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ABSTRACT

In the area of assembly process of micro-chips and electronic parts on the printed circuit board, surface
mounting device(SMD) is used as a fundamental tool. Generally speaking, the motion of the SMD is based
on the ball screw systems operated by any type of actuators. The ball screw system is a mechanical
transformer which converis the mechanical rotational motion to the translational one. Also, this systerm could
be considered as an efficient motion device against mechanical backlash and friction. Therefore a dynamic
modeling and state sensitivity analysis of the ball screw system in SMD have to be done in the initial design
stage. In this paper, a simple mathematical dynamic model for this system and the sensitivity analysis are
mentioned. Especially, the bond graph approach is used for graphical modeling of the dynamic system before
analysis stage. And the direct differentiation method is used for the state sensitivity analysis of the system.
Finally, some trends for the state variables with respect to the design variables could be suggested for the
better design based on the resuits of dynamic and state sensitivity.
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Fig.2.1 Overview of the Surface Mount System
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Fig.2.4 A bond graph model of the Part 1
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Fig.2.6 A bond graph model of the Part II
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Fig.2.7 Complete bond graph model for the total system
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List of Symbols

I, : Lead pitch of the ball screw in Part 1

l, : lead pitch of the ball screw in Part II

7, : Efficiency of the ball screw in Part I

7, : Efficiency of the ball screw in Parf Il

M, : Mass of Part 11

M; : Mass of Part III

4, #2 Friction coefficient of the slider in Part I
L, : Length of the Part I

L, : Length of the Part II

g  Acceleration of gravity

J, : Moment of inertia of the Part I

J, : Moment of inertia of the Part Il

by, by - Damping coefficient of bearing in Part 1
b3 : Damp. coefficient between screw axis & nut in Part 1
byt by byt by

b4 : Damping coefficient of the slider in Part I
by © Damping coefficient of the slider in Part I

by, by Damping coefficient of bearing in Part II
by -

Damp. coefficient between screw axis & nut in Part II

by by + by t+ by
T g : Frictional torque of bearing in Part I
T,5  Frictional torque of bearing in Part II
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Fig.3.3 Position sensitivity results of Part I} w.rt. b ~ by
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Fig.3.4 Position sensitivity results of Part Il w.rt. bg ~ by
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Fig.3.5 Position sensitivity results of Part | w.rt. b and b
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Fig.3.6 Position sensitivity results of Part Ii w.rt. by and bg
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Fig.3.7 Pos. sensitivity resuits of Part | & Part Il w.rt. bg



