor lobes or a gear tooth when the lobes are centered
with a gear tooth space. To simplify this description,
the gears will be described as having teeth centered with
the rotor lobes, although the opposite could be true.

To better describe the invention, we can consider a
three lobed pump, driven by intermeshing gears. = The
gears have teeth centered with each rotor lobe, meeting
the first requirement mentioned above. To center the
lobe of one rotor with the valley of the other rotor, each
gear must have a tooth space angularly centered between
the teeth aligned with the lobes.
a three lobed rotor, the gears must have an odd number
of teeth, as gears with an even number of teeth would
provide a gear tooth midway between the gear teeth
aligned with the lobes. )

From this description, we have worked out the
formula: : :

N=(MX2L)*xL

In other words, with
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where N equals the number of gear teeth, M represents
an arbitrary multiple or whole number, and L represents
the number of lobes, ‘Considering L to constitute 3 lobes,
or 3, and M to constitute an arbitrary multiple such as 3,
the number of gear teeth (N) on the gears would be 5
times 6, plus or minus 3; or thirty, plus or minus three;
equalling thirty-three or twenty-seven teeth. The same
formular can be used, regardless of the number of lobes
on the pump. Obviously, the number of gear teeth on
the gears must be sufficient to cause the gears to properly
rotate. . '

A feature of the present invention resides in the fact
that by locating each of the gears in the same relation to
the rotors, the rotor shaft and gear assemblies are inter-
changeable and replaceable. In the past, if it were neces-
sary to replace a rctor, the lobes of the rotor and the
teeth of the gear had to be properly timed to properly
engage the remaining rotor. By aligning one of the teeth
of the gear with each of the rotor lobes, this difficulty
is obviated.

A feature of the present invention resides in a novel
method of aligning: the gears with the rotors. Consider-
ing a three lcbed rotor, a jig is provided including a sup-
poiting surface on which the rotor is supported with two
of the three lobes resting against the surface and with
the rotor shaft engaged in generally 'U-shaped fittings.
The center of the third lobe of the rotor is then on a plane
through the axis of the rotor perpendicular to the sup-
porting surfaces. The gear is mounted on the rotor shaft
in the coirect axial location and a tooth space on the bot-
tom of the gear is engaged with a tooth-shaped projection
fixed on a part of the jig which is movable vertically but
fixed from axial or tangential movement. A tooth on the
top of the gear is, at the same time, engaged in a notch
in a locating arm, and which is movable parallel to the
rotor support and cooperable with an indicating gage to
show if the gear has been properly centered relative to
the rotor. )

A further feature of the present invention resides in
the provision of a rotary pump in which the rotors are
hydraulically balanced so that the ends of the rotors are
properly spaced from the end plate of the pump.

These and other objects and novel features of the pres-
ent invention will be more clearly and fully set forth in
the following specification and claims.

In the drawings forming a part of the specification:

FIGURE 1 is a vertical sectional view of a rotary pump
showing the general form of construction thereof.

FIGURE 2 is a cross sectional view of the pump shown
in FIGURE 1, the position of the section being indicated
by the line 2—2 of FIGURE 1.

FIGURE 3 diagrammatically illustrates the ends of a
pair of rotors and the gears on the rotor shafts, showing
the relationship between the lobes and the gears.

FIGURE 4 is:a front elevational view of a jig em-
ployed to properly locate the gears relative to the rotors.

FIGURE 5 is an end elevational view of the jig shown
in FIGURE 4. :

‘FIGURE 6 is an end elevational view of the jig, the
view showing the end of the jig opposite that shown in
FIGURE 5. . .

FIGURE 7 is a top plan view of the jig. :

FIGURE 8 is an enlarged sectional detail of one of
the pump rotor seals.

The rotary pump is indicated in general by the letter A.
The pump includes a housing 16 having upper and lower
arcuate portions 11 and i2 which form intersecting rotor
chambers 13 and 14 designed to.accommodate three-lobed
rotors 15 and 16 respectively. The rotors 15 and 16 -are
mountéd upon supporting shafts 17 and 19 respectively.
As is usnal in- pumps of this type, the lobes of the rotors
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engage in the hollow portions between the lobes of the
cooperating rotor to provide a minimum of leakage be-
tween the two rotors.

The housing 16 includes an inlet passage 20 and an
outlet passage 21 in communication with the rotor cham-
bers 13 and 14. The fluid being pumped enters the inlet
28, is carried between the rotor lobes and the arcuate walls
41 and 12 and are discharged through the discharge pas-
sage 21. Intermediate the ends of the rotors, a by-pass
passage including passage portions 22 and 23 extend from
the discharge 21 to the inlet 28. A cylindrical passage 24
terminating in a valve seat 25 connects the passage por-
tions 22 and 23. A pressure relief valve 26 is slidably sup-
ported in the cylindrical passage 24 and includes a beveled
peripheral flange 27 designed to engage against-the valve
seat 25.

The relief valve 26 includes an axial boss 29. A plug
30 is threaded into an opening 31 in axial alignment with
the valve 26. The plug 39 is provided with an axial
socket 32 in opposed relation to the valve 26. A spring
33 is interposed between the base of the socket 32 and
the flange 27 of the valve 26. One end of the spring 33 is
held in place by the walls of the socket 32 while the other
end of the spring encircles the boss 29 and is held in
position thereby.

The cylindrical skirt 34 of the valve 26 which slides
within the cylindrical passage 24 is notched as indicated
at 35 to points in closely spaced relation to the flange 27.
Thus, when the relief valve is moved due to abnormal
pressures in the discharge passage, fluid may flow through
the notches 35 in the hollow skirt 34 and into the passage
23 connected to the pump inlet 26,

The ends of the housing 10 are closed by end plates
36 and 37 which are properly located by dowel pin 39
which extend through the end plates and into the housing
19. Bearing supporting plates 46 and 41 are secured in
face contact with the end plates 36 and 37 and are also
located relative to the end plates and the pump housing
by suitable means such as by the dowel pins 39. The
bearing supporting plates 40 and 41 are apertured to
accommodate a peair of sealed bearings 42 and 43, the
apertures being indicated by the numerals 44 and 45.
Seals 46 and 47 are supported in grooves 4% and 59 respec-
tively to seal the outer races of the bearings 44 and 45
relative to the walls of the apertures 44 and 45. The inner
races of the bearings may be sealed relative to the shaft 17.

The bearing supporting plates 48 and 41 are also pro-
vided with a second pair of aligned apertures 51 and 52
which support sealed bearings 53 and 54 which support

the shaft 19. The outer races of the bearings 53 and 54

are sealed relative to the apertures 51 and 52 by seals
55 and 56.

The ends of the rotors 15 and 16 are provided with
axial sockets 57 and 59 respectively which include sealing
units. - As all of the seals are of identical form, the parts
will be given similar identification numbers. Sealing rings
69 are slidably engaged in sockets 61 and 62 coaxial with
the shafts 17 and 19 in the end plates 36 and 37. The
rings 69 are sealed relative to the walls of the socket by
sealing rings 63 located in the externally grooved surface
of the rings 6. A sealing ring 64 encircles the shaft 17
or 1% and is sealed relative thereto by a sealing ring 65.
The sealing ring 64 is urged into sealing relation with the
ring 6¢ by means of a spring 46 interposed between the
sealing ring 64 and the base of the socket 57 or 59."

A cover plate 67 overlies the bearing supporting plate
40 and is connected thereto by bolts 67’ which extend
through the cover plate, through the bearing supporting
plate, the end plate, and into the pump housing 10, A
gear housing 6% including an end wall 70, a peripheral
wall 71 and an outwardly extending mounting flange 72
is connected to the other end of the pump housing by
means of bolts 73 which extend through the flange 72,
through the bearing supporting plate 41, the end plate 37,
and into the end of the housing 10. The end wall 76 is
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provided with an opening 74 centaining a seal 75 to ac-
commodate the projecting end 7¢ of the drive shaft 17.

Gears 77 and 79 are pinned to the shafts 27 and 19 re-
spectively by pairs of taper pins 80 and 81 extending
diametrically to apertures 82 and 83 in axially spaced
relation in the gears 77 and 79. The geats 77 and 79 are
provided with angulaily spaced teeth 84 and 85, the num-
ber of which is odd and divisible by three. In the par-
ticular arrangement illustrated in FIGURE 3 of the draw-
ings, the gear§ 77 and 79 have 27 teeth. One of the
teeth 84 is directly aligned with the center of each lobe
of the rotor 5, and one of the teeth &5 is exactly aligned
with the center of each of the lobes of the rotor 16, and
a gear tooth space is centered between adjacent lobes.
In wiew of this fact, the rotors are pre-timed so that upon
insertion of the rotors into the pump so that a lobe of
one rotor extends into the valley between the lobes of
the other rotor, the teeth of the two gears will be auto-
matically in mesh.

In the past, considerable time and effort have been re-
quired to properly time the rotors and gears so that the
rotors will fit properly together as the gears rotate. A
variation of a few thousandths of an inch in the position
of a key or keyway greatly affects the operation of the
pump or renders it inoperative. Any small variation in
the loction of a key or keyway causes a considerably
greater variation at the outer diameter of the gear or
rotor. As a result, a time of from six to twenty hours
has been considered the wsual time required to properly
time the rotors and gears. In the present method which
will be described, the same operation can be completed in
perhaps thirty minutes with accuracy virtually guaranteed.

In FIGURES 4 through 7 of the drawings a jig is dis-
closed which properly locates the gears in pretimed rela-
tion to the lobes of the pump rotor. This jig includes a
supporting base 82 on which are mounted flat topped sur-
face blocks 9¢ and 91 having their upper surfaces on a
common plane. The blocks ¢ and 91 are held in place
on the top of the base 89 by any suitable means such as
by the bolts 92 and 93. A shaft positioning block 94 is
secured on the base 8% by bolts ©5 or other suitable means
and a generally similar shaft positioning block 96 is sup-
ported on the base 8% at the opposite sides of the blocks
98¢ and 91 and held in place by bolts 97 or other suitable
means. - As indicated in FIGURE 6 of the drawings, the
upper end of each of the shaft positioning blocks 94 and
%6 includes a central notch 9% having parallel shaft en-
gaging surfaces 189 on the inner surface thereof. These
surfaces 106 are accurately ground or milled to fit por-
tions «of the rotor supporting shafts 17 and 19 and the
surfaces of the two blocks $4 and 96 are accurately aligned
s0 as to hold the shaft engaged therein from any transverse
movement. :

The shaft guide block 96 is provided with a projecting
ground surface 101 against which the end of a rotor such
as £5 may engage. The opposite side of the block 96 is
provided with a parallel flat surface 102 which is engage-
able with a surface of a gear such as the gear 77. When
the rotor engages the surface 101 and the gear engages
the surface 192, the two elements are properly axially
spaced.

A clamping arm 103 is pivotally supported between a
pair of ribs 184 on the base 89 by means of a pivot 165.
As indicated in FIGURE 5 of the drawings, the clamping
arm 183 is provided with a bifurcated end 106 through
which the rotor shafi 17 may extend. Opposed ground
surfaces - 107 properly locate the shaft relative to the
clamping arm. As indicated in FIGURE 4 of the draw-
ings, each side of the bifurcated end 106 is provided with
a laterally extending rounded projection 169 designed to
bear against the gear 77. A clamping bolt 110 having a
head 111 extends through the clamping arm 193 and into
the base 89 to clamp the rounded projections 189 against
the gear. :

A means is provided for properly indexing the gears
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such as 77 relative to the rotor 15. A plunger 112 is slid-
ably supported in a vertical bore 113 having its axis in a
vertical plane through the axis of the rotor shaft 17. A
head 114 is provided on the upper end of the plunger 113
and an upwardly extending lug 115 having a tapered up-
per extremity 116 which is shaped similarly to the teeth
of the gear 77 is mounted on top of the head 114. The
plunger 112 is raised and lowered by means of a driving
plunger 117 which is slidable in a vertical bore 119 co-
axial with the bore 113. The driving plunger 117 is pro-
vided with a tapered notch 128 which is designed to re-
ceive the frusto conical end 121 of a threaded shaft 122.
The shaft 122 is threaded into the base 89 and is provided
with a hand wheel 123 by means of which the threaded
pin or shaft 122 may be rotated. A pin 124 is slidably
supported in an internally threaded passage 125 which
intercepts the axis of the plunger 117 and the pin includes
an end 126 which is slidably engaged in a slot 127 extend-
ing longitudinally of the plunger 117. The pin 124 is
held in place by a set screw 129 and acts to limit the

10

20

slidable movement of the pushing plunger 117 and also -

to prevent this plunger from rotation in the bore 119.

An arm 130 is pivotally and slidably connected by a
pivot 131 to a bracket 138 mounted on the upper surface
of the base 89. The arm 130 is provided with a projec-
tion 122 including a notch 133 which is shaped similarly
to the shape of the gear teeth. The pivot 131 extends
through a slot 134 which is elongated longitudinally of
the arm 139 so that the arm 13¢ may move horizontally
within the limits of the slot 134. A gage 135 is mounted
upon a bracket 136 attached to the bracket 138 and in-
cludes a plunger 137 which may be moved longitudinally
of the sleeve 139. The gage 135 indicates the position
of the plunger 137 which abutts against the end 148 of
the arm 136 for a purpose which will be described.

In operation, the rotor 15 which is fixedly mounted
upon the shaft 17 is placed upon the ground upper sur-
faces of the blocks 99 and 91 with two of the three lobes
of the rotor resting upon the horizontal upper surfaces
of these blocks. The shaft 17 is properly located between
the ground surfaces 168 of the shaft positioning block
94 and an intermediate portion of the shaft 17 is properly
located between similar ground surfaces of the shaft posi-
tioning block 96.. The end of the rotor 15 is moved into
contact with the locating surface 181. As is indicated in
FIGURE 6 of the drawings, a block 143 is mounted upon
the base 89 to one side of the blocks which support the
rotor 5. A stud 144 is threaded into the top of the
block 143 and is held in adjusted relation by means of a
lock nut 145. The stud 144 is provided with an axially
extending pin 146 which is engageable in a slot 147 in the
under surface of a clamping bar 149. The clamping bar
149 extends over the center line of the rotor shaft sup-
ports. A threaded stud 158§ also extends into the block
143, the axes of the studs 144 and 156 being at right
angles to the axis of the rotor shaft. A locking nut 151
holds the stud 159 at a proper elevation. A spring 152
encircles the stud 150 above the nut 151 and supports a
washer 153. The stud 15¢ extends through a slotted aper-
ture 154 in the clamping block 149 and a clamping nut
155 is provided on the end of the stud by means of which
the clamping bar 149 may be clamped against the upper-
most lobe of the rotor 15, the pin 146 serving as a ful-
crum point. The clamping bar 149 will clamp the rotor
15 firmly in place with the center of the uppermost lobe
of the rotor on a vertical plane through the axis of the
shaft.

The gear 77 is next manually moved against bearing
surface 182 and the plunger 112 is raised by threading
the threaded pin or shaft 122 into the notch 120, the
frusto conical end of the shaft acting as a cam against
the upper surface of the notch 128. When the wedge
shaped projection 116 on the plunger head 114 is prop-
erly engaged in the space between two of the gear teeth
84, one tooth at the top of the gear 77 will be centered
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6
on the vertical plane through the rotor shaft 17 and
through the center of the uppermost lobe of the rotor.

When the gear is properly located, the arm 138 is
pivoted down from the dotted line position illustrated in
FIGURE 5 of the drawings to gear engaging position
shown in full lines in this figure. The arm 138 may move
horizontally within the limits of the groove 134, any such
lateral movement moving the plunger 137 of the gage
135. If the gear 77 is exactly in the proper location, the
gage 135 will so indicate, the gage being set to provide
a predetermined zero reading when the arm 139 is in
proper position. If the gear 77 is not exactly in position,
the tooth engaged in the notch 133 will be too near or
too far from the plunger 137 and the gage will so indicate.

The clamping arm 183 may then be tightened against
the gear 77 to hold the gear against the surface 182. If
preferred, this clamping arm may be tightened prior to
the testing of the gear position by the arm 13¢. Once
the clamping bar 149 and the clamping arm 183 are tight-
ened, holes may be drilled in axially spaced relation
through the gear 77 and shaft 17, these holes being indi-
cated at 82 in FIGURE 1 of the drawings. The holes 82
are reamed or otherwise cut to a tapered form and under-
cut at one end as indicated at 157 to accommodate the
taper pin 89. This undercutting is done prior to the
assembly procedure.

It will be seen that by selecting gears 77 and 79 with
spaced peripheral teeth which. are in multiples of three,
three teeth of each gear will be properly aligned with the
center line of the three corresponding rotor lobes. By
choosing these gears with an odd number of teeth, a tooth
space is provided in alignment with each valley between
the rotor lobes. Thus, in assembling the pump, the lobes
of the rotors may be readily arranged in properly timed
relation through the meshing of the gears 77 and 79.
Obviously, the gear 79 is mounted upon the rotor shaft
19 in properly timed relation with the roter 1§ in the
manner described, the rotor shafts being identical except
for the difference in length. By the use of the fixture, the
gears may be pinned to the rotor shaft in a relatively few
minutes, effectively accomplishing a result which previ-
ously required from 6 to 20 hours of labor. Furthermore,
should it ever become necessary to replace a pump rotor,
the new rotor may be inserted in place of the rotor re-
moved and will automatically be in proper time as long
as the proper teeth of the meshing gears are engaged.

While the apparatus has been described for use specifi-
caliy for three lobed pumps, the same apparatus may be
adapted for use in conjunction with pumps having more
cr less lobes. A two lobed pump must have gears pro-

‘vided with an even number of teeth which is not divisible

by four, such as thirty, thirty-four, thirty-eight, etc. A four
lobed pump would have to have gears with an even num-
ber of teeth not divisible by eight, such as twenty-eight,
thirty-six, forty-four, etc. ’

The reason for this lies in the fact that if a gezar tooth
is in line with each rotor lobe, a tocth space must.be in
line with each rotor “valley.” If the letter L represents
the number of rotor lobes, the letier N represents the
number of gear teeth, and M represents an arbitrary mul-
tiple or whole number, we may determine the permis-
sible number of teeth on the gear by the formula:

N=(Mx2L)=L

In FIGURE 2 of the drawings a groove 159 is shown
in the end plate 36 forming an end wall of the pump.
A similar groove is provided in the end plate 37. These
grooves lead from the discharge side of the pump to the
seal chambers or sockets 57 and 59, subjecting these
chambers substantially to discharge pressure. If the
rotor moves axially until it rubs against the end plate the
clearance at that end will be reduced to zero and the
pressure in the seal chamber will be substantially equal
to discharge pressure. At the other end, however, the
clearance between the rofor and the end plate will in-
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creass to a maximum, allowing liquid to bleed readily
from the seal chamber to the suction side of the pump,
reducing the pressure in the seal chamber to somewhat
below discharge pressure. This results in an end thrust
tending to move the rotor to central position where it has
equal clearance with each end plate.

In accordance with the patent statutes, we have de-
scribed the principles of ccnstruction and operation of our
improvement in pre-timed three lobed rotary pump, and
while we have endeavored to set forth the best embodi-
ment thereof, we desire to have it understood that
charges may be made within the scope of the following
claims without departing from the spirit of our invention.

We claim:

1. A pre-timed three lobed rotary pump including a
pair of three lobed rotors having valleys therebetween,
shafts supporting said rotors and projecting from the ends
thereof, means rotatably supporting said shafts with said
rotors interengaged, intermeshing gears on said shafts,
said gears having a similar odd number of teeth which
is a multiple of three, one tooth of each gear having its
center on a plane through the axis of its shaft and
through the center of a rotor lobe, and one tooth space
of each gear being on a plane through the axis of the
shaft and through the center of a rotor valley.

2. The structure of claim 1 and in which each gear is
pinned to its supporting shaft.

3. A rotor for a rotary pump including a body having
three equally angularly spaced lobes, a rotor shaft sup-
porting said body, and a gear on said shaft, said gear
having an odd number of teeth which is a multiple of
three, one tooth of said gear being centered with a plane
through the shaft axis and through the center of each
lobe.

4. A pre-timed rotary pump including a pair of iden-
tical Iobular rotors having three lobes, shafts supporting
said rotors and projecting from the ends thereof, inter-
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meshing gears on said shafts, said gears having an odd

number of teeth determined by the formula
N=(MX2L)=xL

where N equals the number of gear teeth, M is an arbi-
trary whole number and L equals the number of lobes
on each rotor, one tooth of each gear being on a plane
through the center of each lobe and through the axis of
the supporting shaft,

5. A method of producing pretimed three-lobed rotary
pumps, the pumps including a pair of intermeshing three-
lobed rotors, rotor shafts in fixed relation to said rotors,
and gears adapied to be secured to said gears in inter-
meshing relation, the method consisting in selecting a pair
of gears having a similar odd number of teeth which is
divisible by three and attaching the gears to the shaft so
that a plane through the center of one tooth of the gear
and through the-axis of the shaft is in a predetermined
fixed relation to a plane, through the center of a rotor lobe
and through the shaft and mounting each rotor so that
the plane through the center of one rotor lobe and its
shaft intersects the center of the space between the lobes
of the other rotor and the axis of the other rotor shaft.
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6. The method of claim 5 and including the step of
pinning each gear to its respective shaft when the gear is
in proper relation. thereto.

7. A method of producing pretimed three-lobed pump
having interchangeable rotors, the rotors having fixed ax-
ially extending shafts, and gears on said shafts to drive
the shafts in unison, the method consisting in placing on
the rotor shaft a gear having an odd number of teeth
which is divisible by three, rotating the gear on the shaft
until a plane through the center of one tooth of the gear
and through the axis of the shaft is in a predetermined
fixed relation to a plane through the center of a rotor
locbe and through the shaft axes, the rotors then being
interchangeable and replaceable.

8. A pretimed rotary pump including a pair of identical
lobular rotors having at least three lobes, shafts support-
ing said rotors and projecting from the ends thereof, in-
termeshing gears on said shafts, said gears having a num-~
ber of teeth determined by the formula N=(M X 2L) =L,
where N equals the number of gear teeth, M is an arbi-
trary whole number and L equals the number of lobes on
each rotor, one tooth of each gear being centered on a
plane through the shaft axis which is in fixed relation to
a plane through the shaft axis and through the center of
one of said lobes.

9. A method of producing pretimed rotary pumps hav-
ing interchangeable rotors, the rotors having at least three
lobes and having fixed axially extending shafts, and
gears on said shafts to drive the shafts in unison, the
method consisting of placing on each rotor shaft a gear
having a number of teeth determined by the formula
N=(Mx2L)==L where N equals the number of gear
teeth, M is an arbitrary whole number and L equals the
number of lobes on each rotor, rotating the gear upon
the shaft until one tooth of the gear is centered on a
plane through the shaft axis which is in fixed relation to
a plane through the shaft axis and through the center of
one of said lobes, securing the gear in this fixed relation
upon the shaft, and similarly attaching the other gear on
the shaft of the other rotor, the assembly of shaft, rotor,
and gear being interchangeable with and replaceable by
a like assembly.
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