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(57) Abstract: Tow bar arrangement (100) for interconnection of a pulling vehicle (10) and a pulled trailer (20).The arrangement (100)
comprises a control device (110) with a force sensor (111) arranged to sense an instantaneous relative force between vehicle (10) and
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so that a motor force counter-acts said measured force. The invention is characterised in that the control device (110) is arranged to a
first time series of force measurements, in that the control device (110) comprises a low-pass filter (112) producing a second low-pass
filtered time series, and in that a regulator (113) is ar-ranged to regulate said second time series to produce said control signal.
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TOW BAR ARRANGEMENT FOR CONTROL OF A
SELF-PROPELLED TRAILER

The present invention relates to a tow bar arrangement. In particular, the invention relates
to a tow bar arrangement for use with an at least partly manually propelled vehicle,

whereby the vehicle pulls a trailer using the tow bar.

It is well-known to arrange trailers of various types to be pulled by bicycles or other vehicles
that are at least partly manually propelled by a user. For instance, trailers such as trailing
carriages for children and various types of cargo are sold. Normally, such a trailer includes
atow bar arrangement for fastening the trailer to the vehicle so that the trailer can be pulled

by the vehicle when the vehicle is propelled by the user.

More specifically, a parent can for instance connect a child trailer behind a bicycle using
such a tow bar arrangement, such as connecting to the back hub of the bicycle and to a
supporting structure of the trailer. The child can be placed in the trailer behind the bicycle

so that the parent can bring the child along as the parent rides the bicycle.

Such trailers generally simplify logistical endeavours of users of bicycles and other manually
or semi-manually propelled vehicles, by allowing larger amounts of cargo to be transported

than what would otherwise be possible.

However, more cargo also means heavier load on the person propelling the vehicle. It would

be desirable to be able to take more cargo without having to exert heavy pedalling force.

For instance, US 2019118670 A1, US 2012037435 Al and US 2008023234 A1 show self-pro-

pelling, towed trailers.

It is also known to provide bicycles with an electric help motor for helping the propelling

user.
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However, even with such a bicycle it may be difficult to tow a heavy trailer under various
conditions, such as going downbhill, uphill, at different speeds and/or with more or heavy

load.

Another problem is to allow relatively powerful and/or heavy trailers to be towed by a man-
ually or semi-manually propelled vehicle, such as a bicycle with or without a helper motor.
Trailers having a powerful motor and/or being heavy may be difficult to control when being

towed by such vehicles.

Hence, it would be desirable to provide a safe yet simple, inexpensive and robust way to
allow a user of a vehicle to safely and comfortably tow a trailer, even a heavy and/or pow-
erful trailer, without having to exert excessive force in doing so. Such a solution should pref-
erably be compatible with a wide variety of vehicles without requiring complicated calibra-

tion or configuration.

The present invention solves the above described problems.

Hence, the invention relates to a tow bar arrangement for interconnection of a vehicle and
a trailer for pulling the trailer by the vehicle, wherein the tow bar arrangement comprises a
control device in turn comprising a force sensor arranged to sense an instantaneous pulling
or pushing force with respect to the vehicle in relation to the trailer, wherein the control
device is arranged to measure said instantaneous force using said force sensor and to pro-
duce a control signal for an electric motor arranged to propel the trailer so that a force
developed by said motor counter-acts said measured force, and is characterised in that the
control device is arranged to measure said measured force to produce a first time series, of
force measurement values, in that the control device comprises a low-pass filter arranged
to filter said first time series to produce a second time series, of low-pass filtered force
measurement values, and in that the control device furthermore comprises a regulator, ar-

ranged to regulate said second time series to produce said control signal.



70

75

20

25

30

WO 2021/150160 PCT/SE2021/050031

In the following, the invention will be described in detail, with reference to exemplifying

embodiments of the invention and to the enclosed drawings, wherein:

Figure 1 shows a system including a towing vehicle, a towed trailer and a tow bar arrange-
ment according to the present invention;

Figure 2 shows a train of trailer arrangements according to the present invention;

Figure 3 is a detail view of a tow bar arrangement according to the present invention;
Figure 4a shows a first control loop useful in the present invention;

Figure 4b shows a second control loop useful in the present invention;

Figure 5 shows the impulse response of a discrete low pass filter;

Figure 6 shows the impulse response of a truncated and time-shifted discrete low pass filter;
Figure 7 shows a filter bandform diagram showing a filter useful in the present invention,
as compared to an ideal filter; and

Figure 8 is a schematic side view of an electric motor useful in a trailer assembly according

to the invention.

The Figures share the same reference numerals for same or corresponding parts.

Hence, Figure 1 shows a tow bar arrangement 100 for interconnection of a vehicle 10 and
a trailer 20, and specifically for pulling the trailer 20 by the vehicle 10 when travelling on
the ground G. The interconnection is a physical interconnection, achieved using a tow bar
101 of the tow bar arrangement 100, resulting in that the trailer 20 substantially follows
movements of the vehicle 10 (it being understood that small movements between the ve-
hicle 10 and the trailer 20 can occur and be absorbed by a suspension of the tow bar 100 or

similar, see below).

The vehicle 10 can be any type of vehicle used by a person for transport. However, it is
preferred that the vehicle 10 is a completely or partly manually propelled vehicle. That a
vehicle is “manually propelled” means that a user uses muscle power to set the vehicle 10

in motion. The vehicle 10 may also comprise an internal motor, such as an electric helper
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motor. A vehicle 10 both being arranged for manual and motor-assisted propulsion is herein

denoted “semi-manually propelled”.

The vehicle 10 may hence be a bicycle with or without a helper motor. The vehicle 10 may
furthermore be a moped or similar light-weight motorcycle. It is preferred that the vehicle

10 is a two-wheeled vehicle.

As will be discussed below, a tow bar arrangement 100 according to the present invention
may also be useful for interconnecting several trailers 20 to form a trailer train 300, in which
case one trailer 20 may be the “vehicle” of another trailer, being towed by the first trailer

20 via the tow bar arrangement 100.

The trailer 20 may be any suitable trailer, such as a bicycle trailer for transport of children
and/or cargo. The trailer 20 may be a combined children’s trailer and bicycle trailer, such as

is well-known as such in the art.

The tow bar arrangement 100 may be a part of the trailer 20, or be separately provided, for

instance to replace (retrofit) an existing tow bar provided with the trailer 20.

The tow bar arrangement 100 comprises a control device 110. The control device 110 per-
forms control as will be discussed hereinbelow. This control mechanism may be imple-
mented in purpose-built electronic hardware or a combination of general-purpose elec-
tronic hardware and a suitable specifically designed software function arranged to execute
on said hardware, as the case may be. The control device 110 may comprise a battery
and/or be powered from an external source, such as from a battery comprised in said vehi-
cle 10 and/or said trailer 20. Figure 1 illustrates a battery 23 of the trailer, for illustrative

and exemplifying purposes.

In Figure 1, the control device 110 is arranged on (along) the tow bar 101. However, it is
realised that the control device 110 may be arranged in different locations, depending on

the concrete application. For instance, the control device 110 may be arranged at or in a
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connection between the trailer 20 and the tow bar 101; at or in a connection between the
vehicle 10 and the tow bar 101; or in any other suitable location. The control device 110

may also be distributed across more than one pieces of hardware.

The control device 110 is interconnected for communication with the trailer 20, and in par-
ticular with a motor 21 of the trailer 20, and with the below-described sensors. These com-
munication interconnections may be wired and/or wireless, using suitable analogue and/or

digital communication protocols as is well-known in the art as such.

Moreover, the control device 110 comprises a force sensor 111 (see Figure 3), arranged to
sense an instantaneous pulling or pushing force with respect to the vehicle 10 in relation to
the trailer 20. Hence, when the vehicle 10 and the trailer are pressed together, such as be-
cause the vehicle 10 is braked during transport and/or the trailer 20 is propelled in an ac-
celerating manner by its motor 21 to speeds above that of the vehicle 10, the sensed force
is a “push” force; and when the vehicle 10 and the trailer are pulled apart, such as because
the vehicle 10 is propelled by the user at speeds higher than that of the trailer 20 and/or

the trailer 20 is braked during transport, the sensed force is a “pull” force.

That the force sensor 111 measures an “instantaneous” force means that the force meas-
urement in question relates to a present force between the vehicle 10 and the trailer 20.
Such measurement may be performed continuously or intermittently, preferably at least 5
times per second or even at least 10 times per second. Measurement values may be imme-
diately pushed to the control device 110 upon reading, or be queried from the control de-

vice 110, such as at regular intervals.

The force sensor 111 may, by way of example, be a strain gauge sensor, an impedance force

sensor, a HALL sensor or a magnetoelastic sensor.

Using this force sensor 111, the control device 110 is arranged to measure said instantane-
ous force and to produce a control signal U[t] for the electric motor 21 of the trailer. In other

words, the control device 110 produces said control signal U[t] to control an electric power
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applied by the electric motor 21 to propel the trailer 20. This means that the control signal
U[t] produced by the control device 110 indirectly controls a speed, or at least the above
described force between the vehicle 10 and the trailer 20. It is preferred that the power
applied by the motor 21 to the trailer 20 is arranged to be entirely controlled by the control
device 110, via said control signal U[t], at least intermittently or in at least one control pro-
gram (in particular the below-described second control program) implemented by the con-

trol device 110.

In generally, the control device 110 may be arranged to produce said control signal U[t] as
a braking or electricity generation signal to the motor 21 in case the measured force is a

pushing force.

In particular, the motor 21 is arranged to propel the trailer 20 so that a force developed by
said motor 21 counteracts the above discussed measured force between the vehicle 10 and

the trailer 20.

It may be so that the trailer 20 comprises its own control device for controlling the motor
21. When applying the present invention, the control device 110 at least partly, and prefer-
ably fully, replaces or supplements such an existing control device of the trailer 20, so as to
implement the control according to the present invention. This may imply entirely bypass-
ing such an existing control device, or providing a communication between the control de-
vice 110 and the existing control device so that the control device 110 at least partly controls

the existing control device.

The tow bar arrangement 100 may also comprise the electric motor 21. For instance, the
tow bar arrangement 100 may comprise, in addition to the tow bar 101 and the control
device 110, also the motor 21 and possibly even one or several wheels 22 of the trailer 20.
Then, one or several existing wheels of the trailer may be replaced (retrofitted) by corre-
sponding electrically driven wheels, the motors of which are directly controlled by the con-

trol device 110 in a tow bar arrangement according to the present invention.
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According to the invention, the control device 110 is arranged to measure said measured
force between the vehicle 10 and the trailer 20 so as to produce a first time series, of force
measurement values. Preferably, the first time series is a continuously updated series of
force measurement values, with the last measurement value in said series being a last meas-
ured value. Hence, the first time series may be continuously updated by a most recently
measured force value being added at an end of the series, possibly deleting one or several
measurement values from the opposite end of the series, in other words a moving window

type time series.

Further according to the invention, the control device 110 comprises a low-pass filter 112
(see Figure 4a), arranged to filter the above mentioned first time series to produce a second
time series, of low-pass filtered force measurement values. The second time series may be
of the same vector size as the first time series and may be of a similar moving window con-

stitution.

In addition to the low-pass filter 112, the control device 110 also comprises a regulator 113,
arranged to regulate said second time series to produce said control signal U[t]. Expressed
differently, the regulation performed by the regulator 113 produces the control signal U[t],
which is then fed, directly or indirectly via circuitry in the trailer 20, to the motor 21. The
motor 21 is power regulated using the control signal U[t], which is hence output from the

regulator 113.

It is understood that the low-pass filter 112 and the regulator 113 may be implemented
using any suitable technology, such as suitable purpose-designed hardware, purpose-de-
signed software executing on general-purpose hardware; or a combination of these. Pref-
erably, all functionality of the control device 110 is implemented in the digital domain, using

digital signal processing so as to achieve said control signal U[t].

The low-pass filter 112 may receive, as a feedback signal based upon which the regulation
in the regulator 113 takes place, a currently/recently measured value of the above de-

scribed force F[t-1] between the vehicle 10 and the trailer 20, and said control signal U[t]
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may be produced so as to regulate this force F[t-1] to a desired force value. Such a desired
force value may be predetermined or in turn depend on one or several variable parameters,
such as a current trailer 20 inclination, a current velocity and so forth. Examples with be

provided below.

Hence, Figure 4a illustrates an exemplary control loop useful in a tow bar arrangement 100
according to the present invention, in which t denotes time and t-1 denotes the time one
sample period prior to the time t. F[t] denotes force at time t; F4[t] denotes, at time t, the
desired force to which the control loop is arranged to control the relative force between
the vehicle 10 and the trailer 20. This desired force may be static or dependent on circum-
stances, such as current velocity and/or inclination of the vehicle 10 and/or trailer 20. T[t]
denotes motor torque at time t. U[t] is the control signal, at time t, implying a corresponding

torque applied by the motor 21 onto a wheel axis of a trailer 20 wheel 22.

As can be seen from Figure 4a, the low-pass filter 112 performs a filtering of a force signal
being calculated (such as by a sum function) based on said desired value Fq4[t] and further
based on said measured relative force F[t-1] between the vehicle 10 and the trailer 20. The
output of the low-pass filter 112 is used to calculate a desired motor torque value, which in
turn is used, in combination with a measured torque value T[t-1] output from a suitable
sensor in the motor 21, such as using a sum function, in turn being fed into the regulator
113. The torque required may be represented by a gain value that is set to the motor 21. In
practise, the regulation of the desired motor torque value can be achieved based on a priori
knowledge of a known relationship (such as a linear relationship) between input current
and produced torque, which relationship is a characteristic of the motor used. The current
may be supplied by setting a corresponding voltage. Hence, for the regulation in terms of a
desired torque value is equivalent to a regulation in terms of a supplied current or even an
applied voltage, via known motor-specific relationships. In typical motors, the current input

may be 0-20 A, and the achieved torque may be 0-15 Nm peak; 0-8 Nm average.

Hence, the regulator 113 may be arranged as a part of an inner control loop, while the low-

pass filter 112 may be arranged as a part of an outer control loop. The final control signal
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value U[t] is regulated to be a control signal value controlling the motor 21 to apply a dy-

namically changing power with the aim of achieving the desired relative force Fq.

The present inventors have discovered that such a setup, with a low-pass filter 112 in com-
bination with a regulator 113 for controlling the motor 21, results in greatly improved user
comfort. In particular, such a basic setup in combination with one or several of the various
specific implementation aspects described herein, depending on application, makes it pos-
sible for a user to handle even very powerful and/or heavy trailers 20 without increasing

the risk of accidents.

In a particularly preferred embodiment, the control device 110 is arranged to produce said
control signal U[t] so that the trailer 20 does not push the vehicle 10, preferably so that the
trailer 20 will never push the vehicle 10 irrespective of operating prerequisites as long as

the trailer 20 has the capacity of braking enough (see below).

Put differently, the control signal U[t] may be produced to always achieve a “pulling” force
between the vehicle 10 and the trailer 20. This pulling force, which is effectively controlled
using the control signal U[t] produced by the control device 110, is preferably small, such as
maximally 20%, such as maximally 10% or even maximally 5%, of a force currently provided
onto the trailer 20 by the motor 21 via a torque applied by the motor 21 to the wheel 22 of

the trailer 20.

In particular, the control device 110 may be arranged to produce said control signal U[t] so
that the motor 21 counteracts the measured force, between the vehicle 10 and the trailer
20, to at least 80%, or even at least 90% or even 95%, and at the most 100%, or preferably

at the most 98%.

This counteraction is then provided as long as the motor 21 is capable of producing suffi-
cient instantaneous power, since it is possible that the user on the vehicle 10 is able to
produce an instantaneous power which is significantly higher than the maximum power

output of the motor 21. In the latter case, the motor 21 will typically run at full power to
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counteract the measured force between the vehicle 10 and the trailer 20 to as large a de-

gree as possible.

As mentioned above, in case the vehicle 10 is braked the control device 110 may be ar-
ranged to activate a braking function of the trailer 20 with the aim of maintaining a non-
pushing function of the trailer 20. Such braking function may be a part of a control loop such
as the one shown in Figure 4a, or be implemented using a separate control loop in the con-
trol device 110. For braking, an internal electricity generating function of the motor 21 may
be used (in which case the generated electrical power may be fed to the trolley 20 battery
23), and/or the trolley 20 may be arranged with a separate brake activatable directly or

indirectly (such as via the motor 21) from the control device 110.

It is realized that such regulation will regulate the force between the vehicle 10 and the
trailer 20 to a value being close to zero but being a small pulling force, as long as the motor
21 (and or brake) is capable of producing sufficient power. The desired pulling force that
the regulator 113 is arranged to use as its target value may be at least 5 N, such as at least

10 N. The desired pulling force may also be at the most 50 N, such as at the most 30 N.

This will provide a user experience with a small but not considerable effort increase when
towing the trailer 20, as compared to when not towing the trailer 20, in a way which is
substantially independent of a weight of the trolley 20 and also of if the vehicle 10 travels
uphill or downhill. However, since the trailer 20 at no time pushes the vehicle 10, even a

heavy and/or powerful trailer will not jeopardise traffic security.

In order to offer adequate propulsion help when travelling on non-horizontal ground G sur-
faces (see Figure 1), in particular when the force is regulated to be a small pulling force as
described above, the control device 110 may further comprise a velocity sensor 115 and a

trailer inclination sensor 114.

Namely, Figure 3 illustrates an exemplifying tow bar arrangement 100 arranged between

two parts 101a, 101b of the tow bar 101. Hence, the two bar 101 comprises two parts 101a,
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101b being movable in relation to each other in a main movement direction of the vehicle
10 and the trailer 20, where a first such part 101ais arranged to be connected to the vehicle

10 while a second such part 101b is arranged to be connected to the trailer 20.

The tow bar arrangement 100 may comprise a resilient suspension 130, arranged to absorb
small horizontal movements of the trailer 20 in relation to the interconnected vehicle 10.
The resilient suspension 130, in turn, may be spring-loaded both in a forward and a back-
ward direction of the trailer 20 in relation to the vehicle 10. In particular as illustrated in
Figure 3, the resilient suspension 130 may comprise spring means 116, such as comprising
a pair of compression springs, such as a pair of metal coil springs, said compression springs
being arranged on and supported by said first tow bar part 101a, and said compression
springs further being arranged on either side of a part 117 rigidly moving with said second

tow bar part 101b.

The above described force sensor 111 may then be arranged as a tension or compression
sensor at said suspension 130, and in particular at the suspension of said part 117 in relation
to said second tow bar part 101b. in Figure 3, the force sensor 111 is provided as a pair of
pressure-sensitive pieces of material, one on either side of the part 117 and arranged to
sense a relative instantaneous force, in a main travel direction of the vehicle 10 and the

trailer 20, applied between the first 101a and second 101b tow bar parts.

Figure 3 also discloses that the tow bar arrangement 100 comprises the velocity sensor 115.
In general, the velocity sensor 115 may be arranged to measure both an absolute velocity
of the tow bar arrangement 100 and a relative velocity between the vehicle 10 and the
trailer 20. This may be achieved by the use of two sensors, one rigidly connected to the
vehicle 10 and one rigidly connected to the trailer 20. There may also be a separate sensor
measuring a relative velocity difference between the vehicle 10 and the trailer 20, in which
case only one additional sensoris needed in order to measure an absolute velocity. In Figure

3, only one velocity sensor 115 is displayed, for reasons of simplicity.
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Figure 3 also shows said trailer inclination sensor 114, arranged to measure an instantane-
ous inclination A (Figure 1) of the trailer 20 in relation to the horizontal, and hence substan-

tially a ground G inclination A in relation to the horizontal.

It is realized that the control device 110 is in communication with all sensors described

herein for reading of read measurement values, as described above.

The control device 110 may hence be arranged to measure, using said velocity sensor 115,
an instantaneous absolute velocity of the trailer 20 and/or of the vehicle 10. Furthermore,
the control device 110 may be arranged to measure, using said trailer inclination sensor

114, an instantaneous inclination A of the trailer 20 in relation to the horizontal.

In this and other cases, the control device 110 may be arranged with at least two different
control programs. As the term is used herein, “control program” means a set of control
parameters or functions defining a distinct type of control of the motor 21 provided input

from various connected sensors.

In particular, the control device 110 may be arranged to produce said control signal U[t]
according to a first such control program in case said measured instantaneous velocity is
non-zero and below a predetermined velocity threshold value, and said measured instanta-
neous inclination A in relation to the horizontal is simultaneously above a predetermined

inclination threshold value.

The predetermined velocity threshold value may be at least 3 km/h and at the most 10
km/h, preferably 5-7 km/h, such as around 6 km/h. The predetermined inclination threshold

value may be at least 1% and at the most 10%, such as between 2-5%, such as around 3%.

In the opposite case, that is in case said measured instantaneous velocity is not below said
predetermined velocity threshold value or said measured instantaneous inclination A in re-
lation to the horizontal is not above said predetermined inclination threshold value, the

control device 110 may instead be arranged to produce said control signal U[t] according to
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a second or further control program. Whether the second control program is selected, or a
further available control program, such as a third or fourth available control program, when
the first control program is not selected, may be determined based on certain parameters
that can be read or determined by the control device 110. Such parameters may include
one or several of the measured inclination A; the measured velocity; a measured accelera-
tion of the vehicle 10 and/or the trailer 20; a current weight of the trailer 20; and user-set

or predetermined threshold values for one or several of these parameters.

Said first control program may be defined so that, when the control device 110, when being
operated in the first control program, is arranged to produce said control signal U[t] so that
the motor 21 is operated either at a predetermined power or at a power which is dependent
on said measured instantaneous inclination A in relation to the horizontal. One option is to
use a control loop designed so that, the larger the inclination A, the larger the power of the
motor 21. Alternatively, a predetermined fixed power, such as a maximum available motor
21 power, may be used irrespectively of the inclination A as long as the first control program

is used.

Furthermore, the first control program may be defined so that, when the control device 110
is operated in said first control program, it is arranged not to apply the above mentioned
low-pass filter 112. However, the second control program, and possibly also any further
control program mentioned above, is then defined so that, when the control device 110 is

operated in that control program, it is arranged to apply said low-pass filter 112.

Preferably, the first control program uses both the low-pass filter 112 and the regulator 113
in some or all the ways illustrated in Figure 4a and as described in connection to that Figure

4a.

In contrast, Figure 4b illustrates an example of a control loop which the control device 110
can use to produce the control signal U[t] when being operated in said first control program.

An inclination value A currently measured by the inclination sensor 112 is used to calculate
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the control signal U[t] which is fed to the motor 21 so as to achieve a desired torque tot eh

trailer 20 wheel 22.

Using such first and second (and possibly further) control programs, a user of the vehicle
can get adequate help to start under uphill conditions without jeopardising security once

having started.

In order to avoid false positive readings, the control device 110, while in said second or
further control program, may be arranged not to activate said first control program until
said measured instantaneous velocity has been measured to be non-zero and below said
predetermined velocity and said measured instantaneous inclination A in relation to the
horizontal has simultaneously been measured to be above said predetermined inclination
across the entire completion of a predetermined trailer 20 rolling distance and/or a prede-
termined trailer 20 wheel 22 rolling angle. In other words, even if the criteria for activating
the first control program are met, the first control program is nevertheless not implemented
before the criteria in question have been met for a certain time period. This time period can
be measured in terms of trailer 20 rolling distance and/or trailer 20 wheel 22 rolling angle.
This distance or angle may be measured using any suitable sensor, such as the velocity sen-

sor 115 or a wheel 22 motor 21 angle sensor (such as the one described below).

In addition, the control device 110, while in said second or further control program, may
also be arranged not to activate said first control program if said predetermined trailer 20
rolling distance or predetermined trailer 20 wheel rolling angle takes more than a predeter-
mined amount of time to be achieved. This predetermined maximum time may be meas-
ured using a clock of the control device 110 from a point in time when the first control

program criteria were first met.

In addition, the control device 110, while in said second or further control program, may
also be arranged not to activate said first control program in case a currently measured
velocity change of the vehicle 10 and/or the trailer 20 indicates that the two are currently

decelerating from a velocity above said predetermined velocity to a velocity below said
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predetermined velocity, or a currently measured pushing relative force, since this would

imply that the user is trying to come to a stop, which could happen in an uphill slope.

At any rate, in order to allow the user to brake efficiently and securely, the control device
110, while in said first control program, may also be arranged to immediately activate said
second or further control program (and hence inactivate the first control program) in case
a decrease of said measured relative force between the vehicle 10 and the trailer 20 is de-
tected, which decrease exceeds a predetermined threshold value or which decrease is to at

least a predetermined pushing relative force between the vehicle 10 and the trailer 20.

As explained above in connection to Figure 4a, the control signal U[t] may be arranged to,
directly or indirectly, control a torque applied by said electric motor 21, as opposed to a
speed of the motor 21 or of the trailer 20. It is understood that such a torque indirectly
affects such a speed, but what is meant here is that the control loop of the control device

110 does not calculate or directly regulates such a speed but instead such a torque.

In addition to the force F[t-1] and torque T[t-1] feedback loops shown in Figure 4a, the con-
trol loop used in said first control program may use additional feedback loops or control

mechanisms.

For instance, the control device 110 may be arranged to receive a measured instantaneous
speed of the motor 21 and/or of the trailer 20, and to feed this value into the regulator 113
as an input value affecting the determined control signal U[t]. For instance, the regulator
113 may implement a maximum speed of the vehicle 10 and/or of the trailer 20; or the
regulator 113 may use a relative velocity difference between the vehicle 10 and the trailer
20 to calculate a vibration pattern between the two and use that information when calcu-

lating the control signal U[t] so as to counter such vibration pattern (active dampening).

In another example, a measured electric current value, representing an electric current be-

ing fed to the motor 21, may be monitored and the regulator 113 may cap the electric
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current, via the control signal U[t] at a predetermined electric current value so as not to

damage the motor 21, such as by overheating.

In general, the regulator 113 may a Pl regulator or a PID regulator, the general properties

of which regulator types are well-known per se in the art.

Turning to the low-pass filter 112, this may have properties that filter out self-oscillating
frequencies of the towing system 30 and non-wanted high frequencies. In particular, the
low-pass filter 112 may be designed with a cut-off frequency w. close to a horizontal reso-
nance frequency wesc of a system 30 comprising the towed trailer or trailers 20, the tow bar
arrangement 100 itself and an interconnected towing vehicle 10, or a main such horizontal
resonance frequency wesc. This resonance frequency wesc is easily measured for different

such systems for which the tow bar arrangement 100 is intended to be used.

That the cut-off frequency wc is “close to” such a horizontal resonance frequency wosc
means, herein, that the cut-off frequency w. is selected so that the low-pass filter 112 is
arranged to substantially filter out said resonance frequency wesc and higher frequencies,
but substantially not to filter out lower frequencies. For instance, the cut-off frequency w.
may be selected to be between 25% and 75% of said resonance frequency wesc, or between
40% and 60% of said resonance frequency woesc. Using such a low-pass filter 112 in combi-
nation with a regulator 113 as described above will generally provide for a smooth towing

operation.

Ideally, the frequency response of the low-pass filter 112 is:

R 3.8 .
‘g T W Sy
&SI &3
§ . YN e

ﬁ‘f{;w} R %\&

Implementing such an ideal filter, however, is not practical given the restricted hardware
and software resources possible to build into a tow bar system 100 such as the present one.

Therefore, the present inventors have identified a number of implementation details
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providing well-balanced compromises between computing resources, signal stability and
ultimately towing performance under varying conditions. In particular, one object is to min-

imize ripple both in the passband and the stop band of the low-pass filter 112.

A number of such advantageous implementation details will be described in the following.

Hence, the low-pass filter 112 may be designed as a FIR (Finite Impulse Response) filter.

Such an (ideal, continuous) filter may be represented in the time domain as

Figure 5 shows the impulse response of a corresponding discrete filter. It is noted that in
practical applications, implemented using digitally operating hardware/software, the low-

pass filter 112 will be implemented as a discrete defined filter.

As we want to suppress the resonance frequency wosc and all higher frequencies, a sample
rate for the above-mentioned relative force F[t-1] is selected as more than 2 times wos (to
satisfy the Nyquist sampling criterion). Preferably, the relative force is furthermore over-
sampled to a certain extent. This oversampling should at the same time not be too large,
since this has been found to result in that the filter characteristics of the low-pass filter 112

deteriorate.

If wn = ws/2 is the Nyquist frequency (ws being the sampling frequency used), the present

inventors have found the following relations to provide a well-balanced low-pass filter 112:

WN >= Wosc * 3 (oversample)

We < Wose < WN

we/wn < 0.5, preferably < 0.1

In general, said relative force may be measured at a sampling frequency ws of at least five

times said horizontal resonance frequency wosc of said system 30.
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In practical tests with systems 30 comprising a bicycle as vehicle 10 and a bicycle trailer 20,
it has been found that a cut-off frequency w. of at least 0.2 Hz, such as at least 0.4 Hz; and

at the most 1.5 Hz, such as at the most 1.0 Hz yields good results.

In practical applications, in which the low-pass filter 112 is implemented in digital electron-
ics hardware/software, computation resources are limited and the impulse response of the
low-pass filter 112 may be truncated to meet these limitations. In general, the low-pass
filter 112 may truncated to use at least 10 and at the most 200, such as at the most 100 or
even 60, samples and/or between 1-10 s, such as between 2-6s of historic force measure-

ment data.

Figure 6 illustrates the impulse response for such a FIR filter which has been truncated to

21 consecutive samples.

The filter characterised in Figure 6 is, however, not causal. In order to make the low-pass
filter 112 causal, it may be time shifted at least 50% of the total (time) length of a used
truncation. For instance, if the truncation is 21 samples, the time shift may be at least 11
samples. The trade-off here is that a truncation in combination with a time-shift of such a
discretely defined low-pass filter will introduce a filter delay. The present inventors have
discovered that using a time shift of at least 50% of the total truncation length provides an
adequate compromise for a low-pass filter 112 used in the present application, together
with a Pl or PID regulator for controlling a motor on a towed trailer 20. In particular, this
compromise provides for a stable control loop and also low-pass filter 112 characteristics

being sufficiently close to a corresponding ideal filter.

A comparison between such an ideal filter (broken lines) and a discrete FIR low-pass filter

112 designed in accordance with the above principles (full lines) is illustrated in Figure 7.

Hence, the control device 110 operated in said second control program, which may its de-

fault control program, is arranged to control the trailer 20 to, at all times whenever possible
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due to any motor 21 constraints, propel the trailer 20 so that it barely pulls the vehicle 10
in a direction opposite to a current movement direction of the vehicle 10. In other words,
the relative force between vehicle 10 and trailer 20 is controlled, by the control device 110,
to be the desired force — a force being close to zero but slightly negative (a slight pulling

force).

As is illustrated in Figure 1, the present tow bar arrangement 100 may comprise a hub con-
nection 140 arranged to be releasably fastened to the back hub of a bicycle. Such hub con-
nections are known as such, and may for instance be of a quick-release type, or comprise a
hub axis arranged to replace an existing hub axis of a bicycle to be used as the towing vehicle

10 according to the present invention.

Similarly, the tow bar arrangement 100 may comprise a trailer connection 150, arranged to
be releasably fastened to a supporting structure of the trailer 20. Such a trailer connection
150 may be designed in any suitable manner, the important thing being that the tow bar
arrangement 100 may in itself constitute a standalone device attachable to any compatible
vehicle 10 and/or any compatible trailer 20 for interconnection of a vehicle 10 to a trailer
20, or the tow bar arrangement 100 may be a fixedly integrated part of a trailer 20 arranged

to be interconnected to any compatible vehicle 10.

In fact, the present invention also relates to a trailer arrangement 200 comprising a tow bar
arrangement 100 according to the present invention and also to a trailer 20. Then, the tow
bar arrangement 100, and in particular to tow bar 101, may be an integrated part of the

trailer 20, and even permanently attached to the trailer 20.

Moreover in this case, the trailer 20 may in turn comprise the electric motor 21 arranged to

propel the trailer 20, and also the battery 23 arranged to power the electric motor 21.

In particular in this case, the trailer arrangement 200 may be arranged to be connected, by

said tow bar arrangement 100, to a second trailer arrangement 201 of the same type (see
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Figure 2), forming a train 300 of trailer arrangements 200, 201 interconnected by said tow

bar arrangement 100.

In such a trailer arrangement 200, 201, the trailer arrangement 200, 201 in question may
be arranged to control its respective electric motor 21 based on said control signal as de-
scribed above, so that the electric motor 21 in question exerts a force which instantaneously
counteracts the measured relative force between the trailer arrangement 200, 201 and its
towing vehicle. For the trailer arrangement 200, the relative force is measured between the
vehicle 10 and the trailer arrangement’s 200 trailer 20; while for the trailer arrangement
201 in the example shown in Figure 2, the relative force is measured between the trailer 20
of the trailer arrangement 200 and the trailer 20 of the trailer arrangement 201. This way,
smooth and safe towing can be performed by one vehicle 10 of two or more trailer arrange-
ments 200, 201 that are connected one after the other in a train 300 of such trailer arrange-

ments 200, 201.

It is understood that the trailer 20 and the tow bar arrangement 100 may be arranged as

described above.

In a particularly preferred embodiment, the electric motor 21 is of a type in which the stator
2 comprises a number of stator 2 poles 7 which is not an integer multiple of a corresponding
number of rotor 3 poles 7 and in which the stator 2 poles 7 are subdivided into at least three
magnetically and electrically identical subsets 8 that are mounted one after the other

around the angular direction of the electric motor 21. This is detailed in the following.

Hence, the present invention may make use of a particular type of electrical motor illus-
trated in Figure 8, namely a brushless electric motor with a stator comprising a number of
stator poles and a rotor comprising a number of rotor poles. In this type of motor, the stator
comprises a number of stator poles which is not an integer multiple of a corresponding
number of rotor poles, and the stator poles are subdivided into at least three magnetically
and electrically identical subsets that are mounted one after the other around the angular

direction of the electric motor. Preferably, the stator poles are equidistantly arranged along
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a stator periphery. Correspondingly, the rotor poles are preferably equidistantly arranged

along a rotor periphery.

Preferably, a motor 21 of this type may be arranged to directly drive a respective wheel 22
of the trailer 20. For instance, the motor 21 can be mounted on a wheel axis and drive a
wheel 22 in relation to said axis, in which case two, preferably substantially identical, motors
can be mounted on either side of the axis, driving one respective wheel 22 each. In this case,
it is desired that the above-described control mechanism is performed in unison for each
such individually driven wheel 22. Alternatively, a motor 21 of said type can be mounted to
drive a wheel axis in turn propelling two wheels 22 at the same time. Wheels 22 on more
than one wheel axis may also be driven, in the corresponding manner. Hence, it is foreseen
that between 1 and at least 4 motors 21 can be used with one trailer 20. Preferably, all

motors 21 are controlled by, and communicate with, the same control device 110.

The use of such an electric motor 21 for propelling a trailer 20 assembly of the present type

achieves a number of advantages.

Firstly, such a motor provides very low cogging of the motor, which provides for a smooth

rotation of the wheel.

Secondly, this type of motor 21 can be precisely controlled, based upon a feedback algo-
rithm taking into consideration rotation positional feedback from the motor itself, across a
broad spectrum of rotation velocities and patterns. This includes the above-described con-
trol loops, but also a variety of other types of control loops that may also be implemented

by the control device 110.

For instance, such a motor 21 can be used to implement a free-wheeling control program,
in which neither pushing nor braking force is added to the vehicle 10 but the trailer 20
simply rolls along as would a non-motorised trailer. In many situations, it may be desirable
to be able to simply activate such a free-wheeling control program, for instance when the

battery 23 is depleted or when a user of the trailer 20 wishes to manually manoeuvre a
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vehicle 10 with an attached trailer arrangement 200. Hence, the control device 110 may be
arranged to activate such a free-wheeling program when certain prerequisites are detected,

including a manual activation by a user.

Thirdly, a motor 21 of this type allows being used as an efficient generator for motor braking

the trailer 20 while recharging the battery 23 using the generated current.

At the same time, there are many types of electrical motors that are as such in general
suitable for use in a trailer arrangement 200 of the present type, such as a conventional
stepping motor or a conventional brushless motor of any other type. The present inventors
have discovered that, in contrast thereto, a motor 21 of said specific type is particularly
well-suited for the various trailer functionality described herein, and provides a very simple

vet robust construction with a minimum of movable parts and wear details.

A motor of the above described type is, as such, known from EP 0996217 B1, which is spe-
cifically referred to herein for information pertaining to the motor as such. Figure 2 of EP
0996217 B1, which is also shown, in an edited version, as Figure 8 of the present application,
schematically illustrates such a motor 1, having a stator 2 and a rotor 3. In Figure 8, the rotor

3 surrounds the stator 2, it is however realized that the situation can also be the reversed.

The stator 2 is arranged with stator poles 7, and the rotor 3 is arranged with rotor poles 6.
Between the poles 6, 7, there is a gap, such as an air gap, so that the poles 6, 7 do not
physically come into contact with each other. This allows the motor 1 to turn substantially

without friction.

The rotor poles 7 are divided into pairs of alternate south pole 4 and north pole 5 rotor

poles, preferably in the form of permanent magnets.

The motor is preferably arranged to be fed with an alternating current, either using a motor-

internal AC/DC converter or using such a converter arranged as a part of, or an external part



70

75

20

25

30

WO 2021/150160 PCT/SE2021/050031
23

controlled by, the control device (see below). In the exemplifying case shown in Figure 8,

the motor is a three-phase AC motor.

More precisely, the stator poles 7 are fed, by said AC/DC converter (which may comprise

phase-shifting circuitry), with DC voltage according to the following:

Pole reference Phase
Al, A3 0°

A2 180°
B1, B3 120°
B2 300°
C1,C3 240°
C2 60°

In general, in the document EP 0291219 A1, to which specific reference is made herein re-
garding the details of the pole arrangement and power feeding to the poles of the motor 1,
itis described how to select such phase values, the number of stator poles 7 and the number

of rotor poles 6.

All poles with the same reference (A1, A3, A2, etc.) can be connected in series or, preferably,

in parallel.

What is important for the present purposes is that the stator 2 comprises a number of stator
poles 7 (in the present case 45 poles 7) which is not an integer multiple of a corresponding
number of rotor poles 6 (in the present case 40 poles 6), and that the stator poles 7 are
subdivided into at least three magnetically and electrically identical subsets 8, or coherent
zones, that are mounted one after the other around the angular direction of the motor 1.
This can also be expressed so that the stator 2 is arranged with a five-fold rotation symmetry
with respect to its poles 7. In Figure 8, the subsets 8 are five of number, but it is realized

that they can be more or fewer, as long as they are at least three.
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The combination of using such different numbers of poles 6, 7, with arranging the stator
poles 7 in such subsets 8, provides for low cogging in the motor 1 while supporting all the
desired features of such a motor for the present purposes in a way which has proven very
advantageous in practical tests by the inventors, especially in terms of efficiency, smooth-

ness, noise levels and exactness.

Furthermore, the motor 1 supports using a hall position sensor 9, schematically illustrated
in Figure 8. The position sensor 9 may be arranged to sense the rotation position of the

motor, or comprise logic so as to provide a value for the current rotation velocity directly.

According to a preferred embodiment, the position or velocity sensor 9 is a hall effect sen-
sor, arranged to provide the control device 110 with rotary motor position or velocity infor-

mation.

Above, preferred embodiments have been described. However, it is apparent to the skilled
person that many modifications can be made to the disclosed embodiments without de-

parting from the basic idea of the invention.

For instance, the tow bar arrangement 100 described herein may be arranged to control
the motor 21 of the trailer 20 in even more complex ways than described herein, as long as
the described principles are employed. For instance, the control programs implemented by
the control device 110 may take into consideration parameters set as a part of a user profile,
or may be dynamically updated based on parametric data characterising a currently em-

ployed vehicle 10 driving style or pattern.

Similarly, the trailer 20 itself may comprise many additional details and parts, in addition to

the ones described herein.

Hence, the invention is not limited to the described embodiments, but can be varied within

the scope of the enclosed claims.
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CLAI MS

1. Tow bar arrangement (100) for interconnection of a vehicle (10) and a trailer (20) for
pulling the trailer (20) by the vehicle (10),

wherein the tow bar arrangement (100) comprises a control device (110) in turn com-
prising a force sensor (111) arranged to sense an instantaneous pulling or pushing force
with respect to the vehicle (10) in relation to the trailer (20),

wherein the control device (110) is arranged to read said instantaneous force from
said force sensor (111) and to produce a control signal for an electric motor (21) arranged
to propel the trailer (20) so that a force developed by said motor (21) counteracts said meas-
ured force,

wherein the control device (110) is arranged to measure said measured force to pro-
duce a first time series, of force measurement values,

characterised in thatthe control device (110) comprises a low-
pass filter (112) arranged to filter said first time series to produce a second time series, of
low-pass filtered force measurement values, said low-pass filter (112) being a FIR (Finite
Impulse Response) filter designed with a cut-off frequency close to a horizontal resonance
frequency of a system (30) comprising the trailer (20), the tow bar arrangement (100) and
an interconnected vehicle (10),

and in that the control device (110) furthermore comprises a regulator (113), ar-

ranged to produce said control signal based on said second time series.

2. Tow bar arrangement (100) accordingtoclaiml,c haracterised in
that the control device (110) is arranged to produce said control signal so that the motor
(21) counteracts said measured force to between 80% and 98% as long as the motor (21) is

capable of producing sufficient power.

3.  Tow bar arrangement (100) accordingtoclaimlor2,characterised
i n that said control device (110) further comprises a velocity sensor (115) and a trailer

inclination sensor (114),



70

75

20

25

30

WO 2021/150160 PCT/SE2021/050031
26

in that the control device (110) is arranged to measure, using said velocity sensor
(115), an instantaneous velocity of the trailer (20) and/or of the vehicle (10), and to meas-
ure, using said trailer inclination sensor (114), an instantaneous inclination of the trailer
(20),

in that the control device (110) is arranged to produce said control signal according to
a first control program in case said measured instantaneous velocity is non-zero and below
a predetermined velocity threshold value and said measured instantaneous inclination in
relation to the horizontal is simultaneously above a predetermined inclination threshold
value,

and in that the control device (110) is arranged to produce said control signal accord-
ing to a second or further control program in case said measured instantaneous velocity is
not below said predetermined velocity threshold value or said measured instantaneous in-
clination in relation to the horizontal is not above said predetermined inclination threshold

value.

4.  Tow bar arrangement (100) accordingtoclaim3,characterised in
that, in said first control program, said control device (110) is arranged to produce said con-
trol signal so that the motor (21) is operated either at a predetermined power or at a power

whichis dependent on said measured instantaneous inclination in relation to the horizontal.

5.  Tow bar arrangement (100) accordingtoclaim3 or4,c haracterised
i n that, insaid first control program, the control device (110) is arranged not to apply said
low-pass filter (112), while, in said second or further control program, the control device

(110) is arranged to apply said low-pass filter (112).

6.  Tow bararrangement (100) according to any one ofclaims3-5,c haracter -

ised in thatthe control device (110), while in said second or further control pro-
gram, is arranged not to activate said first control program until said measured instantane-
ous velocity has been measured to be non-zero and below said predetermined velocity and

said measured instantaneous inclination in relation to the horizontal has been measured to
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simultaneously be above said predetermined inclination across a predetermined trailer (20)

rolling distance or a predetermined trailer (20) wheel rolling angle.

7.  Tow bar arrangement (100) accordingtoclaim6,c haracterised in

that the control device (110), while in said second or further control program, is arranged
not to activate said first control program if said predetermined trailer (20) rolling distance
or predetermined trailer (20) wheel rolling angle takes more than a predetermined amount

of time to be achieved.

8.  Tow bararrangement (100) accordingtoanyone ofclaims3-7,c haracter -
ised in thatthecontrol device (110), while in said first control program, is arranged
to immediately activate said second or further control program in case a decrease of said

measured force is detected, which decrease exceeds a predetermined threshold value.

9.  Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatsaidcontrolsignalisarranged to control a torque applied

by said electric motor (21), as opposed to a speed of the motor (21) or of the trailer (20).

10. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatthe controldevice (110)isarranged to receive a measured
instantaneous speed of the motor (21) and/or of the trailer (20), and to feed this value into

the regulator (113) as an input value.

11. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -

acterised in thatsaidregulator(113)isa Pl regulatorora PID regulator.

12. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatsaidforceis measured at a frequency of at least five times

a horizontal resonance frequency of said system (30).



70

75

20

25

30

WO 2021/150160 PCT/SE2021/050031
28

13. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatsaidlow-passfilter(112)is truncated to use at the most 100

samples and/or between 1-10 s of historic force measurement data.

14. Tow bar arrangement (100) according to claim 13, characterised

i n that said low-pass filter (112) is time shifted at least 50% of said truncation.

15. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatthe tow bararrangement (100) comprises a resilient sus-
pension (130), arranged to absorb small horizontal movements of the trailer (20) in relation

to an interconnected vehicle (10).

16. Tow bar arrangement (100) according to claim 15, characterised
i n that the resilient suspension (130) is spring-loaded both in a forward and a backward

direction of the trailer (20) in relation to an interconnected vehicle (10).

17. Tow bararrangement (100) accordingtoclaim15orl6,c haracterised
i n that said force sensor (111) is arranged to sense said pulling force at the resilient sus-

pension (130).

18. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatsaidcontroldevice(110)isarrangedto produce said control
signal as a braking or electricity generation signal in case the measured force is a pushing

force.

19. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatthe forcesensor(111)is a strain gauge sensor, an imped-

ance force sensor, a HALL sensor or a magnetoelastic sensor.

20. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatthetow bararrangement(100)comprises a hub connection

(140) arranged to be releasably fastened to the back hub of a bicycle.
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21. Tow bar arrangement (100) according to any one of the preceding claims,c h a r -
acterised in thatthetowbararrangement (100) comprises a trailer connec-

tion (150) arranged to be releasably fastened to a supporting structure of the trailer (20).

22. Trailer arrangement (200) comprising a tow bar arrangement (100) according to any
one of the preceding claims and also a trailer(20),c haracterised in that
the trailer (20) in turn comprises said electric motor (21) arranged to propel the trailer (20)

and a battery (23) arranged to power the electric motor (21).

23. Trailer arrangement (200) accordingtoclaim22,c haracterised in
that the trailer arrangement (200) is arranged to be connected, by said tow bar arrange-
ment (100), to a second trailer arrangement (201) of the same type, forming a train (300)

of trailer arrangements interconnected by said tow bar arrangement (100).

24. Trailer arrangement (200) accordingtoclaim22or23,characterised
i n thatthe trailer arrangement (200) is arranged to control said electric motor (21) based
on said control signal, so that the electric motor (21) exerts a force which instantaneously

counteracts said measured force.

25. Trailer arrangement (200) according to any one of claims 22-24, c har a c -

terised in thatsaidelectric motor(21)is arranged to be operated as an electric
generator feeding the battery (23) with generated electric energy, and in that the trailer
arrangement (200) is arranged to control the electric motor (21) to be operated as an elec-

tric generator in response to a control signal reflecting a measurement pushing force.

26. Trailer arrangement (200) according to any one of claims 22-25, c har a c -

terised in thatsaidelectric motor (21) is of a type in which the stator (2) com-
prises a number of stator (2) poles (7) which is not an integer multiple of a corresponding
number of rotor (3) poles (7) and in which the stator (2) poles (7) are subdivided into at least
three magnetically and electrically identical subsets (8) that are mounted one after the

other around the angular direction of the electric motor (21).



WO 2021/150160 PCT/SE2021/050031
1/5

Fig. 1

30

\ 200

200 201
30 /
10 \\ 100 5 100

110 110 20

22 22



WO 2021/150160 PCT/SE2021/050031

2/5

130

Fig. 3
116
116 100 /
101a \ \ /
<>
117

-

115 / L] |
/ v 110
114
111
Fig. 4a
110
112 / 113 21
// /)
Falt] C\ LP PID ult] motor —
N

T[t-1]

Ft-1]




WO 2021/150160 PCT/SE2021/050031
3/5

Fig. 4b

110
112 21

)

l
Inclination | UJ[t]

sensor

motor

Fig. 5

R T

I
[sHz)

5 :

BRIy

B | — beoiconsconicon Bescoiconicon. Svociniconiconcd boconiconcomiccn Boicocccsniconi becncconicsncci [
;1 -1 : 3



WO 2021/150160 PCT/SE2021/050031
4/5

Fig. 6

§5.3

o
EL#‘? *
S

= g5
) 3;3\'1 "
& :

HEGES

BB

£ — : ececccccsccns .............. A -\ .............. R ~ ............ ............

14

Cesigned FIK Fiker
—— —ldeal Filter

12}

2




WO 2021/150160 PCT/SE2021/050031




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2021/050031

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: B60D, B62D, B62K, B62M, G05B

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WPI data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Heinemann, 2012, vol. 4, p. 165-183, ISBN 9780123859204

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 102011114337 A1 (VON LOEBBECKE BERND), 28 1-14,17, 19-24
March 2013 (2013-03-28); abstract; paragraphs [0007]-[0009],
[0012]-[0014], [0025]-[0032]; figure 1
Y 15, 16, 18, 25,
26
A Ellis, George "Control System Design Guide, Butterworth- 1-26

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«aA»  document defining the general state of the art which is not
considered to be of particular relevance

“D”  document cited by the applicant in the international application

«p»  earlier application or patent but published on or after the
international filing date

«r document which may throw doubts on priority claim(s) or which is

L7 (ited to establish the publication date of another citation or other

special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

16-03-2021

Date of mailing of the international search report

16-03-2021

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S$-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Alexander Sakowitz

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2021/050031

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2018172755 A1 (TRAILOGIC SOLUTIONS LTD), 27 15, 16, 18, 25
September 2018 (2018-09-27); abstract; page 5, line 22 - page
7, line 15; page 11, line 4 - page 12, line 2; figures 1-4

A 1-26

Y SE 1650459 A1 (KYTTINGE INVEST AB), 6 October 2017 26
(2017-10-06); abstract; page 5, line 26 - page 6, line 8; figure 1
EP 0208756 A1 (PERITATE LTD), 21 January 1987 (1987-01-

X 21); column 2, line 60 - column 4, line 4; column 6, line 60 - 1, 2,914, 17,
column 8, line 27; figures 1-7 19-24

A -- 3-8, 25, 26
DE 102010051838 A1 (SCHAEFFLER TECHNOLOGIES

X GMBH), 24 May 2012 (2012-05-24); abstract; paragraphs 1-2,9-14, 17,
[0031]-[0044]; figure 1 19-24

A -- 3-8, 25, 26
FR 2966797 A1 (TUNZINI MARC DANIEL), 4 May 2012

X (2012-05-04); abstract; page 2, line 23 - page 4, line 15; 1-2,9-14, 17,
figures 1-10 19-24

A -- 3-8, 25, 26
US 20190118670 A1 (VALLIER GILLES ET AL), 25 April 2019

D, X (2019-04-25); abstract; paragraphs [0045]-[0049]; figures 1,2 1-2,9-14, 17,

19-24

D, A -- 3-8, 25, 26
DE 102017001742 A1 (ELECTRAIL GMBH), 23 August 2018

X (2018-08-23); whole document 1-2,9-14, 17,

19-24
A -- 3-8, 25, 26

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2021/050031

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20080023234 A1 (WANG LINGHSIAO JERRY), 31 1-2,9-14, 17,
January 2008 (2008-01-31); abstract; paragraphs [0007]- 19-24
[0009]; figures 1-7
A 3-8, 25, 26
A US 20040050604 A1 (DUBE JEAN-YVES ET AL), 18 March 1-26
2004 (2004-03-18); abstract; paragraphs [0009]-[0010], [0030]-
[0039]; figure 1
A DE 10309621 A1 (FRAUNHOFER GES FORSCHUNG), 30 1-26
September 2004 (2004-09-30); abstract; paragraphs [0007]-
[0008], [0022]-[0023]; figures 2-4
A US 20170277150 A1 (NAKAMURA TSUTOMU ET AL), 28 1-26
September 2017 (2017-09-28); abstract; paragraphs [0020]-
[0045]; figures 2-4
A US 20160031478 A1 (SHIRAKI MAMORU ET AL), 4 February | 1-26

2016 (2016-02-04); abstract; paragraphs [0038]-[0044]; figures
2-3

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2021/050031

Continuation of: second sheet
International Patent Classification (IPC)

B62M 6/45 (2010.01)
B62D 59/04 (2006.01)
B62K 11/00 (2006.01)
B62M 6/50 (2010.01)
B62M 7/14 (2006.01)
GO05B 11/06 (2006.01)
B60D 1/00 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/SE2021/050031

DE 102011114337 A1 28/03/2013
WO 2018172755 A1 27/09/2018
SE 1650459 A1 06/10/2017
EP 0208756 A1 21/01/1987
DE 102010051838 A1  24/05/2012
FR 2966797 A1 04/05/2012
us 20190118670 A1 25/04/2019
DE 102017001742 A1 23/08/2018
us 20080023234 A1 31/01/2008
us 20040050604 A1 18/03/2004
DE 10309621 A1 30/09/2004
us 20170277150 A1 28/09/2017

WO

AT
AU
AU
BR
CA
DE
ES

2013041666 A1

108349515 B
3322630 A4
2019513601 A
20180132595 A
2732519 C2
2018107432 A3
540001 C2
20180281838 A1
10343703 B2
2017176202 A1
41897 T
5316286 A
571122 B2
8604540 A
1326525 C
3662665 D1
8702769 A1
551469 AO
62501623 A
870700531 A
8604310 A1

112018067325 A2
3014038 A1
3419886 T3
2787201 T3
3048223 A1

2019511977 A
2017144832 A1

8945401 A
2319848 A1
6866111 B2
0224520 A1

107231116 A
102017105873 A1
2017175890 A

28/03/2013

27/10/2020
29/08/2018
30/05/2019
12/12/2018
18/09/2020
25/06/2020
20/02/2018
04/10/2018
09/07/2019
12/10/2017

15/04/1989
13/08/1986
31/03/1988
14/07/1987
25/01/1994
11/05/1989
16/01/1987
16/01/1987
02/07/1987
29/12/1987
31/07/1986

22/01/2019
31/08/2017
04/05/2020
15/10/2020
01/09/2017
09/05/2019
31/08/2017

02/04/2002
21/03/2002
15/03/2005
28/03/2002

03/10/2017
28/09/2017
28/09/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/SE2021/050031
us 20160031478 A1 04/02/2016 CN 105209320 A 30/12/2015
EP 2995531 A1 16/03/2016
JP WO02014181463 A1 23/02/2017
JP 6009066 B2  19/10/2016
us 9937950 B2  10/04/2018
WO 2014181463 A1 13/11/2014

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

