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Introduction:  By the interactive Mathematica 

Demonstrations of the Wolfram Research instrumenta-
tion [1], several mechanics for space probe operation 
and motion simulations were studied. The created great 
number of Mathematica demonstrations are available 
on the Wolfram Demonstration website.. 

About Mathematica: The possibilities of the new-
est version of Mathematica makes it excellent learning 
ability to interactively manipulating graphics for the 
movement and animation of modeling by using great 
number of parameters for the structure studied. Rich 
parametrization helps the architectures to fold, extend, 
unfold, retract, enlarge and diminish, rotate etc.  

The new possibilities generate new needs in 
costruction design. One of them is the stereoscopic 
view. But spatial motions extend spatial feeling and 
viewing. The movement representations give extended 
robotic motion planning opportunities. All these activi-
ties serve students in space science education and in 
design, too.  

Moving elements on terrestrial machines: Swash 

Plate Drive. A disk with adjustable inclination (swash plate) 
is attached to a rotating shaft. Rods, aligned with the axis, 
move back and forth as the disk rotates. This arrangement is 
used to drive pistons and to adjust the angle of helicopter 
rotor blades 
 

 
Fig. 1. Swash Plate Drive. 

 
A Theo Jansen Walking Linkage. Four bars are 

joined together with hinges at their ends to form a 
rhomb (yellow bars). One hinge of this rhomb is con-
nected to one of the stationary shafts (green) of a four-
bar linkage (FBL) with a common axis. The second 
hinge of the rhomb is connected to a moving hinge of 
the FBL (red bar), and the third hinge of the rhomb is 

connected to the other moving hinge of the FBL (with a 
red bar). The third and fourth hinges of the rhomb are 
connected to a foot (three lavender bars). With suitable 
selection of the bar lengths, the closed curve followed 
by the foot is similar to an airfoil; that is, it is close to 
flat at the bottom and arched above. This feature of the 
movement can be used to make walking machines, 
such as those made by the artist-engineer Theo Jansen. 
(Fig. 2.) This is probably a new style moving strategy 
for a rover. 

 
Fig. 2.  

 
Gyroscope. A spinning rotor tends to maintain its 

orientation based on the principle of conservation of 
angular momentum. This phenomenon is used for 
measuring and maintaining orientation in many appli-
cations, such as compasses and stabilizers in aircraft 
and spacecraft. In this Demonstration, the spinning 
rotor is journalled to a ring, which is journalled per-
pendicular to a second ring, which is journalled to a 
third ring. Rotate the rings separately and observe how 
the central spinning rotor maintains its original orienta-
tion no matter how the rings are rotated. 

 
Fig. 3. Gyroscope. 
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Hand Model. Cylinders are used to represent the major 
bones in a human arm. You can simulate clenching or move 
each finger separately. You can also vary the relative sizes 
and the diameter of the bones to determine realistic propor-
tions. It is a robotic arm type for space probes, too. 
 

 
Fig. 4. Hand model. 
 

Snake-Arm Robot. A series of cylinders are joined 
with spheres to form a snaking arm. The spheres act as 
hinges around which the cylinders can be turned simul-
taneously. The snake arm is mounted on a double 
boom, each part of which can be tilted separately. The 
entire assembly can be turned around. This arrange-
ment is similar to that of the snake-arm robot produced 
by OC Robotics 
 

 
Fig. 5. Snake-Arm Robot.  

 
Gyroscopic Joint. The features of a gyroscope and a 

universal joint are combined to produce a constant ve-
locity drive between two skew shafts. The essential 
feature of this assembly is that the two shafts are con-
nected to a ring, one from the inside and one from the 
outside. The connections are made in such a way that 
the shafts can rotate relative to the ring. The rotating 
axes of the shafts on the rings are perpendicular. Also 
useful in planetary surface maneuvers. 

 

 
Fig. 6. Gyroscopic Joint. 

 
Helicopter Tilt Control. A swash plate is used to 

control the pitch of the rotor blades in order to steer the 
helicopter in the air. A flying machine is usually 
steered in the air by varying the angle of rotation 
around three axes: longitudinal (roll), crosswise (pitch), 
and vertical (yaw). In airplanes the roll is controlled by 
the ailerons, the pitch is controlled by the elevators, 
and the yaw is controlled by the rudder. In helicopters 
the rotating main blades (with an airfoil cross section) 
take care of roll and pitch, while the yaw is controlled 
by the tail rotor 
 

  
 
Fig. 7. Helicopter Tilt Control. 
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