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3,138,16 
His CALLY THREADED ENTERMESSENG 

ROTORS 
Joseph E. Whitfield, Box 325, York, Pa. 
Fiedline 5, 1962, Ser. No. 200,242 

A3 Claims. (C. 103-528) 
This invention relates generally to compressors, blow 

ers, liquid pumps, meters, air motors, liquid motors and 
similar devices in which interengaging rotary members 
are provided with intermeshing helical threads, and is 
directed particularly to the rotary members of such de 
WCS 

Screw type devices of this general nature have two or 
more helically threaded members rotatably supported 
with their axes substantially parallel and with their com 
plementary threads intermeshing to form a working seal 
between the rotors. A housing encloses the rotary mem 
bers and the chambers of said housing form a working 
seal with the perimetric tips of the rotor threads. Thus, 
in operation, the fluid being pumped from the suction end 
of the housing to the discharge end is confined in indi 
vidual pockets, the fuid being separated into individual 
slugs. As the rotors rotate the pockets develop continu 
ously at the suction end and fill with fluid as they increase 
in size because of the vacuum thus created. The pockets 
progress axially along the rotors and diminish progres 
sively in size at the discharge end until they are reduced 
to Zero or run out, thus expelling the fluid being pumped 
through the discharge port. 
The threads must be complementary to form satis 

factory seals and spaces and to permit rotation of the 
members. Thus the rotors are dissimilar in cross section 
and one has right-hand threads while the other has left 
hand threads. 
While more than two rotors can be used without depart 

ing from the spirit of this invention, only two will be 
shown and described herein for reasons of simplicity. 
The threads on one rotor lie wholly, or almost wholly, 
outside its pitch circle and, as this rotor absorbs almost 
all the input power, it is termed the main rotor. The 
threads on the mating rotor lie wholly, or almost wholly, 
within its pitch circle and, as this rotor forms a gate across 
the path of the main rotor threads, it is termed the gate 
rotor. If a gate rotor or some other device were not pro 
vided across the path of the main rotor threads, the fluid 
being pumped would simply revolve with the main rotor 
and no pumping effect would be produced. 
The main rotor is sometimes termed the male rotor 

and the gate rotor is sometimes termed the female rotor. 
However, in this disclosure, the terms "main' and "gate' 
rotors will be used because they are more accurately de 
scriptive of the members to which they are applied. 
As the rotors are rotated the threads on the mail rotor, 

in effect, act as a continuous series of pistons which 
progress endwise through the troughs formed by the gate 
rotor threads, and form a continuous series of compres 
sion spaces, or pockets, which convey the fiuid from the 
suction end to the discharge end of the housing in the 
form of separate, distinct slugs. The opening at the inlet 
end of the housing is called the suction port and the open 
ing at the outlet end of the housing is termed the dis 
charge port. 

Axial flow devices of the general type here involved 
are old and well known in the art. However, practically 
all previous devices have rotors that are of the same shape, 
or cross section, throughout their length, and are usually 
reversible so far as the rotors are concerned. This dis 
closure describes a device in which the rotors change 
shape near the discharge end and which operates to best 
advantage in one direction only. When rotors are of the 
same shape throughout their length the shape must be 
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aft: 

a compromise between two sets of conditions as the con 
ditions of fluid handling are completely different at the 
Suction and discharge ends. By providing rotors that are 
not the same shape at the suction and discharge ends the 
correct shape can be provided for each individual end 
and the device becomes more efficient. 

For example, to provide proper sealing through the 
compresison area the rotors will be of the generated form 
and will produce sealed pockets at the suction end, thus 
creating partial vacuums for short periods of each revo 
lution. These partial vacuums are not objectionable as 
the vacuum produced cannot be of high intensity. How 
ever, if this same type of rotor is continued for the full 
rotor length, such rotors will also create sealed pockets 
at the discharge end but these pockets will be compres 
sion pockets. Since all fluid in these pockets must be 
forced through the normal running clearances, the pres 
sure may be extremely high. This excess pressure cre 
ates high temperature, noise and excess bearing loads all 
of which tend to decrease efficiency. It is usually in 
possible to pump liquids with such a device as liquids 
are considered non-compressible. 
Many attempts have been made to eliminate these 

closed pockets by changing the shape of the rotors, by 
cutting by-pass grooves in the ends of the rotors, or in 
the housing or by removing that part of the housing end 
wall that creates the closed pocket. However, all these 
expedients are subject to serious objections because they 
create leakage paths or loss on volume. For example, in 
Nilsson Patent No. 2,622,787 wherein rotors having 
threads with arcuate profiles are used, the thread of the 
main rotor fits the trough of the gate rotor only when 
the threads are fully in mesh, and leakage paths are 
formed from the discharge end to the Suction end of the 
rotors as explained in detail later. In Whitfield Patent 
No. 2,287,716 grooves are cut in the discharge ends of 
the rotors to prevent over compression, but the com 
pressed fluid in these grooves is carried around to the Suc 
tion side and thus represents a loss. If part of the dis 
charge end wall normally used is cut away to prevent 
formation of closed pockets, an opening will be produced 
which will eliminate the closed pockets, since they cannot 
be formed without the end wall, but this opening will also 
provide a direct leakage path from the discharge side to 
the suction side of the device during certain periods of 
each revolution. 
To produce a more ideal blower of this type it is neces 

sary that the sealing lines remain unbroken during the 
period of compression and that no by-pass openings occur 
to directly connect the suction side to the discharge side 
of the device during the discharge period. 
The rotors shown in Whitfield Patent No. 2,922,377 

have the proper operating characteristics but are diffi 
cult to construct, and the cones reduce the capacity. On 
the other hand, the rotors disclosed herein not only have 
all the advantages of the aforementioned Patent No. 
2,922,377, but also are easier to construct, have greater 
capacity, and have improved sealing lines in the high 
pressure area due to the elimination of sharp Sealing 
edges as hereinafter described. 
The number of threads on each rotor of a screw type 

compressor or similar device is generally a matter of 
choice and depends upon the speed, pressure ratio, volume 
and other considerations. For high speed and high pres 
Sure the number of threads used is usually greater than 
for low speed and low pressure. For example, the main 
rotor of a high speed, high pressure device may have three 
to six threads and the gate rotor four to seven threads, 
while for low pressure the main rotor may have two 
threads and the gate rotor three or four threads. Any of 
these combinations will operate satisfactorily and will 
have certain advantages, but it is believed that three 
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threads on the main rotor and four threads on the gate 
rotor provide the best combination. This disclosure will 
therefore be directed to such a combination but will not 
be limited thereto. Since the threads of these rotors are 
of fully generated form through most of their length, 
the rotors will drive each other like a set of gears. How 
ever, since in actual use the rotors usually operate with 
out lubrication on the thread surfaces, timing gears are 
provided to hold the rotor threads in timed or spaced re 
lation and there is usually no contact between the rotor 
threads when the device is in operation. Further, these 
rotors are of such shape that they provide accurate bal 
ance and extreme rigidity to eliminate contact with each 
other and with the housing during operation under heavy 
loads. 
The principal object of this invention is to provide 

Iotors for screw type compressors, blowers, pumps and 
similar devices having threads that form an unbroken seal 
throughout the compression area, form proper seals 
through the discharge area, and do not form closed 
pockets at the discharge end of the device. 
Another important object is to provide rotors of the 

character described wherein the main rotor threads are 
generated by intersection protuberances lying slightly in 
side the perimetric tips of the gate rotor threads. 

Another object is to provide helically threaded rotors 
of improved construction wherein the threads of the main 
rotor are not generated completely to the root of the 
threads. 
Another object is to provide rotors for a screw type 

device with threads having a generated portion which 
extends from the suction end to the edge of the discharge 
port of the device and thereafter changes gradually to 
an arcuate thread at the extreme discharge end. 

Another object is to provide an improved gate rotor 
having increased resistance to bending in the high pres 
Sle aca. 

Another object is to provide gate rotors of novel con 
struction wherein the rotor threads are stronger and have 
greater resistance to deflection in the high pressure area. 

Another object is to provide threaded rotors of im 
proved design wherein the thread area exposed to high 
pressure air is reduced at the discharge end. 

Another object is to provide rotors of the type described 
wherein there is a congruent surface seal of material 
width in the high pressure area when the main and gate 
rotor threads are in full mesh. 
Another object is to provide for theoretically perfect 

sealing through the compression area of a screw type com 
pressor or like device by the use of generated threads on 
the rotors, and to eliminate the seal pocket at the dis 
charge end by gradually changing from generated threads 
to arcuate threads through the discharge area. 
Another object is to eliminate the sealed pocket at the 

discharge end of such a device without the use of relief 
grooves, notches, ducts or by-passes. 

Another object is to provide intermeshing threaded 
rotors that discharge all the air taken into the suction 
spaces thereof, there being no clearance spaces and/or no 
re-expansion spaces. 
Another object is to provide rotors of the above-dc 

scribed type wherein the extreme ends of the suction 
spaces do not become interposed between the discharge 
pocket and the discharge port. 

Other objects and advantages of the invention will ap 
pear in the following description, reference being had to 
the several embodiments illustrated in the accompanying 
drawings in which: 
FIG. 1 is a longitudinal sectional view of one form of 

screw type compressor embodying the present invention, 
the section being taken through the axes of the rotor 
members on the line A-A in FIG. 2. 
FIG. 2 is a longitudinal sectional view taken through 

the axis of the main rotor on the line B-B in FIG. 1 
perpendicular to the plane of FIG. 1 and showing the suc 
tion and discharge ports of the compressor. 
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A. 
FiG. 3 is a perspective view of a pair of rotors perse 

embodying the invention and showing in particular the 
discharge ends of the rotors. 

FIG. 4 is a fragmentary side view of a pair of generated 
rotors embodying the invention in mesh showing how 
they provide a seal at the intersection of the housing 
chambers. 

FIG. 5 is a fragmentary perspective end view of a 
pair of conventional generated rotors in mesh showing 
the formation of a sealed pocket at the discharge end, 
the end wall which seals the end of the pocket not being 
shown. 

FIG. 6 is a fragmentary side view of a pair of meshed 
rotors having arcuate threads throughout their length, 
showing openings or leakage paths at the intersection of 
the housing chambers. 

FIG. 7 is a fragmentary perspective end view of a 
pair of rotors with arcuate threads, almost in full mesh, 
showing there are no sealed pockets at the discharge end. 
The normal end wall, not shown, would not seal these 
pockets. 

FIGS. 8 to 15, inclusive, are transverse sectional out 
line views of meshed rotors illustrating the difference in 
action of generated threads and arcuate threads at the 
discharge ends of the rotors, FIGS. 8, 9, 10 and 11 show 
ing a pair of generated rotors in various positions from 
full mesh to about 10 before full mesh, respectively, 
while FIGS. 12, 13, 14 and 15 show a pair of arcuate 
thread rotors in various positions from about 30 before 
full mesh to full mesh, respectively. 

FIGS. 16 to 21, inclusive, are diagrams of rotor sections 
comprising what may be termed a nomenclature sheet, the 
preferred names, together with reference numbers of the 
various parts of the rotors being given as they are used 
throughout the specifications and claims. FIGS. 16, 18 
and 20 are sectional views on the lines F-F and D-D in 
FIG. 22 and a discharge end view, respectively, of the gate 
rotor only, while FIGS. 17, 19 and 21 are corresponding 
sectional and discharge end views of the main rotor only. 

FIG. 22 is a fragmentary longitudinal section through 
the rotors shown in FIG. 23, taken on line P-P in the 
latter figure, the rotors being shown untwisted for clarity. 
FIG. 23 is an end view of the preferred form of rotors 

shown in FIG. 22, the dotted lines indicating the shapes of 
the rotors on line F-F in FIG. 22. 

FIG. 24 is a fragmentary longitudinal section through a 
pair of rotors, in mesh, in which the transition from gen 
erated threads to arcuate threads is made in one step in 
stead of gradually as in FIG. 22, the rotors being shown 
untwisted for clarity. 

FIG. 25 is a fragmentary end view of a set of rotors of 
modified form. These rotors are similar to those of FIG. 
23 except that the generating edges of the gate rotor 
threads lie slightly inwardly from the perimetric tips 
thereof and the main rotor is not generated completely to 
its root. 
FIG. 26 is a fragmentary longitudinal section of the 

rotors shown in FIG. 25, taken on line R-R in the latter 
figure, the rotors being shown untwisted for clarity. This 
view is the same as FIG. 22 except the main rotor hub is 
smaller and the outside diameter of the gate rotor is larger. 

FIG. 27 is a fragmentary end view of a main rotor in 
which the arcuate surfaces forming the tips of the threads 
have their centers of curvature lying inside the pitch 
circle, the rotor being shown untwisted for clarity. 

FIG. 28 is a fragmentary end view of a gate rotor which 
is complementary to the main rotor shown in FIG. 27. 

FIG. 29 is a fragmentary end view of a main rotor in 
which the lands at the tips of the generated threads con 
tinue across the arcuate portions or discharge areas of the 
threads to the extreme discharge end of the rotor, the 
rotor being shown untwisted for clarity. 
FIG. 30 is a fragmentary end view of a main rotor in 

which the arcuate or discharge sections are not tapered on 
their outside diameter. In such a modification the rotor 
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threads are thicker in the arcuate section. The rotor is 
shown untwisted for clarity. 

FIG. 31 is a fragmentary end view of a gate rotor which 
is complementary to the main rotor shown in FG. 30, 
the rotor being shown untwisted for clarity. 
FIGS. 32 to 41, inclusive, are sectional outline views, 

fragmentary as respects the main rotor, of rotors of the 
preferred form in which the main rotor is generated to the 
root of its threads by the crest edges of the gate rotor and 
the gate rotor is complementary. FIGS. 32, 34, 36, 38 
and 40 are a fragmentary discharge end view of the main 
rotor and fragmentary transverse sectional views thereof 
on lines C-C, D-D, E-E and F-F in FIG. 22, respec 
tively, while FIGS. 33, 35, 37, 39 and 41 are correspond 
ing views of the complementary gate rotor. 

FIGS. 42 to 51, inclusive, are views similar to FIGS. 32 
to 41 of a modified form of rotors wherein the main rotor 
is generated almost to the root of its threads by the inter 
section protuberances on the gate rotor, there being small 
flat surfaces forming parts of the thread surfaces at the 
root of said main rotor threads and the gate rotor being 
complementary. 

FIG. 52 is a sectional outline view of the modified 
rotors of FIG. 26, taken on line J-J in the latter figure, 
the gate rotor thread being in full mesh in the main rotor 
trough. 

FiG. 53 is a view similar to that of FIG. 52, except in 
FIG. 53 the rotors are shown in a position wherein the 
main rotor thread is in mesh in the gate rotor trough. 

FIG. 54 is another view similar to FIG. 52, except in 
FIG. 54 the rotors are shown in a position wherein the 
main rotor thread is just entering the gate rotor trough. 
A fragmentary showing of the housing at the intersection 
of the rotor chambers is included in this view. 
FIG.55 is a sectional outline view of the modified form 

of main rotor being generated by a tool simulating the in 
tersection protuberances of the gate rotor. The tool is 
shown as having cut about halfway down the side of one 
thread of the main rotor. 

FIG. 56 is a fragmentary view similar to FIG.55 except 
the tool is shown as just starting its cut from the tip of 
the main rotor thread. 

FIG. 57 is a fragmentary view similar to FIG. 55 ex 
cept the entire side of the main rotor thread has been gen 
erated and the tool has just reached the small flat on the 
side of the thread at the root thereof and the generating 
cut is completed. 

FIG. 58 is a fragmentary view similar to FIG. 55 ex 
cept the generation of the side of the main rotor thread 
is completed and the tool is rolling across the land at the 
root of the main rotor with clearance for the chips as 
shown. 

FIG. 59 is an enlarged fragmentary suction end view of 
the generated portion of the modified rotors of FiGS. 42 
to 51, inclusive, showing the rotor threads in that position 
of rotation where they form a congruent seal zone be 
tween the small flat surfaces. 

FIG. 60 is a fragmentary discharge end view of the 
main rotor shown in FIG. 59, being shown untwisted for clarity. 

FIGS. 61 and 62 are fragmentary side and top views, 
respectively, of the rotor thread shown in FIGS. 59 and 
60, being shown untwisted for clarity. 

It is important to note that the drawings are accurate 
Scale representations of rotors embodying the invention, 
particularly as respects the sectional outline shapes of the 
rotor threads. Accordingly, in the interest of accuracy, 
shades lines have been omitted from many of the figures. 

In the specifications and claims certain terms such as 
"pockets,” “run-out,” “timing gears,” “timing,” “compres 
sion area” and "discharge area” are used, and to render 

. eanings thereof clear the following definitions are set 
orth. 

Pockets- The spaces or cavities formed by the coac 
tion of the rotor threads in conjunction with the housing 
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6 
chamber walls. These pockets are actually the spaces 
that are filled with the fluid being pumped. During op 
eration of the device the pockets form continuously at the 
suction eid of the rotors and vanish continuously at the 
discharge end thereof. 

Run-out. This is the term used in connection with the 
pockets as they reach the discharge end of the rotors and 
decrease in size to zero, i.e., vanish, or "run-out.” At the 
suction end these pockets continue to fill with the fluid 
being pumped until they reach maximum size. They 
are then disconnected from the suction port by the rota 
tion of the rotors and begin to decrease in size and com 
press the fluid therein. Compression continues until the 
edge of the discharge port is reached when discharge of 
the fluid takes place. After passing the edge of the dis 
charge port the pockets are no longer sealed because of 
the absence of the chamber walls but they continue to 
advance to the discharge end where they vanish or "run 
out.' 

Tinning gears.-Gears are used to synchronize the rotors 
and keep them in timed relation. The clearance between 
the rotor threads must be greater than the clearance be 
tween the gear teeth if contact between the rotor threads 
is to be avoided in operation. The clearance between the 
gear teeth may be .002' to .004' while the clearance be 
tween the rotor threads may be .020' to .040' depend 
ing upon the size of the device. Thus the rotor threads 
cannot contact each other as the threads are held in spaced 
relation by the timing gears. 
Timing-Timing is the act of setting the gears in rela 

tion to the rotor threads to eliminate contact between 
said threads. One of the timing gears is usually made 
separately from its hub and is adjustable with respect 
thereto to facilitate the timing operation when the device 
is assembled. 

Compression area.-This is the area of the rotors where 
compression takes place and is located between the lines 
K and L in FIGS. 2, 61 and 62. The compression area 
begins at K, or the suction end of the rotors, and extends 
to the edge of the discharge port at line L. After the tips 
of the rotor threads register with the edge of the discharge 
port internal compression no longer occurs, the fluid being 
free to enter the discharge. Since the rotors are of the 
full generated form through this area, the area could also 
be termed the generated area. For simplicity it is termed 
the "compression area.' 

Discharge area. This the area of the rotors where 
discharge takes place and is located between the lines L and 
M. in FIGS. 2, 61 and 62. Beginning at line L where 
the rotors are fully generated, the discharge area extends 
to the ends of the rotors at M where the rotors are fully 
arcuate on their tips. This transition from fully gen 
erated form to arcuate form occurs gradually from L to 
M, and in this area the flanks of the main rotor threads 
are generated and the tips are arcuate. Thus this dis 
charge area cannot truly be called the arcuate area as 
the threads in this area are partially generated and par 
tially arcuate. - 

Referring now to FIGS. 1 and 2, wherein the invention 
is shown, by way of example, as applied to screw type 
pump or compressor, the housing 10 of the device con 
tains two parallel cylindrical chambers A2 and 14 disposed 
side by side in parallelism and merging into each other to 
form a common chamber, the cross section of which is 
somewhat in the form of a FIGURE 8. One end of the 
housing is provided with an integral end wall 16 which 
forms one end wall of the chambers 12 and 14. The 
other end of the housing is formed by a remov 
able end wall to enable insertion of a pair of mating 
helical screw thread rotor members 34 and 38 which are 
arranged to operated within rotor chambers 12 and 4, 
respectively. Rotor 34 is termed the main rotor, and has 
left-hand threads in the embodiment illustrated. Rotor 
38 is termed the gate rotor and has threads which are 
complementary to those of the main rotor, i.e., right-hand. 
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The removable end wall of the housing is made in 
two parts in the form of re-entrant heads which are self 
centering. The re-entrant head 18 for the gate rotor 
chamber 14 is continuously circular on its outside diam 
eter and fits the chamber without clearance. The re-en 
trant head 20 for the main rotor chamber 12 is also circu 
lar on its outside diameter except it has a concave niche 
formed in one side to allow it to be assembled into the 
housing beside the gate rotor re-entrant head. The re 
entrant heads 18 and 20 are held in proper relation to 
the housing by the headplate 22. The housing end wall 
16 is provided with two cylindrical bearing bores 24 and 
26 which are concentric with the main rotor chamber 12 
and the gate rotor chamber 14, respectively. Likewise, 
the re-entrant heads 18 and 20 are provided with cylin 
drical bearing bores 30 and 28, respectively, which are 
centrally located in their respective re-entrant heads. 

Each of cylindrical bearing bores 24, 26, 28 and 30 is 
provided with a bearing bushing 32, which may be simi 
lar for all bearings. The main rotor 34 is fixedly attached 
to a shaft 36 and is centrally located in the main rotor 
chamber 12 by the bushing 32 in bearing bores 24 and 
28. The gate rotor 38 is likewise fixedly attached to a 
shaft 40 and is centrally located in the gate rotor chamber 
14 by the bushings 32 in bearing bores 26 and 30. 
The main rotor shaft 36 has a timing gear 42 fixedly 

attached thereto while the gate rotor shaft 40 has a 
hub 44 fixedly attached thereto on which a gate rotor 
gear 46 is adjustably mounted. This provision for ad 
justment allows the rotor threads to be timed in spaced 
relationship. 

There is a lateral discharge port 48 in the gear end of 
the housing and a lateral suction port 50, diagonally op 
posite, in the drive end of the housing. The exact shapes 
of these ports will be described later. 
The rotor chambers 12 and 14 and the re-entrant heads 

18 and 20 are slightly larger in diameter than the rotors 
34 and 38 so that the rotors are centrally located in a 
positive manner and may operate with a minimum clear 
ance. Common bearing bushings 32 are shown for rea 
Sons of simplicity but it will be understood that suitable 
bearings may be supplied to carry both the radial and 
the thrust loads which are developed in such a device. 
The main rotor 34, as shown, has three circumferential 

ly extending, evenly spaced helical threads 52 of identical 
contour, the exact shape of which is described hereinafter. 
The gate rotor 38, as shown, has four circumferentially 
extending, evenly spaced helical threads 54, the exact 
shape of which is also described later. The principal 
object of this invention being to provide theoretically per 
fect Sealing in the compression area K to L, and to elim 
inate Sealed pockets at the discharge end of the rotors, 
that part of the invention, i.e., the rotors, will be described 
first with particular reference to FIGS. 4, 5, 6 and 7. 

In the generated rotors of FIG. 4, the crest edges 56 of 
the gate rotor are shown as forming an unbroken seal from 
the root 68 of the thread of the main rotor 34 to its crest 
edge 58. Likewise the crest edges 58 of the main rotor 
form an unbroken seal across the trough 62 of the gate 
rotor. Thus there is no opening between the rotor threads 
at the point where the crest edges 56 and 58 of the rotors 
meet to form the intersection 72 (FIGS. 1, 4 and 9). To 
gether with the housing chambers intersection 74 (FIG. 
9), the rotor threads and housing chambers form a 
theoretically perfect seal and the fluid being pumped is 
Sealed against leakage between the forward high pressure 
pockets and the trailing low pressure pockets. 

With the new rotor disclosed herein, the seal 72 at 74 
(FIG. 9) exists throughout the compression area 61 (FIG. 
2). This type of sealing is highly desirable in the com 
pression area and its advantages form an important part 
of this invention. This seal forms at the suction end of 
the rotors and advances with the pockets to the discharge 
area 63 as the rotors revolve. Since there are no leakage 
openings between the forward high pressure pockets and 
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the trailing low pressure pockets, true adiabatic compres 
sion is attained. 

FIG. 6 shows rotors with arcuate threads throughout 
their length. Such rotors are disclosed by Nilsson in 
Patent No. 2,622,787. Such rotors have the disadvantage 
of creating a leakage opening 80 at the point 76 (FIG. 6) 
where the rotor threads intersect. This type of sealing is 
highly undesirable in the compression area, and the pres 
ent invention is intended to eliminate its disadvantages. 
Since the opening 80 (FIGS. 6 and 12) cannot be sealed 
by the intersection 74 of the housing chambers, there is 
thus created a leakage path from the high pressure end 
of the rotors to the suction end. This opening is fully 
described in Nilsson Patent No. 2,622,787, column 12. 
This type of device cannot produce fully adiabatic com 
pression, and part of the power is lost through blow 
back and re-compression. 

FIG. 5 shows a pair of fully generated rotors wherein 
the generated form is continued through the discharge 
area to the extreme discharge end. With the necessary 
end wall (not shown), a closed pocket 78 is formed 
as the rotors revolve, which pocket is a disadvantage 
as it creates excessive pressure, temperature, noise and 
bearing loads and reduces the capacity and speed of 
operation. Many attempts have been made to vent this 
pocket by various grooves in the rotor, or end wall, 
but these vents usually do not truly serve the purpose 
because of their limited capacity; furthermore, they 
usually create a new leakage path or carry high pressure 
fluid to the suction side. 
FIG. 7 shows the extreme end of arcuate rotors as 

shown in FIG. 6, the necessary end wall not being shown. 
Through the discharge area only, the opening 80 is a 
major advantage as it eliminates the formation of a sealed 
pocket. Thus, in this invention, the generated rotor form 
is used in the compression area where perfect sealing is an 
advantage, while through the discharge area the generated 
form gradually changes to the arcuate form to eliminate 
the sealed pocket at the discharge end. Since the work 
required of the rotors is different at the suction and dis 
charge ends, to select different rotor forms for the suc 
tion and discharge ends and to blend these two forms in 
Such a manner that no advantages are lost at either end, 
and, also, that no disadvantages are retained, is a sub 
stantial improvement. This transition from the generated 
form to the arcuate form should occur completely within 
the discharge port area to prevent possible back flow to 
a trailing pocket as before described. 

FIGS. 8 to 11, inclusive, show the preferred form of 
generated rotor threads in the compression area 61 be 
tween K and L in FIG. 2, and FIGS. 12 to 15, inclusive, 
show the preferred arcuate rotor form at the end of the 
discharge area 63. 

FIG. 8 shows a main rotor thread in full mesh with a 
gate rotor trough. It will be noticed that the surface of 
the main rotor thread it is not congruent with the gate 
rotor trough because of the generated form. The pocket 
has almost run out but is still closed. 

FIG. 9 shows the main rotor thread just entering the 
gate rotor trough the motors being about 30 before full 
mesh position. The pocket has just closed, and any fluid 
trapped therein can only be discharged through the end 
of the pocket which is usually enclosed by an end wall. 

In FIG. 10 the rotor threads are further in mesh, about 
20 before full mesh position, and the pocket is disappear 
ing but is still sealed by the threads and end wall. 

In FIG. 11 the threads are almost in full mesh but the 
pocket is still sealed. 

FIG. 12 shows the discharge end of the rotors, and 
also shows the intersection of the housing chambers to 
clarify the opening of the rotor threads. In this FIGURE 
the rotor threads are entering into mesh, with the rotors 
about 30 before full mesh position as in FIG. 9, but 
there is no closed pocket when the necessary end wall is 
added. 
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In F.G. 13 the rotor threads are further in mesh, as 
in FIG. 10, but there is still no closed pocket, the opening 
being on the side of the threads. 

In FIG. 14 the rotors are almost in full mesh, as in 
FIG. 11, but there is still no sealed pocket, there still 
being an opening on the side of the threads. 

In FIG. 15 the rotor threads are in full mesh and the 
pocket has completely disappeared. The main rotor 
thread is congruent with the gate rotor trough. A com 
parison of FIG. 15 with FIG. 8 shows the difference be 
tween generated threads and arcuate threads. Further 
Totation of the rotors in FIG. 15 will transfer the seal to 
the left side of the main rotor thread, or the reverse of 
FIGS. 14, 13 and 12. 

In Summary, the rotors may be described as being gen 
erated through the compression area 61 (K to L, FIG. 
2), where they are similar in cross section to the rotors 
of Whitfield Patent No. 2,287,716, while through the dis 
charge area 63 (L to M, FIG. 2) a transition occurs 
wherein the rotors change gradually from a generated 
form to an arcuate form at the extreme end. The transi 
tion portions or discharge areas of the preferred rotors 
are illustrated in FIGS. 22, 23 and 32 to 41, inclusive. 
As shown in FIG. 32, the tip 51 of the main rotor 

thread may be truly arcuate, although slight deviations 
from the true arc will operate successfully. To sim 
plify this disclosure, the tips of the threads are termed 
arcuate and the complementary surfaces of the troughs in 
the gate rotor are also termed arcuate. In FIG. 32, the 
arcuate tip 51 has its center of curvature substantially 
on the pitch circle 82 while the flanks 59 are generated 
by the crest edges 56 of the gate rotor threads (FIG. 33). 

In FIGS. 34, 36 and 38, the arcuate tip is still desig 
nated 51 and its center of curvature still lies substantially 
on the pitch circle, However, the length of the radius 
forming the tip 51 changes in length between the dis 
charge end of the rotor and the compression area, being 
shortest at the extreme end of the rotor, thereby pro 
ducing a tapering or decrease in height of the thread 
through the discharge area. Likewise, the width of the 
arcuate tip 51 changes in width between the discharge end 
of the rotor and its intersection with the tip. 53 in the 
compression area, being widest at the extreme end of the 
rotor. This is more clearly shown in FIGS. 61 and 62, 
from which it is also evident that the decrease in height 
of the thread is less than half the height of the thread 
in the compression area. 

In FiGS. 33, 35, 37 and 39, the root 49 of the gate 
rotor trough is also arcuate and is complementary to the 
arcuate tip portion 5 of the main rotor, the depth of the 
trough tapering or decreasing through the discharge area 
just as the height of the main rotor thread decreases. The 
generated flanks 57 of the gate rotor threads shown in 
FIGS. 35, 37 and 39 are generated by the generating edges 
FG of the main rotor threads shown in FIGS. 24, 36 and 
38. 
FIG. 24 illustrates a modification of the preferred 

forms of rotors wherein the change from a fully gen 
erated Section to an arcuate section occurs as a sharp 
step rather than gradually. The rotor threads would thus 
have shapes similar to FIGS. 32 and 33 throughout the 
discharge area 63', and would have shapes as in FIGS. 
40 and 41 throughout the compression area 61'. The 
modification shown in FIG. 24 is not preferred and its 
use depends upon the facilities for manufacturing. 

FIG. 27 shows the arcuate end of a main rotor thread 
where the center of curvature of the arc is inside the 
pitch circle 82. Such an arc cannot be congruent with 
the gate rotor trough as the generating corners 7 will 
not roll out of the gate rotor trough if the latter is made 
as shown in FIG. 28. Likewise, the center of curvature 
cannot lie substantially outside the pitch circle or the 
device will likewise become inoperative. 

In FIG. 29 the land 64 at the tip of the compression 
area of the main rotor thread is carried on through the 
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discharge area. In the discharge area the land 64 could 
be wider or narrower than the land in the compression 
area. In any event, such a continuous land has an advan 
tage as it provides a seal of material width with the hous 
ing, and also is easier to hold to exact size. 

F.G. 30 shows a main rotor thread where the discharge 
area is not tapered on the outside diameter. The arcuate 
end is increased in height to the height of the compres 
Sion area, and is also increased in thickness greater than 
that of the generated portion of the thread. A gate 
rotor thread complementary to the main rotor shown in 
F.G. 30 is shown in FIG. 31. The threads of FIGS. 
30 and 31 would be difficult to machine, and probably 
would not be advantageous unless a straight bore in the 
main rotor chamber would be desirable. 

FIGS. 25, 26, 52, 53, 54, 42 to 51, inclusive, and 59 
to 62, inclusive, show a pair of generated rotors of modi 
fied form wherein parts corresponding to those of the 
preferred form are designated by the same numerals 
but with prime (') markings. Such rotors may be used 
with or without the arcuate thread tips in the discharge 
area end section, but if used without the arcuate end sec 
tion they will produce a closed pocket. As shown in 
FiG. 52, the trough 62 of the gate rotor 38 is similar 
in Sectional outline to the trough 62 of FIGS, 16 and 41, 
and is generated by the crest edges 53' of the main rotor 
34'. Outside the trough area of the gate rotor the crest 
edges are broken to form flats 86 which may lie partially 
or wholly outside the pitch circle. The fiats form new 
generating edges or intersection protuberances 34 which 
become the new sealing edges instead of the crest edges 
56 as used in the preferred form. There are also flats 
88 at the roots of the main rotor threads which become 
congruent with the flats 85 on the gate rotor, as shown 
in F.G. 59, as the threads roll into mesh, 
While the modified form of rotors has a slightly greater 

capacity than the preferred form, the principal advan 
tage lies in its ease of machining. This is shown in 
FIGS. 55 to 58, inclusive. The root portion 68' and 
the flats 88 of the main rotor are finished first in any 
Suitable manner before the start of the generating opera 
tion. A generating tool 92 is then provided as shown in 
FCS. 55 to 58, inclusive, and is rotated in timed rela 
tion with the rotor. The cut occurs from the tip of the 
thread to its root as shown by the arrows. Suitable gears 
properly control the rotation of the tool and rotor. The 
tool bit 94 cuts out at the fiat 38 and rolls across the root 
63' of the trough 60', there being sufficient clearance 90 
between the bit 94 and rotor (FIG. 58) to provide for 
chip clearance. This chip clearance is quite important 
as the bit 94 would be broken if it rolled on the root of 
the main rotor and chips lodged therebetween. 

FIGS. 42 to 51 are similar to FGS. 32 to 41 except 
that the modified rotors are shown. In these modified 
rotor sections, the discharge area and the compression 
area are Substantially the same as in the preferred sec 
tions. However, in the modified form the gate rotor is 
larger than its pitch circle and there is a small flat sur 
face 86 between the generating edge 84 and the outside 
diameter. On the main rotor the hub diameter is smaller 
than its pitch circle, the sides of the threads are generated 
substantially to the pitch circle, and there is a small fiat 
38 between each generated Surface and the root surface. 
These flat surfaces 36 and S3 should not be confused 
with other rotors wherein the crest edges of the gate rotor 
threads are changed from sharp edges. For example, in 
Monteius Patents Nos. 1,821,523 and 2,198,786 there is 
shown a gate rotor with the crest edges broken. How 
ever, among other descriptions these are described as 
"helical gear surfaces,” the "surfaces rolling on one an 
other in the manner of intermeshing helical gears.” Since 
these Montelius patents include no tinning gears, it is in 
tended that the "helical gear surfaces' serve the purpose 
of timing gears so that their shape must be similar to 
gear teeth. 
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In Lysholm Patent No. 2,174,522 the crest edges of 
the gate rotor are "rounded off “to eliminate undesir 
able sharp edges.” In Whitfield Patent No. 2,486,770 
the crest edges of both rotors are rounded to produce 
'arc generation.' Helical screw devices similar to those 
of the Montelius Patents Nos. 1,821,523 and 2,198,786 
and Lysholm Patent No. 2,174,522 and others having 
gate rotors with rounded crest edges on the gate rotor 
and no tinning gears are used only as liquid pumps since 
devices of this type cannot be operated at high speed 
without lubrication on the rotor surfaces. 
The device of the present invention is intended pri 

marily as a compressor and the rotors usually operate 
at high speed without lubrication, therefore, timing gears 
are necessary and the primary object in breaking the 
gate rotor crest edges is to provide rotors that are easier 
to machine accurately while maintaining unbroken seal 
lines. 

In the modified rotor form, shown enlarged in FIG. 
59, the surfaces 86 and 88 are flats and are located at 
Such angles that they will become congruent during cer 
tain periods of rotation and form an efficient seal in this 
critical area. This is a very important part of this in 
vention. 
Any type of rounded corners or gear teeth form will 

produce a sliding line seal instead of a surface seal, as 
here proposed. Of course, the flat surfaces 86 and 88 
would not be suitable for driving the rotors, and it is 
not intended that they make contact or be used to serve 
the purpose of gears. This modification eliminates the 
necessity of generating completely to the root of the 
main rotor and provides chip clearance for the cutter as 
shown at 96 in FIG. 58. The flats 88 and the root 68’ 
are usually cut before the generating operation is started. 
In this manner the bit 94 has a place to run out and 
the chip is cut entirely free. If the bit 90 were to cut 
into a fillet as in the Montelius, Lysholm and Whitfield 
patents above inentioned, the chip would not be cut free 
and breakage of the bit could occur. Also, by provid 
ing the flats 88 and positioning them at the most advan 
tageous angle to the rotor thread, it is easier to prop 
erly match the generated sides of the thread with the 
flats 83. This is very important as it is necessary to form 
an accurate intersection without breaking the bit 94. 
A machine capable of generating both rotors is shown 

in Whitfield Patent No. 2,792,763. 
The tool herein proposed for cutting the main rotor 

is shown at 92 in FIG. 55. As previously proposed in 
the above mentioned generating machine, Patent No. 
2,792,763, both sides of all the threads on a main rotor 
Were generated at one pass. In this instance the tool 
92 generates only one side of all the threads at one 
pass. The rotor is then turned end for end and the 
other side of all the threads are generated. In cutting 
both sides of each thread at one pass, it is necessary to 
cut from the tip of the thread to the root on one side 
and to cut from the root to the tip on the other side of 
each thread. It is believed to be more practical to cut 
the sides of the threads by starting each cut from the 
tip as it is easier to get both sides exactly alike and 
the thicknes of the threads is more easily controlled. 
The lands 68' at the root of the main rotor threads S2’ 
(FIG. 59) are helical cylindrical surfaces and are uni 
form in width throughout the length of the rotor. Like 
Wise, the lands 66' on the tips of the gate rotor threads 
54 are also helical cylindrical surfaces of uniform width 
throughout the length of the rotor, and these lands 66 
form a rolling seal with lands 68' on the main rotor. 
To produce the main rotor, it may be generated through 
out its length as in FIG. 8 and, after being generated, 
the tip of each thread in the discharge area could be 
altered as shown generally in FIGS. 32, 34, 36 and 38. 
The gate rotor could be generated as shown in FIG. 8 
through the compression area only. The remainder of 
the rotor, or the discharge area, could be machined by 
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2 
duplication using a master template, or generated with 
a proper cutter having a compound movement. 

Housings for devices of this general nature are well 
known and need not be described in detail. The dis 
charge port 48 (FIG. 2) is located at the tapered end 
of the rotors and is generally triangular in shape, one 
of the sides being formed by the end wall 16 while the 
other two sides follow the tips of the threads on the 
main and gate rotors when they are so located that the 
compression in the advancing pockets has raised the pres 
Sure to the desired discharge pressure. Further rotation 
of the rotors opens the pocket to the discharge port and 
the volume of the pocket is discharged. The widest por 
tion of the discharge port would be at line L in FIG. 2. 
The defining edges of the suction port are also triangu 

lar, one side being formed by the re-entrant heads 18 
and 20 while the other two sides follow the tips of the 
main and gate rotor threads when said threads are ad 
vanced to the position where they form the maximum 
sized pocket. In FIG. 1, wherein the direction of ro 
tation is indicated by arrows, the suction port would be 
on the front or upper side at the left end and the dis 
charge port, being diagonally opposite, would be on the 
back or under side at the right-hand end. 
What is claimed is: 
1. In a compressor or similar device of the type having 
(a) a housing with intersecting cylindrical rotor cham 

bers and suction and discharge ports arranged diago 
nally opposite each other near the ends of said hous 
ing, and 

(b) a pair of complementary helically threaded rotors 
consisting of a main rotor and a gate rotor each 
having a plurality of threads with crest edges and 
troughs, 

(c) said rotors being rotatably supported within the 
chambers of said housing and cooperating with each 
other and the housing to form pockets as the suction 
end of the rotors for receiving fluid through said 
Suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the 
fluid at the discharge end of the rotors through the 
the discharge port as the rotors revolve about the 
axes thereof, 

(d) the threads of each rotor having sealing engage 
ment with the troughs of the mating rotor through 
out the lengths of the rotors, and also having seal 
ing engagement with the housing throughout at least 
those portions of the lengths of the threads which 
extend between the suction port and the discharge 
port, and 

(e) the threads of the main rotor lying substantially 
outside the pitch circle thereof and the threads of the 
gate rotor lying substantially inside the pitch circle 
thereof; 

the improvement which comprises: 
(1) each of said rotors having axially extending com 

pression and discharge areas wherein the rotor 
threads are of different shapes, the compression areas 
extending from the suction ends of the rotors to the 
leading edge of the discharge port and the discharge 
areas extending from said edge to the discharge ends 
of the rotors, 

(2) the threads of the main rotor having lands at the 
tips thereof of substantially uniform width and being 
of generated form substantially from tip to root 
thereof throughout the axial length of the compres 
sion area and having arcuate tips in the discharge 
area which gradually increase in arcuate width to 
Ward the discharge end of the rotor, the flanks of 
the threads in the discharge area between the arcu 
ate tips and the roots thereof being of generated 
form, the generated portions of the main rotor 
threads being generated by the crest edges of the 
gate rotor threads and the arcuate tips of the main 
rotor threads having their centers of curvature sub 
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stantially on the pitch circle of said threads midway 
between the sides of the threads, and 

(3) the threads of the gate rotor being complementary 
to those of the main rotor, 

(4) whereby the threads of the main and gate rotors 
cooperate to form an unbroken seal throughout the 
compression areas, form proper seals through the 
discharge area, and do not form closed pockets at 
the discharge ends of the rotors. 

2. In a compressor or similar device of the type having 
(a) a housing with intersecting cylindrical rotor cham 

bers and suction and discharge ports arranged diago 
naily opposite each other near the ends of said hous 
ing, and 

(b) a pair of complementary helically threaded rotors 
consisting of a main rotor and a gate rotor each 
having a plurality of threads with crest edges and 
troughs, 

(c) said rotors being rotatably supported within th 
chamber of said housing and cooperating with each 
other and the housing to form pockets at the suction 
end of the rotors for receiving fluid through said 
Suction port, to advance said pockets and the fluid 
therein axialiy along the rotors and to exhaust the 
fluid at the discharge end of the rotors through the 
discharge port as the rotors revolve about the axes 
thereof, 

(d) the threads of each rotor having sealing engage 
ment with the troughs of the mating rotor through 
out the lengths of the rotors, and also having seal 
ing engagement with the housing throughout at least 
those portions of the lengths of the threads which 
extend between the suction port and the discharge 
port, and 

(e) the threads of the main rotor lying substantially, 
outside the pitch circle thereof and the threads of 
the gate rotor lying substantially inside the pitch 
circle thereof; 

the improvement which comprises: 
(1) each of said rotors having axially extending com 

pression and discharge areas wherein the rotor 
threads are of different shapes, the compression areas 
extending from the suction ends of the rotors to 
the leading edge of the discharge port and the dis 
charge areas extending from said edge to the dis 
charge ends of the rotors, 

(2) the threads of the main rotor having lands at the 
tips thereof of substantially uniform width and being 
of generated form substantially from tip to root 
thereof and of uniform height throughout the axial 
length of the compression area and having arcuate 
tips throughout the axial length of the discharge 
area, the flanks of said threads in the discharge area 
between the arcuate tips and the roots thereof being 
of generated form, the generated portions of said 
threads being generated by the crest edges of the 
gate rotor threads, 

(3) the outside diameter of said arcuate tips tapering 
uniformly toward the discharge end of the main 
rotor, W 

(4) the centers of curvature of the arcs of said arcuate 
tips lying substantially on the pitch circle of said 
main rotor midway between the sides of the threads, 
and 

(5) the threads of the gate rotor being complementary 
to those of the main rotor, 

(6) whereby the threads of the main and gate rotors 
cooperate to form an unbroken seal throughout the 
compression areas, form proper seals through the 
discharge area, and do not form closed pockets at 
the discharge ends of the rotors. 

3. In a compressor or similar device of the type having 
(a) a housing with intersecting cylindrical rotor cham 

bers and suction and discharge ports arranged diago 

5 

O 

30 

35 

40 

60 

70 

7 

4. 
nally opposite each other near the ends of said 
housing, and 

(b) a pair of complementary helically threaded rotors 
consisting of a main rotor and a gate rotor each 
having a plurality of threads with crest edges and 
troughs, 

(c) said rotors being rotatably supported within the 
chambers of said housing and cooperating with each 
other and the housing to form pockets at the suction 
end of the rotors for receiving fluid through said 
Suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the 
fluid at the discharge end of the rotors through the 
discharge port as the rotors revolve about the axes 
thereof, 

(d) the threads of each rotor having sealing engage 
ment with the troughs of the mating rotor through 
out the lengths of the rotors, and also having sealing 
engagement with the housing throughout at least 
those portions of the lengths of the threads which 
extend between the suction port and the discharge 
port, and 

(e) the threads of the main rotor lying substantially 
outside the pitch circle thereof and the threads of 
the gate rotor lying substantially inside the pitch 
circle thereof; 

the improvement which comprises: 
(1) each of said rotors having axially extending com 

pression and discharge areas wherein the rotor 
threads are of different shapes, the compression areas 
extending from the suction ends of the rotors to the 
leading edge of the discharge port and the discharge 
areas extending from said edge to the discharge ends 
of the rotors, 

(2) the threads of the main rotor having lands at the 
tips thereof of substantially uniform width and being 
of generated form substantially from tip to root 
thereof and of uniform height throughout the axial 
length of the compression area and having arcuate 
tips throughout the axial length of the discharge 
area, the flanks of said threads in the discharge area 
between the arcuate tips and the roots thereof being 
of generated form, the generated portions of said 
threads being generated by the crest edges of the 
gate rotor threads, 

(3) the outside diameter of said arcuate tips tapering 
uniformly toward the discharge end of the main 
rotor, 

(4) the intersections between said arcuate tips and the 
flanks of the main rotor threads forming generating 
edges, 

(5) the troughs of the gate rotor being generated by 
the crest edges of the main rotor threads throughout 
the axial length of the compression area of the gate 
rotor and changing gradually throughout the axial 
length of the discharge area of said rotor from gen 
erated shape to a fully arcuate shape, the generated 
portion of said troughs in the discharge area of said 
rotor being generated by the generating edges of the 
main rotor threads, 

(6) the troughs of the gate rotor in the discharge area. 
having arcuate root portions the radii of which de 
crease uniformly toward the discharge end of said 
gate rotor, 

(7) the centers of curvature of the arcs of said arcuate 
tips of the main rotor threads and said arcuate root 
portions of the gate rotor troughs lying substantially 
on the pitch circles of said rotors midway between 
the sides of said threads and troughs, 

(8) whereby the threads of the main and gate rotors 
cooperate to form an unbroken seal throughout the 
compression areas, form proper seals through the 
discharge area, and do not form closed pockets at 
the discharge ends of the rotors, 



15 
4. In a compressor or similar device of the type having 
(a) a housing with intersecting cylindrical rotor cham 

bers and suction and discharge ports arranged di 
agonally opposite each other near the ends of Said 
housing, and 

(b) a pair of complementary helically threaded rotors 
consisting of a main rotor and a gate rotor each hav 
ing a plurality of threads and troughs, 

(c) said rotors being rotatably supported within the 
chambers of said housing and cooperating with each 
other and the housing to form pockets at the suction 
end of the rotors for receiving fluid through said 
suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the 
fluid at the discharge end of the rotors through the 
discharge port as the rotors revolve about the axes 
thereof, 

(d) the threads of each rotor having sealing engagement 
with the troughs of the mating rotor throughout the 
lengths of the rotors, and also having sealing en 
gagement with the housing throughout at least those 
portions of the lengths of the threads which extend 
between the suction port and the discharge port, 

(e) the threads of the main rotor lying substantially 
outside the pitch circle thereof and haiving perimetric 
tips with crest edges, and 

(f) the threads of the gate rotor lying substantially 
inside the pitch circle thereof; 

the improvement which comprises: 
(1) each of said rotors having axially extending com 

pression and discharge areas wherein the rotor 
threads are of different shapes, the compression areas 
extending from the suction ends of the rotors to the 
leading edge of the discharge port and the discharge 
areas extending from said edge to the discharge ends 
of the rotors, 

(2) the threads of the gate rotor having cut-away crest 
edges forming relatively narrow flat surfaces, the in 
tersections between said flat surfaces and the sides of 
the gate rotor threads forming intersection protu 
berances, 

(3) the threads of the main rotor having lands at the 
tips thereof of substantially uniform width and be 
ing of generated form substantially from tip to root 
thereof and of uniform height throughout the axial 
length of the compression area and having arcuate 
tips throughout the axial length of the discharge 
area, the flanks of said threads in the discharge area 
between the arcuate tips and the roots thereof being 
of generated form, the generated portions of said 
threads being generated by the intersection protuber 
ances of the gate rotor threads, 

(4) the outside diameter of said arcuate tips tapering 
uniformly toward the discharge end of the main 
rotor, 

(5) the centers of curvature of the arcs of said arcuate 
tips lying substatntially on the pitch circle of said 
main rotor midway between the sides of the threads, 

(6) the sides and flanks of the main rotor threads also 
having relatively narrow flat surfaces adjacent the 
roots of said threads which operate congruently with 
the flat surfaces formed by the cut-away crest edges 
of the gate rotor threads, and 

(7) the threads of the gate rotor being complementary 
to those of the main rotor, 

(8) whereby the threads of the main and gate rotors 
cooperate to form an unbroken seal throughout the 
compression areas, form proper seals through the dis 
charge area, and do not form closed pockets at the 
discharge ends of the rotors, and the relatively nar 
row flat surfaces adjacent the roots of the main rotor 
threads provide run-out clearance for a generating 
tool. 
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5. The improvement defined in claim 4 which is further 

characterized by 
(1) the troughs of the gate rotor being generated by 

the crest edges of the main rotor threads throughout 
the axial length of the compression area of the gate 
rotor and changing gradually throughout the axial 
length of the discharge area of said rotor from gen 
erated shape to a fully arcuate shape, the generated 
portion of said troughs in the discharge area being 
generated by the edges formed by the intersections 
between the arcuate tips and the flanks of the main 
rotor threads, 

(2) the troughs between the gate rotor threads in the 
discharge area have arcuate root portions the radii 
of which decrease uniformly toward the discharge 
end of said gate rotor, and 

(3) the centers of curvature of the arcs of said arcuate 
root portions of the gate rotor troughs lying sub 
stantially on the pitch circle of said gate rotor mid 
way between the sides of the troughs. 

6. The improvement defined in claim 4 which is fur 
ther characterized by 

(1) the flat surfaces at the cut-away crest edges of 
the gate rotor threads lying at least partially outside 
the pitch circle of said gate rotor, and 

(2) the flat surfaces adjacent the roots of the main 
rotor threads lying at least partially inside the pitch 
circle of said main rotor. 

7. In a pump having a housing provided with inter 
secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other ad 
jacent the ends of the housing, and a pair of mating heli 
cally threaded rotors consisting of a main rotor and a 
gate rotor, each rotor having a plurality of threads with 
crest edges and troughs, said rotors being rotatably sup 
ported within the chambers of said housing and cooperat 
ing with each other and said housing to form pockets at 
the suction end of the rotors for receiving fluid through 
said suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the fluid 
at the discharge end of the rotors through the discharge 
port as the rotors revolve in opposite directions about the 
axes thereof, the threads of each of said rotors having 
sealing engagement with the troughs of the mating rotor 
within which troughs said threads are received as the 
rotors are rotated to advance the pockets therealong; 

each of said rotors haiving axially extending compres 
sion and discharge areas wherein the rotor threads 
are of different shapes, the discharge area being at 
the discharge end of the housing and having a length 
substantially equal to the axial dimension of the dis 
charge port; 

the main rotor being characterized by having through 
out its length lands of substantially uniform width at 
the roots of the threads thereof, and relatively small 
flats connecting said lands with the sides of said 
threads, said flats providing run-out clearance for a 
generating tool, the sides of said threads from the 
crest edges and generating edges to the flats being 
of generated form; 

the main rotor threads also having lands at the tips 
thereof of substantially uniform width throughout 
the compression area and non-uniform width arcuate 
tips throughout the discharge area, the centers of 
curvature of the arcuate tips lying substantially on 
the pitch circle of the main rotor midway between 
the sides of the threads and the outside diameter of 
Said arcuate tips decreasing toward the discharge 
end of the rotor; and 

the gate rotor being characterized by having substan 
tially uniform lands at the tips of the threads thereof, 
the crest edges of said threads being cut away in a 
Substantially angular manner to form relatively small 
flats and to produce generating edges at the intersec 
tions between said flats and the sides of the troughs 
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for generating the sides of the main rotor threads, 
said flats being of substantially the same size as the 
flats at the roots of the main rotor threads and formed 
to operate congruently therewith during rotation of 
the rotors, and the troughs of the gate rotor between 
said flats being generated by the crest edges of the 
main rotor threads throughout the compression area 
and by the generating edges of said threads through 
out the discharge area to form an unbroken seal line 
between the rotors. 

8. In a pump having a housing provided with inter 
secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other 
adjacent the ends of the housing, and a pair of mating 
helically threaded rotors consisting of a main rotor and 
a gate rotor, each rotor having a plurality of threads with 
crest edges and troughs, said rotors being rotatably sup 
ported within the chambers of said housing and cooperat 
ing with each other and said housing to form pockets at 
the suction end of the rotors for receiving fluid through 
said suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the fluid 
at the discharge end of the rotors through the discharge 
port as the rotors revolve in opposite directions about the 
axes thereof, the threads of each of said rotors having 
Sealing engagement with the troughs of the mating rotor 
within which troughs said threads are received as the 
rotors are rotated to advance the pockets therealong; 
each of said rotors having axially extending compres 

sion and discharge areas wherein the rotor threads 
are of different shapes, the compression and dis 
charge areas extending toward one another from the 
Suction and discharge ends, respectively, of the pump 
housing, the intersection between the compression 
areas and the discharge areas being substantially co 
planar with the leading edge of the discharge port 
intermediate the ends of the rotors; 
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the main rotor being characterized by a gradual change 
in shape of the threads thereof in the discharge 
area, Said threads changing from a generated form 
at the intersection between the compression and dis 
charge areas to a substantially arcuate form at the 
discharge end of the rotor so as to provide said 
threads with arcuate tips throughout the discharge 
area, the centers of curvature of said arcuate tips 
lying substantially on the pitch circle of said rotor 
midway between the sides of the threads and the 
length of the radii forming said arcuate tips increas 
ing in length from the discharge end of the rotor 
to the intersection between the compression and dis 
charge areas; - - - 

the troughs at the roots of the main rotor threads being 
substantially uniform throughout the axial length of 
the rotor, and each of the main rotor threads having 
a land of uniform width at the tip thereof throughout 
the compression area; 

the width and height of the arcuate tips of the main 
rotor threads changing continuously through the dis 
charge area, being widest and lowest at the discharge 
end of the rotor, said arcuate tips blending with the 
lands at the tips of the threads at the intersection 
between the compression and discharge areas; 

the sides of the main rotor threads in the compression 
area and the flanks of said threads in the discharge 
area being generated by the crest edges of the gate 
rotor, the intersections between the arcuate tips and 
the generated flanks of said threads in the discharge 
area forming generating edges for generating the 
sides of the troughs of the gate rotor in the discharge 
area of said gate rotor; and 

the gate rotor being complementary to the main rotor. 
9. The pump defined in claim 8 which is further char 

acterized by the crest edges on the main rotor threads 
which are in sealing engagement with the troughs of the 
gate rotor through the compression area being spaced 
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uniformly throughout said area, and the generating edges 
of the main rotor threads which have sealing engagement 
with the troughs of the gate rotor in the discharge area 
being spaced progressively further apart from the inter 
section between the compression and discharge areas to 
the discharge end of the main rotor. 

10. In a pump having a housing provided with inter 
secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other 
adjacent the ends of the housing, and a pair of mating 
helically threaded rotors consisting of a main rotor and 
a gate rotor, each rotor having a plurality of threads 
with crest edges and troughs, said rotors being rotatably 
supported within the chambers of said housing and co 
operating with each other and said housing to form 
pockets at the suction end of the rotors for receiving fluid 
through said suction port, to advance said pockets and 
the fluid therein axially along the rotors and to exhaust 
the fluid at the discharge end of the rotors through the 
discharge port as the rotors revolve in opposite directions 
about the axes thereof, the threads of each of said rotors 
having sealing engagement with the troughs of the mating 
rotor within which troughs said threads are received as 
the rotors are rotated to advance the pockets therealong; 

each of said rotors having axially extending compres 
sion and discharge areas wherein the rotor threads 
are of different shapes, the discharge areas of said 
rotors being adjacent the discharge end of the hous 
ing and having lengths substantially equal to the 
axial dimension of the discharge port; 

the main rotor being characterized by having cylin 
drical lands of substantially uniform width at the 
roots of the threads thereof throughout the length 
of said rotor and relatively small flats connecting 
said lands with the sides of said threads, said flats 
providing run-out clearance for a generating tool, 

the main rotor threads also having lands at the tips 
thereof of substantially uniform width throughout 
the compression area and non-uniform width arcu 
ate tips throughout the discharge area, the centers 
of curvature of the arcuate tips lying substantially 
on the pitch circle of the main rotor midway between 
the sides of the threads and the length of the radii 
forming said arcuate tips decreasing toward the 
discharge end of the rotor; - 

the sides of the main rotor threads in the compression 
area and the flanks of said threads between the arcu 
ate tips and the flats in the discharge area being gen 
erated by generating edges of the gate rotor; and 

the gate rotor being complementary to the main rotor. 
11. In a pump having a housing provided with inter. 

Secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other ad 
jacent the ends of the housing, and a pair of mating 
helically threaded rotors consisting of a main rotor and 
a gate rotor, each rotor having a plurality of threads 
with crest edges and troughs, said rotors being rotatably 
Supported within the chambers of said housing and co 
operating with each other and said housing to form pockets 
at the Suction end of the rotors for receiving fluid 
through said suction port, to advance said pockets and 
the fluid therein axially along the rotors and to exhaust 
the fluid at the discharge end of the rotors through the 
discharge port as the rotors revolve in opposite direc 
tions about the axes thereof, the threads of each of said 
rotors having sealing engagement with the troughs of 
the mating rotor within which troughs said threads are 
received as the rotors are rotated to advance the pockets therealong; 
each of said rotors having axially extending compres 

Sion and discharge areas wherein the rotor threads 
are of different shapes, the discharge areas of said 
rotors being adjacent the discharge end of the hous 
ing and having lengths substantially equal to the axial 
dimension of the discharge port; 
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the gate rotor being characterized by having uniform 
lands at the tips of the threads thereof throughout 
the length of said rotor and by having the crest edges 
of said threads cut away in a generally angular man 
ner to form relatively small flats, the intersections be 
tween said flats and the concave surfaces of the 
troughs of said rotor forming generating edges; 

the troughs of the gate rotor through the compression 
area being uniform and generated by the crest edges 
of the main rotor and the troughs through the dis 
charge area being non-uniform and having arcuate 
surface portions in the centers of said troughs which 
blend axially into the generated troughs of the com 
pression area, the centers of curvature of the arcuate 
portions of said troughs lying substantially on the 
pitch circle of the gate rotor midway between the 
sides of the troughs and the length of the radii 
forming said arcuate portions decreasing through the 
discharge area toward the discharge end of the 
rotor; 

the flanks of the gate rotor threads between the flats and 
the arcuate portions of the troughs in the discharge 
area being generated by the generating edges of the 
main rotor threads; and 

the main rotor being complementary to the gate rotor. 
12. In a punmp having a housing provided with inter 

secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other ad 
jacent the ends of the housing, and a pair of mating 
helically threaded rotors consisting of a main rotor and a 
gate rotor, each rotor having a plurality of threads with 
crest edges and troughs, said rotors being rotatably Sup 
ported within the chambers of said housing and cooperat 
ing with each other and said housing to form pockets 
at the suction end of the rotors for receiving fluid through 
said suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the fluid 
at the discharge end of the rotors through the discharge 
port as the rotors revolve in opposite directions about the 
axes thereof, the threads of each of said rotors having 
sealing engagement with the troughs of the mating rotor 
within which troughs said threads are received as the 
rotors are rotated to advance the pockets therealong; 

each of said rotors having axially extending compres 
sion and discharge areas wherein the rotor threads 
are of different shapes, the junction between the com 
pression and discharge areas of said rotors being 
substantially coplanar with the leading edge of the 
discharge port, and there being an abrupt change in 
shape of the rotor threads at said junction; 
e main rotor being characterized by threads having 
tips of uniform and substantially arcuate shape 
throughout the discharge area, the centers of curva 
ture of said arcuate tips lying substantially on the 
pitch circle of said rotor midway between the sides 
of the threads, said threads also having substantially 
arcuate tips throughout the compression area with 
the centers of curvature of said tips lying on the axis 
of the rotor; 

the sides of the main rotor threads in the compression 
area and the flanks of said threads between the arcuate 
tips and the roots in the discharge area being gen 
erated by the crest edges of the gate rotor; 

said main rotor threads being of substantially uniform 
thickness at the pitch circle throughout the length 
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of the main rotor but of greater height through the 
compression area than through the discharge area of 
said rotor; and 

the gate rotor being complementary to the main rotor. 
13. In a pump having a housing provided with inter 

secting cylindrical rotor chambers and suction and dis 
charge ports arranged diagonally opposite each other ad 
jacent the ends of the housing, and a pair of mating heli 
cally threaded rotors consisting of a main rotor and a 
gate rotor, each rotor having a plurality of threads with 
crest edges and troughs, said rotors being rotatably Sup 
ported within the chambers of said housing and cooperat 
ing with each other and said housing to form pockets at 
the suction end of the rotors for receiving fluid through 
said suction port, to advance said pockets and the fluid 
therein axially along the rotors and to exhaust the fluid 
at the discharge end of the rotors through the discharge 
port as the rotors revolve in opposite directions about the 
axes thereof, the threads of each of said rotors having 
sealing engagement with the troughs of the mating rotor 
within which troughs said threads are received as the 
rotors are rotated to advance the pockets therealong; 

each of said rotors having axially extending compres 
sion and discharge areas wherein the rotor threads 
are different shapes, the discharge areas of said 
rotors being adjacent the discharge end of the hous 
ing and having lengths substantially equal to the axial 
dimension of the discharge port; 

the main rotor being characterized by having uniform 
lands at the roots of the threads thereof throughout 
the length of said rotor while the outside diameter 
of the tips of said threads tapers through the dis 
charge area toward the discharge end of the rotor, 
the tapered portions of the threads having arcuate 
tips the centers of curvature of which lie substantially 
on the pitch circle of said rotor midway between the 
sides of the threads, the length of the radii forming 
said arcuate tips decreasing through the discharge 
area toward the discharge end of the rotor; 

the sides of the main rotor threads in the compression 
area and the flanks of said threads between the ar 
cuate tips and the lands in the discharge area being 
generally convex; and 

the gate rotor being complementary to the main rotor 
to form substantially unbroken seal lines and run 
the pockets out to zero. 
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