
TWIN FEED SCREW The invention relates to the profile geometries of double
conveying worms for a parallel-axis outer-axis operation in pumps with
pilot gear systems, for counter-flight guidance of the worms. Profile
geometry, angle of contact, pitch, gap width, medium control, and rotation
speed determine in this situation the pump characteristics such as
conveying volume, degree of efficiency, final pressure, leakage rate,
temperature, noise, and investment in manufacture. The geometries known as
the SRM profile from the company SRM, Sweden, are well-suited for the
construction of fast-rotating double conveying worms with irregular
profiles in multi-flight design and small angles of contact for pumps with
final pressure in the middle range. Gaps incurred by the design between the
engagement line and the inner edge of the housing, 



generally known as the "blow-hole", prevent higher final pressures or good
volumetric degrees of efficiency at lower and medium speeds of rotation. In
Document GB-A-746 628, a displacement machine is described with
single-flight rotors, working in a counter direction of rotation. Each
rotor is provided with a concave side in the shape of an epicycloid, and a
convex side. The angles of contact are [err] 360[err]. With this rotor
design, there is no blow- hole; the rotors accordingly operate at medium
speeds in a satisfactory manner for numerous applications. In the present
case, however, interest is focused on pumps of higher final pressures in
medium peed ranges, for which single-flight double worms with axial
sequence of the operating cells and angles of contact > 720[err] are better
suited. By designing one flank in each case of the single-flight 



profiles as an extended cycloid, alternating symmetrical lines of
engagement are formed, which run along the outer contours of the worm from
the inner edges of the housing to the core circles. These lines of
engagement subdivide the interior of    - 1a - the pump into
axially-migrating operating cells with twice the pitch length in an
overlapping arrangement. In known embodiments, such as are available, for
example, from the company Taiko, Japan, the worms are manufactured with
angles of contact of 1080[err], 1440, 1800[err], etc., which feature
identical end profiles. The outlet is controlled on the end side by one  



2 of the worms, with an aperture along the second profile flank, which at
that point is involute-shaped. While maintaining the operational principle
of the axially- migrating operating cells with double the length of pitch,
the intention is to redesign and redefine the profile geometry in the sense
of modern series manufacture, and it is also intended to improve the
volumetric degree of efficiency, the dynamic behaviour, and the control of
the medium. This objective is achieved according to the invention with
double conveyor worms with profile contours with core circles,
cycloid-shaped hollow flanks, outer arcs, and a second flank, in that, as a
departure from the prior art, the second flank 



6, referred to as the cover flank, is also connected at the foot point
without a fold to the core circles 4, and that the cover flank 6 contains
at least one middle area which does not rise in pitch, containing the
saddle support 7, which connects the part cover flanks formed in this
manner, the inner flank 8 and the outer flank 9, free of folds. On the
basis of the embodiments shown in the drawings and characterised in
Sub-Claims 2, 3, the invention is described in greater detail. The drawings
show: Fig. 1:   A double worm system in single-flight design with pilot
gears and with angles of contact of approx. 1600[err] according to the
invention, with a middle saddle support range in the cover flank, in a
reduced scale. 



Fig. 2:   An embodiment of the profile geometry and the engagement
proportions with the counter-profile of a double worm system from Fig. 1.
Fig. 3:   An embodiment of the double worm system shown in section,
according to the line A-A in Fig. 1, installed in a housing, in the same
scale as Fig. 1. Fig. 4:  An embodiment of the conveying worms in an axial
section, in sections. In the embodiment chosen, the conveying worms 1, 2
(Figs. 1 and 3) have angles of contact of approx. 1600[err] and the same
end profiles with a cover flank composed of several part flank curves: The
saddle support 7 (Figs. 1 and 2) is arc-shaped, 



with a radius of the size of a half distance between axes, and corresponds
in the installation with the saddle support of the counter-worm. The inner
flank 8 (Fig. 2) consists of an eccentric arc which connects free of folds
to the saddle support 7, in this case referred to as the flank arc (Fig.
2), and an extended cycloid connected free of folds, the root cycloid 11
(Fig. 2), for connection to the core circles 4 (Figs. 2 and 3). The
mid-point of the flank arc of the counter-worm moves in relation to the
profile under consideration on a shortened epicycloid 12 (Fig. 2), the
inner parallel curve of which is the outer flank 9 (Fig. 2) of the profile
under consideration, at the distance interval of the flank circle radius f.
For the quantitative determination, the following procedure is applied: 



1. Determination of the distance between axes: a = 100 L.U. (length units).
2.  From this, the saddle support arc radius is derived directly: d = a/2 =
50 L.U. 3. Determination of the core circle radius: c = 23 L.U. 4. From
this, the outer arc radius is derived directly: b - a-c = 77 L.U. 5. With a
and b the hollow flank cycloid 5 (Figs. 2 and 3) is calculated. A number of
values are shown in Table 1, where    -4- u, v are the co-ordinates of a
right-angled co-ordinate system with origin in the axis centre. 



6.  From a and b the immersion angle [err] is derived, which indicates the
range of mutual penetration of the interlocking conveyor worms 1, 2 (Fig.
3): [err]/2 = 49.51[err] 7. Determination of the outer arc sector angle B.
To maintain the function, [err] must be greater than [err]/2.   [err]
Determination of [err] = 76[err]. Because of the counter-engagement of the
same profile, the core circle sector angle is likewise [err] = 76[err]. 8.
Determination of the worm pitch : 1 = 100 L.U. 9.  The values 1, a, b, and
the requirement for common machining of the flanks 5, 6 and the core 4 with
one tool, calculation leads via the axial section (Fig. 4) to a condition
for the flank arc radius of f [err] 22 L.U. Determination : f = 22 L.U.,
from which the eccentricity e of the flank arc centre is derived: e = d-f =
28 L.U. 



10. The root cycloid 11 is created by the head corner at the point of
impact between the outer arc/outer flank of the counter-profile, and,
because of the same lever condition a, b, is congruent with a part of the
hollow flank 5. With the fold-free connection of the flank arc 10 and the
core circle 4 by the root cycloid 11, the inner flank sector angle is
derived : [err] = 65.94[err]. Because of the counter-engagement of the same
profile, the outer flank sector angle is likewise [err] = 65.94. 11. The
saddle support sector angle is therefore [err] = 360[err]- 2[err]-2[err] =
76.12[err]. 12. The values a, e, f lead to the contour of the outer flank
9, a section of an inner parallel curve to a truncated epicycloid. A number
of values are listed in Table II, where u, v correspond to the definition
of Table I. 



After the determination of the profile contour, it then follows: 13. Centre
of gravity distance from centre g = 21.58 L.U. 14. Rotor surface = Z =
8295.4 (L.U.)[err] and therefore    15. Degree of efficiency [err] = 49.51
%. 16. From the operating speed and the geometry data is derived the
relative conveying capacity in (L.U.)[err]/time unit, from which the value
for 1 L.U. is derived by correlation with the corrected reference conveying
capacity. With a reference conveying capacity of 250 m[err]/h (uncorrected)
and a speed of 3000 rpm, there is derived: 1 L.U. = 1 mm. The measurement
corrections now carried out on the profile for 



contact-free operation are indeed essential for perfect function and
manufacture, and do involve considerable investment of effort, but they
play only a subordinate role in the selection of the profile. A comparison
with known profiles shows an improvement in the volumetric degree of
efficiency of approximately 6.5 % points, an improvement in dynamics (g.z
reduced by 27.2 %), and a common determination possibility of the inner
surface of the flight altogether, formed by the core 4, hollow flank 5
inner flank 8 saddle support 7, and outer flank 9. The surface proportion
in the area of the flank arc allows for better adjustment of the control of
the medium, guided via channels 13 (Fig. 3) in the housing end wall.   



-6- Table I                             Table II u (L.U.)         v(L.U.)
u (L.U.)         v(L.U.) 23               0                -39.37
-30.82 23.63          - 4.18             -33.98           -38.03 24.97
- 7.24             -31.69           -41.22 26.40          - 9.32
-29.85           -43.79 27.92          -10.97             -28.20
-46.05 28.71          -11.68             -26.64           -48.12 29.53
-12.34             -25.12           -50.05 31.21          -13.48
-23.62           -51.88 32.98          -14.44             -22.10
-53.63 34.81          -15.23            -20.55           -55.30 36.72
-15.86             -18.97           -56.92 



38.69          -16.34             -17.33           -58.49 40.72
-16.67             -15.64           -59.99 42.80          -16.86
-14.78           -60.73 44.93          -16.90             -12.08
-62.85 47.10          -16.78             -10.20           -64.20 49.30
-16.52             - 8.24           -65.48 51.54          -16.11
- 6.20           -66.71 53.80          -15.55             - 4.09
-67.88 56.07          -14.83             - 1.90           -68.97 58.35
-13.96             + 0.37           -70.00 60.64          -12.92
+ 1.54           -70.48 62.92          -11.73             + 2.73
-70.95 65.18          -10.38             + 5.17           -71.81 67.42
- 8.86             + 7.69           -72.59 69.63          - 7.18
+ 10.30           -73.28 



71.80          - 5.34            + 12.99           -73.87 73.92          -
3.33            + 15.77           -74.35 75.99          - 1.15            +
17.19           -74.54 77               0               + 18.63
-74.71    1. Double conveyor worms for axis-parallel, counter- running
outside engagement, with angles of contact of at least 720[err] and
designed as single-flight with end profile contours, formed from core
circles (4), a first cycloid-shaped hollow flank (5) , outer arcs (3) and
second flank (6), characterised in that the second flank, referred to as
the cover flank, also connects free of folds to the core circles (4) at the
foot point, in the same way as the hollow flank (5), with the 



result that the hollow flank (5) and the cover flank (6) together with the
core (4) form a fold-free surface with common machining potential; and that
the cover flank (6) features at least one central non-rising area, the
saddle (7), which connects the part cover flanks thus formed, the inner
flank (8) and the outer flank (9), as a result of which a surface
distribution is achieved which is more favourable in relation to known
profiles, with positive effects on degree of efficiency, dynamics, and
medium control. 2. Double conveying screw according to Claim 2,
characterised in that the cover flank (6) is composed of several flank part
curves, in such a way that the saddle support (7) is designed in the shape
of an arc. 3. Double conveying worms according to Claim 2, characterised in
that the inner flank (8) is composed of an 



eccentric arc, referred to here as the flank arc (10), and an extended
cycloid, designated as the root cycloid, in such a way  that the root
cycloid (11) connects to the core circle (4) and the flank arec (10) is
connected to the saddle support (7), with the result that the outer flank
(9), conditioned by the engagement of the counter-worm in each case, adopts
the shape of the inner parallel arcs of a truncated epicycloid.    


