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Scréw rotor set The inventi-on concerns neasures for bal ancing a screw
rotor set in an axially parallel .arrangement engaging in opposite
directions in the external axes and“with wap angles of at |east 720[err]
in a single-thread construction. = The centre of gravity centreline

di stance, end face and wap angle thereby determ ne the extent of static
and dynam c unbal ance which occurs in screwsywith single-thread profiles.
In publication Sho 62 (1987)-291486 by the firm Tai ko of Japan, a nethod is
described for screw bal ancing: static bgkﬁ&ﬁbﬂgsg§ firstly achieved by
setting the screw length to integral nuftipres of pitch. Cavities on both
sides of the end face of the screw, which are hollow or filled wth |ight

material, provide dynam c bal anci ng. Thi s et hod of bal apcing.i.s not
feasi bl e wher e HhsciaVentionoreeray measiees fahalansina ickey Ftom st nAn aally papgllel

unusual profile, geonpt L | .t hi. ' Lo S ' y
the wal 1t hi ckreEE8gRb Bt HonposteiolB s hdBapinantek fid ity ag il
stability, and gfiutidast THOP &I a Singld-thiead tetistiactioh, axi al el ongation of the

bal ancing cavities due to the spiral formentails substantial production

problens; filling the cavities with light material exacerbates this
problem = In | SS_pat ent | icatiqn, 3487/ b usch 'S ~Switzerl a
rother et hod THe SaREaf Bk Beiline uBce end Frod imE Wity e ey ap GFnind e
2Werr]) is grestéit of¥ati®ARbdyHamic tiibaRin8$ whichRick e i sdrbwéwith bingld-fhéd t he
pitch (2W2 = 5[err]1/2, 7[err]1/2, 9[err]1/2, etc.) To conpensate the
remai ni ng st at imrofiles. dynam ¢ unbal ance, nodifications are made to the inlet
si de on external passive screw conmponents and/or one or nore bal anci ng
cavities on the end faces and/or external additional nasses. Thi s et hod

offers on the oRguBREHioh Sho@RI(1987)291456 BEtheRfl Pdik&'8E RiphllaSmétho@kaiebsfbedn
' for screw balancing: static balancing is ﬁfstly achieved by setting the screw length to

integral multiples of pitch. Cavities on both sides of the end face of the screw, which are
hollow or filled with light material, provide dynamic balancing.

This method of balancing is not feasible where special materials are required which
cannot be cast. With unusual profile geometries as well, this method has its limits, as
firstly the wall thickness of the screws cannot be reduced freely for reasons of stability,
and on the other hand too large an axial elongation of the balancing cavities due to the
spiral form entails substaﬁtial production problems; filling the cavities with light
material exacerbates this problem.

In Swiss patent application 3487/95 by Busch S.A., SwitZerland, another method of
screw balancing is described: the screw length (= 2W,) is greater by integral multiples
of pitch 1 than 1 % times the pitch QW,=5-1/2,7-1/2,9 - /2, etc.)

To compensate the remaining static and dynamic unbalance, modifications are made to
-the inlet side on external passive screw components and/or one or more balancing

cavities on the end faces and/or external additional masses.

This method offers on the one hand the option of using special materials or enables on



e

2. the other hand a reduction in bal anci ng cavities, thereby achieving an
I'ncrease in stability of form The use of screw rotors for punping
certain nedia.and the reduction in tenperature sought on the screw end on

the outlet side require small, snoboth, cavity-free screw surfaces, which
deflect dirt and are easy to clean. The requirenents for a reduction in
costs of maintenance, assenbly, spare parts gtocks and for small, conpact
punps run counter to the use of external additional nasses. The invention
I's based on thegbagter Betish iH%: &ﬁ cﬁﬁu&ah‘fé?&s' igg &@aﬁ T’ evs
with cavity-free snmoot aces Wlt out~using external additional nasses.

This task is restablhiycbfffmnna screw rotor set for screw punps in an axially
paral | el arrangenent engaging in opposite directions in the external axes
and with wap angl es of at Ieast 720[err] in a single-thread construction,

and with snoot

consi sting of ga]\ﬁ/)éel?sgﬁﬁg IVI fo?é P&%ﬁgqﬁ?‘%%‘f@ﬁ%gegdégﬁ(g')gv“\/&g{nﬁérguﬁ%mmn
axi s of rotati osoughid theadrew eﬁd@ﬁlﬂidélﬁleﬁﬁﬂé FeRuitt stal,dniootl @avity-H8s sew
optionally different material densities; the 1 ndivi dual parts 1 nside the

rotor form a caWrfagesswhichdleHeqt dﬂmendamaawmwlﬂanameguﬁmIEaﬁmmedwhoam ty:
adj ust ment of the terial densi and t | nd| vi dual parts
i nsi de the rotof™ @ngé%al%tfm "B%"ﬁﬂ‘é W{’%&“ﬁ&gﬁﬂﬁgg r@fh
dynam c bal anmdwnteﬁ@ﬁghgé/gpgﬂérhaahaﬁfohﬂlﬁ&ggsct on static unbal ance by

cal cul ated determ nation of the screw | ength/pitch ratio = a at val ues

whi ch are sonmewhat smaller than uneven nultiples of 1/2. Configuration
options in the gontext, of, hes cified netrylleln h oi ce of
nurmber, shape a ‘Hﬁ‘l’:"é‘ropé? gh ‘f?%&ngr‘g?aé lqgi?"ﬁ‘ﬁ“@ns"rews
configuration Qi t?aﬁm Y racteristic
subsidiary clainms. ncreasdtgjg1 pr o %c?ﬁ%%ﬁ?sﬂggﬁ{fbg?g??{si%@&?ﬁ%ﬁé fol | ow ng

advant ages obtained with the invention:

- This task is resolved for a screw rotor set for screw pumps in an axially parallel
arrangement engaging in opposite directions in the external axes and with wrap angles
of at least 720° in a single-thread construction; and with smooth plane-parallel rotor end
faces, by each screw rotor consisting of several individual parts fixed rigidly together
with a common axis of rotation, optionally eccentrié centre of gravity positions and
optionally different material densities; the individual parts inside the rotor form a cavity
sealed off from the pump chamber, the balancing cavity; adjustment of the material
'density and the geometry of the individual parts inside the rotor cause static balanéing
and affect dynamic unbalance, and dynamic balancing is achieved with little effect on
static unbalance by calculated determination of the screw length/pitch ratio = a at values

which are somewhat smaller than uneven multiples of %2.

Configuration options in the context of the specified screw geometry lie in the choice of
number, shape and material of the individual rotor parts and in the configuration of the

balancing cavity 3, as described in the characteristic subsidiary claims.

Increased production costs are offset by the following advantages obtained with the

invention:



3.1 'Snooth, cavity-free surface facilitating process and nai nt enance. 2.
Reduction in tenperature on the screw end by a reduction in surface. 3.
Optim sation of material selection for individual parts with different

chem cal and mechani cal stresses. 4. Ease of assenbly, spare parts
procurenent and storage. 5. Small, conpact construction that is stable in
form 6. Mdular design with conbinations ofzscrew bodies with different
rotor shafts.- 7. Possibility of interior rotor cooling. The invention is

expl ai ned 0, oL.e Sifbdh calhe o dREARR g brot O i @fluRBONN 11 LD

Fi gures: The figures show screw rotor set with pilot
gearing for a sZr eRbcblctImurtempagtmebﬂﬂm&nirewendbyareductlomnrsatfaomct|on as per
the invention c sed, of, i vi dual  part eccentric
interior mass c ‘E‘Pﬁ"ﬁ‘%ﬁg‘ﬂ tSﬁleaﬁ%ﬁmdtlﬂﬁaalw With different chemical and
=2 Werr] / 1< %gc ?‘st%&% section. Fig. 2: Represent ati on of
the spiral locus curve o € cross-section centre of gravity

of a right-hand4. plEasboﬁassemblysspaneﬁarspr&curemelﬁlagdsﬁ)rage An exanpl e of
construction of é r of a screw rotor_ set as per Fig. 1in
two-part const ract B sl%n@ﬂcthqmmwnﬁwﬁrﬁtahh OHBY ancing cavity divided

by a wi ng-shapeg i sg@ . 31n
a cross-secti oﬁﬁ C(r)hrdrag%lg%%%igﬁl &ﬁﬂl%uelat}fnﬁ\o@swé‘gbodleg’%n{h&ngnprergg)'}tsg?@sm of
the spiral |ocuk Rosvibility of ineerior éster &lingon centre of gravity

and as a broken line of the locus curve branches I, II, Ill, IV, V of
the cross-section centre of gravity of the balancing cavity in w ng

The invention is explained in more detail with the examples of construction shown in

the Figures:
The figures show:
Fig. 1: A screw rotor set with pilot gearing for a screw pilmp in single-thread

construction as per the invention composed of individual parts with
eccentric interior mass concentration and with a screw length/pitch ratio -

=2 W, /1<9/2 in an axial section.

F ig; 2:  Representation of the spiral locus curve of the cross-section centre of

gravity of a right-hand pitch screw as in Fig. 1.

Fig. 3: An example of construction.of a rotor of a screw rotor set as per Fig. 1 in
two-part construction in an initial variant with balancing cavity divided
by a wing-shape in an axial section.

Fig. 4: ArotorasinFig. 3ina cross-section corresponding to line A-A.
Fig. 5: | Representation of the spiral locus curve of the cross-section centre of

gravity and as a broken line_bf the locﬁs curve branches L, IT, III, IV, V of
the cross-section centre of gravity of the balancing cavity in wing



4 . ' arrangenment as in Fig. 3, 4. Fig. 6: End face
section geonetry of the first rotor variant- with centre of gravity

and maxi mum admni ssi bl e i nner cavity. Fig. 7: Different end face
section contours of a balancing cavity 103, varying with the
axi al position W Fig. 8: An exanpl e of construction of a rotor of
the screwrotor set in Fig. 1 in a 4 two-part construction in
a second variant with a straight balancing cavity in an

axi al section. Fi 9. 9arrangethénta®iFigi 1 41 9- 4 in the end face section
corresponding to line B-B. Fig. 10: Representation of the spiral

| ocus curve of the cross-section centre of gravity and as a

broken line, the,axis throu t he .centre of ayity of the . .

strai ght bal ancﬁﬁg'é:avit 7 aﬁ?gegtlms,ge%neuyofﬁfl‘aﬁrﬁqtorvars&ﬁt%ﬁmt@fograwty
construction of a rotor i_n‘ihx'l: [: Qs LAEQry vari ant :
w th single-sided rotor gaﬁg t. dlg?r?%{)ﬂr%%ﬂgig%f%% “construction, the screw
rotors 101; 201 (Figs. 3, 4; 8, 9) are forned fromtwo parts, a cylindrical

screw body and a_ _coaxial rotor shaft. The screw body 104; 204 (Figs. 3; 8)
has a screw t hr 438 6f abdiffenympengd fase seghign sontoursiofp éé@ﬁﬁms%‘db’elmb MYYIE t he

screw body 104; 204 the 106° «206 (Fig. 3; 8) is extended into
an eccentric cavity, terﬁr@g{{hgggl%g %%@?ﬂn‘égcavity (103; 203 (Fig. 3; 8). In

the centre bore 106; 206 of the screw body 104; 204 the rotor shaft 105;
205 (Fig. 3; 8) is press-fitted, thus sealing the balancing cavity 103; 203
outwards. A forfigi# ar ecAmexample of canstrnetioniafia rotor pBihgseremcnoias set infig.loinay
shaft 105; 205 and the sqgw Rod¥shidfion 74 second variant with a straight balancing cavity

in an axial section.
Fig. 9: The rotor in Fig. 4 in the end face section corresponding to line B-B.

Fig. 10: Representation of the spiral locus curve of the cross-section centre of
gravity and as a broken line, the axis through the centre of gravity of the
straight balancing cavity in Figs. 8, 9.

Fig. 11: An example of construction of a rotor as in Fig. 8 in a subsidiary variant

with single-sided rotor shaft.

In one example of construction, the screw rotors 101; 201 (Figs. 3, 4; 8, 9) are formed
from two parts, a cylindrical screw body and a coaxial rotor shaft. The screw body 104;
204 (Figs. 3; 8) has a screw thread of about 9/2 wraps and a coaxial centre bore. Inside
the screw body 104; 204 the ceéntre bore 106; 206 (Fig. 3; 8) is extended into an
eccentric cavity, termed the balancing cavity (103; 203 (Fig. 3; 8). In the centre bore
106; 206 of the screw body 104'; 204 the rotor shaft 105; 205 (Fig. 3; 8) is press-fitted,
thus sealing the balancing cavity 103; 203 outwards. A form-fit area ensures |
transmission of torque betWeen the rotor shaft 105; 205 and the screw body 104; 204.
For manufacturing and strength reasons, the screw body 104; 204 and rotor shaft 105;
205 are made from different metals.



For nanufacturlng and strength reasons, the screw body 104; 204 and rotor
shaft 105; 205 are made from diffierent. netals.

5 A channel 107; 207 (Fig. 3; 8) provided in the rotor shaft 105; 205
ensures ventilation or cooling of the balancing cavity 103; 203 from a
poi nt sealed off fromthe punping nedium this construction shows a centre
bore leading fromthe inlet side wwth a trangverse bore in the area of the
bal anci ng cavity for ventilation. Cal cul ati on processing: In a
rectangul ar coordi nate systemu, v, w, the following relations apply to any
shape of body of uniformdensity on rotation around the waxis and

el ongation p [ eAchanne] H0% ROG (Fig. P[Séprqued[mrthe]l(ogmsbaﬁéﬁi ;206 spfures Yentilativw or

ey Lo G AN 8 B s e it A

[err] (9 <w>)[ ehédiwinSitid &ﬁﬁﬁ'{l&foh]sﬁﬁ‘ﬁg a Q¥htre bore leading fronfHhe inlet side witha

transverse bore in the area of the balancing cavity for ventilation.
Calculation processing;:

In a rectangular coordinate system u, v, W, the following relations apply to any shape of

body of uniform density on rotation around the w-axis and elongation p < w<q:

q
P, = ot ] (g<w>) - cos(¢p<w>) dw 6))
P
q .
P, = o’-t- | (g<w>) - sin(¢<w>) dw 93
p
q . '
Myw = o’-t- [ (g<w>) - w - sin(p<w>) dw 3)
D .
q
Miw = ot [ (g<w>) - w - cos(p<w>) dw C))
P _
where: p,q = integration limits [cm]
P, Pv = power components [e]
MywM,w = torque components [gem]
o = 20T =  revolutionspeed : [rad/sec]
n = Number of loops = 3.1415... -

T = Duration of a revolution [sec]



'Wner‘e:‘p, q = integration limts [ cn Plerr],

Plerr] = power conponents ; [ 0] Merr],[err],
Merr],[err]= t orque conponents [gem [err] =
2[err]/ T = revol uti on speed [rad/sec] [err] =
Nunber of loops = 3.1415... T = Duration of a revol ution

[ sec] 6 6 [err] =
[err]/Db _ [0
sec[err]/cnferr]] [etr] = Speci fic wei ght 2 4
[g/lcnferr]] b ? = /%und accel eration =981 [g sec”/ cm’]
[cnisec[err]] g <w>=_ Specifi¢/weight<W> cm’]
[cnferr]] f <w> = End face section surface as a function of W
[cnierr]] r <wb = = CerfnoundaccglerationF=®¥ntre di stance as demisecti on of w
[cm [err] <w> =__. Centr f gravity position angle as a fyncgion of w
[ rad] For a s%:?‘ﬁv_body f%r’(v%tﬂgq%% v, wsystem (Fig. 2) w t;tn tre end

face section i Fdwe -V EridBedReticPilriate 8 a Sikbh ¥t wo Of tlgneentre end
face section on the u-axis and with constant pitch 1, constant Tront

surface fo and rcovstant deamtreof gfavify aentreydistameras adisdtioneof w demj he f ol | owi ng
can be derived ,jin particular ) .9 <w> = g[err], = f[err]._[err] rf[err]
= const ant 4’?‘3? = entrg of gravity P@?‘g‘]"( 2‘{%‘??‘]?&)‘“’%‘%‘? 9éww[rad] |

(6) Due to the symmetrical elongation of-Werr]...+Werr] correspondi ng
to positioning angles of-[err] ...+[err], the follow ng al so applies:

p = -Werr] (7)Forascrewthody iV{ier, v, w8ystem (Fig. 2)Avith t¢ntre dnd'fide settidndin@hé b
(6a) Fromthis symetry, the followi ng derives directly for the
unbal anced scr -and gentie of gravity So of the centre end face section on the u-axis and with

constant pitch 1, constant front surface fo and constant centre of gravity centre distance

1o, the following can be derived in particular

g<w> = gy =fj - 1o = constant o)
f<w>=a=Q2n/l)-W 6)

Due to the symmetrical elongation of -W, ... + W, corresponding to positioning angles
of -0z ...+, the following also applies:

pP=-W2 (7) qQ=1W2 (8) W2 =az -(12m)  (6a)

From this symmetry, the following derives directly for the unbalanced screw (=solid

SCrew):
Py=0 (22) Miw=9 (4a)
The remaining components are determined as follows:

From (1), (5), (6), (6a), (7), (8) =>



sc'rew); Plerr]=[err] (2a) Merr] =[err] (4a)

The remai ni ng conponents are determ ned as foll ows: From (1), (5), (6),
(6a), (7), (8) => : 7
Plerr] = [err] cos (2[err] W) dw =[err] (g[err] [err](l/[err])[err]
sin[ferr]) (1la) From (3), (5), (6), (6a), (7), (8) => Merr] =
[err]sin (2[err] wl) dw = [err](gferr]
(I/[err])[err](sin[err]-[err]COS [err])/2) (3a) where: [err] =
[err]/Db +W2 [g se[err]
ColeriLl Il By 7 = SPOELIG S eleT IBLs Gn WA VWL - (oo -ny sino)  (la)
[cn r[err] = Centre of grawizty centre di stance of solid screw end

face [cn] f[err] = Front surface of solid screw

_ _ " I . _
%fg:l]e”]]l aLgréﬂémg}gy’éa’éanﬁ?zgegyﬁ%%ps2pgwegeometry; [err] is a paraneter

dependent purely on

+W2
Myw = o’ -To-g- | w-sin(rwl)dw
W2 -
= o 10+ (2 (Un) - (sinoz - o cos 3)/2) (3a)
where:
To = Yo/'b ' : : [g sec® / cm?]
Yo = Specific weight of screw body [g/cm’]
1 = Pitch [cm]
To = . Centre of gravity centre distance of solid screw end face  [cm]
fo = Front surface of solid screw [cm?]
o2 = % screw wrap angle [rad]

1 and gy are determined by the screw geometry; ® is a parameter dependent purely on
operation with @ > J; 1y is dependent on material and thus conditionally variable with

10> (J; the main variable is the wrap angle = 2.

By varying only a5, it is not possible to obtain P, = & and M, , = & at the same time
(static and dynamic balancing). In the present patent application, eccentric mass
concentrations are formed inside the screw without external additional masses and

without end face balancing cavities.

‘With the example of construction described here, the rotor shaft has no effect on
unbalance; the balancing cavity is formed inside the solid screw and this alone supplies

the compensation for static and dynamic unbalance this means that the problem is



operation with [err] > [err]; [err] is. dependent on material and thus
conditionally variable with [err] > [«err]; the main variable is the wap
angl e = 2a2. By varying only [err], it is not possible to obtain Plerr] =
[err] and Merr] = [err] at the sane time (static and dynam ¢ bal anci ng) .
In the present patent application, eccentric nmass concentrations are forned
i nsi de the screw wi thout external additionalgnasses and w thout end face
bal anci ng caviti es. Wth the exanpl e of construction described here, the
rotor shaft hasrefifcediHeRCio ke oAb AREGat Rithal M inAGed @ U niatdrial paa,ni?ed the
inside the solid screw and this alone supplies the conpensation for static
and dynami ¢ unbstiticnand dyhamicwedues of thetsolith screwaintd dalaneing cavity have to be compatible
8 reduced here t ur.e rm configuyratio it hout the influence of :
mat eri al dat a, Wﬁﬂ%‘ﬂ?éﬁ%ﬂ“@‘g‘?ﬂg‘a‘?}ﬁﬁgﬂ%?%es of the solid screw and
bal anci ng cavity have to be conpati bl e such t(ll'gat the follow ng 4 equations

fulfilled: / = = ¥ d
(20 " Merr R B Tern D = o Ferr) bemcvaisn Gwvpdy ) o)

Plerr] [ [err] = g[err]. (I/[err]) sin[errB3 = [err](g3 <w>) cos[([err]
3<w>) dw (1b) Merr]/[err] = g[err](l/[[err])[err](sin[err] -
[err]COS[err])/2 =[err]g3 <w>) [err] wsin (q%rr] 3 <_V_V>) dw (3b)
Myw/0® 19 = %] = [ (g3 <w>) -w-cos(p3<w>)dw (4b)
p3 . |
q3 ' _
P/o* 1% =go-(Un)-since = [ (g3<w>)-cos(ps<w>)dw (1b)
_ p3
q3

My, w /0’1t = go(U/m)>(sino, - o cos aé)/2 = (gs<w>) - w-sin (¢ 3 <w>)dw (3b)

Solid screw Balancing cavity

Here the index «3» indicates association with the balancing cavity.

In the first variant (Fig. 3, 4) of the example of construction, the required thread depth t
(Fig. 3) is relatively large, corresponding to a relatively small core diameter ¢ (Fig. 3).
The effective balancing cavity 103 here consists of three wound congruent wings 108
arrénged equidistant and aligned éxially (Fig. 4), which follow the path of the screw
thread at a parallel distance. In Fig. 5 the dotted line shows 5 potential wing positions I-
'V; in the variant construction here, only the centre positions II, III, IV are used (rough

~ estimation).

‘With this type of balancing cavity design 103, by varying the wmg size and shape, the
static value is substantially modified but the.dynamic value very little. With the
unbalanced screw, by changing the screw length (¥ 2 W,) substantial dynamic changes
and slight static changes are, however, obtained in the region of uneven multiples of half



Soli'd screw Bal anci ng cavity Here the index <<3>>
I“ndi cat es associ ation with the bal anciing cavity. In the first variant
(Fig. 3, 4) of the exanple of construction, the required thread depth t
(Fig. 3) isrelatively large, corresponding to a relatively small core
dianeter ¢ (Fig. 3). The effective balancing cavity 103 here consi sts of
t hree wound congruent wi ngs 108 arranged equw di stant and aligned axially
(Fig. 4), which follow the path of the screw thread at a parallel distance.
In Fig. 5 the gm&hed | i ne shows 5 potential wi ng positions I- V; in the

t

vari ant constr lon here, only the centre positions IIl, Ill, 1V are used
(rough estinmati on) Wth this type of bal ancing cavi ty desi gn 103, by
varying the w e .and shape, the static valuye i s su antially nodified
but the dynani 39 iyen stpq‘@cewqqqnpﬁetouh@as é)@mvg@ﬁ%&aﬂ yeRteRfyi ng
the screw | engt L atic
changes are, ﬁ%v(ugﬁ) %@{&J #e‘z:ggﬁ{e Ii’e ‘@g@‘%‘%ﬁ%}'%%%\%w trp %adslgg Tﬁ%l f

9 pitch. Fr @iveshe given screw end face section contour (Fig. 6),the
surface f[err] and centre of gravity position r[err], [err] [err] can then
be determ ned by the rel evant known net hods. This gives: flerr] = 91.189

B = 84.17 From t hi
et o1 e -L[S[%rr?ﬁs?f%ﬁ’f@[&%Fﬁ%r@r»rﬁz%fﬁé Tonter ] Weh the

pitch 1 (likew se specified) 6.936 [cm, for the solid screwwth a
variation in [err] from (1b) and (3b) di rect val ues are obt ai ned, as shown
in Table 1. Fromthlswecandetermme—>go—fo ro—26l 636 [cm’]

With the pitch 1 (likewise specified) = 6.936 [cm], for the solid screw with a variation in
o, from (1b) and (3b) direct values are obtained, as shown in Table 1.

The shape of the balancing cavity cannot necessarily be derived from the conditions
(2b), (4b), (1b), (3b); it is instead necessary to determine a geometry first, then
determine said four angle data for this, then correct the geometry, re-calculate said four
angle data, etc. until such time as (2b), (4b), (1b), (3b) are fulfilled with sufficient

accuracy.

The limit on expansion of the balancing cavity is determined by a minimum wall
~ thickness dictated by stability. Due to cﬁrvature of the screw surface which varies

spatially, the limit line on the end face section can only be determined by calculation:

-the front sector contour and pitch 1 give a normal vector for'ea(.:h point on the screw
surface, of an amount equivalent to the minimum wall thi_clmess; Thé end point of the
vector is then screwed into a fixed plane (w = cohstant) and gives one point on the limit
line. Using a special computer program, with a subroutine containing the specific profile
formulae, the curve data of the limit line shown as a broken line in Fig. 6 were -
calculated for a wall thickness of 0.7 [cm].

Due to the complex spiral form, feasible functions g; <w> and ¢ 3 <w> can be



The ‘shape of the bal ancing cavity cannot necessarily be derived fromthe
conditions (2b), (4b), (1b), (3b); it sis instead necessary to determ ne a
geonetry first, then determ ne said four angle data for this, then correct
t he geonetry, re-calculate said four angle data, etc. until such tinme as
(2b), (4b), (Ib), (3b) are fulfilled wth sufficient accuracy. The limt
on expansion of the balancing cavity is detggm ned by a m ni nrum wal |

t hi ckness dictated by stability. Due to curvature of the screw surface

whi ch varies s i i i i : y be
det ermi ned by (F:*gé ﬂ(s,aﬁéldzftétﬂl rg%@@rph%&%l?rgh%ﬂ?g% %ﬁ%ﬁﬁﬁ?ﬁﬁ% 15%?]1\:/12‘%
normal vector fpoblems iwithsubsequenttiivegiztion ()1 f. db}); anfapproxinationtmethiod withent
to the minimumwall thickness. The end point of the vector is then screwed
into a fixed plutmaeiotallingof numerous smal pertial ameunts by, computerprogram provides a
Usi ng a speci alfaﬁ%ﬂ&r-pr ogram w th a subroutine containing the specific
profile fornmnul ae, Cltve data of the linmit line shown as a broken |ine
in Fig. 6 were calculated for a wall thickness of 0.7 [cni. Due to the

conplex spiral form feasible functions g3 <w> and [err]3 <w> can be

10  repr esentln thisithe halancing ¢ayityis divided dnto &F iscsooffiet axiallytonechehind thedthei,t h

Appr oxi mat | on' IKAIGRe satee ickie AT Hhe (oeDp Ry of sk i b detoed sepabige by

anounts by cONMyHnRbold iR Jits 96F isStored foifa! ution: For this, the °
bal ancing cavity 1s divided into N discs offset axially one behind the
ot her, all of the sane thickness AW The front contour of each disc is

defined separately by nunerous i ndividual points and is stored in this

form A corfbGoBPutsy FbErnting thanicalculaigsthe ¥alues guaad val fram this for epchydise and 1 |
fromthis for %ﬁﬁ@sﬂ%?ecinm?ld%ﬁrnﬁcﬁn&&ese in the field data nenory. A
calT'sinthes

further conputer program “val ues again and forns the integral

val ues by totalling: : '
A further computer program calls in these values again and forms the integral values by -
totalling:

N
P,/o 21:0 = AW .-Z g, -sin¢, [cm4] (2¢)
r=1

N .
Myw/ 0%ty = AW-Z g,-Wy-cosp,  [em’] (4c)

P./ 02t = AW -Z g,-cospn [cm*] (10

Mv,w / ()] 210

AW -3 g, W, -sind, [em’®] (3¢)
n=1 '

~ In construction, the disc end face section contour is now optimally extended to the limit
line (shown as a broken line in Fig. 6) in the centre area of the wing and the centre of

gravity positions of the solid screw and balancing cavity superimposed 108 (Fig. 4).



P[err] / [err] = [err] [cn{err]] (2c) Merr]/[err]

= [err] [cn{err]] (40) « Plerr]/[err] = [err]

[cnferr]] (1c) Merr]/[err] = T[err] [cnerr]] (3c)

I n construction, the disc end face section contour is now optimally"
extended to the limt line (shown as a broken Iine in Fig. 6) in the
centre area of the wing and the centre of 1gravity positions of the solid
screw and bal anci ng cavity superinposed 108 (Fig. 4). The centre

section ext endsTHR\ehtrésdcliortxiéadd ARl 8 ﬁbwpmam% ﬂuﬂfb@fbﬂdbnttbab&icsrm theenénd
areas each have 5 discs of decreasing contour Wth AW= 0.108

[cml and by varangamhazvhédmswedmmwm ig. % ?N@MMaﬂrl@ﬂ [¢ro} andly

Lerr] = a0, o, vaBas 8 Mesiabyer St iy TR S Ghusfity 52 skl Poed e nk s

by correcting the disc geonetry. Values for the ratro of screw I ength/pitch
determ ned by calculation in this case are 2 Werr]/l = a = 4.4825 < 9/2.
In a second varA good @ﬁr@nnﬁuo@is obtaihdibwith salpbeant 806.85.806.0 {¥Jrand tnine 10. Fine
required thread de [

t Fig is relatively small, correspondin
relatively |ardé gﬂ@téﬁ pbtmn@ | byicgtrecting thmélsesw&twvé(ahlsﬁgqr %eaff. ty
203 (Fig. 8) Molg] e £Qns
cross-section %E&ngggth@té%gﬁl g "(':'é‘#‘lﬁlgy\?\nﬁ%l%&{ gc%%ew&%gdr‘;gplar ga ‘iggﬁnsferg/zd
axially

- In a second variant (Fig. 8, 9) of the éxample of construction, the required thread depth t
(Fig. 8) is relatively small, corresponding to a relatively large core diameter ¢ (Fig. 8).
The effective balancing cavity 203 (Fig. 8) runs in a straight line, axially parallel with

 constant cross-section (Fig. 9) eccentrically within the screw core area, centered axially
(Fig. 10).

This form of balancing cavity 203 has not effect on dynamic unbe.lance. With
calculation processing, the exact value a, = screw length/pitch in the region of 9/2 wraps
is then determined by means of (3a), for which the dynamic unbalance of the screw is
likewise equal to «zero». This value a, is not dependent on profile. Some values for
different wraps are given in table 3. From this, the (proﬁle-dependent) value of static
unbalance of the screw is obtained dlrectly with (1a):

PJ/a’ty = go - (I/m) sinoiy
oz = 14.0662 [rad]
1 = 539  [cm]
g = 150.374 [cm’]
Pjadty = 257347 [om*]

This value equates with the value of the balancing cavi’ry 203 by adjusting the cross-

section and length:

e= 2.85 [cm] d=1.6[cm] =>j = 20.3 [cm]



(Fig. 10). This form of bal ancing cavity 203 has not effect on dynamc
unbal ance. Wth cal cul ati on processing, the exact value [err] = screw

| ength/pitch in the region of 9/2 waps is then determ ned by neans of
(3a), for which the dynam c unbal ance of the screwis |ikew se equal to
<<zero>>. This value [err] is not dependent on profile. Sonme val ues for
different waps are given in table 3. Fromthis, the (profile-dependent)
val ue of static unbalance of the screwis obtained directly with (la):

Plerr]/[err]- = glerr] - (lI/[[err]) sinferr]

a2 = 14. 0662 [ rad] Il = 5.390

[cm With a subsidiary variant (Fig. lgpoﬁhe §éiﬁn3 Wnant th¢ sergwrotb} 302 is bearing-
Plerr]/[err] = 257. 347 err] This val ue equates with

Ithe Vﬁ| ue of tm@mdeﬁwhﬁgtmtswnzberqtgr @eﬁfwdﬁgaxlﬂb%wd%@m eNnd |
8
12" Wien a subdtu TR popspe et Al p07id el the pris free opd frog of the

rotor 302 is beafewYstorViddlagst caxialiBdre iahd BaPIhS be made iheeveral whyss Thé berewx ed
coaxially on one side to the screw body. The eccentric bal anci ng caV| ty 303

"is accessi bl e fhodyrandotenshstt preferablyforna g sanpblog anifcand the eeaxial bpge op the rofer

coaxi al bore and n .thus b seyer t or
shaft prefer able? Lﬁ?&ﬁ@%ﬁ?@%‘ﬁﬁ? MP hgﬁ.ég%l% Qﬁ P %%iro gg"%ﬁﬂgé%rg\'&ﬁod
end face i s optdiQaed hﬁer%ﬁ'l?%é"hhﬁle-%uﬁ' HBegaring) Qiverthifferefit propoionPed, j 6fthe of

the screw body, dictated infer alta by the single-side bearing, give

di fferent propdxalancmgcevltscBOQWMﬂtersemb@hl&nbmgpmedm? 303 with the sane
cal cul ati on procedure. Screw rotors with profile geonetries of both
variants of the exanple of construction described as per the proportions

given in Figs. QRrevwtrotérs wiih fofifd gébitriedof Bbdivafiants of the example of construction

described as per the proportions given in Figs. 3, 4, 6, 7; 8, 9 were calculated
theoretically and by computer, constructed for 1 length unit (L.E.) =1 cm and

successfully tested.

Table 1:

o | P./0*To My w/o’To
[<] [em®] [em’]
807.4 577.045 229.381
807.3 576.998 213.715
8072 | 576.950 - | 198.053
807.1 576.900 182.394
807.0 | 576.848 | 166.739
806.9 | 576.794 151.087
806.8 | 516739 135438
806.7 576.682 119.793
806.6 | 576.623 | 104.151




tﬁeorétically and by conmputer, constructed for 1 length unit (L.E.)
and successfully tested.

Plerr]/[err]
[cnierr]]
229. 381 807.3
807. 2

576. 900

166. 739 806. 9
806. 8

576. 682

104. 151
Plerr]/[err]"
[crierr]]
231. 623
-4.081
3.192
545. 467
98. 519

-4.824

= 2Werr]/|I
Cross-section

10

=1cm
Table:1: ~[err]
Merr]/[err] [[err]
[cn{err]] 807.4 577. 045
576. 998 213. 715
576. 950 198. 053 807.1
182. 394 807.0 576. 848
576. 794 151. 087
Table 2 : 576. 739 135.438 806.7
~ables: 119. 793 806. 6 576. 623
13 Table-—2—m
Merr]/[lepyd>, Plerr]Migiol, M pPybiferr] Maw/o’t
cnerr]] [cnf] [cn{errk&nf] [cniﬁﬁﬁﬁ] 13 Dnnﬁ 641. 926
—3902 3970 — 12— 019980 1997537
13 3. 574| 6411926 234.639 -3.90270. 234 |3.970 _4 251}
.~ 571. 692 14 | A - fadhl0 | 2.824 |9
13,9 509 619980 g8k AL 5 [35M 215%0
41697 1596549 2.14Q70034 429 169 3.19279. 735
1. 827 - Tabl e 3: Rati o of sgrew | ength /dgitch = [ern]
10 57106922 st r aild4B.6841 anci ng-44l0 ty of coh824hnt
9 545467 119.803 -4.559 2473
8 517.937 98.519 -4.697 2.140
7 489.169 79.735 -4.824 1.827
Table 3: Ratio of screw length / pitch = a, =2W,/1
' for a straight balancing cavity of constant cross-section
3, =2Wy/1=2a,/2n | 2.459 3471 {4477 |5.481 6.484 | 7.486
Uneven multiples of | 5/2 72 92 11/2 13/2 15/2
Yo .




[err] = 2Werr]/l =2 [err]/2[err] 2.459 3.471  4.477 5.481 6.484
%.486 Uneven nultiples of 5/2 « 7/2« 9/ 2 11/ 2 13/ 2 15/ 2

et c. : Clains 1.
Screw rotor set for“)ﬁl purrps in an axially parallel arrangenent engaging

in opposi ull mt‘ the external axes and with wap angles of at
| east 720
e

- t hr ead construcg on, and with snooth
pl ane- paraII rotor end faces characteriz in that each screw rotor (1,

2; 101, 102; 201, 202; 301, 302) consi sts of several individual parts fixed
rigidly together with a coomon axis of rotation, optionally eccentric
centre of gravity positions and optionally. dlfferent mat eri al densities;

the individual parts inside the rotor forf&laimsavity separable fromthe punp
chanber, the balancing cavity (3; 103; 203; 303); adjustnent of the

mat er | al densi 1y anBcreWarotb? &b créW plths invh axidllyepardlRe hfangefiefiterigaging @ Or
cause static balancing and affect dynam c unbal ance, and dynam c bal anci ng

i s achi eved wi oppqsne rections icthe oxtemiahaxes and withawiap angles of afeast &20° in a single-
ggﬁrg\erqnatnatslnglnl t he scr ?{7\/ I eﬂat B/ %pggtﬂ t 0 lefirg tr C\I/lgl ues ﬁgl ct[ré gféfmatgat
I[2)8r2) CIcglnrsnl it ch}&hgefgy ll|°Z0§‘(rall’|(% lbz?rog\?vgghng?gﬂgmﬁ?&gtﬁéfa coaX| al S%TS
shaft (105; 20fixed mgidlyttogethenwittea barhmon iaxiy of astation, @pﬁ@;ally@ac)enmm&ewlﬁ e .
SRS erey ¢ o aviotposensd optonh deBemukat Renstsa elo APl
Cor ew body and oloE kAR SARY LefhriifenbitnpR #“?*’S?%‘ﬁ%ﬁﬁ@%’?ﬁﬂ“‘ér FIpG5108e
di f f erent dens2@3;303); 4djustmesic ofthe medterial densny:anqb the gebmietry 2f ﬂredn&wdual parts
characteri zed {nrslldte rtll?é ro%o%%gussecsrtaﬁyg b;i)aglglilg and aﬁ’)ect dynamic unbalance, and dynamic
balancing is achieved with little effect on static unbalance by calculated determination
of the screw length/pitch ratio = a at values which are somewhat smaller than uneven

multiples of %.

2. Screw rotor set as per claim 1, characterized in that each screw rotor (1, 2; 101, _
- 102; 201, 202) consists of a cylindrical screw body (104; 204) and a coaxial rotor shaft
(105; 205), which form the balancing cavity (103; 203) inside the screw body.

3. Screw rotor set as per claim 1, characterized in that each screw rotor (1, 2)
consists of a cylindrical screw body and a coaxial rotor shaft with a cross-section
bearing-mounted eccentncally inside the screw body and the screw body and rotor shaft
are made of materials of different densxty '

4, Screw rotor set as per claim 2 and 3, characterized in that each screw rotor (l., 2)
consists of a cylindrical screw body and a coaxial .rotor shaft with a cross-section
mounted eccentrically inside the screw body and the screw body and rotor shaft are
made of materials of different density and form an eccentric hollow cavity, the balancing

cavity (3) inside the screw body.



L

-

consists of a cylindrical screw body and a coaxial rotor shaft with a
€ross-section entrically imside the screw body and the screw

body-anm are made of materials of different density and forman
eccent m["ym&m’” t he bal ancing-cavity (3) inside the screw body.

15 5.* ¢ Sere set as per claim1l1, characterized in that each screw
rotor (1, 2;. 301, 302) consists of a cylind{4cal screw body (304) with a
rotor shaft applied coaxially on one side and the screw body has an

eccentric hollow cavity, the balancing cavity (303) on the inside, whose
access on the shaft-free end face of the rotor can be seal ed optionally

with a plug (389). Scfew rotorSeas8\wer elhiai 1 Schiaraeterined incthati eack serew4otor (1, 2; 301,
characterized in that the balancing cavity &103) has sever al _v&'n - ype
ext ensi ons on 86 consists of agylindgicrlseravpbedyid3 %W%Pé‘mﬁ&aﬁéapw ?Pgafsﬁ 0g|
centreline. 7. .1 SC [ ot Qr S .chai :

ol Ternati ve toons s el 6 srBlyod Bbe APt BrE nBUy Sy, hfbaiaein@iality oy

runs axially i pnheSihgidé,oitosk hetRsyor fhe GRATE fraebnd 206 6f the ¢otopcan tesehledt t he
effect on the dynam c unbal ance is equal to <<zero>>. 8. Screw rot or

set as per cl appticnally withaypleg 6309)., characterized in that the bal ancing
cavity (103; 203) is ventilated or cooled by neans of a channel (107; 207)
arranged over - the rotor shaft. 9. Screw punp with a rotor set as per

one or more of gCl ai BBredy fofbrSet as per claim 2 or 4, characterized in that the balancing cavity
-(103) has several wing-type extensions on the side (108), which follow the screw ﬂuead
with parallel centreline.

7. Screw rotor set as per claim 2 or 4 or 5, as an alternative to claim 6,
characterized in that the balancing cavity (203) runs axially in a straight line with
constant cross-section, so that the effect on the dynamic unbalance is equal to «zero.

8. Screw rotor set as per claim 2 or 4 or 6 or 7, characterized in that the balancing
cavity (103; 203) is ventilated or cooled by means of a channel (107; 207) arranged over -
the rotor shaft.

9. Screw pump with a rotor set as per one or more of claims 1 to 8.



