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(54) Method and apparatus for flow control in a package dyeing machine

(57) A method of controlling fluid flow rate during op-
eration of a textile package fluid treatment machine, com-
prises measuring the differential pressure across a uni-
directional pump (15) in a fluid circulation system con-
nected to a kier (1) of the machine and comprising a
reversal device (2) which is switched during operation of
the machine to reverse the direction of fluid flow through
at least one package in the kier; calculating the fluid flow
rate through the fluid circulation system from the meas-
ured differential pressure using a performance charac-
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teristic of the pump; monitoring the flow rate over time to
determine the accumulated flow between each switching
of the reversal device; and using the accumulated flow
information to automatically control switching of the re-
versal device such that total flow between each switching
of the reversal device is substantially equal. The calcu-
lated flow rate may also be compared with a desired flow
rate to determine any flow rate difference, from which
operation of the pump is automatically adjusted to reduce
the flow rate difference.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method and
apparatus for controlling the flow of treatment fluid in a
package dyeing machine.

[0002] Textiles such as yarn, thread, ribbon and the
like are commonly wound onto large conical spools or
bobbins to form packages for handling by textile treat-
ment machines. Textile treatment includes dyeing and
also treating with substances other than dye, where the
dye stuff or other treatment substance is diluted in water
to give a treatment fluid or liquor. A quantity of packages
are loaded onto hollow spindles inside the kier of a treat-
ment machine, the kier is filled with the treatment fluid,
and the fluid is then passed through the packages using
a fluid circulation system. A pump drives fluid around the
circulation system.

[0003] To achieve an even treatment effect such as
uniform dyeing, two fluid flow paths are typically used.
Aninside-to-out flow path sends fluid up inside the hollow
spindle, through perforations in the spindle wall and out-
wardly through the package, to the main volume of the
kier. An opposite, outside-to-in flow path forces fluid from
the main volume of the kierinwardly through the package,
through the spindle wall and into the central hollow space
in the spindle.

[0004] A typical treatment cycle will include periodic
switching between these two flow directions. This is a
widely-accepted technique to minimise unevenness in
the treatment. The change in flow direction is achieved
by a mechanical flow reversal device in the fluid circula-
tion system together with a unidirectional pump. Howev-
er, the structure of flow reversal devices is such that the
resistance to flow for the two flow directions is different,
because the distance of travel and the nature of the flow
is not the same. A consequence of this is that the per-
formance of the pump is also different for the two flow
directions, giving different rates of flow. To balance this
difference for the purpose of achieving an even treatment
result, different cycle times for the two flow directions are
commonly used. The time difference is typically obtained
through experience.

[0005] This practice is open to improvement, since it
is over-reliant on human experience and human error.
Also, the time required to obtain the timing parameters
can be extensive. Further disadvantages arise because
large quantities of treatment fluid, possibly at high tem-
peratures, need to be circulated for longer than might
otherwise be necessary, which wastes energy. Moreo-
ver, because the known method relies heavily on expe-
rience, new recipes for dyes and the like have to be ex-
tensively tested to find a reasonable balance between
the inside-to-out and outside-to-in flow directions; this
means that adaptability and repeatability cannot be guar-
anteed.
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SUMMARY OF THE INVENTION

[0006] Accordingly, a first aspect of the present inven-
tion is directed to a method of controlling fluid flow rate
during operation of a textile package fluid treatment ma-
chine, comprising: measuring the differential pressure
across a unidirectional pump in a fluid circulation system
connected to a kier of the machine and comprising a re-
versal device which is switched during operation of the
machine to reverse the direction of fluid flow through at
least one package in the kier; calculating an actual fluid
flow rate through the fluid circulation system from the
measured differential pressure using a performance
characteristic of the pump; monitoring the actual flow rate
over time to determine the accumulated flow between
each switching of the reversal device; and using the ac-
cumulated flow information to automatically control
switching of the reversal device such that total flow be-
tween each switching of the reversal device is substan-
tially equal.

[0007] The method therefore corrects the flow rate for
changes that typically exist between the two flow direc-
tions. Equal flow in each direction is important for achiev-
ing a good treatment result, but changes in flow rate may
arise after each switching of the reversal device. By mon-
itoring the accumulated flow after each switching opera-
tion, the switching can be carried out at the appropriate
timesto ensure that the total flow is the same. The method
allows the correct flow to be used without the need for
any human estimation or experience, so that human error
is removed from the treatment process, and better quality
textiles can be produced.

[0008] In an alternative embodiment, the method may
further comprise comparing the actual fluid flow rate with
a desired fluid flow rate for the at least one package to
determine any flow rate difference; and using the flow
rate difference to automatically adjust operation of the
pump such that the flow rate difference is reduced.
[0009] By this technique, the need for human estima-
tion, and hence the risk of human error, is also removed
from the provision of the correct flow rate, thereby further
improving the textile quality. According to this embodi-
ment, the method can be operated as a feedback ar-
rangement to allow constant monitoring and adjustment
of the flow rate throughout an entire treatment process
sothatany changes in flow rate arising from, for example,
switching of the reversal device or fluctuations in pump
performance can be compensated and corrected as they
arise.

[0010] Any reduction in the flow rate difference is ad-
vantageous, but preferably the method is used to sub-
stantially match the actual flow rate to the desired flow
rate. Therefore, operation of the pump may be adjusted
such that the flow rate difference is substantially elimi-
nated. Several adjustments may be required to achieve
this.

[0011] Any suitable type of pump may be used. Typi-
cally, however, the pump will be driven by a motor, in
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which case automatically adjusting operation of the pump
may comprise automatically controlling operation of a
motor that drives the pump.

[0012] The desired flow rate may be provided directly,
if known. Alternatively, it may be determined for the par-
ticular treatment process to be performed from more
readily available parameters. This simplifies things for
the machine operator. For example, the method may fur-
ther comprise calculating the desired flow rate from the
size of the load in the kier and the performance index of
the textile in the at least one package.

[0013] A second aspect of the present invention is di-
rected to apparatus for controlling fluid flow rate during
operation of a textile package fluid treatment machine,
comprising: a differential pressure sensor connectable
across a unidirectional pump in a fluid circulation system
connected to a kier of the machine and comprising a re-
versal device switchable to reverse the direction of fluid
flow through at least one package in the kier; a reversal
device controller connectable to the reversal device and
operable to control switching of the reversal device during
operation of the machine; a flow rate calculator arranged
to receive differential pressure data measured by the dif-
ferential pressure sensor and operable to calculate an
actual fluid flow rate through the fluid circulation system
using a performance characteristic of the pump; and a
levelness control unit arranged to receive the actual flow
rate from the flow rate calculator and operable to monitor
the actual flow rate over time to determine the accumu-
lated flow between each switching of the reversal device,
and to provide instructions to the reversal device control-
ler to switch the reversal device such that total flow be-
tween each switching of the reversal device is substan-
tially equal.

[0014] Inafurtherembodiment, the apparatus may fur-
ther comprise an input device for receiving operator input
relating to a desired flow rate for the at least one package;
a comparator operable to compare the actual flow rate
and the desired flow rate to determine any flow rate dif-
ference; and a pump controller connectable to the pump,
and arranged to receive flow rate difference data from
the comparator and operable to adjust operation of the
pump such that the flow rate difference is reduced.
[0015] Operation of the pump may be adjusted such
that the flow rate difference is substantially eliminated.
[0016] The pump controller may be operable to adjust
operation of the pump by controlling operation of a motor
that drives the pump.

[0017] The input device may be configured to receive
operator input of the size of the load in the kier and the
performance index of the textile in the at least one pack-
age, with the apparatus further comprising a flow rate
converter operable to calculate the desired flow rate from
the operator input. This removes the need for the operator
to know or calculate the desired flow rate, and allows the
more simpler step of entry of more directly available data.
[0018] A third aspect of the presentinvention is direct-
ed to a textile package fluid treatment machine provided
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with apparatus according to any embodiment of the sec-
ond aspect. The machine may be a textile package dye-
ing machine, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For a better understanding of the invention and
to show how the same may be carried into effect refer-
ence is now made by way of example to the accompa-
nying drawings in which:

Figure 1 shows a schematic representation of a con-
ventional textile package treatment machine having
a fluid circulation system with a pump and a reversal
device;

Figure 2 shows a schematic representation of a tex-
tile package treatment machine having a fluid circu-
lation system with a pump and a reversal device and
apparatus for controlling the fluid flow according to
an embodiment of the invention; and

Figure 3 shows a graph of a performance character-
istic of an example pump such as may be used in
conjunction with embodiments of the present inven-
tion.

DETAILED DESCRIPTION

[0020] Figure 1 shows a simplified schematic diagram
of a conventional package dyeing machine with a fluid
circulation system. The machine 20 comprises a kier 22
for holding a plurality of textile packages during a fluid
treatment process such as dyeing. For simplicity, only
one package 26 is shown. The package 26 is supported
on a vertical hollow spindle 24 extending up from the
base of the kier 22. The base of the kier 22 also includes
two fluid inlet/outlet ports. One port 28 connects with the
hollow interior of the spindle 24. The other port 30 opens
in the base of the kier 22 remote from the spindle to as
to communicate with the main volume of the kier.
[0021] A fluid circulation system is connected to the
ports 28, 30, and operates to circulate treatment fluid
through the package 26. The system comprises a pipe
network 34 and a pump 36 in the pipe network operable
to drive fluid around the pipe network 34 and into the kier
22.The pump 36 is unidirectional and circulates fluid only
in the direction indicated by the single-headed arrows.
[0022] For even treatment of the textile (such as a uni-
form dyeing result), it is preferred to circulate the fluid
through the package in two opposing directions, from in-
side to out and from outside to in. Inside-to-out flow pass-
es from the hollow interior of the spindle 24, through the
spindle wall (which is perforated) and through the pack-
age to the main volume of the kier. Outside-to-in flow
follows the reverse direction. The two flow directions are
indicated by the double-ended arrows. To achieve the
two opposite flow directions from the unidirectional pump
36, a flow reversal device 32 is interposed between the
pipe network 34 and the kier 22. The reversal device 32
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has an inlet 38 for receiving fluid from the pipe network
34 and an outlet 40 for returning fluid to the pipe network
34, plus connections to the two ports 28, 30 in the base
of the kier. A mechanical mechanism in the reversal de-
vice 32 can be switched between an inside-to-out flow
position which connects the inlet 38 to the port 28 under
the spindle 24 and connects the port 30 in the base of
the kier 22 to the outlet 40, and an outside-to-in flow po-
sition which connects the inlet 38 to the port 30 in the
base of the kier 22 and connects the port 28 under the
spindle 24 to the outlet 40. A range of flow reversal de-
vices is known.

[0023] A typical treatment process comprises several
alternating periods of flow in each direction, with the aim
of providing equal total flow for each period. As discussed
in the introduction, the duration of the periods for the two
flow directions must generally be unequal to compensate
for differences in the resistance to flow for each flow di-
rection, arising in part from the construction of the revers-
al device. The timings are determined by user experi-
ence, and are hence prone to error.

[0024] Toaddress this, according to the presentinven-
tion there is proposed a method of automatically control-
ling the flow, which can be performed using an apparatus
such as is shown in Figure 2.

[0025] Figure 2 shows a package dyeing machine sim-
ilar to the conventional machine 20 of Figure 1, compris-
ing a kier 1 having a fluid circulation system comprising
a pipe network 14, a reversal device 2 connected be-
tween the pipe network 14 and the kier 1, and a unidi-
rectional pump 15. In this example, the pump 15 is driven
by a motor 4.

[0026] The machine is provided with an apparatus ac-
cording to an embodiment of the invention for automati-
cally controlling the fluid flow through the packages in
the kier such that substantially equal amounts of flow can
be provided in each flow direction during a single treat-
ment process.

[0027] A pump has a performance characteristic that
relates the flow rate it produces to the pressure difference
(pressure head) across the pump. Figure 3 shows an
example of a pump performance characteristic, illustrat-
ed as a graph showing the relationship between the head
and the flow rate. In this case, the relationship is sub-
stantially linear with a shallow decline, such that a small
change in the pressure difference (the decrease from
point A to point B, for example) gives a large change to
the flow rate (the increase from point r to point s, for ex-
ample). The present invention makes use of the relation-
ship. The exact nature of the relationship is immaterial,
so long as it is known or can be determined for the pump
being used. Therefore, the invention is not limited to a
pump with a performance characteristic as shown in Fig-
ure 3.

[0028] Returning to Figure 2, the apparatus includes
a differential pressure sensor 5. This is connected to the
inlet 3 and the outlet 13 of the pump 15, so as to measure
the pressure difference (differential pressure) across the

10

15

20

25

30

35

40

45

50

55

pump 15 while the pump 15 is in operation to circulate
fluid through packages in the kier 1. The differential pres-
sure will vary according to the rate at which the motor 4
is driving the pump 15, and the direction of flow as set
by the reversal device 2.

[0029] The measured differential pressure is supplied
from the sensor 5 to a flow rate calculator 6. The flow
rate calculator 6 is provided with information regarding
the performance characteristic of the pump 15, and is
operable to calculate the flow rate from the differential
pressure, using the performance characteristic. The cal-
culator may be implemented by hardware or software.
The calculation may be carried out using a look-up table
that lists values of flow rate for the corresponding values
of differential pressure, or using the equation that de-
scribes the curve of the performance characteristic, for
example.

[0030] The apparatus further comprises a flow rate
converter 7 connected to an input device 10 which allows
an operator of the machine to enter a value for the flow
rate at which it is desired that a treatment process should
be carried out. This value is supplied to the flow rate
converter 7. Alternatively, the input device 10 can allow
user input of data from which the desired flow rate can
be determined. This may be an input of the size or ca-
pacity 11 of the textile load that is to be contained in the
kier 1, and an input of the performance index of the textile
(a parameter describing the ease of treating that textile
with the particular treatment fluid to be used). The input
device 10 may have a display screen, and a keypad,
keyboard or other entry device via which the data can be
entered. The display screen may show messages
prompting the user to enter the required data. The data
is entered before operation of the machine. The flow rate
converter 7 is then operable to calculate the desired flow
rate from the data entered by the user. As with the flow
rate calculator 6, this may be performed using equations
or a look-up table, and by software or hardware.

[0031] Once the desired flow rate is obtained, it is sup-
plied by the flow rate converter 7 to a comparator 16.
Then, during operation of the machine, the comparator
16 also receives from the flow rate calculator 6 the cal-
culated actual flow rate. The comparator 16 compares
the two flow rates to determine any difference between
them. A difference indicates that the pump is not circu-
lating the treatment fluid at the appropriate flow rate for
the process. To correct this, a motor controller 12 is ar-
ranged to receive flow rate difference data from the com-
parator 16, and, using the data, to generate and send
control signals to the motor 4 to turn the motor up or down
as appropriate to change the rate at which the pump 15
operates. Alternatively, the control signals may be gen-
erated by the comparator 16 and sent to the motor con-
troller 12 which then operates to adjust the motor 4.
[0032] The aim of the adjustment to the motor 4 is to
reduce the flow rate difference so that the actual flow rate
substantially matches the desired flow rate. This may re-
quire several cycles of measurement and adjustment.
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Hence, the control may be carried out continuously dur-
ing operation of the machine. The magnitude of the flow
rate difference determines by how much the motor is ad-
justed, and the sign of the flow rate difference determines
whether the motor operation is increased or decreased.
Further measurement of the differential pressure, calcu-
lation of the flow rate and comparison with the desired
flow rate will determine if further adjustment to the motor
is necessary, and so on. Overall, therefore, the apparatus
can provide a feedback loop for controlling the pump
throughout operation of the machine.

[0033] In particular, adjustment will likely be required
when the reversal device 2 is switched between positions
for the two flow directions. In this way, changing the rate
at which the motor 4 drives the pump 15 compensates
for the inherent differences in flow rate for the two oppo-
site flow directions. The flow rates for both directions can
therefore be matched to the desired flow rate. Once this
is achieved, the reversal device can be operated such
that the two flow directions are used for substantially
equal time periods, to produce substantially equal total
amounts of flow for each direction during each period
and over the whole treatment process. This gives an even
and uniform treatment of the textiles.

[0034] The machine mighttherefore be operated using
periodic switching of the reversal device at pre-set inter-
vals to match the flow times for each direction. However,
while such operation is attractively simple, it may be
found that the oscillations which often occurin a feedback
system and the time taken to reach a steady state after
each switching of the reversal device are significant so
that mere operation of the machine with equal times for
each flow direction does not produce a good enough bal-
ance between the total flow in each direction.

[0035] Therefore, a further embodiment proposes a
dynamic control of the reversal device 2 to address this
issue, and achieve equal flow in each flow direction.
[0036] Referring again to Figure 2, the apparatus ac-
cordingly may further comprise areversal device control-
ler 9 connected to the reversal device 2 and operable to
switch the reversal device 2 between its two positions.
Also, a levelness control unit 8 is connected between the
flow rate calculator 6 and the reversal device controller
9. The levelness control unit 8 continuously receives the
real-time calculated actual flow rate from the flow rate
calculator 6. It also generates control signals for trans-
mission to the reversal device controller 9 to tell the re-
versal controller when to switch the reversal device.
Therefore, the levelness control unit 8 knows which flow
direction is being used.

[0037] The levelness control unit 8 operates by moni-
toring the actual flow rate over time for the two flow di-
rections to determine the accumulated flow in each time
period for each flow direction as the process proceeds.
Based on this information, the levelness control unit 8
determines when the reversal device should be switched
so as to achieve the same amount of flow for each time
period of the reversal device, and hence a balance be-
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tween the total inside-to-out flow and the total outside-
to-inflow over the entire treatment process. Alternatively,
the switching may be controlled only to achieve equal
total flow in each direction over the whole process, and
not for each individual period of flow between switching.
The levelness control unit 8 can be implemented by hard-
ware or software, and may perform its function by use of
an algorithm, for example.

[0038] Overall, therefore, embodiments of the inven-
tion provide automated dynamic control of the pump and
the reversal device over the course of a treatment proc-
ess carried out by the machine, to provide equal total
flows for the two opposite fluid flow directions. After data
relating to the desired flow rate (either the rate itself or
data from which it can be calculated by the apparatus)
has been provided to the apparatus, the treatment proc-
ess with automated control can be initiated and complet-
ed without further operator input. Control of the pump
may be performed alone, or combined with control of the
reversal device. Furthermore, it is possible to implement
only the control of the reversal device, without including
control of the pump.

[0039] Figure 2 shows the apparatus embodied as
separate modules. Each module may be implemented
using hardware, software or firmware as desired or as
appropriate. The functions of more than one module may
be combined within a single unit. For example, with the
exception of suitable pressure transducers to provide the
pressure measurements required to determine the dif-
ferential pressure, the whole apparatus may be imple-
mented as software running on a single processor that
receives the pressure measurements from the pump and
the desired flow rate data input by the operator, and out-
puts control signals to the motor and the reversal device.

Claims

1. A method of controlling fluid flow rate during opera-
tion of a textile package fluid treatment machine,
comprising:

measuring the differential pressure across a uni-
directional pump (15) in afluid circulation system
connected to a kier (1) of the machine and com-
prising a reversal device (2) which is switched
during operation of the machine to reverse the
direction of fluid flow through at least one pack-
age in the kier;

calculating an actual fluid flow rate through the
fluid circulation system from the measured dif-
ferential pressure using a performance charac-
teristic of the pump;

monitoring the actual flow rate over time to de-
termine the accumulated flow between each
switching of the reversal device; and

using the accumulated flow information to auto-
matically control switching of the reversal device
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such that total flow between each switching of
the reversal device is substantially equal.

2. A method according to claim 1, further comprising:

comparing the actual fluid flow rate with a de-
sired fluid flow rate for the at least one package
to determine any flow rate difference; and
using the flow rate difference to automatically
adjust operation of the pump such that the flow
rate difference is reduced.

A method according to claim 2, in which operation
of the pump is adjusted such that the flow rate dif-
ference is substantially eliminated.

A method according to claim 2 or claim 3, in which
automatically adjusting operation of the pump com-
prises automatically controlling operation of a motor
(4) that drives the pump.

A method according to any one of claims 2 to 4, fur-
ther comprising calculating the desired flow rate from
the size of the load in the kier and the performance
index of the textile in the at least one package.

Apparatus configured to carry out the method of any
of claims 1 to 5.

Apparatus for controlling fluid flow rate during oper-
ation of a textile package fluid treatment machine,
comprising:

a differential pressure sensor (5) connectable
across a unidirectional pump (15) in a fluid cir-
culation system connected to a kier (2) of the
machine and comprising a reversal device (2)
switchable to reverse the direction of fluid flow
through at least one package in the kier;

a reversal device controller (9) connectable to
the reversal device and operable to control
switching of the reversal device during operation
of the machine;

aflow rate calculator (6) arranged to receive dif-
ferential pressure data measured by the differ-
ential pressure sensor and operable to calculate
an actual fluid flow rate through the fluid circu-
lation system using a performance characteris-
tic of the pump; and

a levelness control unit (8) arranged to receive
the actual flow rate from the flow rate calculator
and operable to monitor the actual flow rate over
time to determine the accumulated flow between
each switching of the reversal device, and to pro-
vide instructions for the reversal device control-
ler to switch the reversal device such that total
flow between each switching of the reversal de-
vice is substantially equal.
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8.

10.

11.

12.

13.

10

Apparatus according to claim 7, and further compris-
ing an input device (10) for receiving operator input
relating to a desired flow rate for the at least one
package;

a comparator (16) operable to compare the ac-
tual flow rate and the desired flow rate to deter-
mine any flow rate difference; and

a pump controller (12) connectable to the pump,
and arranged to receive flow rate difference data
from the comparator and operable to adjust op-
eration of the pump such that the flow rate dif-
ference is reduced.

Apparatus according to claim 8, in which operation
of the pump is adjusted such that the flow rate dif-
ference is substantially eliminated.

Apparatus according to claim 8 or claim 9, in which
the pump controller is operable to adjust operation
of the pump by controlling operation of a motor (4)
that drives the pump.

Apparatus according to any one of claims 8 to 10, in
which the input device is configured to receive op-
erator input of the size of the load in the kier and the
performance index of the textile in the at least one
package, and the apparatus further comprising a
flow rate converter (7) operable to calculate the de-
sired flow rate from the operator input.

A textile package fluid treatment machine provided
with apparatus accordingtoany one of claims 7to 11.

A textile package fluid treatment machine according
to claim 12, in which the machine is a textile package
dyeing machine.
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