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Force-controlled Metal Spinning Machine Using Linear Motors
*Hirohiko ARAI, National Institute of Advanced Industrial Science and Technology (AIST)

Abstract —Metal spinning is a plastic forming process that forms a metal sheet by forcing the metal onto a rotating

mandrel using a roller tool.
ear motors.
can quickly track the changing radius of the mandrel.

A novel metal spinning machine was designed in which the roller is directly driven by lin-
We aim to form non-axisymmetric products by controlling the pushing force of the roller so that the roller
Our experimental results show that the linear motors substantially

improve response of the force control and non-axisymmetric products can be rapidly formed. Open-loop force control

without a force sensor was also studied.
forming time.

It exhibited a comparable performance to closed-loop control with regard to the
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Fig. 1 Metal spinning
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Table 1  Specification of actuators

new machine setup of Ref.[3]
actuator for roller | linear servo servo motor
motor + ball screw
continuous force 1000N 580N
peak speed 3.0m/s 0.17m/s
actuator for servo motor + | servo motor +
mandrel planetary gear | planetary gear
continuous torque | 14Nm 3.9Nm
rated speed 270rpm 250rpm
700mm
£
%5
=N IN
Stator
c X-axis magnet
£ 150mm
o
o
~
7
Gear Motor
[ 1
Force sensor gy —
Roller IE;#
Mandrel  —
Fig. 2 Linear motor driven metal spinning machine
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Fig. 3 Photo of linear motor driven metal spinning machine

Table 2 Dynamics parameters of each axis

X-axix y-axis G-axis
coulomb friction 100N 97N 1.0Nm
viscous friction 153Ns/m | 153Ns/m | 0.07Nms/rad
inertia 116kg 43kg 0.013kgm?
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Fig. 9 Pushing force of roller
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Fig. 12 Pushing force of roller
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