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5" The invention relates to a di spl acement machine S Cny,
conpressi bl-e media, in particular a dry-running evacuati on punp,

having at |east two rotors which are configured as profrled bodi es and
whose profiles engage with one another in the manner of geaP EE €s

.during 10 rotation and run w thout making contact mnth one anot her,

.the rotors bei ectrve driven, eir_own ele
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rotor profiled bodies arranged on 15 these shafts run in a housing and,
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medi um to fl owith o drid s anothert hiaugkheppmannest cbf gearwheels during
10 rotation and run without making contact with one another,
the rotors being respectively driven by their own electric
motors.
These displacement machines are invariably multi-
shaft machines. The rotor profiled bodies arranged on
15 these shafts run in a housing and, specifically, with a
very narrow clearance both between the flanks of the
profiled bodies relative to one another and relative to
the housing walls surrounding the profiled bodies at the
ends and at the outer periphery. Spaces between the
20 flanks of the individual rotors and the inner wall of the
housing are released and contracted again by the rotation
of the profiled bodies, it being possible for delivery
medium to flow into this space through appropriately
arranged control edges/ports [lacuna] the release of the
25 space and for the - compressed medium to emerge again
through other appropriate control edges/ports during the
contraction of the space.
So that the delivery function can be fulfilled in
an optimum manner, i.e so that a high efficiency and a
30 high level of operational reliability can be achieved, the
narrow clearances mentioned above, between the profiled
body flanks relative to oﬁe another and relative to the
housing walls, are necessary, on the one hand, because the
spaces at different pressures within the pump are sealed
35 against one another by the resulting gaps and loss flows
through these gaps directly affect the efficiency of the
pump. On the other hand, the rotors must however run
together without maklng contact despite the very narrow
clearance, i.e. they must rotate relative to one another
40 at each instant in an accurately defined rotational speed



é?ranged control edges/ports [lacuna] the rel ease of the 25 space and

for the conpressed nediumto energe again t hrough ot her appropriate
control edges/ports during the contraction of the space.
So that the delivery function can be fulfigled in an opti mum manner,
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same applies to the fixing of the gearwheels with respect
to the setting of rotor profiles, i.e. in order to achieve
this synchronization of the various rotors, a wvery high
level of effort has to be applied to the accuracy of

15 manufacturing and assembly. Further disadvantages of this
known solution are associated with the relatively high
design volume and weight and in the sealing which is
necessary between the gearboxes and the pump delivery
space. This sealing is necessary because the gearwheels

20 must, of course, run with appropriate oil lubrication and
0il or oil mist must not pass into the delivery medium.
Particularly in the case of vacuum displacement machines,
the extra requirements due to the necessary sealing
between the oil-lubricated gearwheel synchronization

25 mechanism and the desirably oil-free delivery space are
very substantial because of the low absolute pressures and
the simultaneously high pressure ratios. Furthermore,
this sealing problem can never be solved completely satis-
factorily because the shaft seals either have noticeable

30 leakage or are subjected to very high wear.

Because of the large design volume and the weight
of this solution, high costs naturally arise during the
procurement and also during the assembly and dismantling -~
i.e. during the repair - of such a pump.

35 In order to avoid the disadvantages mentioned, the
individual rotors can each be driven by their own electric
motors and these can be controlled to run synchronously
with respect to angular position and rotational speed by
means of electronic closed-loop control and/or open-loop

40
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and are accommodated i n gearboxes |ocated to the side. Thi s pl aces very
hi gh requirenents on the accuracy of the gearwheel s and on the
circunferential backl ash between the flanks if the accurate runni ng of
the rotors relative to 10 one another, as3described above, is to be :

ensur ed. Tht‘%oor%throf hER Y pll.c? eéoff’eé%?rg? : VF%{SE f’lfle tfa Y0E6h Sr&%&ﬁ of

respect e_settlngo rot or .e. In orader to ac Il eve
this synchronithe i chieplagementi ogtages or s, Beopuse higfh the |eleetgenic

Effﬂ, t hg_s tgﬂéatQ%ﬂ‘&?::Q?f hq;x@ﬁlimiqlfuatlﬁ roRoL as&utiatgsgndptassteﬁal y.
urt her di sadvant ages o i nown sqJ ution_are associafed with,the
ol at el y i GHOMBEE cat e, Bher SHAF YRt SBARA | AGGN AR 4%, GPURLEAOe
neclessary Het V\aﬁqetl’m%geatho&ei-réadib%e]q%urmzsledét/crgsf fat et Jﬁésor,h
sealing i s necgssar cause the r s 20 Jjust,..0 [Se, . ryun.w
appropri ate oi"rfsl ?}#legg i aﬁg b%q'j’oiinggPrSi'l ?ﬁ%?t%sfleﬁ?‘eﬁgsgerﬁF%% he
del i very medi \wngular pattiitudes yand tahsaladee opositionsdichl dbemenotors
machines, - Adfaiyd fs R EhEr Wikn Be REIAEEERSA' 4t SEALA st ant .
the oil-Tu ee

bet ween ricate ear wheel | synchronization 25 nechani sm and
t he desirabl y%iprﬁﬁeadasppve@rsﬁdues aig, of \noursepstankegp pekbhin af

the | ow algsol yhbe ek Spéehi éible ahfflarnuliEgaeereby hidh miyesSiser 8aglyos.
Furt her nore, this, sealin robl.em can never be solved conpletely,satlis-
factorily becéﬁ?ﬁ‘thétéﬂgft géils EPEner TIPS TRREESbI £O50 I@%ﬁﬁ@élﬁ? are

subj ected to wmclrghizetaion can be dispéasadswith time Hier gmsesofinsuchune
o ocur ement “afif ol S5CREFPRAS  Sedia e ARAYSE o cBegt 18" St 10
the repair - &lthaigh bhepe 35 an additional drequirement fior at least
di sadvanyages it & POEEri& Notor and the electronic closed-loop and/or
open-loop units, the total requirements for the pump are,
overall, markedly less than in the case of the known
mechanical control. The powers of the individual motors
used in the case of the closed-loop and/or open-loop
20 control according to the invention can then, of course, be
correspondingly smaller than the motor power of a single
motor in the case of conventional mechanical control. 1In
addition, the closed-loop and/or open-loop units, and also
the motors, are less susceptible to wear, have lower noise
25 and are more reliable than the conventional gearwheel
mechanism.
A screw-type compressor with two screw-type rotors
is known from "Patents Abstracts of Japan", M-838,
15 June 1989, Vol. 13/No. 258, in which the rotors are
30 driven by means of individual motors and are synchronized
electronically. For this purpose, the rotational phases
and the rotational speeds of the motors are recorded and,
if necessary, matched to one another.
WO 91/18206 shows a twin-shaft displacement
35 machine in which the angular positions and the speeds of
the rotors are determined by means of a resolver measuring
system in order to synchronize the rotors with an external
control unit.



i ndi vi dual rotors can each be driven by their o
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oil in the side spaces for the 1lubrication of rolling
contact bearings, shaft seals, gearwheels, etc. in
addition to freedom from oil in the pump space. '

15 The invention is based on the object of creating a
displacement machine, of the type mentioned at the
beginning, which has a high syhchronization accuracy and
which can be configured with two or more rotors, it being
possible to achieve a marked increase in the rotor

20 rotational speeds and to design the machine as a dry-
running vacuum pump.

This object is achieved, in the displacement
machine mentioned at the beginning, by the fact that the
motors are controlled to run synchronously with respect to

25" angular position and rotational speed by means of
electronic closed-loop control and/or open-loop control
units, and by a control method, by the fact that each
motor has associated with it its own drive control unit
which operates independently of the drive control units of

30 other motors, and by the fact that required control values
are supplied to the drive devices by a main control
appliance. . )

In a further embodiment of the invention, it is
proposed that the rotors be manufactured from materials
35 which have good emergency running properties or that the
rotor surfaces be coated with such materials. This has
the advantage that should an open-loop or closed-loop con-
trol system not be set up or not be optimally set up
during the starting phase or in the case of a mains
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used in the case of the closed-1oop and/or open-loop 20 control according

to the invention can then, of course, be correspondingly small er than
t he notor power of a single nmotor in the case of conventiona
mechani cal control. In addi tion, the closed-|1oop and/ or open-I| oop
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10 Standard motors with a normal shaft end are an
obvious low-cost solution as drive motors.

Built-in motors which are completely encapsulated
towards the outside can be used for the drive of the
individual rotors ‘for a leakage-free drive in which

15 emergence of the delivery medium should be avoided. The
known spindle kit motors represent a particulafly
advantageous form.

As an alternative to the built-in motors just men-
tioned, canned motors can also be used for driving the

20 rotors in accordance with the invention in the case, for
example, of aggressive media. This avoids attack on the
stator windings and saves the complicated and necessary
stator winding corrosion protection which previously had
to be applied.

25 So that the satisfactory function of the pump can
be checked from outside, it is also proposed, in accord-
ance with the invention, to connect monitoring units to
the pump which measure rotational speed, relative angular
position, running accuracy, temperatures, slip and

30 rotational direction and transmit these data to a display
unit which is connected to them and which can be monitored
from the outside.

Furthermore, the pump output can be advantageously
matched in an optimum manner to the particular output

35 required by means of the available electronic open-
loop/closed-loop control by rotational speed variation.

In order to protect the installation, an overload
protection for the motors and the pump can be advan-
tageously integrated in the electronic closed-loop and/or



AI.__:t hough t hese two known systens are advant ageous because they do not use a
synchroni zati on nmechanism relatively |arge tol erances nmust, on the other
hand, be permtted due to the design of the appliance and the sensors
(these are, for exanple, +4 in the appli a.n(se-accordl ng to WO 91/18206) so
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necessary with different orientation, to the pump motors
15 until the jammed rotor part releases and the pump can be
operated correctly.

A method according to the invention for control-
ling the displacement machine is characterized in that
each motor is controlled individually and independently

20 and in that this control is based on centrally specified
required control values.

It is then advantageous to use a required attitude
value as the required control value for the corresponding
rotor, which required attitude value is converted into a

25 required rotational speed value after inspection of the
attitude of the corresponding rotor.

The method according to the invention operates
with central open-loop control and decentralized closed-
loop control. Specifications for the operating behaviour

30 of the individual drives are provided by a centrally
arranged main control unit. The generation of these
specifications, i.e. the generation of the required values
for the individual rotors, could be designated as a
"virtual rotor". This "ideal machine" has no deviations

35 from the precalculated angular attitudes.

By means of its own control system, each drive
unit follows the specification by using the corresponding
required attitude value. This occurs in each system
independently of the other parallel branches so that,



driven by separate notors. This systemis intended to enable the two nested
rotors to run w thout touching one another. However, the appliance stil
requi res gearwheels for rough synchroni zation, the said gearwheel s engagi ng
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synchronization is set once on assembly, the latter

10 operation is unnecessary, in accordance with the inven-
tion, because the machine is self-synchronizing and the
synchronizatioh is adjusted continually.

For self-diagnosis purposes, means can also be
provided to deflect the machine somewhat from synchronous

15 running. It is then possible to check how rapidly the
machine executes the "homing" operation and whether the
rotors return to the initial relative attitude or take up
a new, deviant relative attitude.

Because it is necessary to prevent the rotors

20 knocking together at any instant during operation, it is
not sufficient to use a simple rotational speed control.
An attitude control is connected upstream of the
rotational speed control in the drive control unit to
permit the required attitude to be maintained as accu-

25 rately as possible at all times.

It is then advantageous to record the difference
between the required attitude value and the actual
attitude value and to emit a signal when the two values
differ in magnitude by a specified difference value. The

30 signal can be used to reduce the rotational speed of the
complete machine or to stop the machine. 1In these cases,
furthermore, an acoustic and/or optical signal can be
emitted. Because the tolerance requirements increase with
rotational speed, the difference value can be made a

35 function of rotational speed.

An embodiment of the invention is explained using
‘the enclosed drawings.



to partial jamming of the rotating parts. According to the invention, this
can be corrected by integrating a starting torque pul se generator into the
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In Fig. 1, the displacement machine 100 includes

two displacement rotors with rotor shaft extensions 200

and 300 which are respectively driven by separate electric

motors 9a and 9b. A measurement system is installed on

15 the free shaft end of each of the electric motors and this

measurement system, embodied as a sensor 10a or 10b,

exactly measures the instantaneous angular position for

each motor shaft and, by differentiation with respect to

~time, determines the respective angular velocity. These

20 values are relayed to drive control units 3a and 3b,

respectively. These control appliances can, for example,

obtain their electrical energy from a supply unit or main

control unit 1 which can be directly connected to the

mains supply. Depending on the required value

25 specification and the actunal measured values continually

arriving from the measurement systems 10a and 10b, this

electrical energy is relayed to the individual electric

motors 9a and 9b by the control appliances 3a and 3b in

such a way that the required accuracy with respect to

30 angular position and rotational speed between the

displacement rotors in the displacement machine can be

continually maintained. The maximum positional deviation

can then, with certainty, be only a few minutes of angle.

Fig. 2 shows the structure of an open-loop and

35 closed-loop system for a two-stage or three-stage dis-

placement machine, the third stage being represented by
interrupted lines.

Measured values from the process, for example by

means of sensors for pressure, various temperatures,



5 Iess in regions of small relative notions than in regions of | arger
relative notions. Like the previ ously nenti oned nmeasure, this also
serves the objective of avoiding damage or, in any event, of keeping
it small in the case of a possi bl e censaet betmeen the rotor flanks.
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sensors, the accuracy of the control system can be ra.'l.sed

15 to the point where a dry-running vacuum pump can be
achieved. Other types of sensor with at least similar
resolution capability can likewise be employed.

In the embodiment represented, a microcontroller 1
is used as the main control device and this accepts the

20 corresponding measured values from the sensors via the
interface 20. In addition, the microcontroller 1 gen-
erates required attitude values for drive control units
3a~c for the individual motors 9a-c. The generation of
the individual required attitude values for the dis-

25 placement rotors l4a-c can be designated as the generation
of a “virtual rotor". This wvirtual rotor guides the
displacement rotors and determines the rotational speed
and the instantaneous attitude angle of all the rotors at
each instant. This virtual rotor is generated by software

30 in the microcontroller 1.

From the input of measured values, the micro-
controller 1 determines the optimum operating conditiomns
for the machine and, by means of the virtual rotor, guides
the real rotors.

35 Compared with a physically constructed guide
rotor, this method has the advantage that the vibration
phenomena and instability of an engineering structure
scarcely occur and a high level of synchronism is ensured
in the motion of the rotors relative to one another. The



35: required by neans of the available electronic open-

| oop/ cl osed-| oop control by rotational speed variation. I n
order to protect the installation, an overl oad protection for the
notors and the punp can be advan- t agedOsky integrated in the

el ectronic cl ogged- n r . 3.6+
open- | oop uni t;&%%@ﬁ&é@e% oaahﬁr oﬁ%’é‘flf%%n%*%vir&é’?lé‘g a‘ndprtelﬁ AP ;/:gnt
war ni ng by neamsgelamnn lgstattidn amf othecometor rotossgmslatiyet tandone
after a previo t ) ' s 3 il a s 3l sl

of f the Pnst al a%?%%fo:r% n%gﬁgxéé?iggsg‘t‘ﬁge}rioélgﬁéohgfg}s%gggs'hga&%i? Eig? qrr'g’g%s,
severe dan@eBtrel: heOngst heacanerdimate; aystiems of thej Fehors have

EXperi?nCG%Sho?éeﬁh&%iéﬁé&“ﬂel&ﬁiﬁ%afbiBﬂeOEnbﬁBef, théy”?ldethﬁghhbe?
can ari se ue 10 [tla a, n (0] e . rotatin a .. ccor n (0]
Che Trvent i on be1RE ke rankalR: "rfiehde whichn BiE iR, BokaEions ! RYCLiRsE:
pul se gener at otontacti bietwicen ctitet ddsplaciers atnitsp ldacdcorampethetrefore t .
I n this, . cifl th is transmtted
repeatedly atge%]?%‘ggge%%&%gggéléggh{é%%ﬁg}n%%égggrs, i f necessary
with different orientaki dws t syshempwapahdier of1xeaht timehecopemation olsr

part rel epges omehbpedPHI Céfle PEransmi8BEba! &Sk CEhECHdgiired values td

met hod accordlt[.]getgog:ggsl ri\aearlté.on fBg{xa\g:?gE:;':Olw-hich is exactly controlled

in time is achieved by means of the fixed cycle time of

the bus system and the guaranteed response time of all

participants connected thereto. The bus concept, which

15 has a maximum number of participants markedly greater than

3 (a main control device and two drive ceontrol units),

permits an increase in the number of the rotors and the

construction of a multi-stage displacement machine. This

also reveals an essential advantage of the central open-

20 loop control and the decentralized closed-loop control

because all the rotors can be simultaneously guided by

this means; the rotors are controlled independently of one

another and follow the required attitude value so that

transient phenomena can be avoided, as can destabilization

25 of the system which can occur if the attitude of higher

stage rotors are [sic] controlled as a function of the

attitude of a preceding rotor.

A direct current intermediate circuit 6 is also

provided and, given the choice of a suitable supply unit

30 5, this makes it possible to connect a freely selected

number of drive units, so that a multi-rotor pump
structure is supported by this means also.

Some of the measured values from the sensors l0a-c, l2a-c,

l15a-c are deposited in the internal data memory of the

35 microcontroller 1 for diagnosis purposes. Conclusions on

the condition of the pump are drawn from these measured

values so that continuous self-inspection can be carried

out. When a possible defect is recognized (for example



Irng t he di spl acenent machine is characterized in that each notor is
controlled individually and i ndependently 20 and in that this control is
based on centrally specified required control val ues. It is
t hen advant ageous to use a required atti+upe - val ue as the required

Calue’i s convarias 1, CERIGERANS [ Yampad LS end Vel LA A0REadE | hb4EEng
i nspection of kZec), :dtt.'l.s l{msmibléret@are&;sipomhmg a@equate manner. The
nmet hod according to t d&y{ﬂg!eggb&p&?&eg 4a_cvg]f[. % fid e&)p‘e&-ﬂll Peam

control and decentralize contr Ications tor the

oper ati ng beh®4 othesdrive ceatredi wrdda QﬁT@eénéréhSr@ﬁhQM}Q$FePf the

centrallys  gfdrdiwetdRi beOMdtdhedi tin  dhe SS¥Bah i Ghabet NOEE the
specifications, i.e. trma%eng g on of th re ui red val ue
ele %&

for the
ndivi dual | 1 orSiLEeRARE nRaRigulAT Drogess |sPDLQYSA: BYrpeans
“ideal machi naf hasheno micvtadomtsoBher f rbma:me ptlee al Kiglet speed gudbgital
attitudes. means of its own control system each drive

unit follows t“'r?é’tsrpoe]cﬁrf%%ﬁ iTh %y usi ng the correspondi ng required
attitude val ue. Thi Arpmparating panelkykl aran be iooiupastihtby méanscof

other pany | elaPr fREOPEas® BRAL(RS 232) to allow measured values to be’-
interrogated or operating data to be altered by means of a
keyboard. A personal computer (PC) 19 can, if required,
be connected via a further interface 22 for service or
diagnosis purposes. A field bus interface 24 is installed
15 for remote monitoring. In addition to the interventions
which can be undertaken by means of the panel 17 and the
PC 19, data are transmitted via the interface 24 and via
the field bus 16 to a control stand.
Binary sensor signals 18 can be accepted and sig-
20 nals can be emitted by the microcontroller 1 via parallel
runs of digitally operating input/output channels. This
unit makes it possible, for example, to monitor safety
switches or to activate light diodes for user information.
Since all the drive control units have an essen-
25 tially similar structure, only one drive control unit is
represented, as an example, in Fig. 3. A sensor unit 10
is connected to the rotor ([sic] 9; this sensor unit
determines the attitude condition of the motor 9, and
therefore the attitude condition of the rotor 14, and
30 emits an actual attitude wvalue 33. This actual attitude
value is supplied to the negative input of a subtracting
element 32. At its positive input, the subtracting
element 32 receives a required attitude value 31 from the
main control unit 1 (cf. Fig 2). The subtracting element
35 forms the difference between the required attitude value
and the actual attitude value and emits the difference
signal to the drive control unit 3.
The drive control unit 3 first carries out an
attitude processing operation 36 which, for example,



in-irinsically, the only objective of each drive unit is to assune the

angul ar attitude which matches the virtual r ot or. On the
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4, this actual value 35 being obtained from the actual

15 attitude value by means of a differentiating element 40.

The subtracting element 34 forms the difference between

the required rotational speed value 30 and the actual

rotational speed value 35 and supplies the rotational

speed difference signal obtained in this way to a

20 rotational speed processing operation 38. The rotational

speed processing operation 38 <checks whether the

rotational speed difference is located within specified

limits. 1If necessary, it is again possible to generate a

release signal in this case, as in the case of the

25 attitude processing. The rotational speed difference is

then converted into a rotational speed change signal or an

acceleration signal in a unit 39 (the acceleration then,

of course, includes rotational speed increases or

rotational speed decreases). The acceleration signal is

30 then supplied to the machine control system 4, which

appropriately controls the motor 9. The control procedure

described above is continually carried out at wvery short

intervals.

In the embodiment presented above, it has been

35 assumed that the main control device generates and emits a

different required attitude value for each drive control

unit. Because, however, the relative attitudes of the

rotors do not change in the "ideal machine”, it is also

possible to supply the same required attitude value to all



cBrrpI ete machine or to stop the nmachine. In these cases, furthernore,

an acoustic and/or optical signal can -be em tted. Because the tol erance
requi renents increase with rotational speed, the difference val ue can
be made a 35 function of rotational speed3 - An enbodi nent of

the invention_ s explained using t he nglos ray ng

the Tnventi on g expl ol gL ELI0 st d NepSTRLOSEA S WeOBhe (conatant)
cl osed-1 oop amttdfede ddf ference fioxr \th:rrei;mtant rotor in the ;mttitude
operated by i pgﬁgf Niaz0l i I i34 i Sl
shows, diagr a%ir'atl ca+1ril £l%‘r“tgfgt ars e o? ghrerulzft?s-p edtive Hrlvésté;%xgtr
di spl acenent N®d¥ne w t h the associ at ed open-| oop and

cl osed-1ogp systens, 1t fég?ogsibl?&ﬁtodlc%ﬂ{ﬁmﬂ &l kapidhand rw&w@t@f
t he drive contro

or a.,notor In Fig. 1,
the di spl acemSYRCRFEORARE RRAY ’Ffrlyr ufl‘é% multf'vxﬁtﬂg%ldéémto ’?’he

rotor shaft ebyensiears 206E thand:.ﬁﬂﬂvimﬂuah acentesfiecoifvelthelr i metoby,
separate el ec%&c rdfltnﬂlr)lt QEfS 2 fﬁ& rg;psur%mg syg;__gm Ii?és{?éﬁé&d

on 15 the free's 21t ri & motorsoand t
independently of one another with reference to a ®"virtual

10 rotor".



measur enent system enbedi-ed—as-a sensor |0a or |0b, exactly measur es

t he i nstant aneous angul ar i‘on for each not or )

. P__‘.—-——"—'_—“
di-fferentiati mm\“ H m time, determ ngSThe E@$Pﬂ&$ﬁfﬂ\l Angul ar
velocity. 0\3 e rel ayed 48 drive ¥ Gheimid®En 3a and 3b,

respectively. Thes® control appl | aNGES G o T DM X ¢ ——————gFar -t heir

el ectrical energy froma supply unit-or man control unit 1 _which can
be directly cohmected péspﬂ,@cemenﬁ.am ingyfigr compresmikieguedpa,; kB
required val upaZbicapaei faca @mlm eaﬁd@ti&asg@@ Nahd®ding at

t | f t t st d | 0b..th
el oct ri cal encl§8oFs B ARtpRs, (HE) | HioPdane ST ed SHoPEPELSda g
9b by the Bont bodlapplamhcwhose z;mbﬂtlesl_ e_ngagachna:twagmehancbﬁiner eqbi red
accuracy W th ggsp Hnte(}: ¥ &é‘ elQoﬁhEELgB At ild Q{aa[ﬂd)“f’ﬁn éﬂ%ﬁd

bet ween the di spl acenent ors I N pl acene machi ne- can
continual ly mpﬁtalm@@-ngrheonﬁﬂpﬁumml Pngnaﬂn@é\ﬁf%vt i 6he rotqrst Iﬁéﬂ) wi th

certainty, be palinga e@ﬁé@t‘l‘iﬁéﬂ? UrHPéh Cby their own éléctrPiéhAdtokie
structure of an open Ioop ang

cla edI stemfor a two- e _or
three-stage di §2)¢ © BF&E&RE&F%C‘FH té‘é)m‘%ipﬁ a%%eb‘é?ﬂﬁrf’igf"aséﬁt ed
by i nLerr uptiad synehronously with %apeeedt\oalam]farmr@wﬁmsﬁcma, for
example by BpaR3oR015°08858 6 RISSTS" Bf V31e2esohitPeLTbEtE2100p
control and/or open-loop control units (1, 3, 10), in
that each motor (9) has associated with it its own
drive control unit (3) which operates independently of

15 the drive control units of other motors (9), and in
that required control values are supplied to the drive
control devices by a main control appliance (1).

2. Displacement machine according to Claim 1,
characterized in that the rotors consist of materials

20 which have good emergency running properties or the
rotor surfaces are coated with such materials.

3. Displacement machine according to Claim 1 or 2,
characterized in that the distance apart of the mating
surfaces of the rotors is less in regions of small

25 relative motions between the surfaces than in regions
of larger relative motions.

4. Displacement machine according to one of
Claims 1 to 3, characterized in that standard motors
with a normal shaft end are used as the drive motors.

30 5. Displacement machine according to one of
Claims 1 to 3, characterized in that built-in motors of
the spindle kit type are used as the drive motors.

6. Displacement machine according to one of
Claims 1 to 3, characterized in that canned motors are
35 used as the drive motors.
7. Displacement machine according to one of
Claims 1 to 6, characterized in that monitoring units
for monitoring rotational speed, relative angular
position, running accuracy, temperatures, slip and
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-él 15a C, bear| ng condltlon 13a-c, etc., are recorded from t he

di'spl acenent un 'Emnumﬂmﬁu t'andar di zed el ectr
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raised 15 to Wh a Hnning vacyum punp ca .
achi eved. Qhé‘r P%%Lé.‘g'tvo ?é‘%‘?or u‘ﬂf tIgg‘ast gir?ﬁc%a Qalzg'scl)'lgut |tcl)lr?
capabi l ity canrotedédionaloe smqsldoybu means of the tbdesmmmwenppen-

represented, ajgop/eqeadd 3 %g;% 4Bl n control device
and this accepts the 20 corr spon ro asure?’vaﬁ ues fromthe sensors via
t he i nt er Pace 20. s1F-’i5|-ati’d’éﬂet"!ton m?ﬁh-‘-ﬁ?cr&‘?ﬂﬂ*?‘%l’?%r togerene of

erates regqoi r e¢lalibst lldetdabl}e?clfﬁadiféﬁ@zé‘d)nihmtm t sverloadaprotec- he
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subsequent automatic sw:.tch:.ng off of the motor or
15 rotational speed reduction.
10. Displacement machine according to one of
Claims 1 to 9, characterized in that a starting torque
pulse generator is built into the closed-loop and/or
open-loop control unit for the starting phase of the
20 pump rotors. '
11. Method of controlling a displacement machine
according to one of the preceding claims, characterized
in that each motor (9) is controlled individually and
independently and in that the control is based on

25 centrally specified required control values.

12. Method according to Claim 11, characterized in
that the required control value is a required attitude
value from which a required rotational speed value is
determined in the individual control system.

30 13. Method according to Claim 11, characterized in
that the required control value is a reguired attitude
value, in that the required attitude value is compared
with an actual attitude value and in that a release
signal is emitted from the drive control unit if the

35 magnitude of the difference between the required atti~
tude wvalue and the actual attitude value exceeds a
specified difference value. ,
14. Method according to Claim 13, characterized in
that when the release signal is generated, the
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each instant. This virtual rotor is generated b

I e
m crocontrol | er romthe input of]| TRESSHELr MAS
mcro- cont rlm“u l"]“lUMIr“rllEes t he opti num gper at Rggmg@ g:ﬁﬁ&'gn for
the machine and,* by* mfang of the virtuatr 16tor, Fardes re—+eal rotors.
35 Coppeagiondi! Nspded PYE! Gatld ¥ mé‘d?ﬁﬁfé U(ltse‘jreﬂub@ﬁ or "€her.
this nmet hod has the advant age that the vibration phenonena and
instability of ™3Rhangi A8cPhRE SPWRct ure scarcely occur and a high |evel

of SKnchrgﬂl smss ensumadhod a!da:drfaad@twncmamhmr @tzorm,r eén&raetée-one
anot her e

t he synchronou%zFGnﬁPn§h§ﬁdﬁhﬁaqﬁﬁﬁﬂﬁﬁﬂge va%ﬂﬁnﬂ%ﬂe?%ﬁd??oﬁog?éfﬂﬂa tor

rotors rel&tivepeedone another is centrally guided with decentralized
cl osed- | oop control. Once the co-ordinate systens of the rotors have 5
been aligned relative to one another, they always assune a relative
angul ar attitude which, during rotation, excludes contact between the
di spl acer units 1l4a-c and therefore repl aces a nechani cal transm ssion.
A bus system capable of real tinme operation is 10 enployed for the

transm ssion of the required values to the rotors 14a-c. Behaviour

which is exactly controlled
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intime is achieved by neans of the fixed cycle ti the ystem
and t he guaranteed response tine of all partlilﬁbﬁhiﬁﬁﬁiﬁﬁgéﬁ kEereto
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I's recogni zed or exa
rotationa speed. It can also be used as an overload
protectlon. The rotational speeds and rotational

attitudes of the rotors are controlled individually and
independently of one another, the required attitude
values being specified to the individual control units
(25a~c) by means of a main control unit (1).
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- 11- rise in tenperature, danmage to the rolling contact bearing
12a-c), it is possible to react in an adequate manner.

Fréquency converters 4a-c are connected downstream of the drive
control units 3a-c and the behaviour of the 5 system can be matched .
in an optinmum manner to the requi¥Benents of the particul ar
process enpl oyed by neans of the mcrocontroller 1 and the high-speed
di gi tal control units 3a-c. An _operatin el 17 can be
connected by neans of 1 an interrace 23 (RS 232) to aIIOM/EEasured val ues
to be I nterrogated ¢r operating data to be altered by nearjs of a
keyboard. A personal cofputer (PC) 19 can, if requj onnect ed
via a further interfacef22 for service or di agnosi sf purpposesy A field
bus interface 24 is ins§alled 15 for renote nonitpringg jp addftion to
the interventions i ch can _ ans he 17 and
t he PC 19, data arejtransmt g the i nkerflace 28 a Vi t he
field bus 16 to a contr@l st : Bﬁpar or signals 18 can
be accepted and sig- 20§ nalp cas ittdgd by the mcroc er 1 via
par al | el runs of digitalyy operfting irnput/output channelg This
unit makes it possible, §for ' tafety swift ches or to
activate light diodes fgr u Sincefall the drive
control units have an egsen- zF ! | ar $tructure, onlly one drive
control unit is W
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represented, as an exanple, in Fig. 3. A sensor unit 10 I's connected to
the rotor [sic] 9; this sensor unit determ nes the attitude condition
of the motor 9, and therefore the attitude condition of the rotor 14,
and 30 emts an actual attitude value 33. This actual attitude val ue
I's supplied to the negative input of a subtracting el enent 32. At
its positive input, the subtracting 2¢Benment 32 receives a required
attitude value 31 fromthe mai n control unlt 1 (cf. Fig 2). The
subtracting elenment 35 for he required at
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required rotational speed value 30 is subsequently 10 determned, in a
unit 37, fromthe attitude difference and is supplied to the positive

i nput of a further subtracting el ement 34. An actual rotational

speed value 35 is - supplied to the negative input of the subtracting

el ement 34, this actual value bei Ybt ai ned fromthe actual 15
attitude value by neans of a diff ntiating el enent 40. The
subtracting el ement 34 forns thrence bet ween t he required
rotational speed value 30 and the : al rotati onal speed value 35 and
supplies the rotational speed [ y f f e ert—ot red is way to

a 20 rotational speed processing oo , speed
processing operation 38 chec

QUR~ S3UeWRIIWM i | Anal sheed

difference is |ocated within sp limts. it is
again possible to generate a S e.se signal in this | sjin the
case of the 25 attitude processing. he rotational speejl d rience is
then converted into a rotational speed]change signal or a el eration
signal in a unit 39 (the accel eratijon tjhen, of cours des
rotational speed increases o -tatlonal speed decy} The
accel eration signal is 30 then fqd to the chi ne cf system 4,

whi ch appropriately control 4@ #2S mqtor 9. T controL_p cedure

descri bed above is continually &5 8¢ out at very short i ntervals.

I n the enbodi ment presented abg = has been 35 assuned that the nmain
control device generates and ergtsfa dlfferent required jtti tude val ue

for each drive control 5 Be the rel afive attitudes
of the rotors do not c ruxﬁ' "ideal nach ne", it iy also
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possible to supply the sane required attitude value to all

Pat ent cl ai ns Di spl acenent nmachi ne for conpressible nedia, in
particular a dry-running evacuation punp, having at | east two rotors
(14) which are configured as profiled 5 bodies and whose profil es engage
Wi th one another in . the manner of gearwheels during rotation and run
Wth- . out maki ng contact with one gnother, the rotors (14) bei ng

respectively driven by their own electric ot or s (9,

t he notors being

controlled to run synchronously 10 Wbstknae$pect to angul ar position and
rotational speBESPLACEMENT MAGHINEOKITH FEROTRONIC MOTDReSYNGHBRONIZAMIO®! and/ or

aSsoci ated wi tAB & (HERATFERTYE BesRERE ERF: ColbhpiRle  BEdTY having
i ndependent |y et theasti vaweorptorsun{léaeé) 1whichhearentonfigysed as
by a min cont Poptiid ShetiBeiand WALRR! SLEOISY dligdde TAAP del cos
i ndi vi dual | y anothey |-'|=|'é|e5'é?ﬁjen&n§le§nd>f hgeéswbﬁele=bedwglmw'@t@|tmn,
the individual rotors are respectively driven by their
own electric motors (9a-c) and are kept synchronous in
rotational speed and angular position by electronic
closed-loop and/or open-loop control units (1l; 25a-c)
in accordance with the transmission ratio of the
displacer unit stage. The electronics can be employed
for monitoring further operating data of the pump and

also for matching. the pump output

by changing

rotat:.onal speed. It can also be used as an overload
protect:.on. The rotational speeds and rotational
attitudes of the rotors are controlled individually and
independently of one another, the required attitude
values being specified to the individual control units

(25a~c) by means of a main control unit (1).

Fig. 1 REPLACEMENT SHERT

2 3 AUG 1994




central ly specified required control val ues| angube|aag2057 “gerfarmedsGn a
decentrallzed manner, characterized in Takodvshakh AU, oF GagapUftse
generator is built i nt o t he cl osed- | oo ﬁaﬁdl -__.)ope_ ot eonbpad A n|t
for the starting phase of the punp rotprss: (3 _‘ .D| sdpl Qﬁggt
machine according to Caim 1, 25 chara t@rjl,zedﬁb |n _ \lﬁeé&pgg
protection for the notors and t ke4pu 1S nf'egrat*etj | nto mal n
cont r ol unit (1) with provision of an optical and/or ac ou&\ﬂ"(&

signal as a prelinminary warning and shpR8&BeGF RECEIRE ompti-commt o

switch-of f or Altdomghonghesespbwa Jgnovrduistems are3 advanpprggpugenent
machi ne forbéc@ﬁy@S%lﬂélye eRdi dotl Nuse RAr \Ag%@h%bniizaﬂohunﬂﬂé@ﬁaﬁﬂéﬁuat'On

DD, PV ot SF ot R, el o e SaLhgT o PO o

gear wheel s ghsmingeddaki 0o ghd designtdf the applimmiiengndobhacsemsbdhsone

lectri o mhEee ket ofor qraifl &7 SESRAC A RN s¥eraEpR AT us

Wi th respedl/Al@286jul ap pﬂ’attld:hean@ppbimqremalarspe@dly suitable for
delivering liquids. _

The invention takes as its starting point a displacement
machine for compressible media, in particular a dry-running
evacuation pump, having at least two zrotors which are
configured as profiled bodies and whose profiles engage with
one another in the manner of gearwheels during rotation and
run without making contact with one another, the rotors being
respectively driven by their own electric motors, the motors
being controlled to run synchronously with respect to angular
position and rotational speed by means of electronic closed-
loop control and/or open-loop control units, each motor
having associated with it its own drive control unit which
operates independently of the drive control units of other
motors, required control values being supplied to the drive
control units by a main control appliance, each motor being
controlled individually and independently, and control being
based on centrally specified required control values and
being performed in a decentralized manner.

In a previously known displacement machine of this kind
(EP-A-0 502 459), the above disadvantages are at least
partially avoided. Here, a description is given of a closed-
loop rotational-speed control system for at least two rotors
driven by separate motors. This system is intended to enable
the two nested rotors to run without touching one another.
However, the appliance still requires gearwheels for rough
synchronization, the said gearwheels engaging in one another
and being intended to prevent the sensitive surfaces of the
rotors from touching one another. The electronic closed-loop
control system is thus obviously imperfect. The merit of the
invention lies in the recognition that difficulties for which



by neans of el.ectronic closed-1oop control and/or open- | oop
controlunits (1, 3, 10), each notor (9) having associated with it its
own drive control unit (3) which 5 operates independently of the drive
control units of other motors (9), required control values

bei ng supplied to the drive control devices by a main control
appl i ance (1), each notor being controkked individually and

i ndependently and the control being based on 10 centrally specified

requi red control values and being performed_in a decentralized manner,
char act eri Z&¢ previousiyaknewn GAeqtaenis stlesedod oper rehat iphat sspaddt he

punp 'ébdﬂ@%ﬁg%ﬁﬁggm'm%olﬁggeﬂﬁéﬂeC@E@ﬁﬁ”oﬁm¥ﬂﬂnaQQ%l€ihPWbEges
provi si on of “an optical and/or acoustic signal as.a 15 g i m nar
warning and sfsdfudRereifrsmttc OPAEESr O thegipyeRtipr bP PBPHEﬂSnaI

speed I‘edU(‘é idilbplacemeht macHIrep|Ef et cyp@mchugie mmtcwmbcmglntwhl&al m
acterijzed |n t.ha start tgrque pul se, gener at

bUI | t |nto A S et %%t ??ce{ WG"eopeﬂnhe(fJoo g Rt r o™ Bg l?nﬁlc’t%dr ﬂ{gn

starting phegécft ttie pag qﬂ)tmtserengag:aug geaitys I camcht evemchinder

according dfltfﬁ%i %%ratlngcbéhﬁﬁt%ohg 4, characterized in that the rotors
consi st rials ave  good energency  running

properties or t e ?%%%Fl%%rﬂﬁcé%bta?@%aﬁéd IFIIFARae 28ithai@aim s1.

6. D spicerens RRChéESyROED| aacbecmﬁg o GB&NE nventibr OtRat,
characterized ,in that the |sta%c%?ﬁgart surfaces of the

of matin
Cotora o o, theyebactapd OF CuAhpipe) difEACHbEBRSCHE: AELHCL fige
surfaces than parti@l fjegming of kaegentaeliayi partdti oRScordindg. to the

Elsplacenen velts lnetﬂygxgé$r3€ éé&régg%d(gy integrating a starting
torque pulse generator into the electronic closed-loop and/or
open-loop unit. In this arrangement, a torque pulse of
specifiable strength is transmitted repeatedly at
predeterminable short intervals, if necessary with different
orientation, to the pump motors until the jammed rotor part
comes free and the pump can be operated correctly.

. Critical operating conditions or their damaging
consequences can also be avoided with a displacement machine
in accordance with Claim 3.

In a further embodiment of the inveﬁtion, it is proposed
that the rotors be manufactured from materials which have .
good emergency running properties or that the rotor surfaces
be coated with such materials. This has the advantage that
should an open-loop or closed-loop control system not be set
up or not be optimally set up during the starting phase or in
the case of a mains




Chains 1 toz GQEPMQEMBYEISHEEU i n that standard not or s with a normal

shaft end are use rijve notors. : —bi-splacenment __nmachi ne

according ftg ¢f fCfaims 1 to 6, characte;Hl,ed in that built-in
e Sp

not ors of ki type are used as the , mgﬂwnﬂ’””", 9.

Di spl acemeft — mECHhte~ rgding to - - of

characterizeg in that canned| notors are Di spl acenent
machi ne according 1O —ore~ of + Clains 1 to 9, characterized in that
nmonitoring units for nonitori R§LEBEaEidHBF speed, relative angul ar
position, running @asedlac¥ment ERRERARAI ESy cahp&ssamieSmerdqtaat lignal
direction, with the pOSSIbI |ty of ,transmt - daIatoadlspIay
unit (17, 18)PHFisdlagnid dryimndng oryociatiRe El“g‘pc:oﬁﬁ% & the punp
(100) . 11least It@plmmmt(lmwhm aarc arah fngyu xied asneprocﬁlled CI ai s

1 to 10, aﬁhar@@i 1@l 260 1 Prdhat %B‘?ligé“ggt gonaﬁtht hc?ndé eSRSEhLYe

out put takes place by “var yi ng Speed by neans 3
el ectroni ¢ opéye manner o gearwheels during rotation and run w1th-

out making contact with one another, the rotors (14)
being respectively driven by their own electric motors
(9), the motors being controlled to run synchronously
10 with respect to angular position and rotational speed
by means of electronic closed-loop control and/or open-
loop control units (1, 3, 10), each motor (9) having
associated with it its own drive control unit (3) which
operates 1independently of the drive control units of
15 other motors (9), required control values being
supplied to the drive control devices by a main control
appliance (1), each motor being controlled individually
and independently and the control being based on
centrally specified required control values and being
20 performed in a decentralized manner, characterized in
that a starting torque pulse generator ‘is built into
the closed-loop and/or open-loop control unit for the
starting phase of the pump rotors.-
2. Displacement machine according to Claim 1,
25 characterized in that overload protection for the
motors and the pump is integrated into the main control
unit (1) with provision of an optical and/or acoustic
sicral as a preliminary warning and subsequent
automatic motor  switch-off or rotational speed
30 raduction.
3. Displacement machine for compressible media, in
particular a dry-running evacuation pump, having at
least two rotors (14) which are configured as profiled
bodies and whose profiles engage with one another in
35 the manner of gearwheels during rotation and run with-
out making contact with one another, the rotors (14)
baing respectively driven by their own. electric motors
(8), the motors being controlled to run synchronously



| oop/-cl osed-
a di spl acene
according 15
the required

| oop control system avail abl e. 12. rol ling
nt machi ne, characterized in that a'dﬂ " y Hi 'H hﬂﬂre
to one of the preceding clains is provided andy [Ty .

control valué is a requiredisttitude value fromwhich a

Gystem 19/ TOF (RREEGe B i, EFRALINE "o BB R0 RO 0

the required
required att
in that a tr
magni t ude of
the actua

dantmerns g fieelectronimi ¢besed tiaamiecont ralalansl/dm apest- t he

RSTCCNE ' ar id)h a t tiipud 1 and
i gger bﬂ?‘fﬁ%éf‘g% e,(rang'ttgc'i ﬁ%),rﬁ t%gegr?ﬁtﬁ_né?gl Ghua}r?ia%tngf t he

tFRSF F3 b e et ueklrs P rdghiTe RPRREQL Wit ¢ (e WG  and
abpétartes vahdepexaeftdty af thépegiveedshdfar eaaetyaldre. -

14. Met hod q}cordiqgéto C aim 13, characterized i t hat en the
trigger signal®T¥FhedtTE e, the TETHS a|°<§gte‘é>9 of AME SR IR ING i s

reduced or t
Claim13 or
r ot ati onal
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15
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35

hesw@fpl it icethes dhine doowtrol debfices Hyetehowhiar cmrdived. t o
4 oIR8 (1), eadf Sfbld 'Waing "ot A PN SrdRlifudARPNdS On
ané) independently and the control being based on
centrally specified required control values and being
performed in a decentralized manner, characterized in
that an overload protection for the motors and the pump
is integrated into the main control appliance (1) with
provision of an optical and/or acoustic signal as a
preliminary warning and subsequent automatic motor
switch-off or rotational speed reduction.
4. Displacement machine according to Claim 3,
characterized in that a starting torque pulse generator
is built into the closed-loop and/or open-loop control
unit for the starting phase of the pump rotors.
5. Displacement machine according to one of
Claims 1 to 4, characterized in that the rotors consist
of materials which have good emergency running
properties or the rotor surfaces are coated with such
materials.
6. Displacement machine according to one of Claims
1 to 5, characterized in that the distance apart of the
mating surfaces of the rotors is less in regions of
small relative motions between the surfaces than in
regions of larger relative motions.
7. Displacement machine according to one of
Claims 1 to 6, characterized in that standard motors
with a normal shaft end are used as the drive motors.
8. Displacement machine according to one of
Claims 1 to 6, characterized in that built-in motors of
the spindle kit type are used as the drive motors.
9. Displacement machine according to one of
Claims 1 to 6, characterized in that canned

| .
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used as the drive motors.
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rotational speed of the nmachine is reduced or the machi ne is shut down.
15. Met hod according to G aim 13 or 14, character-____ized in that the
di fference val ue depends on rotational 5 speed. o

A

- 16 - -
10. Displacement machine according to one of
Claims 1 to 9, characterized in that monitoring units
for wmonitoring rotational speed, relative angular
position, running accuracy, temperatures, slip and
5 rotational direction, with the possibility of transmit-
ting the data to a display unit (17, 18) to be moni-
tored from outside, are connected to the pump (100).
11. Displacement machine according to one of
Claims 1 to 10, characterized in that the setting of
10 the respective pump output takes place by varying the
rotational speed by means of the electronic open-
loop/closed-loop control system available.
12. Method of controlling a displacement machine,
characterized in that a displacement machine according
15 to one of the preceding claims is provided and in that
the required control value is a required attitude value
from which a required rotational speed value is
determined in the individual control system.
13. Method according to Claim 12, characterized in
20 that the required control value is a required attitude
value, in that the required attitude value is compared
with an actual attitude wvalue and in that a trigger
signal is emitted from the drive control unit if the
magnitude of the difference between the required atti-
25 tude value and the actual attitude value exceeds a
specified difference value. ' _

. 14. Method according to Claim 13, characterized in
that when the trigger signal 1is generated, the
rotational speed of the machine is reduced or the

30 machine is shut down.
15. Method according to Claim 13 or 14, character-
ized in that the difference wvalue depgnds on rotational

speed.




