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A B S T R A C T

We have previously suggested a method for robotized stator winding of cable wound electric machines and
demonstrated the method successfully in full-scale experiments. The cable feeder tool used to handle the cable
during the complete winding process is an essential component of this robot cell. To take the robot winding
method to the next level, into an industrial product, require further developments regarding durability, in-
dependency, flexibility and implementability. In this paper, we present an updated cable feeder tool design. This
tool is designed to be used in a robot cell for cable winding of the third-generation design of the Uppsala
University Wave Energy Converter generator stator. In this work, three cable feeder tool prototypes have been
constructed, experimentally evaluated and validated for the intended application. Key performance parameters
are presented and discussed, including suggestions for further developments. We completed a durable, compact,
high performance tool design, with fully integrated control into industrial robot controllers. The experimental
results presented in this article are very promising and hence, the updated cable feeder tool design represents
another important step towards an industrial solution for robotized stator cable winding.

1. Introduction

The use of cable winding has been suggested as a durable and ef-
ficient stator winding method for electric machines [1,2]. Automated
stator winding technology is widely used, in particular for small and
medium sized electric machines with high production volumes [3,4].
There are ongoing efforts to develop new automated stator winding
methods providing higher machine efficiency, facilitated assembly and
increased assembly flexibility [5–10]. However, being a less common
winding technology used mainly for medium and large sized machines,
cable winding has so far only been performed manually.

At UU,1 cable winding is used in the generator of the UU WEC2

concept [11]. This concept has now reached the third design genera-
tion, see Fig. 1a, and is commercialized by the spin-off company Sea-
based Industry AB. In the full-scale project, multiple WECs are to be
deployed together in farms, to achieve a scalable system and to
smoothen the fluctuating power output from single devices [12]. Con-
sequently, numerous stators will need to be assembled for these WECs.
The stator currently used in the WEC generator is about 2m long, di-
vided into six or nine separate sections and wound with a 25 mm2 PVC-

insulated multi-thread installation cable, see Fig. 1b. During manual
winding of the stator, the winding cable is pulled back and forth
through slot holes in the stator, a very repetitive and exhausting task.
About 3000m of cable is used in each UU WEC generator, so the as-
sembly is very time-consuming.

We have previously developed and evaluated a cable feeder tool for
robotized cable winding of the second generation design of the UU WEC
with very promising results [13], see Fig. 2a. Inspired by this robot tool,
a simplified manual cable feeder tool has been developed and tested in
production at Seabased Industry AB, see Fig. 2b. Manual cable feeder
tools have been used before during cable winding of other larger ma-
chines [14]. Likewise, commercially available cable feeder machines
are often used to assist cable pulling winches when laying cable. These
machines regularly use hydraulic or electric driven belts to feed cable.
When installing cables in closed ducts, such cable feeder machines are
often used with cable blowing or cable floating technology [15–19].
Here, either compressed air or water is forced through the duct with the
cable, sometimes combined with cable lubrication. The robotized stator
cable winding process does have some conceptual similarities to ro-
botized filament winding developed for the manufacturing of fiber
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reinforced composite materials [20,21] and winding machines devel-
oped for the manufacturing of superconductive coils [22]. Simplified,
such equipment can be described as an unwinding reel, a moving pay-
out tool and a moving winding table or mandrel where the cable or
fiber is laid.

One of the main challenges in automating stator cable winding is
the flexible nature of the winding cable. Methods and sensors for lo-
calization, manipulation, shape prediction and automatic routing of
flexible objects, including loose cables, have previously been demon-
strated in similar applications [23–28]. It is important to avoid cable
twisting during the cable winding application. If not, self-contacting
cable loops might form due to torsional forces on the cable. If winding
cables with helical multi-thread conductors are used, such loops might
form due to varying cable tensional forces during the winding proce-
dure. If these loops does not pop-out easily when the cable is tensed the
cable can be damaged, a phenomena well described in the literature
and referred to as hockling [29–32]. For a created cable loop to pop-
out, axial tension must be applied to the cable. Knowing the mechanical
properties of the cable, the axial cable tension required to pull out a
loop without kinking and the cable curvature at pop-out can be de-
scribed as a function of the axial cable torque. Cable kinking is more
likely with torsional-stiff cables that are easy to bend.

The development and adaption of the UU robotized stator cable
winding concept for the third generation of the UU WEC generator—-
with the ambition to become an industrial product—requires an up-
dated cable feeder tool design. The cable feeder tool can be described as
the heart of the cable winding solution, being the equipment used by
the industrial robots to handle the cable during the complete winding
process. Furthermore, a simplified cable feeder tool is also used in ro-
botized cable winding to feed cable from a cable drum to the robots
[33] and similar cable feeder tools have been suggested to be used for
temporary cable storage during the winding process [34]. The present

development of the robotized stator winding solution put some specific
requirements on the cable feeder tool, which could not be completely
satisfied by the previously developed robot cable feeder tool. These
requirements include controllability, process supervision, durability,
higher feed performance and adaptions for the new UUWEC design. For
example, faster tool operations, higher feed forces and velocities, more
precise feed lengths, more reliable cable dropping and more flexibility
in choosing feed parameters are needed. We considered the feed me-
chanisms used in the Seabased manual cable feeder tool and in com-
mercial cable feeder tools for the new tool. However, these tools lack
many of the other functions needed for robotized stator cable winding,
including controllability, process supervision and cable handling cap-
abilities. Cable feeder machines used during cable laying cannot be
used for our stator cable winding application, as these require closed
and long cable ducts. Lubrication of the cable or the stator slots is not
recommended either, since this would considerably reduce the friction
between the cable and the feed mechanism of the cable feeder tool, thus
reducing the feed force that could be transferred to the cable. Neither
the equipment used for automated assembly of other stator winding
concepts, the equipment for robotized filament winding nor the
equipment for superconductive coil winding can be used to feed cable
in our application. Therefore, we needed an updated cable feeder tool.

The aim of this paper is to present and validate a durable and high

Fig. 1. (a) The third generation UU WEC unit: a linear direct-drive generator, placed on
the seabed, coupled via a line to a point-absorbing buoy. (b) A nine-sided cable wound
stator inside the UU WEC generator hull during assembly.
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Fig. 2. (a) The cable feeder tool previously used for robotized stator cable winding ex-
periments at UU. (b) A 3D-CAD model of the manual cable feeder tool previously used at
Seabased Industry AB to facilitate manual stator cable winding.
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