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l'i ght engagement in counter-rotation, and with angles of contact of

at least 720° in single-flight design. ‘The distance between
centre of gravity and centre, end face, and angle of contact
determine in this context the values of the static and dynamic
imbalances which occur ﬁith screws with single-flight
profiles. o

In the disclosure text Sho 62(1987)-291486 from the company
Taiko, Japan, a method of screw balancing is described: First,
static balance is achieved by determining the length of the
screw in integer multiples of the pitch. By means of cut-outs
in the screw on both sides, on the face side, which are hollow
or filled with light material, dynamic balance is achieved.
This method of balancing cannot be implemented if special
materials are demanded, which cannot be cast. With unusual
profile geometries, too, this method has its limits, since on
the one hand.the wall thicknesses of the screws cannot, for
reasons of stability, be reduced at will; on the other hand,
an excessively great extension in axial direction of the
balancing hollows would incur big manufacturing problems
because of the helical shape. '

The invention is based on the objective of defining measures
for the balancing of single-flight screws, the geometry of
which is unusual or the use of which requires special
materials, without incurring major investment in the
manufacture and without prejudicing form stability.

This objective is achieved according to the invention by means
of a twin screw system 1; 2 (Fig. 1) in axis-parallel
arrangement with outside axis engagement with counter-running
movement, and angles of contact of at least 720° in single-
flight design, in such a way that the lengths of the 'screws



'nateriall dynam c bal ance is achievéd. Thi s thod of bal anci ng cannot be
impl emented if special materials are demanded,THMI qn@? jcast. Wth
‘unusual profile geonetries, too, this .nmethod hg@gﬁggggkﬁb E nce on the
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. special nmaterials, wthout 1 ncurring nmajor investnent in the nmanufacture
and w thout prejudicing formstability. This objective is achieved
gifgfd;pgﬁsglim% ehpdinentlY aFeaprovided Wy the' applishtioh of (Fig. 1) in
P additional masses 6 (Fig. 1) in the outer area, in particular

at the pilot gear, as well as by. face-side balancing hollows 4
(Fig. 2), the axial extension of which is varied for the
purpose of optimisation.

The advantages achieved with the invention are:

1. Easier manufaéture and greater form stability in the case
of the application of face-side balancing hollows,
achieved by the optimum dimensioning of screw angles of
contact, winding angles of balancing hollow, and balancing
hollow cross-section.

2. The possibiliﬁy of using special materials, which cannot
be cast. , ' '

3. Reduced screw surface areas in the outlet area, which has
the effect of reducing temperature.

On the basis of the embodiments shown in the figures, the

invention is now explained in greater detail: o
This Sheet Has Been
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Fig. 1: A twin sc¢rew system for a screw pump in single-

o

flight design according to the invention, with
angles of contact of 1598° and balancing cut-outs at
the screw outer contours in the medium intake area.

Fig. 2: An embodiment of a twin screw system from Fig. 1
with balancing hollows in a frontal view.

Fig. 3: The representation of the helical profile centre-of-
gravity location curve of a screw profile from
Fig. 2. -



arrangenment with outside axis engagenent wi th counter-running novenent, and
angl es of- contact of at least 720[err] in single- - 2 - flight design,
in such a way that the |l engths of the screws not fixed at .integer

nul tiples of the pitch, and that the out & —TJrtHggHER few are

. Hten, H %
changed in the nediumintake area in order tﬁ achiﬁmq¢R% aﬁ 'hg 3 (Fig. 1)

Possi bl e enbodi nents are provided by the a addi fi onal nmasses
6 (Fig. 1) in the outer area, in particular at the pilot gear, as well as .
by face-site ¢na¢ senbodiment pvkhet (wip. sorews hb, adi fFigxt hsfeatwrewhich is

varied fory e Rer8PSE. #390Pinds SBhé OPitch, which corresponds to an
- angle of contact of 1598° (Fig. 3). The end profile S
(Fig. 2) and the pitch 1 (Fig. 1) determine, together with the
wall thickness d (Fig. 2), the greateét part of the contour of
the axially-located balancing hollows 4 (Fig. 2); the core
circle 7 (Fig. 2) delimits this towards the centre. With.
common angle positions of the centres of gravity of the full -

profile and balancing surfaces Sg, S3 (Fig. 2), the straight
termination is mandatorily derived in the balance surface.

By calculation, the problem is dealt with as follows:

In a rectangular co-ordinate- system with a screw axis as w-
axis and u-axis and v-axis in the plane of the middle screw
face sections, the centre of gravity Sg (Fig. 3) is positioned
on the u-axis. The extension of the screw in the w-direction
extends symmetrically from -Wp ... +Wy or in angle definition
from -ap ... +ap, with-a relationship of az = (2n/1)-Wy (II),
where 2ap is the angle of contact of the screw and % = circle
coefficient = 3.1415 ...

The areas of the end-side balancing hollows are at
?l; W2 ... -Wj and + Wy ... + Wy, which corresponds to angle
positions of -4y ...-01 and +aj...+op with a7 = (2n/1)-W3(I).

The winding angles of a balancing hollow in each case are
therefore a3z = az-a; (III).

With symmetrical balancing hollows with a constant value g3 of
the product from the area f3 and centre of gravity distance
from the centre r3 (Fig. 2)(g3 = f3 . r3 = constant (IV)), the
requirements for static and dynamic balancing lead to the
formulae oy . sinaj cosap = 03 . cosay sinap (V)

and

This Sheet Has Been Re‘ilaced




The advantages achieved wi'th the invention muf acture and
greater -formstability in the case of the a HH'%zSHEE'ﬁ"WS BEELe- si de
bal'anci ng hol | ows, achi eved, by the opti num ¢i mensRERLAGEDaf screw angl es of
contact, w nding angles of balancing ol4 ow an alanci ng nol 1 ow
cross-section 2. The possibility of using special materials, mhich cannot

offect or9caddne HabbcdaBbbalf ¢y o5l la 1A U EBLaBtaTco Ui STl3g, e
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desi gn acc to the I nvent es of contact and
bal anci ng Eyg })s & and a; are to be 1ocated in the arc mass, and g3

corresponds to the definition given above.

Equation (V) provides for.every desired screw angle of contact
202 (with ap > 2xn) at least one solution for aj; from a1 and
a2 are derived the dimensions for the balancing hollows; from
(III) the w1nd1ng angle, and from (VI) the reference cross-
section g3. '

For manufacturing‘reasons, the winding angle a3 of the balan-
cing hollow should be as small as possible; accordingly, with
several solutions for ai,'the greatest possible value of aj
with a7 < ap is used. Precise examinations show that the most
unfavourable relationships occur with screw iengths of integer
multiples of the pitch, at 2Wy = 2L, 3L, 4L, 5L ... KL,
corresponding to the embodiment according to the disclosure
text referred to above. The windihg angle of balancing hollow
in that case amounts to a3 = ®, the dynamic characteristic g3
attains a maximum, which requires a maximum balancing hollow:
g3, Max = gg - k/(2k-1)

i.e. for a screw length of four times the pitch, in that case
g3 = go - 4/7.

For the embodiment of the invention described here, screws are
selected with angles of contact of 2a7 = 5%, 7%, 9%...,
corresponding to screw lengths of 2Wp = 5-1/2, 7-1/2, 9-1/2.

The winding angles of balancing hollow are then likewise

@3 = ®, but the dynamic characteristic g3 in this case attains
a minimum, which signifies a minimal balancing hollow :

g3, Min = gg/2. )

Reinforcing ribs at the end of the balancing hollows lead to
asymmetric relationships, which in part are compensated by the

correction of the winding angles 2ap, «3.-
: This Sheet Has Been-Reﬁaced .
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the screw outer contours .in the medi um i nt ake ar ea. F|g 2.  An enbodi nent
of atwin screw systemfromFig. 1 with balancir pnt al
view.” “- 3 - Fig. 3. The representati on of tﬁ'@”ﬁ” A§§E$N

centre-of - gravity location curve of a-sdew pr file RERLAGE I n one
enbodinment, the twin screws 1, 2 (Fig. 1) feature lengths of 4 439 tines

t he pitch, 598 Fi 3).
(e pith, pgLchuS b oREAN O FAT RAThRThgSoBhEChelbuaotol o' Sgether
wi th the walterkdchtetbedpabsgve2putenecgntausspaptist oof thgesuohionr of the

axial l'y-1ogghed BAakLapakagvieLraus34 (FThY- 17) extBRASOLEth both screws
over all the parts which are not required either for the
formation of the first suction side operating cell or for
maintaining stability. This outer balancing can be used as an
alternative to or in combination with one or more end-side
balancing hollows.

Y%

In a sub-variant, outer balancing masses 6 (Fig. 1) are used
in the area of the pilot gear system.

—_—
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éircle 7 (Fig. 2) delimts this towards the centre. Wth comon angl e
posi tiops of the centres of graV|ty of the full profile and bal anci ng
surfates S[errT, b[err] (FT- 4), the straight termnation is mandatorily

derived in th By calcudation, t with
as foll ows: E mm: H[E o- or di nat e syst em \WTHIS SHEET BASBEEN pbs w- axi s
and u-axi s and+*v-axiis Im expl ane ofc&g 1 ddl e screwﬂHRuAeEBectlo s, the
centre of gravity S[err] (Fig. 3) is ned omtire—TU—axrs, —The

extension of the screwin the wdirection extends symetrically from

. th
rEFSEanshlp §$ Ferr Egki ag?b? ﬂl%bswéL?? %Fo?hh&hébea§fggﬁ?ik%1§%e aﬁgle
of cont acRryangementy eWidhd countpr-running outeri axdst engagemepbtTheandeas
of tEeanq %hdaﬂaﬁb§”ﬁfnﬁoﬂ%5 Vo rahe Fbas¥YQQbP 1n sﬁhgibLfQESPt Werr]

corresponds to ang osi t1 ons err] and

[err] .. dFé#QPrwWﬂﬁthﬁrPr-WGZPebﬁFﬁDFlmpehPF@PYS 1n

characterised in that the screw lengths are not integer

he ends,

multiples of the pitch and/or that the screw outer contours
are altered in the medium inlet area for the purpose of
balancing.

2. Twin screw‘system_according-to.Claim 1, characterised
in that the screw length is greater by an integer multiple of
the pitch than 13 times the pitch.

3. Twin screw system accbrding to Claim 1, characterised
in that only one end of the screw features an inner balancing
hollow {(4).

4. Twin screw system according to Claim 1, characterised
in that the screw does not feature any inner balancing hollows

.(4).

5. Twin screw system according to Claims 1 or 2,
characterised in that both screw ends feature a balancing
. hollow (4). '

6. Twin screw system according to Claims 3 or 5,
characterised in that the winding angles of the balan01ng
hollows can be varied for optimum adaptation.

—
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The wi rdi
= [err] (I
glerr] of

~“a—paranci ng hol low in each case aréagﬂgre?oﬁé [err]
Uy, aefiiical bal ancing hollows with a constant val ue

pIUUUC[ Tro N fthe area f3 and centre of gravity distance from
the centr

. I 245 J 998 2}(43 = flerr] . rferr] = cSubititite Ghidd - 11677
requirenmengt s 4 tic and ldynam c balén&hﬁg |l ead to the fornulae [err] .
sinferr] eLLle.=t-er—c s[err] sinferr] (V) and gferr] = g[err]
(sinferr])}/ (S|n[err] S|n[ (] - [sSuB e vt 1sibfdd COs[err]) (V1), where
glerr] sighifes—ttre=proauct froﬂré surface f[err] and the
centre of gravity distance fromthe centre rlerr] (Fig. 2), [err] and [err]
are to be IThait ftvréntidre melates o areh ires |fooruhes paldncing lof deftwint i on
gi ven above, Cecrew system in axis-parallel arrangement with outer-axis

engagement in counter-rotation, and with angles of centact of
at least 720° in single-flight dasign, The distance between
centre of gravity and centre, end face, and angle of contact
determine in this context the [sizes] valuas of the static and
dynanic imbalancg;_which occurdsel with screws with single-
flight profiles:

in the disclosure text Sho 62(1987)-291486 from the company
Taikc, Japan, 2 method cf screw balancing is described: First,
static balance is achieved by determining the leagth of the
screw in -fwhele~figurel inE:ge: multiples of the pitch., By
means of cut-outs in the screw on both sides, on the face
side, which are hollew or filled with Jfhedlew—oz] light

T ———
material, dynamic balance is achieved.

This method of balancing cannot be implemented if special
materials are demanded, which cannot be cast. With unusual
profile geometries, toc, this method has its limits, since on
the one hand the wall thicknesses of the screws canncot, for
reasons of stability, be reduced at will; on the sther hand,
an excessively great extension im axial direction of the
balancing hollows would incur Eég manufacturing prcblems
because of the helical shape.

The invention is based on the objective of defining measures
for the balancing of single-flight 4£§5£5; screws, the
geometry of which is unusual cr the use of which requires
special materials, withcut incurring major investment in the
manufacture and without prejudicing fozm stability.

This objective is achieved according to the invention by means
of a twin screw system 1, 2 (Fig. 1) in axis-parallel
arrangement with outside axis engagement with counter-running
movement, and angles of contact of at least 720° in single-



Equatibn (V) ‘provides for every desired screw angle of contact 2[err] (wth
[erT] > 2[err]) at least one solution for [err]; from[err] and [err] are
derived the dinensions for the bal ancing holloms from (Il1l) the wi nding
angle and from (Vl) the reference cross %ect i on g[SKUbskitufecshegrnui g£t/08 ng
reasons, the w nding angle [err] of the %al anci ng oftow shoul d be as
smal | as possible; accordingly, with several solutions for [err], the

gL eat eﬁt p@isighktedestiga, oin[ such mﬁby[ehﬁi: theuseddqtis ecf sehexmrmah i onfs
show t hat. t vQur r gths o
cven mui ti BFSsHBF fined k- ?8hE2b2pEm000)"LRERGRE iy gL ST {0
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to above. the weddungingake @fedainnéragrhet! svhieve!balaseing AWDMLS. L O
[err] [eis] the dynami c characteristic g[err] attains a maxi mum which

Possible embodiments are provided by the application of
additional masses 6 (Fig. 1) in the outex area, in particular
at the pilot gear, as well as by face-side balancing hollows 4
(Fig. 2), the axial extension of which is varied for the
purpose of optimisation.

The advantages achiaved with the invention arxe:

1. Easier manufacture and greater form stability in the case
of the application of face-side balancing hollows,
achieved by the optimum dimensioning of screw angles of
contact, winding angles of balancing hollow -fangles of-
contact], and balancing hollow cross-section.

2. The possibility of using special materials, which cannot
be cast. . |

3. Reduced screw surface areas in the outlet area, which has
the efifect of reducing temperature.

On the basis ¢f the embodiments shown in the figures, the
invention is now explained in greater detail:

The figures show:

Fig. 1: A twin screw system for a screw pump in single-
fliqht design according tc the invention, with
angles of contact of 1598° and balancing cut-outs at
the screw cuter contours in the medium intake area.

Fig. 2: An embodiment of a twin screw system from Fig. I
with balancing hollows in a frontal view.




requires a nax.nunREELéQEV%@ﬂhéﬁfﬁI/ glerr], Mx :.Q[err] k/ (2k-1) i.e.

for' a screw length of four tines p pitch, in that case g[err] = g[err]
4/ 7. For the enbodi frent 7afUlt 98 n e1t|on described here, screws are

sel ected with anglfes of contact o >[err] 5[err] Subkfifutk: sh%[eQ”iG{Z{ag
corresponding to $crew rengtns of ZJYerr]

wi ndi ng angl es of {bal ancing.hollow {are then Ilkemrse [err] [err] but
the dynam gigharsact etrh&t rre pgksentatiohhog ea&ehauaans;:ﬁomne et s

:ngrfrei6?7ybglnal g% : nrogk 3a" cherrLf Mg screg[ﬁrSkife froéMbSt'tUte
gl -l

In one embodiment, the twin screws 1, 2 (Fig. 1) feature
lengths of 4.433 timas the pitch, which corresponds to an
angle of contact of 1598° (Fig. 3). The end profile §

{(Fig. 2} and the pitch 1 (Fig. 1) determine, together with the
wall thickness d (Fig. 2), the gzreatest part of the contour of
the axially-located balancing hollows 4 (Fig. 2):; the core
circie 7 (Fig. 2) delimits this towards the centre. With
common angle positions of the centres of gravity of the full
profile and balancing surfaces Sp, S3 (Fig. 2), the straight
termination is mandatorily derived in the balance surface.

By calculation, the problem is dealt with as follcows:

In a Jfright=angled] zectangular co-ordinate system with a

screw axis as w—axis and u-axis and v-axis in the plane of the
middle screw face sections, the centra of gravity Sg (Fig. 3)
is positioned on the u-axis. The extension cf the screw in the
w-=direction extends symmetrically from -W3 ... +W2 or in angle
definitien from -a3 ... +ty, with a relationship of as = (2=
/i)Wz (II), where 2ay is the angle of contact of the screw
and © = circle coefficient = 3.1415 ...

The areas of the end-side balancing hollows are at
“W2 ... =W and + Wy ... + Wy, which corresponds to angle
positions of -ay ...-a; and +ay...+a2 with a1 = (2n/1)-Wy1(I}.

The :222£gg angles feof-gontact] of a balancing hollow in each
case are therefore a3 = az-ay (III).

With symmetrical balancing hollows with a constant value g3 of
the product from the area f£f3 and centre of gravity distance
from the centre r3 (Fig. 2) (g3 = £3 . r3 = constant (IV}), the
requirements for static and dynamic balancing lead to the
formulae @y . sina) cosal = @y «—fcosgal. cosgy sinap (V)



Rei nforcing ribs | f :
rel ati onshi ps, whleh_ﬂﬁqgﬁﬁg? #“¢gnpensated by the correction of the

wi ndi ng angles 2|efr], [err] As ja ffurther measure for bal ancing, the
screws 1, 2 are altpred?dULt1988pajssfi ve out er cont cBubgrirute sheet hd 63798 on
side.. The passivelaftea 3 (Fig. 1)} e terndd ®ith both screws over all the
parts which are npt derther| for the formation of the first suction
si de operq&&gg cell or for maintaining stability. This outer bal ancing can
be used as an alternatlve to or in conbination with one or nDre end- si de
bal anci ng 9®| T o8 . (3:n®22re8e2)ant | (HBhRAI~ HA%LTH AP IRRTBLHAR (VI are

used in thﬁh@t@ag@fsi&ﬁuﬁ&ésﬁtnﬁﬁﬁrdﬁﬁﬁﬁﬂnrom the full profile surface
fo and the centre of gravity distance from the centre rg
(Fig. 2), ap and a1 are to be located in the arc mass, and g3
corresponds to the definition given above. '

Equation (V) provides for every desired screw angle of contact
2ay (with ap > 2x) at least one scluticn for «y; from o) and
a2 are derived the dimensions for the balancing hollows; from
(IXI) the_:iﬁﬁﬁgﬁ angle [of centact]!: and from (VI) the
reference cross—-section gs3.

For manufacturing reasons, the ggggégg angle fefecoatactl a3
of the balancing hollow should be as small as possible:

accordingly, WH—*H*@ wn:h

several solutiong for aj, the greatest pos ssible valua o gl
with 01<gs> is used. Precise examinations show that the most

unfav&iﬁaﬁle relationships occur with screw lengths of «fwhelo-
-figure] even multiples of the pitch, at 2wz = 2L, 3L, 4L, 5L
... KL, corresponding to the embodiment according to the
disclosure text referred to above. The M.
balancing hollcw—Eﬁg%e—of——cch-tac-tJ, in that case amounts to aj
= ®, the dynamic characteristic g3 attains a maximum, which
requires a maximum balancing hollow: g3, Max = gg - k/(2k-1)
i.e. for a screw langth of four times the pitch, in that case
g3 = gg - 4/7

For the embodiment of the invention described here, screws are
gelected with angles of contact of 2a3 = 5=, 7=, S=...,
cerresponding to screw lengths of 2Wp = 5-1/2, 7-1/2, 9-1/2.

The wi g ang}es of balancing hollow.Langles_at;con;act+ are

then likewise

a3 = n, burt the dynamic charactezistic g3 in this case attains
a minimum, which signifies a minimal bkalancing E&ggg§§+
hollow:
&
g3, Min = gg/2. .



- 6 -Cainms 1. Twin screw systemfor a screw punp in axis-parallel
arfangenment, with counter-running outer axis engagenent , and with angles
of contact of at least 720[err], in single-flight design, without or with

bal ancing hollows in the ends, characterised in thgipdetiEits shedt | q@ﬂ*gjr are
not integer nultiples of the pitch and/8r=that 't ontours
are altered in the mediuminlet area for the purpose of balancing. 2. Twin

screw system according to Claim1l, characterised in that the screw | ength

is greater by a integer nultiple of the pitch than 1[errh times the pitch
3. Twin sBAIREIEIINT RiRT AthFhe anhiaf Fhe halancdnds bFLLAWSHAL2GNEP one

end of theasmneyt fonttglosivnshipy, Widdciitg padtd awve( é¢pmpensated by the
correction of the winding angles J[fof contact] 2as, «3.
As a further measure for balancing, the screws 1, 2 are
altered at the passive outer contour parts on the suction
side. The passive area 3 (Fig. 1) extends with both screws
over all the parts which are not required either for the
formation of the first suction side operating cell or for
maintaining stability. This ocuter balancing can be used as an
alternative to or in combination with one or more end-side
balancing hollows.

In a sub-variant, ocuter balancing masses 6 (Fig. 1) are used
in the area of the piloct geax system.
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4. Twin screw systemaccording to Claima1, characterized in that the screw
does not feature any inner balancing hollows (4). 5. Twin screw system

according to d ai 2 heeretl i sed in that both screw ends feature a
bal anci ng hol | ow (ABEPEA%MS : E@Tsyst em accor di ggbétituté 3h8et 3 1977/98
characterised in thatl the w nding n;lés6 of the balanC|ng hoTTOWS can be

varied for opti mim|ag apq FLJYin1998
Claims 0y LTI

L

1. Twin screw system for a screw pump in axis-parallel
arrangement, with counter-running ocuter axis engagement , and
with angles of contact of at least 7207, in single-flight
design, without or with balancing hollows in the ends,
characterised in that the screw lengths are not .[fwhele~figurel-
ég:;g:g'multiples of the pitch and/or that the screw outer
contours are altered in the medium inlet area for the purpose
of balancing. '

2. Twin screw system acccrding to Claim 1, characterised

in that the screw length is greater by a [uwhole=fligurel-
integer multiple of the pitch than 1% times the pitch.

3. Twin screw system according to Claim 1, characterised
in that only one end of the screw features an inner balancing
hollow (4}. ' :

4. Twin screw system according to Claim 1, characterised
in that the screw does not feature any inner balancing hollows

(4).

5., Twin screw system according to Claims 1 or 2,
characterised in that both screw ends feature a balancing
hollow (4).

6. Twin screw system according to Claims 3 or 5,

characterised in that the winding angles -faRgle—of contact) of

the balancing hollowgycan be varied for optimum adaptation.




