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mesne a551gnments, to_Turbo Engmeermg Cor-‘
" poration, a -eorporation of Delaware
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(CL 90—13 9)

14 Clalms
1

This invention relates to a method and machine

for generatlng rotoers, for example centr1fuga1‘

impellers” and turbine rotors for “elastic fluid °

méchanism and to the improved rotors generated
thereby. Specifically, the invention relates'to the
provisién of the type of rotors for ‘elastic fluid
mechanism which are d1sclosed in my Patents‘
1,926,225, dated Septemiber 12, 1933, 1,959, 703,

dated May 22, 1934, and 2,283,176, dated May 19,

1942, and my apphcatlon Serlal No 441 686 ﬁled.

May 4, 1942. -

As disclosed in said patents and application,
there are highly desirable, for the handling of
elastic fluid, rotors having passages definéd by
vanes conforming to the disclosures thereof In
particular, such rotors aré desirably formed By
having the passages thereof milled out of solid
blanks of metal so as to achieve maximum
strength at very high speeds of operatioh; and
in the case of turbine rotors, ample conduction
of heat from the vanes to the central portions of
the: rotor to'avoid overheating of the vanes which

might result in their destruction. As pointed out’

in. the disclosures aforementioned, the vgnes and
passages, when made to conform closely to par-
ticular theoretical surfaces, have highly ~desir-
able aerodynamic, as well as mechanical, prop-
erties. They are adapted to receive the elgstic
fluid and discharge it in the proper directions;

and there are securable the proper curvature and
divergence of the elastic fluid passages to give rise

to smooth flow despite extremely high speeds of
operation.

One broad object of the present invention is
the provision of a novel method for the gener<
ation of elastic fluid rotors of the type indicated.
A further broad object of the invention is the
provision of a machine for carrying out automati-
cally the aforesaid method and capable of ad-
justment to secure desirable variations in the
surfaces generated. Various detailed objects of
the invention which will become apparent here-
after have to do with details of both the methods
and the machines whereby, in particular, the gen-
eration may be carried out in such fashion that

both sides of a fluid passage may be simultane-

ously cut.

A further object of the invention is the provi-
sion of a centrifugal impeller wherein, without
violation of other requirements, there is secured
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a quite large angle about the axis of rotation be-
tveen ‘the inlet ‘and “outlet’ portions of éach of
its passages ‘A sub51d1ary object is the cutting
of suéH gn impeller’ in one’ operatxon whereas
heretomre it His beeh generally necessary to take
successwe cuts to secure the desired result.”

" These and other detailed objects of the inven-
tion will Hecore appateént from the following de-
seription, read in conJunctlon W1th the accom-
pahkying drawing, in'which:’ '

Rigure 1'is a'plan view of:-one form of machine
provitled in“accordance with ‘the mventlon for
the generation of suchrotors;

Higure 2 is an elevation showing certain gear
changé mechanism of the magchine, in particular
looking, &t the’ nght hand end of the machme as
viewed in Figure 1; .

‘Figure 3 is an elevation of. the machine of Fig-
ure 1, partlally 1n sectan to Illustrate certam
details; " ’

Figure 4 is an elevation of certain gear change
mechanism as; V1ewed looking at the left hand;
end of Figure 3;

Flgure .is & dxagram showing in plan the prin-
cuaaL elements of the machine of Figure 1-and
serving to make clear the nature of the surfaces

1

Flgure it is a plan v1ew qf the machme of F1g-
ure 10; and

Flgures 12 and 13 show in dlagrammatlc ele-
vatiod' and axial sectlon respectlvely, an 1mpe1—
ler ‘of the type generated :

“THere ‘will first be described the physical as-
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pects of the machine of Figures 1 to 4, the nature
of the operations performed thereby being there-
after described.

The machine of these figures is essentially a
milling machine in which both the cutter and
the work are movable in predetermined definite
relationship to secure the generation of skew
surfaces. The machine comprises a bed 2 cn
which there is mounted a work carrier 4 for ro-
tation about a vertical axis 8, the position of
which may, if desired, be made adjustable trans-
versely of the machine. The work carrier & is
provided with an arm 8 slotted as indicated ab
10 to provide g trackway for the reception of a
cross-head 12, which is pivoted, as indicated at
14, to a block adjustable along a guide way {8
extending radially of an arm {8, which is secured
at 28 to a carriage 22 movable on tracks 23. The
pivot 14 is arranged to be fixed in adjusted posi-
tion radially of the arm {8, while the arm {8 is
adapted to be swung between two positions de-
fined by stop elements 28 and 24’ at opposite sides
of, and secured to, the carriage 22. The provision
for swinging the arm {8 to either of these two
positiong is merely to make it easily possible to
generate right hand and left hand rotors. - As
will become evident hereafter in discussing the
theory of operation, the fact that the arm 8 ex~
tends at an acute-angle with respect to the axis
of the machine is not significant and, in fact, this
arrangement is provided solely to make possible
certain clearances when the carriage 22 reaches
an extreme left hand position. The adjustment
of the pin 14 is solely for the purpose of adjust-~
ing it transversely of the longitudinal axis of the
machine, this adjustment alone being of interest.

The carriage 22 is provided with a nut 28
which embraces the carriage-driving screw 28,
driven from the main shaft 38 of the machine
through change speed gearing comprising the end
elements 82 and %% and indicated in Figure 2.
The work support & is provided with grooves as
indicated at 3§, along which there may be ad-
justed the table 88, which in turn carries tracks
£8 so that the work W may be adjusted in the
direction of the tracks, i, e., in the direction of
the length of the trackway {8. It will be evi-
dent from the above that the work may be ad-
justed beoth in the direction of the trackway {0
and transversely of that direction relative to the
vertical axis § about which rotation may take
place by reason of the travel of the cross-head 12
along the trackway {8, In addition, if desired,
the vertical axis & may be adjusted transversely
of the direction of the screw 28,

A carriage &2 supports the cutter and is ar-
ranged to slide in the direction of the axis of the
screw 28 along the tracks 4§ provided on the ma-
chine bed. A nut 44 carried by the carriage 42
embraces a screw 48, connected to a gear 48 (Fig-
ure 4) driven through change speed gearing from
the main shaft §3. A shaft 58, whose gear 48 is
driven through change speed gearing from the
main shaft 38, as indicated in Figure 4, has
splined thereto a bevel pinion 52 meshing with
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milling cutters 64, the support also carrying the
driving motor 3 for this spindle.

As a result of the construction indicated, it will
be evident that the culbter is movable both in the
direction of its axis of rotation, which is parallel
to the tracks &1, and also vertically by reason of
the mounting of its support on the tracks 61.

In Figures 5 and 6 there are illustrated dia-
grammatically the fundamental elements of the
machine of Figures 1 to 4. In these Figures 5
and 6, the axis of rotation of the work is indi-
cated at OT through which there extends the
horizontal line AOA’ parallel to the axis of the
screw 28 and to the tracks 23. Along thie line
AOA’ there moves the foot M of a horizontal per-
pendicular MN, the length of which, though sub-
ject to adjustment, is fixed during any particu-
lar operation of the machine, the point N corre-
sponding to the pivot ¢of the crosshead 12 ar-
ranged to slide along the line ON which may be
considered fixed to the work support pivoted
about OT. TFor the purpose of greater generality
of analysis, there are involved in Figures 5 and 6
adjustments in addition to those described in
connection with the physical machine. For ex-
ample, DE represents the axis (horizontal) of
the blank being cut which axis, however, is not

» perpendicular to ON but to g line ON’ making
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a second bevel pinion &4 carried by a vertical

screw 58 mounted in the carriage, the bevel pin-
ion 52 being so mounted as to move with the car-
riage lengthwise of the shaft 8. The vertical
screw 58 is embraced by a nut 58 carried by the
support 63 movable vertically relative to the car-
riage 42 along the trackways 6! of the latter.
The support 68 has mounted in bearings therein
the spindle §2 in which may be fitted the various
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with ON the angls ¢. BC is perpendicular to ON’
and parallel to DE at a distance n representing
the displacement of the axis of the work from
the axis OT of rotation.

FQ is the axis of the cutler, extending horizon-
tally at a distance 2 from the common horizon-
tal plane of AA’, ON, DE and BC, and for gen-
erality assumed making an angle ¢ with the di-
rection AA’ and displaced horizontally by a dis-
tance p from the axis OT.

It wil] be evident that Figures 5 and 6 repre-
sent the essentials of the machine with some fur-
ther generality introduced by the angles ¢ and ¢
and the displacement p. While the physical
form of the machine involves some vertical and
horizontal displacements of the physical equiva-
lents of the diagrammed lines it will be evident
that what is accomplished by the machine is
identically what would be accomplished by the
diagrammed mechanism.

First there will be considered the theoretical
surface which would be generated by a cutter
of zere diameter, i. e., by the cutter axis FQ.
This involves seeking an equation for an arbi-.
trary point P on FQ in terms of coordinates tied -
to the work. Let PR be the perpendicular from
the arbitrary point P to the plane AON, and RS
the perpendicular to line DE from R. As origin
consider point O’ the fcot of the perpendicular
from O to DE, the rotor axis, and let £ be meas-
ured along the axis DE in the direction O’S, ¥
perpendicular to DE in a horizontal plane in the
direction SR, and 2 vertically in the direction RP.
For the purpose of the present analysis, these
rectangular cogrdinates will he most convenient.
For comparison with the aforementioned patents
and application, related cylindrical coordinates
z, b and r may be noted, related to z, ¥, and 2
as follows:

r=x
y=rsin b r=v1E+2*
z==r cos b tan b=g~

by which relationships transformation from one
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set. of coordinates: to: the other may be: readily
effected:.

As will: be evident. from:the machine; the: point.
M.moves along: AA’ towards; the right as -the cut~
ter- axis FQ moves: vertically in the directiom: of
increasing 2 at: a, definite ratio. of speeds deter-
mined by the- change: gearing; From. this and
the geometry of Figures: 5 and: 6, the equations
of the surface generated are:

1.

P S - ——
tan (e+8+¢) sin (at0F¢)y

N
z—Kl(tan a)hK_Z
These are parametric equations for the surface
in terms of the parameter «, the angle MON,
which cannot be eliminated from these general
equations without giving rise to a very compli-
cated single equation, '

K1.in the above is the product of the length: of:
MN by the ratio of the rate of movement of 2z
to. that. of point M,

If, theoretically, M reached O, z would then
have the value —KiKz; in other words, Kz is. re-
lated to. the initial relative settings of the cutter
axis and point M. .

It will be noted from the above equations, that
the angles 6 and ¢. are. additive, i. e., the same
effect. of adjustment of both eould be secured by
adjustment of one, or if they were: of different,
signs they would tend to neutralize each other.
There is, therefore, no point in setting the cutter
axis FQ off parallelism with the axis AA’, the,
same effect being securable by turning the blank
on the table to change ¢. As a matter of fact,
adjustment of ¢ is not generally desirable (caus-
ing the vanes generated to depart from radial
condition) and hence in the following ¢ and ¢
will both be considered zero. Only under special
conditions may ¢ and ¢ he introduced to advan-
tage, for example, to correct.curvatures otherwise
introduced.

If 6-}¢=0, the equations reduce to:

2. Y= _—————n

5 Y
Z-Kl(m'— Ka)

The adjustment of p different from zero is also
a disturbing factor unless it is properly related
to the other constants. As will be evident from.
the form of these equations, radial sections of
the surface (r=constant) are not straight lines,
curvature being introduced by the constant p.
Slight values of the constant p may be used,
however, without detrimental deviation from
straight line values of these sections. It is also
possible to use quite large values of p provided
the other constants are properly chosen, particu-~
larly to obtain for impellers quite large angles
hetween the entrance and exit portions of the
fluid passages..

If p is zero, there are obtained the surfaces to.
which, and to the generation of which, the pres-
ent application is primarily directed. The equa-
tions then become:

z
8. Yfana *

{1 i
= K1<m - Kz)
From these the parameter may be readily elim-
inated giving the single equation for the surface:
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As will be gbvious, from: the last equation, any
radial section, z constant, will be.a straight line.
The. straight line, however, will not be radial
unless, n—Kaz=0. Since x varies from. inlet to
outlet, it is possible to. choose 7 and Kz so that
at the inlet n—Koax is positive whereas at the out-
let, z being then greater, n—Ksx. is negative with
hoth. of these limiting deviations from zero small.
In this fashion, advantageous results may be
secured as pointed out below.
If n=0 and Ka==0, the equation becomes:

5. T= Kr?;/‘

or, changing to cylindrical coordinates,
=K1 tan b

the equation of the surface disclosed and dis-
cussed. in the aforementioned patents and appli-
cation. As will be pointed out hereafter, the sur-
faces generated in accordance with the present
invention may conform very closely either to a
single surface given by =K tan b, or a plurality
of such surfaces fitted together, the advantage
arising in the latfer case being that a single gen-
eration serves to provide a complete surface which
would otherwise require separate successive gen-
erating operations.

The application of the above to the generation
of an impeller or turbine wheel will be next de-
scribed with reference to Figute 7, in which gen-
eration will he assumed in accordance with Equa-
tion. 3 or 4. In this figure, ¢ indicates the axis
of the wheel being generated (=DE of Figure 5)
and az is the trace of the zz plane, the angle b
being measured positive in a clockwise direction
and y being measured horizontally to the right.
The entrance portion of an impeller passage is
illustrated at d and the exit portion of the same
passage at e. The former will be regarded as
located at z=u1, and the latter at x=ux2, various
illustrated elements being located in said planes.
It is assumed that the constants Ki, K2 and n
have been set by adjustment of the machine,
Preliminarily we will again consider generation
of surfaces by the axis of the cutter, passing later
to the effect of using a real cutter of particular
type. _

At f1 and f2 there are indicated the radial lines
corresponding to the intersection of the planes
=21 and =22 with the surface r=K; tan b, i. e.,
the surface which would be generated by making
K2 and 7 zero in Equation 3 or 4.

Assume further that n and Ks are so chosen
as above so that n—Koax: is positive and n—Kaxe
is negative. The element ¢1 of the general gen-
ergted surface then, in accordance with what
was proved above, lies to the left of f1, parallel to
fr and at a distance therefrom determined by
the choice of constants and the value of xi.

The element g2 of the same surface lies to the
right of f2, parallel to f2 and at a distance de-
termined by the choice of constants and the value
of Za.

Obviously for some intermediate value of z
for which n—Kax=0, the element of the gener-
ated surface will be truly radial and coincident
with the element f of r=XK: tan b and the max-
imum deviations from radial condition will oc-
cur at g: and g2. It will thus be seen that, for
the indicated relation of n and Kz, the generated
surface will pass from one side of =K1 tan D
to the other in the direction of increasing b with
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the result that between 1 and z» it will subtend
a greater angle than the latter; in the dia-
gram, for example, the latter subtends about 37°,
whereas the former subtends about 47°.

© As pointed out in my said application Serial
Number 441,686, this is very advantageous in
reducing the loading on the blading. Surfaces
built upon the theoretical surface thus gener-~
ated have, however, a limitation in that the sur-
face elements are not radial except at some
intermediate position. Suppose, for example,
arcs j1 and ki define the inner and outer limits of
vanes at the entrance plane r=x1 and it is de-
‘sired to construct a vane on the generated suf-
face. If hiis a radial line drawn from the inter-
section. of g1 with arc ki, it is obviously desir-
able that the. vane material should completely
encompass such radial line, and similar lines in
all other radial sections. With g1 displaced only
to the extent shown from a radial direction, it is
obvicus that this may be readily accomplished;
however, if g1 were {oo far displaced off center,
the vane to satisfy this requirement might have
to be too thick at its base. As a matter of fact,
the requirement is not absolutely necessary, and
if a vane is of sufficient thickness, some under-
cutting of radial lines through it is permissible.
Under such conditions, the element g1 at the
entrance edge might well be carried further to
the left to secure a still greater angular spread
of each vane from inlet to outlet.

At the discharge a similar condition arises, in
this case affecting the opposite face of a vane.
A radial line A2 is illustrated indicating the de-
sirable limit of approach to an element g2’ of a
vane adjacent that having elements g1 and gz
The radial outlet limits j2 and k2 impose the lim-
itations, and, as illustrated, if the radial exfent
of the outlet is small compared to that of the
inlet, a correspondingly greater deviation of the
element gs from radial condition is permissible.

As pointed out in my Patent 1,859,7¢3, the inlet
angle of a surface z=X tan b varies precisely
with the radius as required for smooth pick up
of fiuid being handled. It will be apparent with-
out going into mathematical proof that the sur-
faces here considered, by reason of close approach
to x=X1 tan b will also be, for practical pur-
poses, completely satisfactory in this regard, par-

ticularly so when given radial entrance edges of

airfoil characteristics since such edges have fairly
large tolerances for entrance angles consistent
with maintenance of smooth flow. However, it is
also to be noted that while the improved sur-
face is displaced from the surface =K tan b
having the same value of Ki, it will, in view of
the necessary thickness of a real vane, conform
to, and .nclude, for a very cousiderakle axial
extent, a surface r=X’ tan b where K’ differs
from Ki. Thus it follows that real vanes oi the
improved type may be said to conform o a series
of surfaces z=XK tan b (in most practical cases
to not more than three thereof) which surfaces
may he considered as smoothly merging in ac-
cordance with the considerations in my applica-
tion Serial No. 441,686. The advantages of the
present surfaces lie primarily in their ease of
generation by single cutting operations to give
a large angular spacing between inlet and outlet,

The generation of real vanes of the type dis-
cussed based on the improved surfaces, results
from the movement, during the generating mo-
tions indicated, of cutters of improved types along
the cutter axis while it is moving in the direc-
tion PR. - :
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- ‘The.gxis of a real cutter will follow a path
intermediate adjacent theoretical surfaces. In
Figure 7, for example, the cutter axis in moving
inwardly follows a path intersecting plane T==1x1
along’ a line 1, identical with g1 but spaced
therefrom half the angular spacing of adjacent
elements g1 Likewise at plane z==22, the cutter
axis traces a line Is midway between g2 and g2'.
The fluid passages therefore lie along the same
surfaces given by Equation 3 or 4 with the origin
plane zz displaced by half the angular spacing
of the vanes to a2’ (Figure 7). Thus both the
vanes and passages conform to surfaces given by
the equation.

In order that both surfaces of each passage
may be simultaneocusly generated, the cutter is
given a tapered shape which may be conical but
which is most desirably substantially hyperboloi-

dal-as illustrated in Figure 8 at 64 and diagram-

matically at ¢ in Figure 7. Referring first to the
latter, sections (approximately elliptical) of the
cutter are shown in the two limiting planes 1
and xe, to illustrate the mode of generation. . As
the cutter axis moves in the direction of decreas-
ing 2, the cutter is uniformly moved in a retract-
ing direction from the blank in the direction QF
(Pigs. 5 and 6). Thus a part of large diameter
first cuts the outermost entrance portions of the
passages, and as retraction takes place, it pro-
ceeds to cut more inward parts of the entrance
portions of the passages and portions further to-
wards the discharge. Successive positions of the
cutter axis are illustrated at ¢i, g2 and g3. The
position g3 corresponds to the cutting of the
trough of the passage.

The shape of the cutter is such that during
such action the space cut, which is the envelop
of the successive positions of the cutter, will be
such as not to encroach (preferably) on the lim-
iting radial lines k1 and he. If the cutter has an
appreximately hyperboloidal shape as illustrated,
the result is to generate vanes having the desira-
ble taper for securing sufficient strength with pro-
duction of fillets where the vanes join the central
portion of the disc. It will be evident that the
shape of the cutter is subject to substantial varia-
tion and the hyperboloidal form may be ap-
proximated by the rotation of circular arcs or
even successive straight lines about the cutter
axis. 'The actual shape depends in each instance
upon the desired vane taper and whether or not
undercutting of radial lines from the vane tips
is permissible.. The rate of retraction of the cut-
ter is also dependent on these same factors and
related to the cutter shape, as will be obvious.

In Figure 9 there are diagrammed the factors
entering into the operation of the cutter ¢ in gen-
erating more general surfaces for vanes in ac-
cordance with Equation 2 involving adjustment
» as well as 7 and Kz, Assuming that the cutter
has a surface of revolution which, referred to its
axis and a movable point V on the cutter axis as
origin, is given in cylindrical coordinates by
R2={(U), where U is measured along the axis of
the cutter from the origin V, the cutter surface
will ke given by the following equation in terms
of coordinates x, v, &, referred to the same coordi-
nate system used above in discussing the gener-
ated surfaces:

6. (%; cos a—1yy sin @a—n sin a—p)2+

K; - 7

f(x1 sin q+y1 cos a+n cos a+ta%&_K*>
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In the dbove Ki, o, 1,0 :and « are the same as
previously considlered. Kz :and K: are constants
taking :into account the movement of the origin
point of the cutter surface :along ‘the.cutter -axis,
i. e., the variation -of the coordinate u:of the ori-
gin point V. 'This, ‘as :evident from ‘the descrip-
tion -of the machine, is proportiondl to the move-
ment of the point M and also to the change of z.
K3 takes into account ithis:speed ratio while Ks
takes into account the starting position for the
movement.

In accordance with the ‘usual theory of envel-
opes, the surface given by Equation 6 will gener-
ate, for variations of parameter «, a surface given
by eliminating the parameter « from it and its
partial derivative with respect to «. Tdking the
partial derivative of (6) with respect to.« there is
obtained:

' ; Ky ooy
7. .2K1 CS()Z(ZI _'lm +K1K2) -
2 oSy :sin w0 $in w—p)
(%1-8in w91 coS.}-n cOS-a) =

(%1 cos .a—y;'sin ea—n-sin a—K; ¢s )

.f”(:cl sin a4 cos a+n cos “+ﬁa%e—K4)

wherein f’ is the first:derivative of the function 5
with respect to its argument.

The solution of Equations.6 and 7 to eliminate
« is laborious, even though performed graphically,
but the cross-section -of .a .passage may be thus
accurately ascertained .by -ploiting the values of
1, Y1, and.21 for a.series.of chasen values of «.
Graphical methods of descriptive geometry are
also usable involving laying out the cross-sections
.of the cutter in the various planes of .z constant
and constructing-the enveloping.lines thereof, If
is ‘to be noted -that .Equations .6 .and 7 .give the
generated surfaces only -where .they are .actually
envelopes -of ‘the -cutter .surface given by .7(U):
i.e., the-troughs-of the:passages generated by the
final position-of .the-cutter are.surfaces of revolu-
tion of this cutter: position.,

*While the; generation:-has been-described.for the
most ;general -case, :it 'will be obvious that it is
equally -applicable :to. the:special:cases-of having
either-ar-both-of K2 orn-equal.zero. If both are
zero, ‘the :passages :and wvanes ‘both conform
strictly to:x==FKi-tan:b. In:all cases-hyperboloidal,
or ‘substantially -hyperboloidal-cutters have been
found ‘most afdvantageous .to :secure properly
shaped vanes.

Inisome-instances,particularly-where the-angle
between.inlet and:outlet measured about the-axis
is-large, it will be:found:that-a:single generation
by .a cutter having a :proper:shape:to.form -the
desired vane taper willnét suffice to:give:the de-
sired:trough:as:apart of the surface of revolution
of the final:cutter:position. ..In:suéh caserecourse
is had to:the:useof ;several .cutters: used succes-
sively. and of:such.corresponding shapes:that the

preper wvane :shapes:result -from their -successive |

operations. In each instance, however, the:cut-
ter is retracted.as described:for a predetermined
part of :the:cutteracétion. 'The vane:surfaces are
then, exceptfor the:troughs, made up ‘of:a:series
of ‘smoothly merging: envelopes. i
InFigures10:and 11, there:is shown -3 modi-
fied form of ‘magchine -adapted particularly for
rapid producétion-of rotors, there.being, however,
less -adjustability. “This ~machine .comprises .a
base 66 on:which thereiisjourndlled-about-a hori-
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zontal -axis 19 a work support 68 on which the
blank to be cut is mounted as indicated in con-
structionlines in the two figures. :Secured to the
support 68 and arranged to rock the same is an
arm T2.provided with a guideway 74 in which there
slides the cross-head 16 pivoted at 18 to a car-
riage -80 which is adapted to ‘be moved along a
horizontal trackway 84 by a screw 82 .driven
through change speed.gearing 88 from a shaft 88
connected by bevel gearing 98 to the main shaft
92 of the machine.

The main shaft 92 of the machine drives
threugh change speed gearing ‘94 a transverse
horizental screw 86 which engages g nut. 4100 car-
ried by a carriage 98 whereby the carriage may
be moved transversely along the tracks 93. This
carriage in ‘turn supports the spindle heag (02
which is guided for longitudinal movement along
the track {03 so as to provide movement of the
cutter 106 mounted in the spindle :184 in the
direction of its axis, the cutter being driven from
a motor 108 carried by /182. To secure the axial
movement of the cutter, -bevel gearing 110, hav-
ing a splined connection with g shaft 111 driven
by change speed gearing 113 from the main shaft
92, is provided to -drive an upright shaft 112
mounted in the carriage 98 which in turn drives
through a bevel gear 1'l4 a second bevel gear 116
fixed against axial .movement and internally
threaded to engage a screw (18 secured to the
head 1062. By reason .of the change speed gear-
ing .and connections described, it will be evi-
dent that the cutter may be given predetermined
axial and .transverse horizontal movements while
the cress-head 16 is moved horizontally in a di-
rection parallel to the cutter .axis by the screw
82.

Comparison of .the last described machine with
that of Pigure 1 will reveal that the .two ma-
chines are identical in operation, the last named
machine being essentially the former turned
through 90°. It will ‘be ebvious, therefore, that
the theoretical considerations involved in Figures
5, 6 and 9 fully apply to-the machine of Figures
10 and 11. It may be noted that, while in this
last “described machine, the length -of the arm
MN of Figure .5 is unchangeable, nevertheless,

K1 is variable by changing the:gear ratio, for ex-

ample at 88, .it being -pointed out above that K1
is the product of the length of MN by -the ratio
of the rate of movement of 2 to that of point M.

The ‘machines -of the -type -described may be
utilized for -the -generation -of -turbine rotors or
impellers. Turbine rotors generated thereby may
take the general forms deseribed particularly in
my Patent 2,283;176. Impellers for which the
machines are particularly adapted may take-the
general forms described in my -application-Serial
No. 441,686, so far . as axial, radial and circum-
ferential relative dimensions are involved. The
shapes of the vanes, however, are provided in-ac-
cordance with what has been described above,
each passage being. generated by a single traverse
of the cutter, though slight modifications in shape
may be introduced by additional cuts for the pur-
pose of securing thinning of vanes or other minor
variations of characteristics.

.Figures 12 and 13 illustrate at.{28 a character-
istic type of impeller, producible by these mecha-~
nisms.

It may be noted that by the use of these ma-
chines, and particularly-that of ‘Figure 1, which
permits wide adjustment, a .complete rotor of
substantial axial length containing. a number of
impeller or:turbine wheel stages, may be-cut with
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no more than agial adjustment of the blank along
" the support 4 in the direction of the grooves 28.
Such a combinaticn rotor may be provided by
assembling a group of forgings into a single unit,
as indicated, for examgle, in my application Se-
rial No. 443,957, filed May 21, 1942.

What T claim and desire to protect by Letters
Patent is:

1. Mechanism for the generation of elastic fluid
passages in rotors comprising a rotary cutter mov~
able in a plane with its axis constantly parallel
to itself, means mounting a rotor for movement
about an axis parallel to said plane of movement
of said cutter axis, means for rotating said mount-
ing about the last mentioned axis, and means re-
lating said movements so that the axis of said
cutter generates with respect to the axis of the
rotor a surface having the parametric equations:

o z P —n
Y=%an (atp) sin (atw

1
Z=Kl(m‘K2>

wherein z, ¥ and 2 are measured along mutually .

perpendicular axes, x being measured along the
rotor axis and v in a direction perpendicular (o
the rotor axis and to the axis of rotation of said
mounting.

2. Mechanism for the generation of elastic fluid
passages in rotors comprising a rotary cutter mov-
able in a plane with its axis constantly parallel to
itself, means mounting a rotor for movement
about an axis parallel to said plane of movement
of said cutter axis, means for rotabing said
mounting about the last mentioned axis, and
means relating said movements so that the axis
of said cutter generates with respect to the axis
of the rotor a surface having the parametric
equations:

X

= e et — ],
¥ =f{ana sine

1
e=K (tan « K2>

wherein z, ¥ and 2 are measured along nutually
perpendicular axes, r being measured along the
rotor axis and ¥ in a direction perpendicular to
the rotor axis and to the axis of rotation of said
mounting.

3. Mechanism for the generation of elastic fluid
passages in rotors comprising a rotary cutter
movable in a plane with its axis constantly par-
allel to itself, means mounting a rotor for move-

ment about an axis parallel to said plane of move- !

ment of said cutter axis, means for rotating said
mounting about the last mentioned axis, and
means relating said movements so that the axis
of said cutter generates with respect to the axis
of the rotor a surface having the parametric equa-
tions:

Y=%ana "

1
=K )

wherein =, v and 2z are meastured along mu-
tually perpendicular axes, z being measured
along the rotor axis and ¥ in a direction per-
pendicular to the rotor axis and to the gxis of
rotation of said mounting.

4. Mechanism for the generation of elastic fluid
passages in rotors comprising a rotary cutfer mov-
able in a plane with its axis constantly parallel
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to itself, means mounting a rotor for movement
about an axis parallel to said plane of movement
of said cutter axis, means for rotating said mount-
ing about the last mentioned axis, and means re-
lating said movements so that the axis of said
cutter generates with respect to the axis of the
rotor a surface having the parametric equations:

Y=t «

/7 1
z_Kl\tan a KZ)
wherein z, ¥ and 2 are measured along mutually
perpendicular axes, ¢ being measured along the
rotor axis and v in a direction perpendicular to
the rotor axis and to the axis of rotation of said
mounting.

5. Mechanism for the generation of elastic fluid
passages in rotors comprising a rotary cutter mov-
able in a plane with its axis constantly parallel
to itself, means mounting a rotor for movement
about an axis parallel to said plane cf movement
of said cutter axis, means for rotating said mount-
ing about the last mentioned axis, and means re-
lating said movements so that the axis of said
cutter generates with respect to the axis of the
rotor a surface having the parametric equations:

Y=tan a

e K,
tan «
wherein z, v and 2 are measured along mutually
perpendicular axes, T being measured along the
rotor axis and v in a direction perpendicular to
the rotor axis and to the axis of rotation of said
mounting. -

6. Mechanism for the generation of elastic fluid
passages in rotors, sald passages being separated
by vanes decreasing in thickness outwardly from
the rotor axis, comprising a rotary cutter movable
in a plane with its axis constantly parallel to it-
self, means mounting a rotor for movement abouf
an axis substantially parallel to sald plane of
movement of said cutter axis, means for rotating
said mounting about the last mentioned axis,
means for moving said cutter in the direction of
its axis, and means relating said movements, said
cutter having a tapered shape and arranged to
cut simultaneously the major portions of the op-
posed vane surfaces bounding a passage.

7. Mechanism for the generation of elastic fluid
passages in rotors, said passages belng separated
by vanes decreasing in thickness outwardly from
the rotor axis, comprising a rotary cutter movable
with its axis constantly parallel to itself, means
mounting a rotor for movement about an axis
transverse to the direction of said cutter axis,
means for rotating said mounting about the last
mentioned axis, means for moving said cutter in
the direction of its axis, and means relating said
movements, said cutter having a tapered shape
and arranged to cut simultaneously the major
portions of the opposed vane surfaces bounding
a passage.

8. Mechanism for the generation of elastic fluid
passages in rotors, sald passages being separated
by vanes decreasing in thickness outwardly from
the rotor axis, comprising a rotary cutter mov-
able in a plane with its axis constantly parallel
to itself, means mounting a rotor for movemeng
about an axis substantially parallel to said plane
of movement of said cutter axis, means for rotat-
ing said mounting about the last mentioned axis,
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means for moving said cutter in the direction of
its axis, and means relating said movements, said
cutter having a tapered, approximately hyper-
boloidal, shape and arranged to cut simultane-
ously the major portions of the opposed vane
surfaces bounding a passage.

9. Mechanism for the generation of elastic fluid
passages in rotors, said passages being separated
by vanes decreasing in thickness outwardly from
the rotor axis, comprising a rotary cutter movable
with its axis constantly parallel to itself, means
mounting a rotor for movement about an axis

transverse to the direction of said cutter axis,

means for rotating said mounting about the last
mentioned axis, means for moving said cutter in
the direction of its axis, and means relating said
movements, said cutter having a tapered, approxi-
mately hyperboloidal, shape and arranged to cut
simultaneously the major portions of the opposed
vane surfaces bounding a passage.

10. The method of generating elastic fluid pas-
sages in rotors comprising moving a rotary cutter
with its axis substantially constantly parallel to
itself, and simultaneously rotating a rotor about
an axis transverse both to the rotor axis and the
direction of said cutter axis.

11. The method of generating elastic fluid pas-
sages in rotors comprising moving a rotary cutter
having a tapered shape in a plane with its axis
substantially constantly parallel to itself, and si-
multaneously rotating a rotor about an axis trans-
verse to the rotor axis and substantially parallel
to said plane of movement of said cutter axis, said
cutter being moved in the direction of its axis and
arranged to cut simultaneously the major por-
tions of opposed vane surfaces bounding a pas-
sage.

12. The method of generating elastic fluid pas-
sages in rotors comprising moving a rotary cutter
having a tapered shape with its axis substantially
constantly parallel to itself, and simultaneously
rotating a rotor about an axis transverse both to
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the rotor axis and the direction of sald cutter
axis.

13. The method of generating elastic fluid pas-
sages in rotors comprising moving a rotary cutter
having a tapered, approximately hyperboloidal,
shape in a plane with its axis substantially con-
stantly parallel to itself, and simultaneously ro-
tating a rotor about an axis transverse to the
rotor axis and substantially parallel to said plane
of movement of said cutter axis, said cutter be-
ing moved in the direction of its axis and ar-
ranged to cut simultaneously the major portions
of opposed vane surfaces bounding a passage.

14. The method of generating elastic fluid pas-
sages in rotors comprising moving a rotary cut-
ter having a tapered, approximately hyperbo-
loidal, shape with its axis substantially con-
stantly parallel to itself, and simultaneously ro-
tating a rotor about an axis transverse both to
the rotor axis and the direction of said cutter axis.

RUDOLPH BIRMANN.
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