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Axiomatic Design of Composite Double Arm Type Robot Hands and Wrists
for Handling Large Glass Panel Displays

Chang Sup Lee, Dai Gil Lee and Jin Kyung Choi
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ABSTRACT

Recently, the size of glass panel is increased to 1250 mm x 1100 mm x 0.7 mm, whose mass is 2.65 kg,
which requires much stiffer robot structure. In addition to the high stiffness, the robot hands and wrists for
glass panel handling should have mirror surface finishing of its outer surface to prevent particles and dusts
from adhering on the surface. The maximum height of the robot structure should not be larger than 1500 mm
because other automated guided vehicles (AGV) and transfer equipments have been designed within this size
limit. The difference of maximum deflections of the four ends of the hands before and after loading the glass
panel should be less than 2.0 mm. In this work, the robot hands and wrists for handling large glass panel
displays were designed based on the axiomatic design using the finite element method along with

optimization routine.
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2. Problem Definition
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FR: Reduce the bending deflection of the robot hand
due to gravity and weight of the glass panel.

DP: Dimensions of the hand and structural material.

C1: Cross section should be less than 100 x 15.

C2: Difference of deflections of the four ends should
be less than 2.0 mm.
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FR1: Increase longitudinal specific stiffness.
FR2: Increase moment of inertia.

FR3: Increase damping.

DP1: High stiffness carbon fiber composite.
DP2: Thickness, t.

DP3: Epoxy matrix for composite material.
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FR: Reduce bending and torsional deflections due to
gravity and glass panels.

DP: Dimensions of the wrist and structural material.

C1: Outer dimensions.

C2: Difference of deflections of the four ends should
be less than 2.0 mm.
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FR1: Increase torsional specific stiffness.
FR2: Increase longitudinal specific stiffness.
FR3: Increase damping.

DP1: Stacking angle, 6.

DP2: High stiffness carbon fiber composite.
DP3: Epoxy matrix for composite material.
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3. Design of the robot hands and wrists

3.1 Design of the robot hands
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3.2 Design of the robot wrists
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Table 1 FR-DP matrix for the robot hands and wrists

Hand Wrist
DP1 | DP2 | DP3 DP1 | DP2 | DP3
FR1 X (0] O | FRi1 X ¢] (0]
FR2 | O X O |FR2 | X X (0]
FR3 | O (0] X | FR3 x (e] X

Table 2 Material properties of the composite materials
(URN300 and USN150, SK Chemicals, Korea)

Property URN300 USN150
Longitudinal modulus (E,, GPa) 380 130
Transverse modulus (E,, GPa) 5.1 10
Shear modulus (G,, GPa) 5.5 5.1
Longitudinal strength (Xr, MPa) 1000 2300
Transverse strength (Y, MPa) 65 56
Shear strength (S, MPa) 65 60
Poisson's ratio (v;,) 0.30 0.28
Density (p, kg/m’) 1750 1550
Thickness (t, mm) 0.26 0.15

Table 3 Determined design variables

Wrist I Wrist II
N 32 Niu 20
Nic 32 Nis 20
NIL 24 hllU 24 mm
hlU 40 mm h"s 70 mm
hyc 30 mm 8y 25°
h“_ 93 mm

-6 25°

Table 4 Deflections of the four ends of the hands and
maximum deflection difference between loading and
unloading the glass panels (mm)

Unloading Loading
Wrist I Hand 1 -1.9 1.9
Hand 2 -3.0 3.0
Wrist I1 Hand 1 -1.0 1.0
Hand 2 -1.9 1.8
Maximum difference 2.0 2.0
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Fig. 1 Typical double arm type robot system used for
loading and unloading glass panels into a cassette.

Clamping Wiring hole
bolt

Vacuum
Supporting chuck

Fig. 2 Configuration of the robot hand.
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part
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(a) Wrist I

Upper part
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Fig. 3 Finite element models of the robot wrist I and II.
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