
EP 0175 445 B1 Description This invention relates to centrifugal
compressors and to surge control methods for centrifugal compressors. 5
Surge conditions occur in a centrifugal compressor when the inlet flow is
reduced to the extent that the compressor, at a given speed, can no longer
pump against the existing pressure head. At this point, a momentary
reversal of flow occurs along with a drop in pressure head. Normal
compression resumes and the cycle repeats. This causes a pulsation and
shock to the entire compressor and piping arrangement. If left
uncontrolled, damage and danger to the compressor could result. 10      All
centrifugal compressors are supplied with characteristic and setpoint
curves defining zones of operation for the compressor. These compressor
"maps" illustrate the surge area and the "stonewall" area of pumping limit
of the turbomachinery. As shown in Figure 1A of the accompanying drawings,
a compressor surge limit line is plotted against a discharge pressure
versus flow rate relationship. Taking into account no changes in speed or
inlet gas temperature, a surge control line can be plotted with this 15
equation: Surge control line=% of control margin desiredx   [err] 20
Three common forms of presently used surge control lines are shown in
Figures 1A to 1C of the accompanying drawings. One position of the surge
control line is parallel to the surge limit line (Figure 1A). To minimise
recirculation, the surge control line should be set as close to the surge
limit line as possible. Setting the control line with a slope less than
that of the limit line (Figure 1B) can lead to excess recirculation at high
pressures, and surge at low pressures during stopping and startup. The
third method 25  is to select a minimum safe volumetric flow, and set a
vertical control line (Figure 1C). This can lead to excess recirculation at
low pressures, and surge at high pressures. Many systems measure flow in
the discharge without correcting for suction conditions. This gives maximum
recirculation with minimum surge protection. In the various surge controls,
control is accomplished by opening a bypass valve around the 30  compressor
or blowing off gas to atmosphere to maintain minimum flow through the
compressor. Since bypassing or blowing off gas wastes power, it is
desirable to determine surge flow as accurately as possible to avoid
bypassing fluid unnecessarily while maintaining safe operation. However,
determining surge flow is often not a simple matter, but rather is a
complex one. Surge conditions can be approached slowly or quickly and thus
situations may occur when a normal surge control loop opening the bypass 35
valve opens the bypass valve too slowly to prevent a surge condition. Known
systems have used a second control loop for such emergency surge conditions
to provide speedy and complete opening of the bypass valve. An example of
such a control system having two separate control loops is disclosed in US
Patent No. US-A--4 142 838. Clearly, such known two mode control systems
having two separate control loops are complicated, 40  unstable, expensive,
and required extensive coordination to properly switch between the two
control loops. What is needed is a simple control loop arrangement which
will provide control for both normal surge and emergency fast surge
conditions. US Patent No. US-A--4 139 328 represents the state of the art
and discloses a turbo compressor having a surge control system. The system
comprises a PI controller fed with a difference signal from a 45
difference station. The difference signal is the difference ("control
difference") between a signal indicative of compressor flow rate and a
signal derived from a signal indicative of compressor discharge pressure by
conversion in correspondence with a blowing off curve. The control
difference is positive for permissible control differences, where the
compressor operating point is to one side of the blowing off curve (and
negative for non-permissible control differences, where the compressor
operating point is on the other side 50  of the blowing off curve). The PI
controller controls a blowing off for controlling surging. To improve
surging control, a non-linear transmission element is connected between the
difference station and the PI controller. This results in non-linear
amplification of the difference signal and therefore variation of the gain
of the system. Specifically, the characteristic of the non-linear element
is such that gain is increased if the control difference is negative. More
specifically, the gain characteristics of the element comprises two 55
straight lines, whose break falls within a negative [err] whereby  small
negative control differences (as may be caused by noisy signals) are
negated up to a predetermined magnitude; and at greater (non- permissible)
control difference the gain is increased to cause rapid opening of the blow
off valve. According to one aspect of the invention there is provided a
centrifugal compressor having an adaptive gain surge control system, the
system comprising: 60     a proportional and integral mode controller for
controlling a bypass line of the centrifugal compressor, the controller
having a variable gain; characterised in that the system further comprises:
distance determining means for determining the distance, in terms of flow
rate, between a surge control line established for the compressor on the
basis of actual operating conditions and a surge line of 65 the compressor;
2    



EP 0175 445 B1 control signal establishing means for establishing a control
signal in response to the distance for changing the gain of the controller;
and bypass valve control means connected to the controller for varying the
amount of bypass across the centrifugal compressor in response to the
control signal; 5   the controller including an antiwindup adjustment to
adjust the integral mode of the controller to shift proportional band of
the proportional mode of the controller to the same side of the control
line that the measurement is on when the controller reaches its output
limit so as thereby to prevent overshoot. According to another aspect of
the invention there is provided a method of controlling normal and
emergency surge in a centrifugal compressor having a bypass valve
controlled by a variable gain 10 controller, the method being characterised
by the steps of: measuring an offset, in terms of flow rate, of a surge
line of the compressor from a surge control line established for the
compressor according to a function of pressure differentials across an
orifice in an inlet to the compressor and across the compressors,
respectively; establishing a controller gain control signal which is a
function of the offset of the surge control line 15 from the surge line;
and using the controller gain control signal to vary the gain of the
controller according to the offset of the surge control line from the surge
line for normal surge conditions and to provide additional gain to the
controller at a predetermined value of the offset for emergency surge
conditions. A preferred surge control system for a centrifugal compressor
described hereinbelow provides surge 20 control for both normal and fast
acting emergency surge conditions using the same single control loop, the
control system being operative to initiate normal low gain surge control
and emergency anti-surge action by increasing the gain of a controller in
the single control loop to quickly and fully open a bypass valve during
fast acting emergency surge conditions. The preferred control system
operates on a two mode principle. A usual mode of bypass valve 25 operation
is utilised for slow upsets or normal surge conditions. Slow upsets can be
counteracted through a normal modulating control of a single control loop
at a first gain factor thereby offsetting the surge condition at maximum
efficiency energy usage by limiting the amount of bypass flow through a
relief valve. The second mode of operation is an emergency mode. The
emergency mode comes into play during a fast upset or emergency surge
condition. A controller will offset such a fast upset by changing the 30
controller to a high gain factor to provide a step function command to the
relief valve to quickly and completely open. By stepping open the relief
valve, efficiency is sacrificed for maintaining protection of the
compressor. The response of the controller of the preferred system to input
conditions depends upon the proportional control mode bandwidth and
integral action rate of an integral mode of the controller. These 35
parameters influence the stability of the control system. Decreasing the
proportional band, or increasing the integral action rate, increases the
speed of the controller's response; but, past a certain point, system
stability will be disturbed. All closed-loop control systems have a
stability limit. This stability limit along with the two types of surge
upsets previously mentioned give rise to the need for two different modes
of antisurge control operation. When the control system is operating in the
normal 40 surge mode, the control system is maintained within the stability
range of the controller by setting the gain of the controller at a low
level. When the control system reaches an emergency surge condition,
control system stability is sacrificed to achieving protection for the
compressor and the gain of the controller is driven beyond normal stable
operation limits. In view of the foregoing it will be seen that the
preferred system comprises a single loop control 45 system that will
control both normal and emergency surge conditions. Further, the preferred
system comprises a single loop surge control system having a variable gain
controller whose gain is determined by the intensity of the surge
condition. The invention will now be further described, by way of
illustrative and non-limiting example, with reference to the accompanying
drawings, in which: 50     Figures 1A to 1C are a series of three curves
showing known compressor surge control lines; Figure 2 is a schematic view
of a compressor using a surge control system embodying the present
invention; Figure 3 is a schematic view of the surge control system of
Figure 2; Figure 4 is a curve of compressor discharge pressure versus flow
rate showing the relationship of a 55 surge control line to a compressor
surge line; and Figure 5 is an illustration of an adaptive gain factor G
shown as a function of a variable d. Figure 2 of the drawings shows a
parallel compressor system 10 having a reciprocating compressor 12 parallel
connected to a centrifugal compressor 14 used to provide an output pressure
at an output line 16. The reciprocating compressor 12 acts as a base load
machine, which can operate normally in one of two 60 different capacities;
50% and 100% of its output pressure. This change of capacity from 100% to
50% initiates a surge condition in the compressor 14 and forms the basis of
the advance warning system for a surge control system 18. The change in
capacity may, for example, be initiated by a manual/automatic control
system 20. The centrifugal compressor 14 acts as a booster in the parallel
arrangement, and because it is a 65 dynamic machine (as opposed to a
positive displacement machine like the reciprocating compressor 12) it 



3    EP 0175445 B1 has the potential of surging because of the decrease in
flow. With particular reference to Figure 3, the surge control system 18 is
schematically depicted in SAMA Standard RC22-11-1966 notation with the
symbols applicable to mechanical, pneumatic, or electronic control systems.
5    Measured variables [err] and [err] represent, respectively, the
pressure differential across an orifice 22 in an inlet line 24 of the
centrifugal compressor 14 and the pressure differential across the
centrifugal compressor 14. These variables are measured by respective
pressure transmitters and are inputted into a function generator 26 which
develops an output at a line 28 representative of a surge control line 30
which is substantially parallel to and a predetermined distance d (or
[err]) to the right of a compressor surge line 10 32, as is shown in Figure
4. A multiplying station 34 multiplies the surge control line outputted
along the line 28 with the measured speed [err] of the centrifugal
compressor 14 outputted along a line 29, thus locating an intersection 36
of a particular compressor rotation speed point [err] and the surge control
line 30. The point 36 defines a certain flow rate of the centrifugal
compressor 14 which is outputted along a line 15 38 and compared in a
difference station 40 with an actual measured compressor flow rate [err]
supplied along a line 42 to the difference station 40. An output from the
difference station 40 is provided along a line 44 to a proportional and
integral action controller 46 having a predetermined set point which will
then control a final control element 48, namely a bypass valve controlling
the amount of bypass in a bypass line 50, to stop a surge condition by
allowing the 20 inlet line 24 of the starved centrifugal compressor 14 to
utilise outlet fluid from the centrifugal compressor 14 from an inlet line
52. The remaining circuitry is an adaptive gain control module 54 which is
utilised to develop a gain factor, according to which additional gain is
inputted along a line 56 to the proportional and integral action controller
46 in proportion to the varying size of a disturbance sensed along a line
58 to provide the bypass 25 valve 48 with a stepping open action. The
symbols used here have the following meanings: [err]=the pressure
differential across the inlet orifice (Pa or inches of water) [err]=the
pressure differential across the centrifugal compressor (Pa or [err] (PSI))
K=a constant which represent the compressor surge line characteristics of a
particular compressor 30     [err]=calibrated span of the inlet orifice
pressure transmitter (e.g. 0-3.5 kPa or 0-14 inches of water produces
0-100% input) (%) [err]=calibrated span of the centrifugal compressor
differential pressure transmitter (e.g. 0-2.76 MPa or 0-400 [err] produces
0-100% output) (%) d=offset from the surge line expressed as a percentage
of the maximum value of [err] (e.g. for an offset 35 of 0.35 kPa or 1.4
inches of water when [err] maximum=3.5 kPa or 14 inches of water, d=10%)(%)
G=Gain factor (dimensionless) of the proportional and integral controller.
It is well known that the compressor surge line may be expressed as
follows: [err]= K                                  (1) 40 or: [err]=0
(2) Similarly: [err]=0                                  (3) [err] 45 where:
K'=[err]K                                 (4) Defining: [err]
(5) [err] 50 and [err]                                     (6) [err] and
substituting into Equation (3) yields: 55 [err] =0
(7) Similarly, the equation for a line parallel to the compressor surge
line but offset horizontally from the compressor surge line by some value d
may be expressed as: 60 [err]=-dK'                                 (8) or
d=  [err]                                           (9) 65 



4    EP 0175 445 B1 Note that when the value of d in Equation (9) is equal
to zero, Equation (9) is equivalent to Equation (7), which defined the
compressor surge line. For different values of d (i.e. [err]  ), a family
of lines parallel to the surge line will be generated. If d was limited to
a single specific value, e.g. 10%, the line generated is normally referred
to as the surge 5  control line as shown in Figure 4 at 30. Based on
empirical testing of various compressor arrangements, an optimum gain
factor G can be determined for each value of d, as seen in Figure 5. The
values of G will typically be 4 to 12 for d equal to between 0 to 40%, but
the exact values are dependent on the specific compressors, combination of
compressors, and piping arrangement used. 10    In operation, the measured
variable [err] and the constant K' are inputted into a dividing station 60
which develops an output at a line 62. The measured variable [err] and the
output at the line 62 are then inputted to a summing station 64 which
develops an output at the line 58 representative of d as defined by
Equation (9). A function generator 66 ise set up to produce a predetermined
value for G for each value of d sensed 15 along the line 58, as may best be
seen in Figure 5 which shows how G varies with d in accordance with the
function [err] on which the function generator 66 operates. A normal or
stable system gain factor G is used in normal modulating control (slow
upset). But, as the value of d approaches a set level (fast upset),
additional gain is inputted along a line 68 to a tuning block 70 which
interfaces with the proportional and integral action controller 46 which,
in turn,provides the bypass valve 48 with a stepping open action. 20
The proportional-plus-integral controller 46 has an antiwindup feature. The
antiwindup feature is necessary due to the nature of the proportional and
integral functions. Normally, the centrifugal compressor 14 operates in an
area some distance from the surge control line 30, resulting in an offset
between the measurement and the set point of the controller. As a result,
the output signal winds up to  its low limit. 25     Antiwindup adjusts the
integral loading to shift the proportional band to the same side of the
control line that the measurement is on when the controller reaches its
output limit. Then, if the control line is approached rapidly, the
measurement enters the proportional band and control starts before the
value reaches the control line. Thus, overshoot is eliminated. Derivative
control is not used because it can open the anti-surge valve far from the
surge line and can 30 cause system oscillations. Rapid oscillations in
flow, even in the safe operating zone, can cause the valve to open because
of the characteristics of the derivative response. Claims 35      1. A
centrifugal compressor having an adaptive gain surge control system, the
system comprising: a proportional and integral mode controller (46) for
controlling a bypass line (50) of the centrifugal compressor (14), the
controller (46) having a variable gain (G); characterised in that the
system further comprises: distance determining means (60, 64) for
determining the distance (d), in terms of flow rate, between a 40  surge
control line (30) established for the compressor (14) on the basis of
actual operating conditions and a surge line (32) of the compressor (14);
control signal establishing means (66, 70) for establishing a control
signal in response to the distance (d) for changing the gain (G) of the
controller (46); and bypass valve control means connected to the controller
(46) for varying the amount of bypass across 45  the centrifugal compressor
(14) in response to the control signal; the controller (46) including an
antiwindup adjustment to adjust the integral mode of the controller to
shift the proportional band of the proportional mode of the controller to
the same side of the control line (30) that the measurement is on when the
controller reaches its output limit so as thereby to prevent overshoot. 50
2. A compressor according to Claim 1, wherein the control signal
establishing means (66,70) includes a function generator (66) for
establishing a controller gain signal as a function of the distance (d). 3.
A compressor according to Claim 1 or Claim 2, wherein the controller (46)
is only a proportional and integral function controller, the controller
having no derivative mode in order to prevent system oscillation. 4. A
compressor according to Claim 1, Claim 2 or Claim 3, wherein the distance
determining means (60, 55  64) is operative to determine the distance (d)
from a first signal indicative of the pressure differential [err] across an
orifice (22) in an inlet line (24) of the centrifugal compressor (14) and a
second signal [err] indicative of the pressure differential across the
centrifugal compressor (14). 5. A compressor according to Claim 4, wherein
the distance determining means (60, 64) comprises a dividing station (60)
operative to divide said second signal by a constant (K') and a summing
station (64) for 60  adding the result of said division to said first
signal. 6. A compressor according to Claim 4 or Claim 5, wherein the system
comprises a function generator 26) responsive to said first and second
signals to establish an output representative of the surge control line
(30), a multiplying station (34) operative to multiply the output
representative of the surge control line by a 



signal indicative of the speed [err] of the centrifugal compressor (14),
and a difference station (40) operative 65 to produce a difference signal
representing the difference between an output of the multiplying station
(34) 5    EP 0 175 445 B1 Note that when the value of d in Equation (9) is
equal to zero, Equation (9) is equivalent to Equation (7), which defined
the compressor surge line. For different values of d (i.e. [err] ), a
family of lines parallel to the surge line will be generated. If d was
limited to a single specific value, e.g. 10%, the line generated is
normally referred to as the surge 5  control line as shown in Figure 4 at
30. Based on empirical testing of various compressor arrangements, an
optimum gain factor G can be determined for each value of d, as seen in
Figure 5. The values of G will typically be 4 to 12 for d equal to between
0 to 40%, but the exact values are dependent on the specific compressors,
combination of compressors, and piping arrangement used. 10    In
operation, the measured variable [err] and the constant K' are inputted
into a dividing station 60 which develops an output at a line 62. The
measured variable [err] and the output at the line 62 are then inputted to
a summing station 64 which develops an output at the line 58 representative
of d as defined by Equation (9). A function generator 66 ise set up to
produce a predetermined value for G for each value of d sensed 15 along the
line 58, as may best be seen in Figure 5 which shows how G varies with d in
accordance with the function [err] on which the function generator 66
operates. A normal or stable system gain factor G is used in normal
modulating control (slow upset). But, as the value of d approaches a set
level (fast upset), additional gain is inputted along a line 68 to a tuning
block 70 which interfaces with the proportional and integral action
controller 46 which, in turn, provides the bypass valve 48 with a stepping
open action. 20     The proportional-plus-integral controller 46 has an
antiwindup feature. The antiwindup feature is necessary due to the nature
of the proportional and integral functions. Normally, the centrifugal
compressor 14 operates in an area some distance from the surge control line
30, resulting in an offset between the measurement and the set point of the
controller. As a result, the output signal winds up to its low limit. 25
Antiwindup adjusts the integral loading to shift the proportional band to
the same side of the control line that the measurement is on when the
controller reaches its output limit. Then, if the control line is
approached rapidly, the measurement enters the proportional band and
control starts before the value reaches the control line. Thus, overshoot
is eliminated. Derivative control is not used because it can open the
anti-surge valve far from the surge line and can 30 cause system
oscillations. Rapid oscillations in flow, even in the safe operating zone,
can cause the valve to open because of the characteristics of the
derivative response. Claims 35      1. A centrifugal compressor having an
adaptive gain surge control system, the system comprising: a proportional
and integral mode controller (46) for controlling a bypass line (50) of the
centrifugal compressor (14), the controller (46) having a variable gain
(G); characterised in that the system further comprises: distance
determining means (60, 64) for determining the distance (d), in terms of
flow rate, between a 40 surge control line (30) established for the
compressor (14) on the basis of actual operating conditions and a surge
line (32) of the compressor (14); control signal establishing means (66,
70) for establishing a control signal in response to the distance (d) for
changing the gain (G) of the controller (46); and bypass valve control
means connected to the controller (46) for varying the amount of bypass
across 45 the centrifugal compressor (14) in response to the control
signal; the controller (46) including an antiwindup adjustment to adjust
the integral mode of the controller to shift the proportional band of the
proportional mode of the controller to the same side of the control line
(30) that the measurement is on when the controller reaches its output
limit so as thereby to prevent overshoot. 50      2. A compressor according
to Claim 1, wherein the control signal establishing means (66,70) includes
a function generator (66) for establishing a controller gain signal as a
function of the distance (d). 3. A compressor according to Claim 1 or Claim
2, wherein the controller (46) is only a proportional and integral function
controller, the controller having no derivative mode in order to prevent
system oscillation. 4. A compressor according to Claim 1, Claim 2 or Claim
3, wherein the distance determining means (60, 55 64) is operative to
determine the distance (d) from a first signal indicative of the pressure
differential [err] across an orifice (22) in an inlet line (24) of the
centrifugal compressor (14) and a second signal [err] indicative of the
pressure differential across the centrifugal compressor (14). 5. A
compressor according to Claim 4, wherein the distance determining means
(60, 64) comprises a dividing station (60) operative to divide said second
signal by a constant (K') and a summing station (64) for 60 adding the
result of said division to said first signal. 6. A compressor according to
Claim 4 or Claim 5, wherein the system comprises a function generator 



26) responsive to said first and second signals to establish an output
representative of the surge control line (30), a multiplying station (34)
operative to multiply the output representative of the surge control line
by a signal indicative of the speed [err] of the centrifugal compressor
(14), and a difference station (40) operative 65 to produce a difference
signal representing the difference between an output of the multiplying
station (34) 5    EP 0175445 B1 and a signal indicative of the flow rate
[err] of the centrifugal compressor (14), the proportional and integral
mode controller (46) being connected to receive said difference signal. 7.
A method of controlling normal and emergency surge in a centrifugal
compressor (14) having a bypass valve (48) controlled by a variable gain
controller (46), the method being characterised by the stpes 5  of:
measuring (60, 64) an offset (d), in terms of flow rate, of a surge line
(32) of the compressor (14) from a surge control line (30) established for
the compressor according to a function of pressure differentials [err]
across an orifice (22) in an inlet to the compressor (14) and across the
compressor, respectively; 10     establishing (66) a controller gain
control signal which is a function of the offset (d) of the surge control
line (30) from the surge line (32); and using the controller gain control
signal to vary the gain (G) of the controller (46) according to the offset
(d) of the surge control line (30) from the surge line (32) for normal
surge conditions and to provide additional gain to the controller at a
predetermined value of the offset (d) for emergency surge conditions. 15
8. A method according to Claim 7, wherein the bypass valve (48) controls
the flow of fluid in a bypass path (50) across the centrifugal compressor
(14), the method comprising controlling opening of the valve (48) in
accordance with the gain (G) of the controller (46) and providing a
stepping open action to the valve (48) according to the additional gain of
the controller. 9. A method according to Claim 6 or Claim 7, wherein said
pressure differentials [err] 20  comprise the pressure differential %APo
across an orifice (22) in an inlet line (24) of the centrifugal compressor
(14) and the pressure differential %APo across the centrifugal compressor
(14). 10. A method according to Claim 9, wherein the offset (d) is measured
by generating signals indicative of the pressure differentials %APo and
%APc by a constant (K'), and adding the result of the division to the
signal indicative of the pressure differential %APo. 25      11. A method
according to Claim 9 or Claim 10, wherein an output representative of the
surge control line (30) is established as a function of the pressure
differentials %APo and %APc, the signal representative of the surge control
line is multiplied by a signal indicative of the speed (ST) of the
centrifugal compressor, and a difference signal representing the difference
between the result of said multiplication and a signal representative of
the flow rate [err] of the centrifugal compressor is supplied to the
variable gain controller 30  (46). Patentanspruche 1. Zentrifugalverdichter
mit einem Pumpregelsystem mit anpassungsfAhiger Verstbrkung, wobei das 35
System aufweist: einen Regler (46) mit proportionaler und integraler
Betriebsart, urn eine Bypag-Leitung (50) des Zentrifugalverdichters (14) zu
steuern, wobei der Regler (46) eine variable Verstarkung (G) hat, dadurch
gekennzeichnet, dag das System weitherhin aufweist: eine
Abstandsbestimmungseinrichtung (60, 64), um den Abstand (d) zwischen einer
Pumpregellinie 40  (30), welche fOr den Verdichter (14) auf der Basis der
tatsachlichen Betriebsbedingungen bereitgestellt ist, und einer Pumplinie
(32) des Verdichters (14), in Einheiten der Durchstr6mungsrate zu
bestimmen, eine Steuersignalbereitstellungseinrichtung (66, 70), urn din
Steuersignal unter Ansprechen auf den Abstand (d) bereitzustellen, um die
Verstirkung (G) des Reglers (46) zu Sndern, und eine BypaBventilsteuerung,
welche mit dem Regler (46) verbunden ist, um die Menge des BypaB- 45
Stromes an dem Zentrifugalverdichter (14) vorbei unter Ansprechen auf das
Regelsignal zu verrndern, wobei der Regler (46) eine Einstelleinrichtung
gegen das Uberschief3en aufweist, um den Integralteil des Reglers so
einzustellen, daB das Proportionalband des Proportionalteiles des Reglers
in eben die Richtung der Regellinie (30) zu verschieben, auf welcher sich
die Messung befindet, wenn der Regler seinen Ausgabegrenzwert erreicht, um
damit din UberschieBen zu verhindern. 50      2. Verdichter nach Anspruch
1, wobei die Regelsignalbereitstellungseinrichtung (66, 70) einen
Funktionsgenerator (66) aufweist zum Bereitstellen sines
Verstarkungssignales fOr den Regler als Funktion des Abstandes (d).
-        R                    s 3. Verdichter nach Anspruch 1 oder 2,/wobei
-der'R Gelr (46) lediglich din Proportional- und Integralregler ist, wobei
der Regler kein n Differentialteil ayeist, um  Systemschwingungen zu 55
vermeiden. 4. Verdichter nach Anspruch 1, 2 od        w"i die
Abstanqdlbstimmungseinrichtung (60, 64) so betreibbar ist, daB sie den
Abstand (d) ad    em erstesE-igna, wel6css sins Anzeige der Druckdifferenz
(%lAP,) Ober diner Blenden6ffnung (22) in    EinigB1eitung (24$)
44-sentrifugalverdichters (14) und aus einem  zweiten Signal (%AP.) bestimm
Iches eine Anzejgv fOr die Druckdifferenz Ober den 



60  Zentrifugalverdichter (14) ist.                  -. 5. Verdichter nach
Anspruch 4, wob             bs     7ngseinrichtung  (60, 64) eine
Dividierstation (60) aufweist, die so betreibbar i  s        eite Signal
durch eine Konstante (K') dividiert, und eine Summierstation (64) aufweist,
um drgebnis dieser Division mit dem ersten Signal zu addieren. 65      6.
Verdichter nach Anspruch 4 oder 5, wobei das System einen
Funktionsgenerator (26) aufweist, der 6    EP 0175 445 B1 auf die ersten
und zweiten Signale anspricht, um einen Ausgangswert bereitzustellen, der
die Pumpregellinie (30) reprisentiert, eine Multiplizierstation (34)
aufweist, welche so betreibbar ist, dal3 sie den Ausgangswert der die
Pumpregellinie reprisentiert, mit einem Signal multipliziert, welches eine
Anzeige fOr die Geschwindigkeit (ST) des Zentrifugalverdichters (14) ist,
und eine Differenzstation (40) 5 aufweist, welche. so betreibbar ist, daB
sie ein Differenzsignal erzeugt, welches der Differenz zwischen qfl
JAusgangswert der Multiplizierstation (34) und einem Signal ist, welches
ein Anzeige fOr die Oechstromungsrate (FT1) des Zentrifugalverdichters (14)
ist, wobei der Proportional- und Integralregler (46) so angeschlossen ist,
dal3 er das Differenzsignal empfangt. 7.'Verfahren zum Steuern des normalen
sowie des Notpumpens in einem Zentrifugalverdichter (14), 1o  welcher ein
Bypall-Ventil (48) hat, das durch einen Regler (46) mit variabler
Verstarkung geregelt wird, wobei das Verfahren gekennzeichnet ist durch die
Schritte: Messen (60, 64) einer Verschiebung (d) einer Pumplinie (32) des
Verdichters bezoglich einer Pumpregellinie (30), die fOr den Verdichter
entsprechend einer Funktion der Druckdifferenzen (%AP., %AP.) Ober einer
Blende (22) in einer EinlaBleitung zu dem Verdichter (14) hin bzw. Ober den
Verdichter i5  bereitgestellt ist, und zwar in Einheiten der
Durchstr6mungsrate, Bereitstellen (66) eines Steuersignals fOr die
Reglerverstarkung, welches eine Funktion der Verschiebung (d) der
Pumpsteuerlinie (30) von der Pumplinie (32) ist, und Verwenden des
Steuersignals fOr die Verstarkungsregelung, um die Verstarkung (G) des
Reglers (46) entsprechend der Verschiebung (d) der Pumpregellinie (30) von
der Pumplinie (32) for normale 20  Pumpbedingungen zu verindern und um eine
zusatzliche Verstarkung for den Regler bei einem bestimmten Wert der
Verschiebung (d) fur Notpumpbedingungen vorzusehen. 8. Verfahren nach
Anspruch 7, wobei das BypatM-Ventil (48) den Fluidstrom in einern
Bypal3-Weg (50) an dem Zentrifugalverdichter (14) vorbei regelt, wobei das
Verfahren aufweist: Regeln des (5ffnens des Ventiles (48) entsprechend der
Verstarkung (G) des Reglers (46) und Bereitstellen eines stufenweisen 25
Offnungsvorganges fOr das Ventil (48) entsprechend der zusatzlich
Verstirkung des Reglers. 9. Verfahren nach Anspruch 7 oder 8, wobei die
Druckdifferentiale (%AP., %AP.) den Druckunterschied bzw. das
Druckdifferential %AP. Ober einer Blende (22) in einer EinlaBleitung (24)
des Zentrifugalverdichters (14) sowie den Druckunterschied bzw. das
Druckdifferential %AP. Ober den Zentrifugalverdichter (14) hinweg
aufweisen. 30     10. Verfahren nach Anspruch 9, wobei die Verschiebung (d)
gernessen wird durch das Erzeugen von Signalen, welche die
Druckdifferentiale %AP. und %AP. erzeugen, das Signal, welches eine Anzeige
fOr das Druckdifferential %AP. ist, durch eine Konstante (K') dividiert
(60) wird, und das Ergebnis der Division zu dem Signal addiert wird,
welches eine Anzeige fOr das Druckdifferential %AP, ist. 11. Verfahren nach
Anspruch 9 oder 10, wobei ein Ausgangswert, der die Pumpregellinie (30) 35
reprisentiert, als Funktion der Druckdifferentiale %AP, und %APe
bereitgestellt wird, das Signal, welches die Pumpregellinie reprasentiert,
mit einem Signal multipliziert wird, welches eine Anzeige fOr die
Geschwindigkeit (ST) des Zentrifugalverdichters ist, und ein
Differenzsignal, welches die Differenz zwischen dem  Ergebnis dieser
Multiplikation und einem  Signal ist, das der Stromungsrate (FT) zu dem
Zentrifugalverdichter entspricht, dem Regler (46) mit variabler Verstbrkung
zugefOhrt wird. 40 Revendications 1. Compresseur centrifuge comportant un
systeme de controle de pompage a gain adaptatif, le systeme comprenant: 45
un regulateur de mode integral et proportionnel (46) pour contrdler une
ligne de derivation (50) du compresseur centrifuge (14), le regulateur (46)
comportant un gain variable (G); caracterise en ce que le systeme comprend
en outre: un moyen d'evaluation de distance (60, 64) pour determiner la
distance (d), en termes de d6bit, entre une ligne de controle de pompage
(30) 6tablie pour le compresseur (14) sur la base de conditions de 50
fonctionnement reelles et une ligne de pompage (32) du compresseur (14); un
mayen d'etablissement de signal de commande (66, 70) pour 6tablir un signal
de commande de r6ponse a la distance (d) pour changer le gain (G) du
r6gulateur (46); et u~n moyen de contr6le de vanne de derivation relie au
regulateur (46) pour faire varier l'importance de la derivation dans le
compresseur centrifuge (14) en r6ponse au signal de commande; 55     le
rigulateur (46) comprenant un r6glage d'antiremontage pour ajuster le mode
int6gral du r6gulateur afin de faire passer ia bande proportionnelle du
mode proportionnel du regulateur sur le mime cote de Ia 



ligne de controle (30) que celui de la mesure lorsque le r6gulateur atteint
sa limite de sortie afin d'empicher un depassement. 2. Compresseur selon la
revendication 1, dans lequel le moyen d'etablissement de signal de 60
commande (66, 70) comprend un g6nerateur de fonctions (66) pour etablir un
signal de gain du regulateur comme fonction de la distance Cd). 3.
Compresseur selon la revendication 1 ou 2, dans lequel le r6gulateur (46)
n'est qu'un r6gulateur a fonction proportionnelle et integrale, le
r6gulateur ne comportant pas de mode de derivation afin d'empecher une
oscillation du systeme. 65     4. Compresseur selon la revendication 1, 2
ou 3, dans lequel le moyen d'evaluation de distance (60, 64) 7    4
EP 0175445 BI est apte a determiner la distance (d) a partir d'un premier
signal indiquant le differentiel de pression (%AP0) dans un orifice (22)
dans une ligne d'entree (24) du compresseur centrifuge (14) et d'un second
signal (%AP.) indiquant le diff6rentiel de pression dans le compresseur
centrifuge (14). 5. Compresseur selon la revendication 4, dans lequel le
moyen devaluation de distance (60, 64) 5, comprend un poste de division
(60) apte a diviser ledit second signal par une constante (K') et un paste
i' d'addition (64) pour ajouter le resultat de ladite division audit
premier signal. 6. Compresseur selon la revendication 4 ou 5, dans lequel
le systeme comprend un generateyr de fonctions (26) repondant auxdits
premier et second signaux pour 6tablir une sortie representative de la
ligne de contr6le de pompage (30), un paste de multiplication (34) apte a
multiplier la sortie representative ?0 de la ligne de contr6le de pompage
par un signal indiquant la vitesse (ST du compresseur centrifuge (14), et
un paste diff6rentiel (40) apte a produire un signal differentiel
representant la difference entre une sortie du paste de multiplication (34)
et un signal indiquant le debit (FT) du compresseur centrifuge (14), le
regulateur a mode proportionnel et integral (46) etant raccorde pour
recevoir ledit signal diff6rentiel. 7. Procede de contr6le de pompage
normal et urgent dans un compresseur centrifuge (14) comportant 15 une
vanne de derivation (48) command6e par un r6gulateur A gain variable (46),
le proc6d6 6tant caract6rise par les phases de: mesure (60, 64) d'un
decalage (d), en termes de d6bit, d'une ligne de pompage (32) du
compresseur (14) a partir d'une ligne de contr6le de pompage (30) 6tablie
pour le compresseur selon une fonction de differentiels de pression (%AP0,
%AP.) dans un orifice (221 a une entree vers le compresseur (14) et dans le
20 compresseur, respectivement; etablissement (66) d'un signal de commande
de gain du regulateur qui constitue une fonction du d6calage Cd) de la
ligne de contr6le de pompage (30) a partir de la ligne de pompage (32); et
utilisation du signal de commande de gain du r6gulateur pour faire varier
le gain (G) du regulateur (46) en fonction du decalage (d) de la ligne de
contr6le de pompage (30) a partir de la ligne de pompage (32) 25 pour des
conditions de pompage normal et pour fournir un gain supplementaire au
regulateur a une valeur pred6terminee du decalage (d) pour des conditions
de pompage d'urgence. 8. Procede selon la revendication 7, dans lequel la
vanne de derivation (48) controle le flux de fluide dans une ligne de
derivation (50) dans le compresseur centrifuge (14), le proc6de comprenant
le controle de l'ouverture de la vanne (48) selon le gain (G) du regulateur
(46) et la fourniture a la vanne (48) d'une 30 action d'ouverture
echelonnee selon le gain supplementaire du regulateur. 9. Procede selon la
revendication 6 ou 7, dans lequel lesdits differentiels de pression (%AP0,
%APr) comprenent le differentiel de pression %AP0 dans un orifice (22) dans
une ligne d'entr6e (24) du compresseur centrifuge (14) et le differentiel
de pression %AP, dans le compresseur centrifuge (14). 10. Procedb selon la
revendication 9, dans lequel le decalage (d) est mesure en produisant des
signaux 35 indiquant les differentiels de pression %AP0 et %AP,, en
divisant (60) le signal indiquant le differentiel de pression %AP, par une
constants (K'), et en ajoutant le resultat de la division au sigrial
indiquant le differentiel de pression %AP0. 11. Procede selon la
revendication 9 ou 10, dans lequel une sortie representative de la ligne de
controle de pompage (30) est etablie comme fonction des differentiels de
pression %AP0 et %AP,, le signal 40 representatif de la ligne de controle
de pompage est multiplie par un signal indiquant la vitesse (ST) du
compresseur centrifuge, et un signal differentiel representant la
difference entre le resultat de ladite multiplication et un signal
representatif du debit (FT) du compresseur centrifuge est fourni au
regulateur a gain variable (46). 45 50 55 60 65    


