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Design of clamping system for workpiece with freeform geometry
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Jig and fixture design for workpieces with freeform geometry has more complexity in comparison with
Received 11 June 2016 the polyhedral parts. The locating and clamping system design construct the basis of the jig and fixture
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Available Online 14 September 2016 design activities. In this study, a theoretical analysis is suggested for automatic design of clamping

points for freeform workpieces. The clamping design is performed in three main stages, in which the
clamping application points are determined through the first two principles and are verified through the

Keywords:

Clamping System Design last stage. The mentioned principles cons_ist of_: (1)_ the minimum quantity_of clamps, 2) _the maximum
Fixture Design clamping force components on the locating directions and (3) the workpiece static stability under the
Free-form Geometry external wrenches. After mathematical modeling, the suggested analysis was implemented into the

Stability Analysis

Turbine Blads already designed CAFD framework by the authors. Three machining models were chosen as case

studies to evaluate the capabilities of the implemented system in robust design of clamping layout. The
minimum quantity of clamps (single clamp for two case studies and double clamp for the third one) was
designed by the developed method that verified the robustness and reliability of the suggested and
implemented clamping system design model. The automatic design of clamping scheme for workpieces
(regardless of the geometry) besides its capability in integration with the other modules of fixture design
activities provides the opportunity for the system to be used in industrial applications.
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Fig. 1 Flowchart of the suggested model for clamping system design of
workpieces with freeform geometry
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Fig. 2 Modelling of locating and clamping systems as twists for the
unconstrained DOF and wrenches (respectively)
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Fig. 5 The model of the second case study
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Table 2 The designed locating system data for the second case study
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[0.00, 0.00, -1.00]
[0.00, 0.00, -1.00]
[0.00, 0.00, -1.00]
[-0.19, 0.98, 0.00]
[0.19, 0.98, 0.00]
[1, 0.00, 0.00]

[-6.33, 30.23, 0.00]
[59.25, -28.79, 0.00]
[-54.74, -33.8, 0.00]
[48.08, 34.81, 4.36]

[-48.08, 34.81, 16.76]

[56.24, -0.45, 4.69]
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Fig. 4 The first case study: mouse model with objective of machining
the surface No. O (the underneath surface of scroll button)
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Table 1 The designed locating system data for the first case study

@) e xs ) e Sl ojles
[0.00, 0.00, -1.00] [56.54, -20, 0] 1
[0.00, 0.00, -1.00] [-6.76, 7.23, 0] 2
[0.00, 0.00, -1.00] [69.41, 18.95, 0] 3
[0.00, 0.99, -0.08] [67.68, 20.50, 5.76] 4
[0.00, 0.99, -0.08] [10.36, 20.26, 2.98] 5
[0.93, -0.28, -0.25] [71.84, -16.74, 2.94] 6
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Fig. 7 Case study for investigating the effects of machining forces and
torques on the minimum clamping force
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Table 3 The position and orientation of the machining wrenches, their intensities and the minimum clamping force
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Table 4 The values of virtual work coefficients between the clamping
wrenches and the twists of locating unconstrained DOF(s) with the
calculated scores for the single and double clamp configurations of the
first, second and third case studies
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