
A1

A2

A3

A1

A2

A3

(a) δ = 0◦

A1

A2, A3

A1

A2

A3

A1

A2

A3

(b) α = 0◦

A1

A2, A3

A1

A2

A3

A1

A2

A3

(c) α = 90◦

Fig. 8: Three singular shapes of 3-PPPS parallel kinematics machine.

With the obtained Jacobian matrix and the same method mentioned in the previous sections, analysis of shape singularity186

of the 3-PPPS PKM is conducted. It is found that, with the shape parameters considered, singular shapes exist in any of the187

three cases, (1) δ = 0◦, (2) α = 0◦, (3) α = 90◦, as shown in Fig. (8). For δ = 0◦, when the three limbs are parallel to each188

other, the MP can still move along the direction of the passive prismatic joints with all active joints locked. With respect to189

α = 0◦ or α = 90◦, the MP can still rotate about the axis of A1A2 even though all the six actuators are locked.190

6 Implication of shape singularity191

The shape singularity can have some practical implications in PKM design, where the singularity is used to enhance192

the PKM’s performance, namely, the compliance, as the example reported in the work of Rubbert et al. (2014). In robotics193

and automation applications, compliance is needed for certain operations which compliant interaction between the robot and194

the environment. Two usually used compliance are passive and active compliance (Schutter and Brussel, 1988). For passive195

compliance, it contains an elastic element, e.g. a spring which can store energy. On the other hand, active compliance196

is based on the control of stiff actuators to mimic the behavior of the spring (Albu-Schäffer, 2008). It is known that a197

mechanism exhibits a large compliance in near-singularity configurations. With the shape singularity, it is possible to adjust198

the compliance by means of shape adjustment, as we illustrate presently with the 3-PPR PKM.199
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