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to experimental data obtained from biomechanical literatu

and the previsouly mentioned robotic impact experimerits [4
[1], [2]. By simulating a wide range of robot impact masses
and velocities, any robot, ranging from lightweight design

to heavy duty indutrial robots can be evaluated.

IIl. RESULTS

As illustrated in Fig. 1, several severity indices were
evaluated for each body part. In Fig. 2 the maximum contact
force for collisions against the frontal bone, dependinghen
impacting robot mass and velocity, is depicted. In additn
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Fig. 1. Mapping robot parameters to human injury severity Btunt
impacts using a collision simulation.

I. INTRODUCTION

It is primary to ensure human safety during applications of
physical human-robot interaction in either industrial @r d
mestic environments. To gain insight into injury mecharssm
during robot-human collisions, blunt impact experiments
with automobile crash-test dummies were conducted for
various contact scenarios [1], [2]. Well established bieme
chanical severity indices were experimentally evaluat®d f Fig. 2. mass-velocity dependency of frontal bone contantdoThe human
several human body parts in order to quantify the influendeacture tolerance is indicated, experimental data is @metpto simulation
of robot parameters on human injury probability. In additio "eSults-
to blunt impacts, drop test experiments were carried out in . . -

: ) : ; ) L . Simulation and experimental results (e.g. collisions ofFDL
[3], using pig abdominal tissue, which has similar propgerti

LWR-1ll and KUKA KR6 against a Hybrid Ill dummy), the

to human fissue. The specimen were impacted with dncfegiveragefracture tolerance found in literature is depictéis

ent contact primitives (€.g. spheres or wedges) at varyin namic threshold subdivides the figure into a critical and

impact velocities and masses. The general outcome of t bcritical region by means of critical contact force. Galler

. ; : S
experiments was the_mappmg from r_o_bot mass, velocity, ar{éje simulation provides a feasibile, mostly conservative,
curvature to human injury of a specific body part.

estimation of human collision behavior.

(3.21/3.43) | t {3

velocity [m/s]

2.41/2.21 2

14(1.61/1.31)
14(1.13/0.78)
80

1 (1.27/0.32)

4(0.89/0.18)

20

40 60 100

mass [kg]

Il. APPROACH
In this work, we complement the injury database devel[—
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