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EXTENDED ABSTRACT

1 Introduction

Cylindrical joints are often used as passive jointparallel robots, but also actuated, as in 88S [1] 3CPU [2], 3CCR [3],
6RRCRR [4], 3CPPRR [5], or 2CRRH [6] robots, whérdR, S, P, U, and H stand for cylindrical, rotati spherical, prismatic,
universal, and helical joints (underlining meangiated). Actuating cylindrical joints is not simpf@ne option is to build the
actuated C-joint as a pair of conventional linead eotational actuators in series, as in [1]. Aeothption is to use a ball-screw
spline mechanism like [5]. Finally, a third innoivat way is to implement the actuated C-joint thriowgdifferential RHHR
closed kinematic chain, as in [6]. Due to theiaagements of actuators, these options for actu&tijaints are unpractical for
the quadruped robot of Figure 1a, whose purposeviglk and bend to climb trees, which requiregalating its front and rear
segments through an actuated cylindrical joint. thar reason, we will explore the possibility ofngstwo linear actuators in
parallel to drive the cylindrical joint that artiaties these segments, as sketched in Figure lahwhia simpler and stiffer
implementation. This arrangement results in the 2 Pparallel mechanism, whose kinematics will hieligd in this abstract.

®

Cylindrical joint

Figure 1: (a) Quadruped robot presented in [7]2(BPS-C parallel mechanism.

2 Kinematic analysis

The 2UPS-C mechanism of Figure 1b has two bodiBscAnnected by a passive C-joint and two UPS lirAlreference frame
>, attached to A has its z axis along the C-jointl another framez, attached to B is obtained by translatiig along z by

d and rotating it about z b¢, where(e,d) are the degrees of freedom of the C-joint. Constaardinates of the center

(respectivelyB, ) of the universal (resp. spherical) joints expeelse frameX, (resp.X;) are stored in the 3x1 column vectors
a (resp.b,), for i =1,2. Distances betwee#, and B, are denoted by, and controlled by linear actuators. From Figure 1b

=p5 (1)

where R, (8) is a 3x3 rotation matrix of angl@ about axis z. The forward kinematic problem (FKB)sists in solving(H,d)

[[0.0a] +R, @), -2, [ =02 . [[0.00] +R, @), -2, [

from (1) whenp, are known. To solve this analytically, note tie keft-hand sides of (1) are quadratiairand linear insiné
and cosd, from which one can easily solve the sine andneosf & in terms ofd , obtainingsing = f (d) and cosf=g(d) .
Then, angled is eliminated by imposingin® 6+ cos 8 = ., which yields a final equatiorf? (d)+g*(d) =1 that is quartic in
d. Thus, the FKP has up to four real solutions, terassembly modes. Different assembly modes converge at input segfigs,
which are configurations at which the Jacobian ixatithe left-hand sides of (1) with respect(@d) becomes singular.



3 Example

The CAD design shown in Figure 1b has the followipacements of joints (units will be meters and iaas):
a, =[-0.1,0.0875,0.15, a, =[-0.15,0.0875; 0.05, b, =[0.116,0.0225,0.034 and b, =[0.168,0.0225; 0.178, with
actuator lengthso, =0.193 and p, = 0.261 represented by point P in Figure 2a. Solving tke fyields four solutions, two of
them real:(6=0.9485d = 0.236B, (¢=1.1657d =- 0.028)l, (§=-1.8477+ 0.0942d = 0.1056 0.1i)%, where the first
one is represented in Figure 1b. Figure 2a repteﬁem(pl,pz) plane, where blue curves represent input singidariAnother
point Q is represented in Figure 2a for which sohg to the FKP are all reaf (¢ =1.609d = 0.3, S,(¢=3.8d = 0.3,
S,(#=2d=-0.0§, and S,(¢=3.6d=-0.0073. These are represented in Figure 2b, which alsawshthe input
singularities in the(a, d) plane. Singularity curves in Figure 2a exhibitag point, which are well-known to enable transisio

between some FKP solutions without meeting singidar For example, starting at solutiong®d encircling the cusp counter-
clockwise as with the red trajectory in Figure @msforms this solution into,Sas demonstrated in Figure 2b.
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Figure 2: (a) Spacép,, p,) of actuated joints of the 2UPS-C parallel mechani$) Spacq6,d) of the cylindrical joint.

4 Conclusions and future work

The 2UPS-C parallel mechanism admits analyticaltani to its FKP and is cuspidal. In the future, wi# address its optimal
kinematic and dynamic design to serve as the dgotra of the quadruped robot shown in Figure dansidering that, in the
actual robot, additional prismatic joints change distance between universal (respectively spHgjaats in body A (resp. B).
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