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Fig. 5: Variations of g with varying shape parameters for a pose z = 0.5 m, φ = ψ = 0.2 rad (11.46◦).

4.2.1 Special case of δ = 0◦156

We first look at a special case of δ = 0◦. In this case, the Jacobian matirx is found always singular. The determinant and157

its derivatives with respect to the configuration variables vanish. The 3-PPS PKMs with δ = 0 are of shape singularity.158

4.2.2 Other cases159

In other cases of δ 6= 0◦, function g is not generally vanish. We plot the variations of function g with respect to the three160

shape parameters of interest, as shown in Fig. (5). In each plot, one of the three parameters are fixed.161

All plots in Fig. (5) are generated for an arbitrary configuration. From the plots, we can found that g becomes zero for162

the following situations: (1) γ = 0◦ or 180◦, when the three active prismatic joints are coplanar with the base platform; (2)163

α = 0◦ or α = 90◦, when the three vertexes are collinear. Plots with a few other configurations are generated too. Similar164

plots are obtained, in which g becomes zero for the same situations.165

In summary, both functions f and f ′i are equal to 0 in following four situations: (1) δ = 0◦; (2) γ = 0◦ or 180◦; 3) α = 0◦166

and (4) α = 90◦. In all four situations, the PKMs are of shape singularity. The PKMs with these singular shapes are depicted167

in Figs. 6(a)-6(d).168

The singular shapes identified by combination of analytical formulation and graphics method can be further justified with169

other methods, for example, screw theory (Wu et al., 2017) . Appendix provides verification of these shape singularity by170

means of screw theory.171
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