





the effect of capillary forces. Non-ferrous materials are used to avoid the effect
of magnetic forces. An atomic force microscope (AFM) is used to measure the
intensity of the Van der Waals' forces experienced between the interacting
bodies of different geometries. The corresponding formulae of the Van der
Waalls' forces with respect to geometrical parameters are shownin Table 2.

3. GEOMETRICAL PARAMETERS

Van der Waals' forces have been experimentally proven to be dependent on
the shape or geometry of the interacting substances (Tanaka et al., 2008).
Table 2 shows some common geomefrical shapes and their corresponding
Van der Waals' forces' expressions.

Table 2: Van der Waals' forces for a pair of interacting surfaces (Parsegian, 2006)
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where:

A,,-is the Hamaker coefficient

D - is the shortest surface-to-surface separation distance

R - is the radius of the sphere or cylinder

©-isthe half-cone angle

the negative sign (-) of the Van der Waals forces shows that the forces are
‘attractive'.

It can be deduced from Table 2 that the greater the surface area of the
interacting particles the greater the Van der Waals' forces will be (Oliveira,
1997).

Equations deduced from Table 2 and various literature sources are modelled
in the subsequent sections with the view to optimising the manipulation of Van
der Waals' forces in micro-material handling systems.

3.1. Theanalysis of the Van der Waals'’ forces with respect to radius
3.1.1. Sphere-sphere surface interaction

Figure 1 shows the sphere-sphere interaction where D is the shortest
separation distance between the interacting surfaces, R, is the radius of the
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Rumpf's term 1 for noncontact interaction = 1+ R/L48rms (6)
1
Rumpf's term 2 for contactinteraction = [1 +1.48rms/ D]2 N

where:
ms - is the root-mean-square value of surface roughness of interacting
surface

Equation (5) is also referred to as the Rumpf-Rabinovich's equation (Liet al.,
20086).
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Figure 17: Effect of a surface roughness on Van der Waals' forces (using only the
Rumpf's term 2, contact term)

An increase in the rms value at a constant separation distance, D, leads to a
decrease in the Van der Waals' force intensity as shown in Figure 17. The
smaller the radius of the parlicle, the more pronounced the decrease in the
force. Therefore, the bigger the radius of the gripper the smaller the effect of
the rms valus (Rabinovich, 2000; Eichenlaub et al., 2006; Thoreson et al.,
2006)

4, CONCLUSION

The analysis of the geometrical parameters of the different interacting
surfaces has been completed. The flat-flat interactive surface has proven to
exert the most Van der Waals' force compared to others, followed by cone-flat,
cylinder-flat, sphere-flat and sphere-sphere interactive surfaces, respectively.
Aflat-surfaced gripper would be suitable for 'picking up’ micro-work parts, but
unsuitable for releasing. The conical micro-gripper proved tc have highsr Van
der Waals' forces’ manipulability when compared to others. When its half-
cone angle excesds 60° the Van der Waals' forces exsrted increass sharply,
and when below 60° the forces drop drastically, leading to an efficient and
effective 'picking-and-placing’ mechanism in micro-material handling. The
sphere-sphere and sphere-flat arrangement proved to be difficult to
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