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Fig. 12: The 3-PPS PKM expressed by screws.

If the manipulator is fully constrained and free of shape singularity, the rank of Q will be equal to 6. Otherwise, a lower250

rank Q implies a unconstrained motion feasible and the PKM is shape singular for the given shape parameters.251

We can now check the four singular shapes as presented in Section 4. We redraw the four cases with screws displayed,252

as shown in Figs. 12(a)-12(d).253

We take Case 2 (δ = 0◦) shown in Fig. 12(b) as an example. The wrench screws can be expressed as254

Q2 =


0 1 0 −zA1 0 xA1

−cγ 0 sγ yA1sγ −zA1cγ− xA1sγ 0
0 −1 0 zA2 0 −xA2

cγ 0 sγ yA2sγ zA2cγ− xA2sγ −yA2cγ

0 −1 0 zA2 0 −xA2

cγ 0 sγ −yA2sγ zA2cγ− xA2sγ yA2cγ

 (67)

The reciprocal screw of the wrench screws is found as255

$ f
2 = (0,1,0;

xA2 − xA1

2
tanγ− zA1 + zA2

2
,0,

zA1 − zA2

2
cotγ+

xA1 + xA2

2
) (68)

This means there is a unconstrained instantaneous motion of MP that rotates about an axis, the instantaneous screw axis,256
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