Study on motion and vibration control of
stamping press machines
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Abstract ‘

In Chapter 1, a research background and a problem institution are described.

In Chapter 2, this paper describes a method of trajectory planning, parameters adjustment on
servo systems and application to vibration reduction on the servo press machines. The servo systems
with the linkage mechanism sometimes generate impact noise in gears or trajectory fluctuation of
the input side due to the nonlinearities. We have developed a simulation approach for motion control
of servo presses with linkage mechanism through the vector method. In this study, it is shown
clearly that the cause of the trajectory fluctuation is the interaction of the nonlinearity of linkage
mechanism and the discretization of a output side trajectory. The parameter design becomes easy
and convenient by using the proposed diagram for the evaluation. The suitable parameter design
shortens the cycle time and reduces the vibration of AC servo presses.

In Chapter 3, this paper proposes a control method for the crank-slider mechanism as the active
mass damper (AMD). Vibration isolation systems with spring support cause an increase in
oscillating displacement at a natural frequency. Crank-slider mechanisms have been used for many
kinds of industrial machines. A system of elastic supported machine frame with crank-slider
mechanism can be expressed as time-varying system depends on crank angle. A state equation
which contained variable parameters in coefficient matrices is derived from non-linear equations of
motion. A controller is adapted the gain-scheduled control method for frame vibration reduction, and
the linear velocity control method for crank motion control. State feedback gains are calculated by
the linear quadratic regulator (LQR). The proposed method is confirmed by analysis and experiment.
As results, the system is reduced disturbance vibration by using the slider as active mass.
Furthermore, the system can consist of low costs since the existing mechanisms are used.

In Chapter 4, this paper proposes a control method for both position and force of electric servo die
cushions and a reduction method of an impact force. In deep-drawing process of sheet metal, an
_improvement of response and a control of shock are required of the die cushion in order to control
optimally and precisely of the blank holder force. Novel die cushions with electric servomechanisms
are developed for the blank holder force control. The controller automatically selects alternative of a
position feedback loop and a force feedback loop. The die cushions can precisely control the blank
holder force by direct sensing of the force. A collision between an upper die and a blank holder
arises at a start of process. The controller is switched to the force control from the position control
just after the start of process. Transient responses by the proposed control method are confirmed
through the simulation and the experiment. Switching time of the control is dependent on a
pre-pressure value of the oil cushion and a desired force value. The switching time can be shortened
by reduction of the pre-pressure value and by increase of the desired force value from the lower
limit. Pre-acceleration control of the die cushion is adopted just before the impact, because the




impact force is proportional to relative velocity between the upper die and the blank holder. The
proposed methods can control the blank holder force precisely, and can reduce the impact force.
In Chapter 5, conclusions of the paper are described.
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