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Summary: Two joints upper human limb manipulator is designed and its mass properties are 
investigated, by using a 3D geometrical mathematical modeling of the human upper limb. In 
principle, the computer realization of the model can provide data for upper limb’s mass, volume, 
surface area, center of mass coordinates, principal axes of inertia and principal moments of inertia, 
as well as moments of inertia taken at the origin of the laboratory coordinate system.
In this paper, if z is the vertical and x the horizontal axes, we take that the upper arm can move in 
the (z, x) plane with angle α with respect to the z-axis characterizing its position. The lower arm 
then moves in the plane formed by the upper and the lower arm with angle β between the both 
determining their mutual positio. Within the computer model developed, we determine and present 
data how the center of mass of the upper limb changes when it moves so that its end reaches, say, 
the area of the mouth of the human. In addition, we present corresponding data for the changes of 
the moment of inertia along such movement. 
Visualisation of the motion of manipulator’s mass center is performed under the variation of both 
investigated angles generating a particular saddle-like surface in the original laboratory coordinate 
system. Based on this graphics, mass moments of inertia are visualized.  Ellipsoids of mass moments 
of inertia are generated and visualized.
The presented study can be helpful in the design of manipulation systems with application in 
rehabilitation. More generally, the method provides a handy opportunity to calculate the mass-
inertial parameters of the upper limb of a given individual, provided the anthropometric easily 
measurable data for that individual are known.




