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Extended Abstract

Toward novel technologies that contribute to factory automation, the author is now inves-

tigating the feasibility of the conveyor system illustrated in Fig. 1 (a); a thick disk-shaped

object moves on two inclined rotating shafts using the effects of gravity and frictional forces

at the contact points. In the future, we hope to realize more advanced object transportation

by applying vibration to the entire stage.

In this paper, we consider a loupe-shaped conveying object illustrated in Fig. 1 (b); it has

a shape where a circular upper part and a rod-shaped lower part are combined. Let R [m]

be the radius of the circular part, and (x, y) be the central position of it. We assume that its

center of mass (COM) is located l [m] below the two rotating shafts, and that the mass is m

[kg] and inertia moment around COM is I [kg·m2]. It vibrates in the lateral plane according

to the frictional force effect acting on the contact point with the two rotating shafts. The two

rotating shafts are made of the same material, have the same radius, r1 = r2 [m], and rotate

at the same speed but in opposite directions. In addition, there is also a height difference

between the two shafts; this is adjusted by ϕ1 and ϕ2.

Let q =
[
x y θ

]T
be the generalized coordinate vector. The equation of lateral motion

and holonomic constraint condition become

Mq̈ + h = JTλ+ JT
µλ, Jq̇ = 02×1, (1)

where λ ∈ R2 is the constraint force vector acting on the central position of the circu-

lar part as shown in Fig. 1 (c). The term JT
µλ is the frictional force vector, and can be
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Fig. 1. Simulation results of object motion
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Fig. 2. Simulation results of object motion
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Fig. 3. Conveyance speed versus system parameters

determined by resolving and rearranging the constraint force vector, λ, as discussed in

Ref. 1. The signed friction coefficient are specified as µ1 = −µ10 tanh
(
c
(
Rθ̇ + r1ω1

))
and

µ2 = −µ20 tanh
(
c
(
Rθ̇ + r2ω2

))
where ω1 = −ω2 [rad/s] are the rotating speed of the two

shafts and are constant and c is a positive constant for adjusting the shape of tanh. On the

other hand, as illustrated in Fig. 1 (d), the equation of sagittal motion is simply modeled as

mz̈ = µ3λy +mg sinϕ3, (2)

where µ3 = −µ30 tanh (cż). It is assumed that the motions in the lateral and sagittal planes

do not interfere with each other.

Fig. 2 shows the simulation results of the object motion. We can see that the object moves

forward at a constant sliding speed while vibrating laterally. Fig. 3 shows the analysis results

of the effects of (a) ω1, (b) µ30, and (c) ϕ3. We can see that the conveyance speed is quickly

saturated with the increase or decrease of ω1. We will report more detailed analysis results

and basic experimental results in the presentation.
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