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media 5 The invention relates to a displ acenent | ne — ué&gr

conpressible nmedia, in particular a dry-running vacuuﬁﬂgﬁ h [ éﬁ)
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| east two shafts with rotors, whi ch are configured as profil ed/bodies
and whose profiles engage with one anatker in the manner ¢ _
gearwheels during rotation and run wthout contact relative to
one anot her, each of the shafts being driven by its own electric notor,

t he angul ar positions of the shafts being determn ned by §ynchro
resol vers, on tPlespbagement grachihesor cogpakssibihemedbiors are 15

el ectronigal ly synchnniz&bnt i rd¥cesh8bl s A3P10%ementIGHMIGR] S
whi ch engage wi th one another and whose, angul ar “cl earance 1s smal |l er
than that of ffke FPEPFPEFible ppgdda, in particular 2| dfy-wupning was

usual to syn@btﬁnmzepﬁﬁp,tmvri@rgor%tpflea&h aquéplsa@qmg\_ dtgﬂﬂlgthiﬁ&%r@/' means
of gearwheel s, anly ane tor being nor provj.ded. | was,
however , necggé‘g F&qyuts:roflg&‘t%élrteﬁe Géarmé’flg'%do_ bodigsy; and \\4dasg y
possi bl e to pwoifdlesl | engageof wiihk onepuapetihheedi imn biyhéfeatf?lrfér a ofer yh
high le o] [ I5 [ ¥ i of ..t he rJiel ative to the
rotors ngd BF%ZW?E%F%LI%%EE%% gﬁ%%g?%ﬁp qﬂ%vé?#‘ pﬁ%%out c5¥¥%§f§hdlng
seal s wear oitl3§itvRat teheop@npan@thes, beeach of the shafts being

driven by its own electric motor, the angular positions
of the shafts being determined by synchro resolvers, on
the Dbasis of whose 'signals the  motors are

15 electronically synchronized, and the shafts having
gearwheels, which 'engage with one another and whose
angular clearance is smaller than that of the profiled
bodies.

For a long time, it was usual to synchronize

20 the rotors of such displacement machines by means of
gearwheels, only one motor being normally provided. It
was, however, necessary to lubricate the gearwheels so
that it was only possible to avoid pollution of the
pumped medium by means of a very high 1level of

25 complication in the sealing of the gear relative to the
rotors and the actual pump space. However, the
corresponding seals wear out so that the pump had to be
taken apart in more or less regular intervals in order
to replace the seals.

30 These problems are avoided, in a pump of the
type mentioned at the beginning (US-5 836 746), by each
of the rotors being driven by its own electric motor
and these being electronically synchronized. - The
angular positions of the two shafts are continuously

35 determined by Synchro;resolvers. The synchro resolver
signals are supplied to an electronic wunit, which
drives the two electric motors synchronously in such a
way that the rotors cannot come into contact. In order
to ensure - under adverse operating conditions with the



taken apart in nore or less regular intervals in order to replace the

seals. 30 These problens are avoided, in a punp of the type
mentioned at the beginning (US-5 836 746), by each of the rotors being
driven by its own electric notor afd 2 these being electronically
synchroni zed. The angul ar positions of the two shafts are

continuously 8gncHebalmabédnby operaiting esimamrsratdlye synchuhatr estiever
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~electric notors synchronously I'n such a way that the rotoi's cannot cone
into contact.damagedefo thetoswvrfages- ahdéheadsaree @pegabrrwheednditi ons

wWth the  provided on each shaft in -£his pufplchromiat g
operating |naccuratelx - that the, rotors do not co i nto cont.act,
whi ch would | 888rvBeels engage W theOREr AIOSDSH 3 ane & G | is

provided on aggaharshaflearancet hichanpunghe profilEte Houies.gearvieel s
engage wi th opg anebher apd e ARl Clyncn BR9ULRL onCl 82ER0CE Lhban
: erefore, €

the profiled odi'es. ) electroni ¢ synthroni zati on
fails, the gegsdhemdsls, whighi chrupunwighowdut cemvaekt inn mormal

operation, CgfBratAbfA, CEBRAC! intb' StontactheriPseli| edrdd DHaglLfeq
however, stil| cannot_ cone into c¢ontact because |, t hey have an aqgular

cl ear ancetQhi BRAFESqr BRFMENSftmaFt111 GRENOS qome tact because

they have an angular clearance which is greater than
that of the gearﬁheels.

One problem in a displacement machine of this
type consists in setting the rotors and gearwheels in

15 such a way that, during opération, the flanks of both
rotors and gearwheels have the largest possible
distance apart. In the ideal case, the position of the
rotors and the gearwheels should be such that the
rotors take up an angular position relative to one

20 another which is located in the centre between the two
angular positions at which contact occurs. The same
applies to the gearwheels. In normal operation, the
displacement machine would then be operated with this
"null position”. This setting, however, is very

25 difficult to effect. A setting operation by mechanical
means 1is laborious and inaccurate because the angular
clearance between the gearwheels and between the rotors
is only very small, and must only be very small, so
that the gap between the profiled bodies, through which

30 a reverse flow occurs during pumping, is as small as
possible.

In a displacemeht machine of the type mentioned
at the beginning (US-5,417,551 A), setting of the
gearwheels to the average of the angular positions at

35 which the gearwheels come into contact does in fact
occur. The citation does not, however, show how the
critical setting can be achieved such that the average
of the two angular settings at which the flanks of the
rotor come into contact coincides with the average of



One problemin a displacenent machine of this type consists in setting
the rotors and gearwheels in 15 such a way that, during operation, the

fl anks of both rotors and gearwheels have the |largest possible
di stance apart. In the ideal case, the-pdsition of the . rotors and the
gear wheel s shoul d be such that the rotors take up an angul ar position

relative to ORBeZ@orae¥gtRidiMy Céhgtﬁldﬁ)Cpbsﬂtiﬂn*shefCaiﬂe’ eg@aefwee@ls he two
angul ar posit &’Q'ns at 19 t he
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settings at wgheh ctehmfallarﬁ@u;ﬁs the the EBEBESCAME ItHD Jotwitde LHi A6I des
With the avera%% c01nc1de If this problem occurs, this can only
take place by a relative angular adjustment between the
rotors and the gearwheels but no information on such an
15 adjustment is provided by the citation. In addition,
such an adjustment may not be possible because the
gearwheels are located far within the machine, the
angulaf sensors are located more or less at the end of
the corresponding shaft and the gearwheel and rotor of
20 the corresponding angular sensor are not directly
connected to one another.

The object of the invention <consists in
creating a displacement machine, of the type mentioned
at the beginning, in which the "null position" of the

25 rotors and the gearwheels can be set simply, rapidly
and accurately by means of the synchro resolvers.

The solution according to the invention
consists in the fact that at 1least one of the
gearwheels is directly connected to the rotor of the

30 synchro resolver of its shaft and both together are
releasably connected as a unit to the shaft.

The setting of the "null position"™ and of the
flank clearance takes place, in accordance with the
invention, in the following way. One rotor, to which

35 the gearwheel and the synchro resolver are releasably
fastened, is first held steady. The gearwheel can then
execute a rotary motion relative to the shaft of this
one rotor. The other rotor is then rotated in both

rotational directions as far as a position in which the



- 3- t he correspondi ng angul ar positions of the gearwheels.

It is
only then, however, that unproblematic operation IS possible. The
citation only describes how the gverage of the angul ar positions of
the gearwheels is 5 set. It is then assuned that the average val ues for
the rotors and the average val ues for the gearwheels coincide. It is,
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consists in act t east one o

the rotors, or profiled bodies, and the gearwheels are
therefore located exactly in the central position
between the two positions in which they are in contact
or would be in contact. This is the null position used
to carry out the synchronization, the control being
carried out in such a way that the relative position of
the two shafts, rotors and gearwheels corresponds, as
far as possible, to this wvalue during continuous
operation. '

The gearwheels are advantageously attached at
one shaft end because they are then particularly easily
accessible, which facilitates the fastening of the
initially loosened gearwheel to its shaft.

The displacement machine advantageously has a
differential control for the rotational speed of the
motors. Well-synchronized operation has already been
achieved by the synchronization according to the
invention, be means of the setting of the flank
clearance and the "null position". The operational
behaviour is further improved if the two rotors are
synchronized not to an independently specified required
value but, rather, if the synchronization takes place
mainly on the basis of differences in the angular
positions. If, for example, liquid penetrates into the
pump space, the rotors are greatly retarded becaﬁse the
density of the liquid is approximately a thousand times
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connected as a unit to the shaft.

synchro resolver of its shaft and both together are rel easabl y
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i relatively slow so that rapid rotational speed
differences are obviated by the differential control.

It has been found particularly expedient for
the drive if the motors are three-phase motors with
permanent magnet rotors.

The invention is described below using an
advantageous embodiment with reference to the attached

drawings. In these:

Fig. 1 shows, in cross section, a displacement machine
according to the invention; and

Fig. 2 shows an enlarged representation of the
arrangement, according to the invention, of the
synchro resolvers.

As 1is shown in Fig. 1, two shafts 3 are
supported by bearings 2 in a pump housing 1, which is
built up from a plurality of parts. Fastened to the
shafts 3 are profiled bodies 4, which engage in one
another and, in the pump space 5, induce from above the
medium to be pumped through a connection 13 and expel
the medium at the bottom through openings which are not
shown. The shafts 3 and the profiled bodies 4 are
driven by electric motors 6, a separate electric motor
6 being provided for each shaft 3. Two gearwheels 7,
which engage in one another, are provided at the bottom
on the shafts 3. The motors 6 are electronically
synchronized by means of synchro resolvers 8. In the
case of adverse operating conditions, if the electronic

jcular  firmy cl by ti ght eni
Sithert orbien Gets ofF| EhE0oRmES SiRe 19 BRERuRbEPE a0
S



15 therefore |ocated exactly in the central position bet ween the two

positions in which they are in contact or would be in contact. This is
the null position used to carry out éhe synchroni zati on, the control
bei ng _carried out in such a way that®°the relative position of 20 the

two shafts, rotors and gearwheel s corresponds, as far as possible, to
t his val ue deyh@@n@mﬂﬂ&tﬂmﬁ is nperasﬁﬁﬂicient, the Weamewmaheels are

par t1 cat ar |y BH8 | §508 sBbrastn BT Sh, BPAne | arle T 120 A0 (e
initially Ioagemangmrwme@h ie |sn@l§4¢aftthan that of Thke dropbaserfent
machi ne adva&hége%é}%é@fs a7 do Hdf eAEPhARL Yy cmeollﬁ@é Eeﬁtaetta@&na'

speed of th | - synchronj zed opera I on has al ready been 30
achi eved Dy thétsyhthrihi EQﬁiséF?lscc"b? didigRen e ith | hyrricakioBe Gfeans of
the setting Qhe@@eg@aywheels clearance and the "null position". The
oper ati onal behayj,our ,is .further %grove two _rotor re

i f t
synchroni zed not to at3ndepaifidntdy EPerfPt grP@qfrﬁFeJ%e\faﬁ
rather, if tl€ syhghranizat iaon eénkasgpdacecale. mai Ohy thetfnlghhhhanﬁ

di fferences I otfhlh §mgl¢|h§r r%earvﬂf)ééf lons; s | Eonhbt882MHY ethgI %?rg: J%ecause

penetrates |n the rotors are greatly
t he h%nsmﬁFQ&V3ﬂu¥¢ﬁQﬁu8r|§haﬁbr§ﬁpnﬁ¥%lyobat u§ahét@Vﬁe§° the

shaft 3. The gearwheel 7 can, in turn, be fixed on the

shaft 3 by means of the clamping element 13. The rotor

11 of the synchro resolver 8 is arranged on the sleeve

9 whereas the stator 12 of the synchro resolver 8 is
15 arranged to be fixed relative to the housing.

In order to set the ideal position or the null
position of both the rotors 4 and the gearwheels 3, the
rotor 4 and its shaft 3 on the right-hand side in
Fig. 1 are first held steady, the bolt 10 being

20 loosened so that the right-hand gearwheel 7 can rotate.
The 1left-hand shaft 3 is then rotated in both
directidns until the rotors 4 come into contact, these
two contact angles being determined by means of the
synchro resolver 8. The left-hand shaft 3 is then set

25 to the average value between these two contact points.
The right-hand shaft 3 of the right—hénd rotor
continues to be held steady. The gearwheel 7 located
on the right is then moved in both directions until it
comes into contact with the left-hand gearwheel. The

30 two contact angles are measured by means of the right-
hand synchro resolver 8. The gearwheel 7 is then set
to the average value between these two angles and is
tightened by means of the bolt 10. The two rotors 4
and the two gearwheels 3 are therefore located in the

35 central position between the contact points. The
operation is then synchronized to this value of the
relative angles.



- 5- greater relative to gases wth the retardation, however,
taki ng place approximately equally for both r ot o+-S+——-——-Conpensation

for possi bly occurring differencgs can then b neans of
the 5 synchronization. This would ndt ‘b€ the case ﬂiﬂ {fiﬂ,ﬂﬂ 'I l!l
"synchroni zation were to take place to an externally ue
However, an additional external control does, of course, occur

order to permt input of the deaéiéghsrotational speed. - ThIS
control, 10 however, which acts in the same sense on both notors,
relatively sibw so t h2ispPharement aachanes58&d COMPLASHidlehadipe bbvi at ed

by the-differgaiaduront raoldry—runnlng vabhuﬂaqnﬁqen haviHgpard i cehaf! y
expedi ent for th drlg h e notors e- hase tors th 15
per manent magr&l ?Ib"l“g'f' (3) whe rotoFfe (# |§ r‘l'hléﬁl n?’t%‘ﬂr% 1 ®% usi ng
an advant;azgﬁﬂme&n‘bodnasntmw tahd eflessacerbbilbs ahtga@haeduth o@aw ngs.

In these: n._CraQs | §ﬁ§g ne
accordi ng toz%)rlllef%%f/e% |gﬁ8\l\ﬁa8her o&i é %%%se%g'vﬁsaducyélﬁ{a enlar g%lgagg
represent ati oman @fithoute contact relajdwvengedeone azrotkiéng te@dahheof

invention, ofggdesharts (3) bé@ﬁ@h&919§ﬁmﬁﬁyf%széwn electrlc AwStds Shown
in Fig. 1, two_shafts 3 are upported by _bearings In a Sunp housi ng

1, whichlfs (&) puihe upnerdara B‘Pﬁ%‘é%?t‘? Rt pdhtss. Shalf§§t ehéd theing
shafts 3 are @edihBtedodiyeSsyncidd Clreedgage s N(ONL & enet BRIsidndofin the

punp space5 |nducefrom abov themc,tors (6) are electronically
synchronlzed, and the shaf;s (3) having gearwheels (7),
which engage with one another and whose angular
15 clearance is smaller than that of the profiled bodies
{4y, characterized in that at least one of the
gearwheels (7) is directly connected to the rotor (11)
of the synchro resolver (8) of its shaft (3) and both
together are releasably connected as a unit to the
20 shaft (3).
2. Displacement machine according to Claim 1,
characterized in that the gearwheels (7) are attached
at one shaft end.
3. Displacement machine according to Claim 1 or 2,
25 characterized in that it has a differential control for
the rotational speed of the motors (6).
4. Displacement machine according to Claims 1 to
3, characterized in that the motors (6) are three-phase
motors with permanent magnet rotors.



" mediumto be punped through a connection 13 and expel the nedium at the

bott om t hr ough openi ngs which are not shown. The shafts 3 and the
profiled bodies 4 are driven by electric notors 6, a separate electric
notor 35 6 being provided for each sbaét_B. Two gear wheel s 7, whi ch
engage in one another, are provided at The bottom on the shafts 3.
The notors 6 are electronically synchroni zed by.neans of synchro
resolvers 8. In the case of addbed&xas¥erating conditions, if the

el ectronic ' -6- . synchroni zation is

nave an angula  Crehagaees winain€ ERe RfoFREh ke hEfLenc Torors 4

The gearwheels 7 do not normally come into contact so 5 that it is possible
to dispense with | ubheCaliispladlement iieSieigearvheebfipressible. medtiag. 2

shows an excerpt fromthe representation., of Fig. 1 tp an.enlgrged
scal e. Onwf'ﬁg AYHRE PandPich SREe¢ %qn]i*\%uﬁ%é\r\ﬁﬁee?r‘?éﬂse@oﬁ’r?@éﬁéd to the
synchro 10 (dpsenderwhoser peofifiesh eregade wotht ethe edmbtiver t dnt he

shaft 3. The,Qgatwisel oLocaodih LiBsnBe et G0 LhE cun SPALL3 by neans

of the clanprng el ement T e rotor Synchro reés r 8 1is
arranged oncphtastesedativeg ighaneaneieher at each208f thre sbpfitisr d3esol ver

8 is 15 arpangese t @ R®Ad Xqd)r ehéinye dPivde BRUSEifY. own electric
motor (6) and the angular positions of the shafts (3)
being determined by synchro resolvers (8), by means of
which the motors (6) are electronically synchronized,
the shafts (3) being equipped with gearwheels (7) for
emergency synchronization, is characterized in that at
least one of the gearwheels (7) is directly connected
to the rotor of the synchro resolver of its shaft (3)
and both together are releasably connected as a unit to
the shaft (3).

Fig. 1
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n order to set the ideal position or the null position of both the
rotors 4 and the gearwheels 3, the rotor 4 and its shaft 3 on the
right-hand side in Fig. 1 are first held steady, the bolt 10 being 20

| oosened so that the right-hand gearwheel 7 can rotate. The | eft-hand
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contact, these two contact angles be'n& determ ned by neans. of the
synchro resolver 8. The left; e s <
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Cl ai s 1. Di spl acement nmachine for conpressible nedia, in
particular a dry-runni ng vacuum punp, having.at least 5 two shafts (3) with
rotors (4), which are configured as profiled bodies (4) and whose
profiles engage with one anot her in the manner of gearwheels during
rotation and run without contact relatiye to one another, each of

the shafts (3) being driven by its own atﬁzric motor 10 (6),  the angul ar
positions of the shafts (3) being determ ned by synchro resol vers
(8), on the basis of whose signals the notors (6) are

el ectronically synchroni zed, and the shafts (3) having gearwheels (7),
whi ch engage with one another and whose angular 15 clearance is snaller
than that of the profiled bodies (4), characterized in that at |east
one of the gearwheels (7) is directly connected to the rotor (11)

of the synchro resolver (8) of its shaft (3) d both t oget her are

rel easably connected as a unit to the 20 shaff (3). 2.
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