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(57) Abrégée/Abstract:

The Invention relates to a method for producing, in a computer-assisted way, a machine having pairs of geometrically-
predetermined spherical components, 1.e. a component B with recesses and a component W with bumps. According to said
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(57) Abrege(suite)/Abstract(continued):
process, a spherical shell model is used to describe mathematically the geometry of the vaulted surfaces formed by the recesses
and the bumps of component W and component B.
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ADbstract

The invention relates to a method [or producing, in a
computer-asgsisted way, a machine having pairs of
geometrically-predetermined spherical components, i.e. a
component B with recesses and a compouent W with bumps .
According to said proucess, a spherical shell madel is used to
describe mathemarically the geometry ©f the wvaulted surfaces

formed by the recesees and the bumps of compounent W and

component B.
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METHOD FOR THE COMPUTER-ASSISTED PRODUCTION OF A MACHINE
WITH GEOMETRICALLY-PREDETERMINED SPHERICAL COMPONENTS

BACKGROUND OF THE INVENTION

The invention concerns a method for computer-
assisted production of a machine having geometrically

predetermined spherical components.

Methods and devices for computer-assisted
construction of machines (piston machines, compressors,
pumps oOr the like) are known which permit engineers virtual
examination of the properties of existing structures. The
aim of such examinations is to optimize the machines in
accordance with the constructional demands. Optimization 1s
thereby limited by the basic operational principle (piston
machine, screw compressor, rotating piston compressor,
geared pump etc.). If the optimized design of the produced
machine does not meet the requirements, it 1s up to the
creativity of the engineer to produce a new constructive
solution assisted by construction, visualization and
simulation methods. He can thereby select one of several
machines which operate according to different operational
principles (e.g. piston machine or fluid flow machine) or
optimize the parameters of a constructive embodiment of the
machine within the limits of a particular operational
principle (e.g; stroke limitation of piston machines).
Existing methods for computer-assisted production of
machines require the user to have a preconception of‘the

geometry of the components of a machine which are to be
produced. Spatial definition and precise representation
e.g. of rotational piston machines with angular or inclined

axes 1s not assisted by the methods known up to now (CAD,

CAE) .
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SUMMARY OF THE INVENTION

According to the i1nvention there is provided a
method for computer-assisted production of a machine having
pairs of geometrically predetermined spherical components,
the machine having a component W with depressions and a
component B having elevations, wherein the component W has a
body-fixed W coordinate system and one axis of the
W coordinate system coincides with a rotational axis A2 of
component W, and wherein component B has a body-fixed
B coordinate system and one axlis of the B coordinate system
coinclides with a rotational axis Al of component B, and with
a constant axial angle © between the rotational axes
Al and A2, wherein there are a fixed number of elevations zb
of component B and a fixed number of depressions.zw of
component W, with the number of depressions zw being larger
or smaller by one than the number of elevations zb, and with
a predetermined rotational angle © of component B and a
predetermined rotational angle n of component W with a
rotational angle ratio of i where i = n/® = zb/zw, wherein a
spherical shell model is used for mathematical geometrical
description of curved surfaces produced by the depressions
of component W and the elevations of component B, the model
utilizing at least one sphere having a radius R and with an
initial element K, the method comprising the steps of:

a) calculating coordinates of points on the sphere of the
initial element K 1n an initial element coordinate system
which 1s stationary with respect to the initial element K;
b) calculating coordinates of the initial element K in the
W coordinate system through at least one transformation of
the 1nitial element coordinate system; c) developing the
initial element K on a spherical surface to determine a

geometry of component W 1n the W coordinate system; and
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d) back transforming obtained points of component W into the
B coordinate system through simultaneous turning of the
components B and W to determine an envélope curve of pbints
having the smallest elevation values above a plane of the

B coordinate system to define a curved surface of

component B.

The method 1n accordance with the invention has
the advantage that the representation and complete spatial
definition of the machines having pairs of geometrically
predetermined spherical components and the spatial
engagement of i1ts components becomes possible; The user
thereby spécifies a set of constant and variable parameters
and obtains the geometric construction data for a machine
having a matched component pair, whose two components
W and B spatially engage one another and form oscillating

working regions.

In accordance with an adVantageous embodiment of
the invention, the coordinates of the curved surfaces of the
components W and B are determined through variation of the
sphere radius R on several different spherical shells
thereby defining the Complex, spherical surfaces of the

components W and B via an envelope of points.

According to a further advantageous embodiment of
the invention each spherical shell is rotated with respect
to the previous spherical shell by an angle of rotation 6 to
generate spiralling spherical surface geometries of the

components B and W.

In accordance with a further advantageous
embodiment of the invention, the coordinate systems for

calculating and describing the curved surfaces of the
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components B and W are right-hand Cartesian coordinate

systems.

In accordance with a further advantageous

- embodiment of the invention, the calculated values of the

surface geometry of component B and component W are used for
controlling a machine tool. The engineer can thereby
virtually examine a larger number of variations of the

machine to be produced with respect to its properties and

optimize same according to the demands on the machine before
the final form of the machine can be determined. The

construction parameters obtained thereby may be further used

directly for controlling a machine tool.

A further advantageous embodiment of the invention
uses the method for systematic classification of machines
having palrs of geometrically predetermined spherical
components, whereln machines with similar parameters and
properties are combined into groups and classes. Such a
classification facilitates not only definition of already
calculated machines but can also give information for fixing

the parameters for a machine to be produced.

Further advantages and advantageous embodiments of

the invention can be extracted from the following

description of an example, the drawing and the claims.

Further model examples and one embodiment of the

subject matter of the invention are shown in the drawing and

described in more detail below.

BRIEEF DESCRIPTION OF THE DRAWING

FIG. 1 shows an example of a simple model;
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FIG. 2 shows an example of a model with variable

rolling radius r;

FIG. 3 shows an example of a model with variable

elevation angle v;
5 , FIG. 4 shows an example of a rotated model;

FIG. 5 shows an'example of a machine having

geometrically predetermined spherical components; and

" FIG. 6 shows a schematic representation of the

rolling development of the intersecting circle on the

10 sphere.

DESCRIPTION OF THE PREFERRED‘EMBODIMENT

The models shown in FIGS. 1 through 4 are all
based on the following model calculation, by changing the

variable parameters. FIG. 5 shows a component pair of a

15 machine having
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geomatrically predetermined spherical components produced in

accordance with the inveutive merhod.

“hematics Madel Calculation

o

The following parameters may be variably predetermined:

Number of elevations of component B: zb
Number of depressions af component W: Zw = zb-1
Rotational angle of cumponent E: ()
Rotational angle of component W: T)

Axial angle between Al and A2: >
Elevation angle: Y

Rolling radiug: r

Sphere radius: R

Offset angle: =

Calculation or the construction details for component Ww:

The initial eguation (L) describes the coordinatcs of an

intersecting cirele lying on the surface of « sphere having a

radius R ag initial element K, whereln the origin of the
intersecting circle coincides with the origin of the
coordinate system of equation (1). In the x-z plane with

angle a relative to the X axis-:

- cosdl

rsl X O (1)
gina

The origin wf the intersecting aircle coordinate gystem is

displaced into the center of the sphere (displacement vector

V) :

V = R* - r* (2)

L STy ..u.-«wswmm-«mm-mmwmmmmmmmm



22-DEZ-2008 17:20 SCHUSTECA 02336410 2001-01-02 +19 711 22299444  S.07

- r X cosQ
r - V (3)
r X 100

At firgt, rotation into a beody fixed W coordinate sysleuw

about the z axis is effected:

N cosy siny 0 r X Coso
r — [-siny cCOSY 0 X V (&)

0 ¢ 1 r X sino

r = ¥ X siny x coso + V X ¢osy

rY X sing

S (rxcos‘fxcosaq-\rxsin'y)
- (5)

followed by rotation about the x axis with rotational angle ©

in a mathematically positive direcrion-

. 1 0 0 r X cosYy X coea | V x siny

r = {0 cos® s5in@) x [-r x siny x cosga + V x COSY (6)
0 -sin® cos® r x sina

-y r X cogYy X cosa + V x siny

 =fcOosS® x (-r X giny x cosa + V X cony) + r x Sin® x sinw (7)

-5in® x (-r x siny x cosa + V x cosyY) + r x cogh® x sinoa

Subsaquent rotation about the z axis with roctational angle @

in a uwathematically positive direction results in:

» coas®d -s1in® 0
r = {sind cosP v (8)
0 0 1

I X CogY x coma + V x siny
X fcos® x (-r x siny x coso + V x coey) + r x 8in® x sino
-sin® x (-r x siny x cosa + V x CosY) + r x coe® x pina
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cos® x {r x cosy x cos0 + V x siny} -gin® x {cop® x
(=X X 8iny x cosx + V X COeY) + r x 3in® x sina}

=f s8ind® x {r x cosy x cosa + V x siny} + cosl x {cos® x
(-¥ x giny x cosa + V x cogy) + r x sin® x sina} (9)

-sin® x (-r x siny x cosn. + V X cosyY) + ¥ X coe® x pino

Rotation about the x axie with gencrating angle n in a

mathematically naegative direcrion gives the coordinatens of

the development of thc intersecting circle K in Lhe bady-

fixed W coordinate systam:

4 1 0 0
r =sJ 0 COST) -sinn
O sinnm cCOST)

cc?sd! 4 {r X COogY X cosa 1 V X siny]
-81n® x [coo® x ( r x siny x cosa + V x cosy)
+ ¥ x 8in® x sina]

X o1n®P X |r x cosyY x cosa + V x siny)
+ cos® x [cos® x (~r x siny X cosa + V x cosy) (10)

+ ¥ X 8in® x sino]

- 8in® x (-r x siny x cora + V % cosy) +
r x cos® x sino

cosq? X [r ® cosYy x cosa + V x siny)
- 8iud x [cosf x (-r x giny x cosa + V x coay)

+ ¥ X 2inf x sgino]

cosn x { sind x [r x cosy x cosa + V x siny]

+ cos® x {cosb x (-r X einy X cosa + V = cCosy)

+ ¥ x gind x sinal} -~ ginn x { -8ind x (-r ¥ (11)
Sinycosa + V x cosy) + r x cnsb x sina)

(
sinn X {sin® x [r X cosY x cosa + V x siny)
+ co8®P x [cos0 x (-r x siny x cosa. + Vv x cogy)
 + r x sin® x sina))
+ cosmx { -sin@ x (-r x siny x cose + V x cosy)
+ r X cos0 x sina)
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The anglc o ip calculated for equatiocn (11). For the cangent
of the circle origin development (incersecring circle K) a

Vector 15 formed heatwasn a center before and a center after
the actual cirele origin. The vecter from the circle vrigin
to a point on the circle should be perpendicular to thisg

VECLOYX. The ventnr product gives agquation (12).
A X tana + B =0 (12)

With

0P = ® of the next cirele origin

O®M = ® of the previous eircle origin
NP - n of the next circle origin

MM = m of the provious circle origin

and

A = (cos0P - cosbM) x sin’PD x cosy x sin®
+ (coon x coa® x sinb® - sinn x cosB) x
[(cosnP - cosnM) x gind x siny (13)
+ (cosnP X cosOfF — cosnM x cngiM) % cos® ¥ COBY
+ (cinmD x s3inép sinnM x s1i00M) x cosy)
+ (8inm x cos® x sinb + cosn x cos8) x
[ (simmP - sinnmM) x sind x siny
+ (einnDl x cosbP sinnM x cusOM) x cosd x cosY
+ {(cosmM x sinBM - cosnP x einfD) x cosY]

B - (cogdM - cos0r) % [sin® x cousd x cas?y (14)
+ fIn*® x siny x cosy x coecb] + [cosn x
(siud x cosy - cos® x cosh x siny) - sinn x £ind x siny]
X [(cosnP - cosnM) x sin® x siny
+ (cosmP x cosBP - coomM x cosBM) x cosd® x COBY
+ (BinomMP X sinbpP - sinnM x sinbM) x cosy]l 4+ [ginn x
(6in® x cosy - cos® x cosf x siny)
CosSN X Rinf x siny]l x [(einnDd - ginmM) x sind x siny
+ (S1mMP x cosBP - ginnM x cosBM) x coed x coay
+ (coamM x 8inbM - cosnP x sinfp) x cosYy]

wheredln

€ = arotan (- B/A) (15)
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To obtain the construction coordinates of component W, the

angle n ig calculated for ® from zero to 360 degrecz, and
ingserted in equation (11) with the corresponding O.

Construction requirements Lfur componentc B:

Component B ig obtaincd by ensuring free movement of
component W which is possible by back transformation of the
, Obtained poinrs ot component W in a B-stationary coordinate
system. Componente W and B are rotated such that all puints
in the projecllion vn the y-z plane of the body-fixed B
coordinate system assume the same angle about the y or z

axic. The point with the smallest x value is an element ot

the eanvelupe curve (component K). 'l'he individual points of

componenr. W are transformed back with

cocP sin® x cosn sin® x sinnm

cos® x gin® coe® x coon cos® x sinn
-y x oos® x cosbh
PB + sin® x sinn - sin® x cosn

gin® x sind - ¢os® x sinn cos® x cos

+ sin® x cosn  + sin® x sinn
x cosd X cosd (16)
—

Figuree 1 through 4 ghow examples of yeometrically
predetermined spherical component pairs according to the
Ahave-described model calculation. Fig. 1 shows a simple

model having the following parameters:

Elevations; 4

waves: 3

Elements: 72

Shells: 2

External radiupg: Roye = 100mm

T “““.Ilm.“llmmmwmm R e s o e e R R e Ly o T T L e B T BT T B o T T et Rt s 3 e VIR ey R 3 (0 SR AL At g e WG
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Inner radius: R,., = 20mm
Radius of elevation tip: r = 25 X R [rum]

R...

= 0.2 [radiﬂn5]

0.2 [radians]
0

Angle of axig:

D
Angle of elevation: Y
Offset angle: O

Fig. 2 shows an example of a modecl with variable rolling

radius r and was calculated with the following parameters:

Blevations: 4
Waveas - 3

Blements: 72
Shells- 5

External radius: Ro.e = 100wm
Inner radius- R.. = 20mm

an
Radius of elevalloun Lip: r = -6.666667-50 X R lmm] —
33.333333 x R __“‘[mm] Rour
Rnut'

Angle of axis: = 0.2 [radians]

b
Angle of elevation: Yy = 0.2 [radians]
o 0

Qffset angle: [radians]

e rd
i

In the model of Fig., 3 the elevartion angle ¥ was varied and

tha following parameter values werc uged:

S.

11

Elevationg: 4

waves: 3

Elements: 72

Shells: 5

EXCernal radius: Rowe = 100mm
Inner radius: R;, = 20mm

Radius ot elevation tip: r - 10 x R [roum ]

err

Angle of axis: O = 0.2 |radians)

Angle of elevation: y - -0.1 + 1.7 x R -~ 1 *X R  *Imm)
Rouc Rou:

LSFMAGIEIL s L R SR S e S RN A H bl 1 < Y. A K i ma»-m:WWWQWm&»w-umm ELCALIEL A ot 13670 O a3 P o | s R s TR O ] e LA A Il Ab IS S LI NI (0PI M G At
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Offeget angle: d = 0 [radians]

Fig. 4 shows a model with an offser angle other than zero

whereby the elevations and depressions of component B or

component W are spiralled. The fullowing parameters were

used:

Elevatlons: 4

waveas: 3

Elemencs: 72

Shellg: 10

EXternal radius: R... = 100mm

Inney radius: R, = 20mm

Radius of elevation tip: r = 10 x R —[mm]

Rﬁ'll"
Angle of axis: ® = 0.2 [radians)]
Angle of elevation: vy = 0.2 ([radiaus]
Offset angle: d = 0.2 + 1 %= R [radians]
R@“t

The components B and W shown in Fig. 5 have gpiral elevations
or depressions. The axcs A2 and Al which are rotacional axes

of componenl W and component B have an AYis ratio of D,

Fig. €6 gchomatically shows the development of the
intersecting circle lying in the plane of intersaction of thc
sphere schemarically showing rolling radius r. V is the

digplacement vector of the displacewent of the coordinate
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anglc bctween the displacement vector V and Lhe y axis of the

coordliidle system is v.

All the featurcc chown in the description, cthe fullowing

claims and the drawing can be important to the invention

either individually or collectively in any arbitrary

combination,
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CLAIMS: ;
1. A method for computer-assisted production of a

machine having pairs of geometrically predetermined

- spherical components, the machine having a component W with

depressions and a component B having elevations, wherein the
component W has a body-fixed W coordinate system and one
axls of the W coordinate system coincides with a rotational
axis A2 of component W, and wherein component B has a body-
fixed B coordinate system and one axis of the B coordinate
system coincides with a rotational axis Al of component B,
and with a constant axial angle © between the rotational
axes Al and A2, wherein there are a fixed number of
elevations zb of component B and a fixed number of
depressions zw of component W, with the number of
depressions zw being larger or smaller by one than the
number of elevations zb, and with a predetermined rotational
angle ® of component B and a predetermined rotational

angle n of component W with a rotational angle ratio of

i where i = n/® = zb/zw, wherein a spherical shell model is
used for mathematical geometrical description of curved
surfaces produced by the depressions of component W and the
elevations of component B, the model utilizing at least one
sphere having a radius R and with an initial element K, the

method comprising the steps of:

a) calculating coordinates of points on the sphere
of the initial element K in an initial element coordinate

system which 1s stationary with respect to the initial

element K;

b) calculating coordinates of the initial
element K in the W coordinate system through at least one

transformation of the initial element coordinate system:;



10

15

20

25

CA 02336410 2006-01-25

71758-19

14

c) developing the initial element K on a 3pherical
surface to determine a geometry of component W in the

W coordinate system; and

'd) back transforming obtained points of

component W into the B coordinate system through

simultaneous turning of the components B and W to determine

=

an envelope curve of points having the smallest elevation
values above a plane of the B coordinate system to define a

curved surface of component B.

2. The method of claim 1, further comprising
calculating several spherical shells for curved surfaces of

component W and component B through variation of the sphere

radius R.

3. The method of claim 2, wherein each spherical
shell 1s turned about the Al rotational axis with respect to

a previous spherical shell by an offset angle &.

4. The method of any one of claims 1 to 3, wherein
the initial element coordinate system, the W coordinate
system, and the B coordinate system.are right-handed

Cartesian coordinate systems.

dS. The method of any one of claims 1 to 4;'wherein
the transformation from the initial element coordinate
system to an axially stationary W coordinate system for
calculation of coordinates of the development of the initial
element K on the spherical surface consists of a plurality

of individual transformations between Cartesian coordinate

systems.

0. The method of claim 5, wherein a first

transformation is a displacement of a coordinate system
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origin from a center of the initial element K into the

center of the sphere.

7. The method of claim 1, wherein all
transformations, except for a first transformation, are

rotations about axes.

8. The method of any one of claims 1 to 7, wherein
the 1nitial element K is an intersecting circle of the

sphere and that, in step c¢), a tangential vector is formed

between a center before and a center after an actual center
of a rolling intersecting circle K, which is perpendicular
to a vector between the circle origiln and a contacting point

of the intersecting circle K.

9. The method of any one of claims 1 to 8, wherein
calculated values of a surface geometry of component B and

component W are used for controlling a machine tool.

10. The method of any one of claims 1 to 9, wherein
the method 1s used for systematic optimization and
classification of machines having geometrically

predetermined spherical component pairs.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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Mcodel data
Kluvationd: 4
wavas ! 3
flements: 72
Shelle 2
External radius: R,, = 1Q0rmm
Iiuier vadiuo: R,, = 20mm ]
nadiue ~f elevation tip: ¥ =~ €3 & R [ rman
p‘;uu
Angle of uaxie: ) = 0.2 [radians)
Angle of elevation:y = 0.2 [radians]
Qrtset angle: d - 0
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MOQel Aol

BElevations: 4

NWelves: 3

Eloemento: 73

Shells: 5

External radius: R.,, = 100mm

Inner radaus: R,. — 20wmm

Radiue of elevation tip: 1 = -6.666667+50 X R imm) - 33.333333 x R~ ltum)

RUUL Rulli
Angle of axis: @ - 0.2 [radianeg]
Angle or elevation: Yy = 0.2 (radians|
CEfser anyle: & = 0 [sadiaus]

e
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Model data

Elevationse: 41

Waves: 3

Elements: T

Bhecllo B

External radius: R.. = 100mm

Inner radius! R., * 20uun

Radius of elevation tvip: r = 10 x RB__[mm]

K {*,
Angle of axis: ¢ - ¢.2 [radianc]
Anrmle of elevarinn: “n.1 + 1.7 xR __-1%* x __R "lnnl

R'.‘.L’. R-.'»ll7

Of fset angle: & ~ 0 [radians]

| mte ™ * v ' ° vy W,
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Model data
Blgvarions: &
Waves: K|
Elenentcs. 7
Shells: 10
Exrernal radlue: K = 100014
Tivae=x radius: R, — 20mm
Radive of elewvation tip: r = 10 xX X [mm]
Rur

Angle of axie: b - 0.2 (radians]
angle of elevatian: Y = 0.2 [radians]
Offset angle: & » 0.2 ~ 1 K B [radians]
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Mcdel datd

Klevationd: 4

NaAvVas ! J

Flemankbs: 72

Shaelle 2

External radiua: R,, = 190m

Iier yadiue: R, = 20mm

nadius ~f elevation tip: r = &5 & R____[mm]
|~

Angle of axle: W = 0.2 [radians|

Angle of alevatlion:y = .2 [radians]

Qrtset angle: & - 0



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

