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Abstract
A cable-driven parallel robot (CDPR) is a special class of parallel robots in which rigid legs are replaced by flexible
cables. The cables connect the end-effector to the winches which manipulate the end-effector pose by changing the cable length. The position accuracy is an important design parameter when developing CDPR. The winch is a very important part of a CDPR, and its accuracy has a large effect on the CDPR accuracy. This winch design enables precise
control of cable length because there is no position error introduced by the winch configuration and no reduction of
available cable length. To validate the accurate control of the cable length by the new winch design, an experiment of
writing ISR on a vertical wall was conducted. The writing test was successfully performed which demonstrated the accurate control of the cable length by the winch without using any complex equations.
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Introduction

A cable-driven parallel robot (CDPR) is a special class of
parallel robots in which the rigid legs are replaced by
flexible cables. As shown in figure 1 a CDPR is a parallel
kinematic machine mainly consisting of an endeffector(EE), cables, winches, pulleys and rigid frame [12]. The cables connect the end-effector to the winches
which manipulate the end-effector pose by changing the
cable length.
With the increasing research on CDPR, and an ever increasing number of prototypes [3,10,11,12], the CDPR is
known to be energy efficient due to the low moving mass.
The first system to pursue an industrial application was
the NIST Robocrane in 1989[4]. Later more thorough
theories for classification, kinematics, and statics were
developed [5]. Due to the advantages of cable robot system, such as its high acceleration motion, high payload
manipulation and large workspace, various applications
have been exploited. The ultrahigh speed FLACON [6]
has been proposed and the high payload CDPR, MARIONET-CRANE [7], is developed that can lift up to 2 tons
in most workspace. The largest application for a CDPR is
the Five hundred meter Aperture Spherical radius Telescope (FAST) [8] that has been built in southwest China.
We may also distinguish the types of CDPR according to
the number of cables, such as fully-constrained and under-constrained. Fully-constrained CDPR [9] has the
number of cable that must be at least n+1 (n is number of
degree). Under-constrained CDPR [9] is with at most n
cables for n DOF motion. In this paper we will focus on
the case of the fully-constrained CDPR.
Although there are many advantages of using cable array
robots, several critical issues relating to their design and
use must be addressed. Some of these issues include complexities in the kinematic description of the robot, the ad-

Figure 1 Core elements of a CDPR
vantages and disadvantages of using redundant cables and
cable flexibility.
The position accuracy is one of the important design parameters when developing CDPR. The winch is an essential part of a CDPR, and its accuracy has a significant effect on the CDPR accuracy. The winch includes many
components which enable the change in cable length.
In this paper, we proposed a new winch design that the
cable can be always released at the same position. This
winch design enables precise control of CDPR cable
length, because there is no position error introduced by
the winch configuration and no reduction of available cable length.

This type of winch typically allows multi-layer coiling of
cable. However, coiling a cable in multi-layer can introduce problems of damaging cables or inaccurate cable
coiling. The upper layers have a tendency to crush the
lower layers, while the lower layers have a tendency to
pinch upper layers. Also, the cable can overlap in the
same place, which causes the different coiling radius and
produces cable length errors compared to the desired cable length.

3.2

Figure 2 Kinematics structure for a planar CDPR
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Inverse kinematics of CDPR

The general kinematic structure of the planar CDPR is
shown in figure 2. A vector describing i-th individual cable is shown using a red solid arrow l i (i=1,..,n). The

Fleet angle type winch

In order to address the above problems, in the 2000's further prototypes have been developed such as the SEGESTA robot (Hiller et al., 2005)[15] and other prototypes by
Barrette and Gosselin (2005)[16], Fattah and Agrawal
(2005)[17]. They proposed fleet angle type winch as
shown in figure 4.
The fleet angle based on hoisting drum design [18] is the
angle created at the point of intersection of a line drawn
from the inside edge of the drum flange and along the
center line of the cable lead, and a line drawn from the
center of the drum at right angle to it. When a cable leads
to a leading pulley and on to a drum, the cable will not

world coordinate system are denoted as k w and k p respectively. For the planar cable robot is necessary write a set
of kinematic transformations, which calculate the required
cable lengths for a given pose, and the pose for given cable lengths.
The pose of the end-effector is defined by its Cartesian
position x, y and orientation θ relative to the world coordinate system. Positioning vectors ai denote the proximal
anchor points on the frame, the vectors b i are the relative
positions of the distal attachment points on the movable
end-effector. Then, given vector p and rotation matrix
R the closed-form solution for any cable length can be
obtained as in (1).

ai − p + Rb i =
li

Figure 3 The concept of a drum direct coiling winch
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Winch Design

3.1

Drum direct coiling winch

The several prototypes of CDPR have been built in the
90's, among them the famous ROBOCRANE (1992) [4],
the FALCON robot (1995) [6] and the rescue robot of
Tadokoro (1999) [13], while the principle was partly patented (1996) [14]. All of those CDPR winches were as
shown in figure 3, coiling cable with the drum directly
linked to the motor.
Figure 4 Fleet angle type winch

Figure 5 Design of a pulley guiding winch
remain in good alignment with the pulley but will deviate
to either side depending on the width of the drum and the
distance from the lead pulley.
As shown in figure 5, the cable length between the pulley
and drum can be changed according to the position of the
lead pulley which can be considered as one of cable connection points on the end-effector of CDPR. The position
change should be considered in measurement of cable
lengths. The encoders can only measure relative cable
lengths and therefore we have to use complex equations
to correctly determine the cable length and control the cable length [15].

3.3

Pulley guiding winch

In order to address the problems of the fleet angle type
winch, in 2010’s IPAnema[5] and INRIA[7] cable robot
teams have proposed the guiding pulley winches. As
shown in figure 5, this winch design includes a drum to
wind a single cable precisely, a guide pulley to uniformly
reel the cable and several pulleys to guide the direction of
the cable. The motor is connected to an additional gear
mechanism that moves a cable guidance in parallel to the
drum. Due to the equal pitch of the drum and the spindle,
the relative distance between the coiled cables is constant
allowing reliable coiling and uncoiling of the cable.

Figure 6 Design of a drum sliding winch
This accurate coiling and uncoiling of the cable is especially important when the velocities and accelerations of
the cables are very high for cable robots. The guidance
includes a pulley that redirects the cable in parallel to the
axis of the motor.
At the end of the guidance, another pulley mechanism allows an omnidirectional redirection of the cable into the
inner workspace of the cable robot. However, the size of
the guiding pulley can make a certain length of the drum
to be unavailable for releasing or coiling a cable to winch
drum.

3.4

New design of drum sliding winch

Instead of using a guide pulley that has some inaccurate
motion, we made a new design of winch that a rolling ball
screw is arranged at the center of the winch. That forces
the drum to slide on three eccentric guiding shafts, as
shown in figure 6. If the lead width of the rolling ball
screw and the pitch of the cable groove of the drum are
designed to be the same, the cable can be always released
at the same position. This winch design enables precise
control of cable length at winch, because there is no position error introduced by the configuration of the winch
and no reduction of available cable length.

Figure 9 The ISR written by a vertical planar CDPR
consisting of the drum sliding winches. (red dashed
lines: commanded, black solid lines: written)

Figure 7 Winch coiling accuracy experimental set
up

which demonstrated the accurate control of the cable
lengths by the combination of new drum sliding winches
without using any complex equations.
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Figure 8 Experimental result of accurate cable
length of new drum sliding winch

Conclusion and future work

In this paper, we proposed a new winch design that the
cable can be always released at the same position. This
winch design enables precise control of cable length because there is no position error introduced by the configuration and no reduction of available cable length. Also
cable length measurement by the laser distance sensor
confirmed the accuracy of winch coiling cable length. In
the future, we will extend 4 winches system to 8 winches
CDPR to build a 3D spatial CDPR. In addition, we will
add load cells for the more precise position control of the
CDPR.
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In order to validate the accurate control of cable length by
new drum sliding winch, an experimental set up is built as
shown in figure 7. The cable moves vertically between the 6
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