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Curve Drawn by Yarn Traveling on a Cylindrical Surface
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Abstract

When tension acts on a yarn running on a cylindrical bobbin, the yarn leaves for a new equilibrium
position and draws a curve on its surface. In this paper, we assumed that the yarn was free to bend,
but did not stretch and that its inertial force was negligible compared to the external forces such as
reaction force and friction force. The force balance equations, which determined a yarn path
contacting with a curved surface, were developed in vector form on the basis of differential geometry.
We derived a set of differential equations describing the space curve drawn by the yarn traveling on
the cylindrical surface. Two experiments were compared with the simulations. The measured yarn
path and tension for two actual examples turned out that the parabola obtained by our simulation was
a fairly good approximation for the yarn path sliding on a cylindrical surface.
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Fig.1 Geometry of a cylindrical surface
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Fig.2 Vectors of the yarn put on cylindrical surface
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Fig.3 Vectors on the curved surface
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Fig.4 Yarn travel direction
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Fig.5 Experimental apparatus
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Fig.6 Yarn path on bobbin moving downwards
perpendicular to yarn feeding direction
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Fig.7 Photograph of yarn pah developed on a plane
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