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(54) A METHOD FOR DETECTION OF TILTED CAPS, AND A DETECTION SYSTEM

(57) A method for detection of tilted caps (22), com-
prising: activating an electrical motor (32) such that the
cap (22) is screwed onto a neck of an associated package
(24), and determining, based on a signal from the elec-
trical motor (32), if the cap (22) is tilted or not, recording
a series of data samples of an operational parameter of
the electrical motor (32) during an entire capping opera-

tion, calculating a residual from the recorded data sam-
ple, and comparing the residual with a determined limit,
wherein the determined limit is indicative if the cap (22)
is tilted or not, wherein the operational parameter of the
electrical motor (32) is the total angle of rotation of a
rotational shaft of the electrical motor (32) during the en-
tire capping operation.
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Description

Technical Field

[0001] The invention relates to a method, as well as a
system, for detecting tilted caps. More particularly, the
present invention relates to a method and system for de-
tecting tilted caps of packages being transported through
a filling machine.

Background Art

[0002] Filling machines are typically configured for pro-
ducing filled packages. The packages may e.g.be filled
with liquid food products such as dairy products, juices,
etc. Such filling machines may include equipment for pro-
ducing the packages from a carton-based packaging ma-
terial, either provided in the form of a continuous web or
as separate blanks.
[0003] As is evident, packages being produced ac-
cording to the above-described principle may have a vast
amount of configurations in terms of dimensions as well
as in terms of package design features. For example, the
package may be equipped with a screw cap for allowing
simple and reliable reclosing.
[0004] During manufacturing of the package it is im-
portant that the screw cap is positioned correctly onto
the package opening. Should the cap for some reason
not be applied in the predetermined manner the package
integrity would possibly be negatively affected. In modern
production, packages having a wrongly applied cap will
therefore be wasted.
[0005] Several techniques for monitoring mounting of
screw caps exist. One such system includes the use of
vision units configured to detect if the cap is tilted, thereby
indicating a potential risk in terms of package integrity.
Although such vision systems may be programmed to be
automatic and relatively accurate, there are some major
disadvantages which are difficult to overcome.
[0006] For example, such vision systems are sensitive
to reflected light. Sudden reflections will cause an in-
crease in unnecessary waste, and these existing vision
systems may also have problems when the package de-
sign is changed, making it difficult to determine a tilted
cap accurately. Additionally, as these vision systems are
mounted external to the already existing parts of the filling
machine they may be damaged by moving objects in the
production facility, such as trucks, staff, etc.

Summary

[0007] It is an object of the invention to at least partly
overcome one or more of the above-identified limitations
of the prior art. In particular, it is an object to provide a
method and system configured to detect a tilted cap
which can be implemented to existing filling machines
without major hardware modifications.
[0008] To solve these objects a method for detection

of tilted caps is provided. The method comprises activat-
ing an electrical motor such that the cap is screwed onto
a neck of an associated package and determining, based
on a signal from the electrical motor, if the cap s tilted or
not. The method also comprises recording a series of
data samples of an operational parameter of the electrical
motor during an entire capping operation, calculating a
residual from the recorded data sample and comparing
the residual with a determined limit wherein the deter-
mined limit is indicative if the cap is tilted or not. Here,
the operational parameter of the electrical motor is the
total angle of rotation of a rotational shaft of the electrical
motor during the entire capping operation.
[0009] The method may comprise recording at least
one data sample of an operational parameter of the elec-
trical motor, and comparing a residual corresponding to
the recorded data sample with a determined limit indic-
ative if the cap is tilted or not.
[0010] Besides the total angle of rotation during an en-
tire capping operation, another operation parameter of
the electrical motor may be the torque and/or the speed
of the electrical motor during the capping operation.
[0011] According to an embodiment, the data samples
referred to earlier may e.g. be evenly distributed during
the entire capping operation.
[0012] In an embodiment comparing a residual with a
determined limit is performed by applying a Kalman filter
to said at least one recorded data sample.
[0013] According to a second aspect a detection sys-
tem is provided. The detection system comprises an elec-
trical motor configured to apply a cap onto a neck of a
package upon activation and a control unit configured to
determine, based on a signal from the electrical motor,
if the cap (22) is tilted or not. The control unit is further
configured to record a series of samples of an operational
parameter of the electrical motor and to compare a re-
sidual corresponding to the recorded data sample with a
determined limit indicative if the cap is tilted or not. Such
a control unit further comprises an input module config-
ured to record the total angle of rotation of the electrical
motor ’during an entire capping operation.
[0014] According to a third aspect, a capping station
is provided. The capping station is configured to apply
external screw caps on the upper part of a series of con-
secutive packages, and comprises a detection system
according to the second aspect.
[0015] According to a fourth aspect a filling machine is
provided. The filling machine comprises a capping station
according to the third aspect.
[0016] Still other objectives, features, aspects and ad-
vantages of the invention will appear from the following
detailed description as well as from the drawings.

Brief Description of the Drawings

[0017] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying schematic drawings, in which
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Fig. 1 is a perspective view of parts of a filling ma-
chine, including a detection system according to an
embodiment.
Fig. 2 is a schematic view of a method according to
an embodiment.
Fig. 3 is a schematic view of a detection system ac-
cording to an embodiment.
Fig. 4 is a diagram showing sampled data represent-
ing motor position as a function of time.
Fig. 5 is a diagram showing sampled data represent-
ing motor torque as a function of motor position.
Fig. 6 is a schematic view of a detection method ac-
cording to an embodiment.
Fig. 7 is a schematic view of a detection method ac-
cording to a further embodiment.

Detailed Description

[0018] With reference to Fig. 1 parts of a filling machine
10 is illustrated. In particular, the shown parts of the filling
machine 10 forms a capping station 20 configured to ap-
ply external screw caps 22 on the upper part of a series
of consecutive packages 24. As is understood from Fig.
1, the packages are fed in the direction F indicated by
the block arrow.
[0019] In the shown example the packages 24 have
already been formed, filled and sealed in the filling ma-
chine provided upstream of the capping station 20. In
other embodiments, a capping station may be arranged
to apply caps to non-filled packages, preferably to pack-
ages having a carton-based sleeve and a plastic top. In
such embodiments the bottom end of the sleeve is still
open when the cap is applied to the plastic top, whereby
filling and sealing of the package is performed after cap-
ping.
[0020] Each package 24 has, in the embodiment
shown, a substantially parallelepiped body and a slanted
top wall, i.e. a top wall that is inclined with respect to a
base wall of the package 24. In another embodiment, not
shown, each package 24 has a substantially parallelepi-
ped body and a top wall substantially parallel to the base
wall. In still further embodiments the packages have a
plastic top arranged on a carton-based sleeve. In gener-
al, the capping station 20 may work with packages 24
having different shapes and/or dimensions.
[0021] According to the shown example the capping
station 20 comprises a conveying device (not shown) for
advancing the packages 24 in the feeding direction F.
The capping station 20 further comprises a distribution
unit 26 for feeding the caps 22 to the packages 24, and
to position a cap loosely on top of an associated package
24.
[0022] The capping station 20 further comprises a
group of applying heads 28 for applying the caps 22 to
the respective packages 24, particularly by screwing
each cap 22 onto a corresponding neck 25 of a package
24. Each applying head 28 is provided with one or more
grippers 30 which, upon actuation, will move downwards

to engage the cap 22. Control of each applying head 28
further comprises rotation of the grippers 30 in order to
securely screw the cap 22 on the neck 25.
[0023] Such gripper rotation, also including a linear
movement in the normal direction of the cap 22, is effect-
ed by means of an electrical motor 32. Each applying
head 28 is therefore provided with such electrical motor
32.
[0024] Preferably, during activation of the applying
heads 28 they may move in the feeding direction F, such
that the packages 24 may move continuously during cap-
ping.
[0025] More details of the above-described capping
station 20 are disclosed in WO2017060059 by the same
applicant.
[0026] However, according to the embodiments de-
scribed within this specification the capping station 20 is
also provided with a detection system 40 configured to
monitor the capping operation and to determine that the
caps 22 are applied correctly to the packages 24.
[0027] The detection system 40 is configured to per-
form a method 60, schematically shown in Fig. 2. The
method 60 comprises a first step 62 of activating the elec-
trical motor 32 such that the cap 22 is screwed onto a
neck of an associated package 24, and a second step
64 of determining if the cap 22 is tilted or not based on
a signal from the electrical motor 32.
[0028] As will be further explained below, the method
60 may also comprise a step 63a of recording one or
more data samples of an operational parameter of the
electrical motor 32, and a step 63b of comparing a resid-
ual corresponding to the recorded data sample(s) with a
determined limit indicative if the cap 22 is tilted or not.
Data sampling may e.g. be performed by storing analog
or digital samples, wherein each sample contains a value
indicative of an operational parameter of the electrical
motor. A sample may thus be a value or set of values of
a motor signal, such as a position signal, a drive current
signal, a torque signal, etc.
[0029] A detection system 40, adapted to perform the
method 60, is schematically shown in Fig. 3. It should be
noted that the various embodiments of detection systems
40 described herein are not exclusively for use with the
capping station 20 described above with reference to Fig.
1, but the detection system 40 could be used with any
kind of capping station as long as it utilizes an electrical
motor for screwing a cap onto a package.
[0030] The detection system 40 comprises the electri-
cal motor 32 forming part of an applying head 28, and a
control unit 50 in communication with the electrical motor
32. The control unit 50 comprises an input module 52, a
data processing module 54, as well as an output module
56.
[0031] As is indicated in Fig. 3 each electrical motor
32 may be connected to a unique control unit 50,or a
single control unit 50 may be connected to several elec-
trical motors 32. In such embodiment the control unit 50
may be provided with several input modules 52, 52b as
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indicated by the dashed lines in Fig. 3, the additional
input module 52b being in communication with a second
electrical motor 32b.
[0032] For activation of the electrical motor 32 a con-
troller (not shown) may be provided, or such activation
control may provided by the control unit 50. The control
unit 50 may for such purpose be provided with suitable
power electronics (not shown) in order to power the elec-
trical motor 32 correctly.
[0033] The input module 52 is configured to sample
data from the electrical motor 32. The sample rate may
be set depending on the particular application, such as
between 10-100 samples per capping operation. It
should however be understood that the sample frequen-
cy could be adjusted to be far higher than 100 samples
per capping operation, as well as in some cases even
lower than 10 samples per capping operation.
[0034] The sampled data may be data representing
one or more operational parameters of the electrical mo-
tor 32. In one embodiment, the sampled data is data rep-
resenting the angular position of the electrical motor 32.
In another embodiment, the sampled data is data repre-
senting the torque of the electrical motor 32. In a further
embodiment, the sampled data is data representing the
rotational speed of the electrical motor 32. In a yet further
embodiment the sampled data is data representing any
combination of the above-mentioned operational param-
eters of the electrical motor 32.
[0035] The sampled data is forwarded to the data
processing module 54. As for the case of the input module
52 the data processing module 54 may be provided as
a single module or as several separate modules; it should
be noted that the data processing module(s) may be
hardware implemented, software implemented, or a
combination of hardware and software implemented.
[0036] The data processing module 54 is configured
to process the sampled data in order to provide a signal
indicative if the cap 22 is applied correctly or not. As will
be explained further below, such processing may typi-
cally include filtering as well as data analysis, preferably
performed by implementing Kalman filtering or the like.
The data processing module 54 typically provides a re-
sidual value which is compared with a computed limit; if
the residual value is higher than the limit, a waste output
signal is generated to the output module 56, which there-
by is configured to issue a command signal to additional
equipment capable of removing the specific package 24.
[0037] The computed limit may in some embodiments
be a single value defining the upper limit of the residual.
In other embodiments the computed limit may be an in-
terval defining the allowable upper and lower limits of the
residual. The computed limit may be a specific value, or
a relative value compared to a fixed value.
[0038] Now turning to Fig. 4 an example of a set of
residual values is illustrated in a diagram. Each black dot
in the diagram corresponds to a recorded data sample,
and represents the total angle of rotation (AOR) for a
single capping operation. As can be seen in the diagram

most capping operations were performed by activating
the electrical motor 32 for 580-600°.
[0039] The Kalman filter is used to determine a moving
mean value, represented by the line CL. For each record-
ed data sample a residual is calculated, preferably as the
absolute value of the difference between the recorded
data sample and the mean value at the time the data
sample was recorded. It should however be noted that
the residual could be calculated using other formulas as
well.
[0040] The computed limits are indicated by referenc-
es UL, and LL. As explained above the mean value of
the residuals is indicated as CL, while the upper limit is
indicated by UL. The lower limit is consequently indicated
by LL. The upper and lower limit may be absolute values,
or they may be represented as their absolute distance
from the mean value.
[0041] As can be seen the limit values UL and LL are
dynamic, i.e. they change in time as a response to the
variations of the data samples. The upper limit UL is pref-
erably determined as a function of the moving mean value
CL; either in fixed values, such as CL+15°, or as a relative
value, such as 1.025*CL. The same applies for the lower
limit LL, it may be determined as a function of the moving
mean value CL in a similar manner.
[0042] Preferably the moving mean value CL, as well
as the upper and lower limits UL, LL are computed by
applying a Kalman filter to the set of data samples. The
specific value of the data samples are varying in time;
this is typically due to the fact that machine parameters
are changing during operation, or the package dimen-
sions are changing during operation. For example, be-
tween t1 and t2 a first type of package is capped. Between
t2 and t3 a second type of package is capped requiring
a slightly less total angle of rotation, while between t3
and t4 a third type of package is capped requiring a slight-
ly higher total angle of rotation.
[0043] In Fig. 4 two capping operations are determined
to be faulty, indicated by the data samples X1 and X2.
Their corresponding residual values both lie above the
upper limit UL for that particular data sample. Again re-
turning to Fig. 3 and the control unit 50, for these two
values X1, X2 the output module 56 transmits a waste
command whereby the packages corresponding to these
values are removed from the production line.
[0044] In Fig. 5 another example is shown, illustrating
the electrical motor torque as a function of angle of rota-
tion for a series of capping operations. Initially there is
almost no torque, increasing only when the cap engages
with the threads of the neck of the package. Slowly in-
creasing, the torque exhibits a maximum value at t1 at
which point final tightening of the cap is performed.
[0045] Each line corresponds to a single capping op-
eration, represented by a series of data samples. Data
samples of one capping operation may be processed to
determine the specific angle of rotation at which the max-
imum torque is reached. As can be seen in Fig. 5, for
most capping operations the maximum torque is reached
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at AOR1. There are however some capping operations
for which the maximum torque is reached earlier, at
AOR0. This is an indication of the cap being tilted, where-
by these capping operations can be identified and wasted
by transmitting a waste output signal to the output module
56 of the control unit 50.
[0046] Although not shown in more detail, in the same
manner the electrical motor speed may be used as a
parameter in order to determine if the cap is applied cor-
rectly or not.
[0047] Now turning to Fig. 6 an example of a method
100 for detection of tilted caps is shown schematically.
The method 100 is preferably performed by the detection
system 40 described above with respect to Fig. 3. In a
first step 102 the control unit 50 is in an idle state, ready
to receive a new data sample from the electrical motor
32. When a new data sample is received, e.g. at specific
time intervals, in step 104 it is determined if the detection
system 40 is in a screening mode or not. Such screening
mode is performed in order to determine where the
threads of the cap engage with the threads of the neck.
[0048] For example, there may be three lead entrances
in the threads of the neck, and the threads thereby con-
sists of three sections spaced apart by 120°. Correspond-
ing sections are found in the cap. When capping, the
most desirable situation is if a section of the cap engages
with the neck approximately in between two thread en-
tries. Hence the cap should preferably not engage with
the thread immediately upon a rotation of the cap relative
the neck but the thread section would instead need to
slide along at least parts of the entire thread section of
the neck before the cap gains a real grip on the neck.
Since the thread on the neck is relatively soft, it will thus
be vitally important that the thread section of the cap is
not given the chance to press against the thread section
of the neck. This risk is eliminated by ensuring that the
thread pitch is followed.
[0049] If step 104 determines that screening is active,
the method 100 proceeds to step 106 in which another
initial rotational position is set before repeating steps 102,
104, and 106 until the screening process is finished. It
should be noted that the screening process could be
scheduled at regular intervals, or when any machine pa-
rameter is changed. Screening could also be activated
when the package design is changed.
[0050] If screening is not active, the method 100 pro-
ceeds to step 108 in which data samples for the specific
capping operation are collected. For example, the col-
lected data samples may comprise torque values of the
electrical motor throughout the capping operation, sam-
pled at regular intervals thus representing a torque curve.
In another embodiment the collected data samples com-
prise the total angle of rotation of the electrical motor, i.e.
a single data value. In a yet further embodiment the col-
lected data samples comprise speed values of the elec-
trical motor throughout the capping operation, sampled
at regular intervals thus representing a speed curve.
[0051] In step 110 the sampled data is transmitted to

a filter, such as a Kalman filter or similar, configured to
compute limits for the data values. Also, the filter is con-
figured to determine a residual which can be compared
with the computed limits, as explained above. For the
example shown in Fig. 4, the residual may be the actual
data value of the total angle of rotation while the limits
may be the upper and lower limits UL, LL. For the example
shown in Fig. 5 the residual may be the angle of rotation
at which the maximum torque level is reached for the
specific capping operation, while the limits may be the
mean angle of rotation AOR1 for a series of capping op-
erations. Alternatively, the residual may be an absolute
value while the limit may correspond to a maximum al-
lowable value of the residual.
[0052] In step 112 the residual is compared with the
limit. If the residual is beyond the limit, the method 100
proceeds to step 114 in which a waste output signal is
generated. Consequently, the package having a tilted
cap is wasted while the method 100 is repeated by re-
turning to the idle state in step 102. On the other hand,
if the residual is within the limit no waste output signal is
generated and the method returns to step 102.
[0053] Now turning to Fig. 7 another example of a
method 200 for detection of tilted caps is shown sche-
matically. As for the method 100 described earlier the
method 200 is preferably performed by the detection sys-
tem 40 described above with respect to Fig. 3.
[0054] In this method 200 the steps 202, 204, 206, 208,
210 and 212 are identical to steps 102, 104, 106, 108,
110, and 112 of the method 100; these will not be de-
scribed further.
[0055] When comparing the residual with the limit in
step 212, the method 200 may conclude if the residual
is above or below the limit. If above, the method 200 may
proceed to step 214 in which the package is wasted by
generating a waste output signal.
[0056] If below, the method 200 may proceed to step
216 in which new data samples for the specific capping
operation are collected. These data samples may pref-
erably represent another operational parameter of the
electrical motor 32. For example, if data samples repre-
senting values of the total angle or rotation were collected
in step 208, step 216 may include collecting data samples
representing the motor torque, or motor speed. After
fetching these values the method 200 proceeds to step
218 in which the sampled data is filtered, e.g. using a
Kalman filter. The filter output, i.e. the residual as well as
the limit, is thereafter used in step 220 for comparison
purpose. If the residual is above the limit, the method 200
proceeds to step 214 generating a waste output signal.
If the residual is below the limit, the method 200 may
either return to the idle state 202, or repeating steps 216,
218, 220 (optionally using another operational parameter
for the electrical motor 32).
[0057] From the description above follows that, al-
though various embodiments of the invention have been
described and shown, the invention is not restricted
thereto, but may also be embodied in other ways within
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the scope of the subject-matter defined in the following
claims.

Claims

1. A method for detection of tilted caps (22), compris-
ing:

activating an electrical motor (32) such that the
cap (22) is screwed onto a neck of an associated
package (24), and
determining, based on a signal from the electri-
cal motor (32), if the cap (22) is tilted or not,

recording a series of data samples of an operational
parameter of the electrical motor (32) during an en-
tire capping operation,
calculating a residual from the recorded data sample,
and comparing the residual with a determined limit,
wherein the determined limit is indicative if the cap
(22) is tilted or not,
wherein the operational parameter of the electrical
motor (32) is the total angle of rotation of a rotational
shaft of the electrical motor (32) during the entire
capping operation.

2. The method according to claim 2, wherein the resid-
ual is calculated as the absolute value of the differ-
ence between the recorded data sample and a mean
value of previously recorded data samples.

3. The method according to claim 2 or 3, wherein com-
paring a residual with a determined limit is performed
by applying a Kalman filter to said at least one re-
corded data sample.

4. The method according to claim 3 and 4, wherein the
Kalman filter is configured to determine a moving
mean value of recorded data samples.

5. The method according to any one of claims 2 to 5,
wherein the step of determining if the cap (22) is tilted
or not is based on the step of comparing the residual
with the determined limit.

6. The method according to any one of claims 1-5,
wherein the operational parameter of the electrical
motor (32) is the torque of the electrical motor (32).

7. The method according to any one of claims 1-5,
wherein the operational parameter of the electrical
motor (32) is a speed of the electrical motor (32).

8. The method according to any one of the preceding
claims, wherein recording at least one data sample
comprises recording a series of data samples during
the capping operation.

9. A detection system (40), comprising an electrical mo-
tor (32) configured to apply a cap (22) onto a neck
of a package (24) upon activation, and a control unit
(50), wherein said control unit (50) is configured to
determine, based on a signal from the electrical mo-
tor (32), if the cap (22) is tilted or not,
characterized in that the control unit (50) is further
configured to record a series of samples of an oper-
ational parameter of the electrical motor (32), and to
compare a residual corresponding to the recorded
data sample with a determined limit indicative if the
cap (22) is tilted or not, wherein said control unit (50)
further comprises an input module (52) being con-
figured to record the total angle of rotation of the
electrical motor (32) during an entire capping oper-
ation.

10. The detection system (40) according to claim 8,
wherein said input module (52) is further configured
to record the torque of the electrical motor (32) during
an entire capping operation.

11. The detection system (40) according to claim 8,
wherein said input module (52) is further configured
to record the speed of the electrical motor (32) during
an entire capping operation.

12. The detection system (40) according to any one of
claims 10 or 11, wherein said input module (52) is
further configured to record digital samples of the
operational parameter of the electrical motor (32).

13. The detection system (40) according to any one of
claims 10-12, wherein said input module (52) is con-
figured to record a series of data samples during the
capping operation.

14. The detection system (40) according to any one of
claims 9-13, wherein the control unit (50) further
comprises a data processing module (54) being con-
figured to apply a Kalman filter to said at least one
data sample.

15. A capping station (20) configured to apply external
screw caps (22) on the upper part of a series of con-
secutive packages (24), comprising a detection sys-
tem according to any one of claims 9-14.

16. A filling machine (10), comprising a capping station
(20) according to claim 15.
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