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El), Flexible fixture (8%1X|21), End effector (A= O|HIEY),

Self-return mechanism (2|E1 H|7{L|E)

In this study, flexible fixtures and end effectors are conceptually designed for the holding of thin-walled carbon-fiber
reinforced-plastic (CFRP) workpieces in machining processes. Firstly, the fixture scenarios and system requirements for the
conceptual designs of flexible-fixture and core units are proposed, including the propounding of the workpiece-holding
mechanism and the core-unit requirements. A ball-joint pneumatic system is determined as a locking mechanism of the
flexible-fixture system for the machining of thin-walled components. Secondly, conceptual designs of the core units are
suggested with the driven requirements from the fixture scenarios. A self-tilting mechanism and an end-effector return
mechanism are also proposed. Finally, the prototypes of the core units are manufactured, and the workpiece-holding

capacity of each prototype is measured.
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Fig. 1 Schematic of flexible fixture system

Table 1 Requirements of flexible fixture systems

Unit Requirements

Large number of hybrid locator/clamp

Flexible fi . ;
exible fixture Cost- & time-efficient

system Final product quality
Adjustable in z-direction
Actuator Quick set up
High repeatability
Using vacuum suction and sealing
End effector Self-Tilting & joint-locking mechanism

Self-Return mechanism
Wide tilting angle
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(a) Spring return mechanism (b) Silicon cover return mechanism

Fig. 2 Schematics of return mechanism
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Fig. 3 End effector (a) Type 1, (b) Type 2, (c) Type 3"
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Weight : 1325 ¢

Piston area: 12.56 cm2
Lateral force : 142 N
Measured lateral force : 55N

@

|
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Weight : 355 ¢g

Piston area: 3.14 cm2
Lateral force : 25 N
Measured lateral force : 20N

(b)

+ Weight: 6009

* Piston area: 7.07 cm2

« Lateral force: 85 N

« Measured lateral force : 50N
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Fig. 4 Specifications and comparisons of calculated and measured
lateral forces (a) Type 1, (b) Type 2, (c) Type 3
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3.3 Prototypes and Workpiece Holding Test
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Fig. 5 Test of the prototype: (a) Initializing, (b) Driving actuator for
height adjustment, (c) Contacting at a workpiece, (d) Tilting
and holding a workpiece
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