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ARTICLE INFO ABSTRACT
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A vacuum for non-contact gripping can be generated using a circular air head.

Received 18 June 2019 The present study has numerically investigated the influence of the air head
Revised 1 August 2019 shape on the vacuum lifting force and swirl flow stability in a vortex-type
Accepted 2 August 2019 non-contact gripper. The grip stabilities of swirl and lifting force variations were
analyzed according to the air head end-effector, head chamber, and inner column
Keywords: ' sizes. Results show that the maximum lifting force occurs at a gap thickness of
Non'confaa grlP pet about 0.5 mm . Although in general, the longer the tip length, the larger the
Bernoulli levitation vacuum pressure that forms, an optimum tip length exists when considering the
End-effector lifting force stability as a small head height might lead to unstable swirl flow. To
Swirl flow enhance the stability of swirl, the installation of an inner column is an acceptable
Air head alternative irrespective of the 20 to 30% reduction of lifting force.
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Fig. 1 Typical gripping methods for one directional force
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Fig. 2 Streamlines in a cylindrical chamber (head inner diameter
40 mm, head inner height 30 mm) with the working
pressure 4 bar and air inlet diameter 2 mm of tangential
direction
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Fig. 3 Conceptual hybrid gripper to build both suction function
and gap flow for non-contact region
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(b) vortex — column

Fig. 4 Schematic of the vortex-type non-contact gripper
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Table 1 Head design parameters

Size name (symbol) value (unit, mm)
Head outer diameter (D) 60
Head inner diameter (1)) 20, 30, 40

Head outer height (/) 30, 45
Head inner height (/) 15, 30
Tip length (7) 2,5, 10
Column diameter (CD,) 20, 30
Column height (CH,) 20, 30
Chamfer (c) 5
Air inlet diameter (d) 2
Gap thickness (g) 03 -12
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(a) modeling

(b) mesh of a computational fluid domain

Fig. 5 A CFX modeling for the vortex-type air head
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Table 2 Flow model and boundary conditions

Parameters Conditions
Working fluid 25°C air
Turbulence model k—& model

Inlet Static pressure
Outlet Average static pressure
Opening Opening pressure and direction
Wall No slip condition
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Fig. 6 Pressure distribution on a plane plate and lifting force

acting on the plane with respect to gap variation. (D; =
40 mm, H; = 30 mm, 7 = 5 mm, ¢ =5 mm)
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Fig. 7 Pressure distribution on a circular plate and velocity
contour at vertical head section. (D; = 40 mm, H; = 15
mm, g = 0.7 mm, ¢ = 5 mm)
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Table 3 Lifting force at different head inner size

Inner size | Calculated gripping force | Ratio to max force
D; =20 mm 16.94 N 0334
D, =30 mm 326 N 0.643
D; = 40 mm 50.69 N )
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R i —— D;=20mm
-50000 - R el I B D, =30 mm
——— D;=40mm
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-60 -4‘10 -éO E) 20 4‘0 60
r, position on the circular surface (mm)
Fig. 9 Pressure distribution ona plane plate at different inner
head diameter. (H; = 30 mm, 7 = 5 mm, g = 0.5 mm,

¢ =5 mm)
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Fig. 10 Pressure distribution on a circular plane surface, and
horizontal & vertical velocity contours at different inner

head chamber height. (D; = 40 mm, 7 =5 mm, g =

0.5 mm, ¢ = 5 mm)
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