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Abstract—This paper deals with the virtual prototyping of a
compliant robotic wrist that is aimed for use in a human-robot
collaborative environment. The mobility of the wrist is provided
by the use of two pairs of Compliant Transmission Elements
(CTEs) actuated by servo-motors and tendon transmission. The
virtual prototype of the wrist allows easy testing of the behaviour
of the tendon transmission and provides an important aid in
selecting the right servo-motors for each application.

Index Terms—virtual prototyping, robotic wrist, compliant
mechanism, collaborative robots

I. INTRODUCTION

Designed to physically interact with humans in a shared
workspace, collaborative robots have seen a significant in-
crease in their use in the last few decades [1]. These types of
robots can be used to assist doctors during medical treatment,
elderly or disabled people with everyday tasks or even workers
with industrial tasks [2]. In the development of collaborative
robots possible collisions can occur so the need for safety is
one of the main objectives. This goal can be achieved, among
other possible solutions, by introducing passive compliance
[3]. The introduction of a Compliant Transmission Element
(CTE) is an effective way to ensure safety in collaborative
tasks and limit damage in case of unwanted impacts. In
particular, this article aims to present a virtual prototype of
a compliant wrist joint for collaborative robots.

A. Wrist design overview

Among all the other joints that could be present on robotic
arms, the wrist represents one of the most critical ones, as its
importance for the positioning accuracy of the end effector.
In the recent literature, many different solutions have been
conceived; for instance, in [4] the authors proposed an under
actuated wrist based on adaptive synergies while in [5] a
novel wrist joint for prosthetic hand is reported. The design
of the wrist presented in this paper is carefully described in
the author’s previous work [6] and summarized in Fig. 1. The
wrist is characterized by two functional modules, one for each
of its degree of freedom. The first module consists of the
upper and intermediate bodies coupled by two CTEs, while the
second module consists of the intermediate and lower bodies
coupled by two more identical CTEs, namely flexion/extension
and ulnar/radial modules. As shown in Fig. 1, each module

IMU sensor

upper body

CTE

lower body

tendon

Actua�on

system

flexion

ulnar

radial

extension

intermediate

body

Fig. 1: Compliant wrist prototype.

is actuated by two servo-motors using a set of antagonistic
tendons whose routing is highlighted. Using ABS for the CTEs
prototipation with the same beam section used in [6] (ABS,
with E = 2.1GPa, ν = 0.4) the maximum deflection of the
wrist is equal to ±60 degrees for the flexion/extension module
and ±30 degrees for the ulnar/radial module.

II. VIRTUAL PROTOTYPING

In order to simulate the behaviour of the presented wrist
during operational tasks, as well as to obtain the appropriate
torques to the motors to perform them, a virtual prototype of
the wrist has been assembled and tested in a Colink/Recurdyn
multisoftware environment.

As shown in Fig. 2a, the actuation system is simulated by
using rigid cable sections connected by translational joints that
behave like linear actuators. Thus, each tendon is modeled
as two different cable sections, the upper one (t1,u...t4,u)
for the flexion/extension module (whose extremity are fixed
to the upper and intermediate bodies) and the lower one
(t1,l...t4,l) for the ulnar/radial module (whose extremity are
fixed to the intermediate and lower bodies). The velocity of
each linear actuator is then correlated to the two angular
velocities of the motors, ω1 and ω2 as shown in Fig. 2a. It
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Fig. 2: Actuation system implementation

is important to note that the main drawback of this method is
the difficulty in modelling the friction effect, which is not the
case when it comes to meshed tendon with contact applied. To
overcome this problem, all contributions due to friction were
mathematically estimated via the Euler-Eytelwein formula [7]:

Ff{α,β,γ,δ} = Fme
µ{α+β+γ+δ} (1)

where µ = 0.103 is the Coulomb friction coefficient [8], Fm
is the sum of the reaction forces measured at each couple
of translational joints that represent every single tendon (i.e.
for tendon 2, Fm = F2,u + F2,l [Fig. 2a]) and α, β, γ, δ are
the total curvature angles for each of the four contact points
that every tendon presents, as shown in Fig. 2b. The virtual
prototype of the wrist is then computed by using meshed
CTEs and applying passive contacts between the upper and
intermediate bodies and between the intermediate and lower
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Fig. 3: Simplified model.

bodies. These passive contacts prevent the buckling instability
of the CTEs beams when they are subjected to compressed
loads. The model thus created requires a computational time
of approximately 216 minutes to perform a complete exten-
sion/ulnar motion using standard workstation with an Intel(R)
Core(TM) CPU @ 2.5 GHz and 16 GB RAM; this much
time results unsuitable to be employed in a co-simulation
environment. To make a simplified model, as shown in Fig. 3,
the position of two markers for each of the two moving
bodies (upper and intermediate) was exported as a spline, and
then four so-called “point-on-curve” joints were added to the
model, binding each marker to move only along its respective
exported spline. Following the same principle, all reaction
forces measured at the translational joints were exported and
added to the model as active forces. This allows both the
meshed body and passive contact to be removed from the
calculations, resulting in a computational time of 2.49 seconds.

III. SIMULATION CASE STUDY

Finally, a simple control algorithm is tested in a Col-
ink/Recurdyn multisoftware environment. As shown in Fig. 4,
this algorithm uses two different PID controllers to tune either
the flexion/extension and ulnar/radial modules. The algorithm
takes as inputs the set points of the two modules closing the
position loop using the wrist feedback positions (given, in its
physical counterparts, by an IMU sensor installed on the upper
body as shown in Fig. 1). Based on the position error, the
algorithm modifies the velocity value of the two servo-motors
following the same logic shown in Fig. 2a, making sure to limit
it at the maximum value allowed by the tested servo-motors
by using a limiter block. It is important to note that the two set
points must be reached individually due to the particular cable
routing explained in Section 2. For this purpose, the algorithm
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Fig. 4: Colink controller.

Fig. 5: Wrist modules position.

Fig. 6: Driving torques.

activates the ulnar/radial module only if the flexion/extension
error is smaller than a user-defined tolerance value ε. Figure
5 shows the driving torque of the two servo-motors either
neglecting or not the friction contribution. This shows how
important it is to take this into account when selecting servo
motors, as it involves a significant increase in the required
torque. In particular, in the friction-less case, the driving
torques on the two motors are equal, whereas, with friction
involved, one of the two motors result in being in a slightly
disadvantaged position due to the different cable routing.

IV. CONCLUSIONS

A simplified model of a cable-driven compliant robotic wrist
is proposed and virtually prototyped using a Colink/Recurdyn
multi software environment. This prototype allows to easily
test all of the wrist motion possibilities, to safely optimize the

Fig. 7: Wrist application.

PID controller as well as to determine the torque requirements
of the servo motors, even taking friction into account. As a real
world application example, Fig. 7 shown the aforementioned
wrist assembled on an anthropomorphic robotic arm.
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