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Shape Optimal Design to Minimize the Weight of a Mask-Frame
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Boo-Youn Lee"

1Dept. of Mechanical & Automotive Engineering, Keimyung University
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Abstract Present work deals with a shape optimal design to minimize the weight of the mask-frame used in
the process of OLED vapor deposition by the fine metal mask. A design concept for an optimal shape of the
frame to increase the stiffness and to reduce the weight is derived using the topology optimization, shape design
variables of the frame by adopting slots being defined. An optimal shape is determined by solving the shape
optimization problem to minimize the weight of the frame under constraints of the maximum displacement.
Weight of the optimal design is 117.6 kg, which is reduced by 138.4 kg(54.1%) of that of the first design, 256 kg.

Key Words : Mak-Frame, OLED(Organic Light Emitting Diodes), Shape optimal design, Topology optimization,
Weight minimization
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[Fig. 1] Shape of the first design of the frame
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[Fig. 2] A finite element model for the first design
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[Fig. 3] Directions of the masks welded to the same frame
(a) Long axis direction(Type 1)
(b) S hort axis direction(Type 2)
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[Fig. 4] Load of mask forces applied to the frame
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[Fig. 5] Analysis result of the first design (Type 1)
(a) von Mises stress (b) Displacement
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[Fig. 6] Analysis result of the first design (Type 2)
(a) von Mises stress (b) Displacement
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[Fig. 7] Result of the pseudo-density distribution from
topology optimization
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[Fig. 8] Shape design variables of the frame
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[Table 1] Initial values, and lower and upper limits of the
design variables (Unit: mm)

Design Initial Lower Upper
variables values limits limits
FX 150 120 220
FY 150 120 220
T 40 30 60
SX1 5 2 15
SY1 5 2 15
SX2 5 2 15
SY2 5 2 15
SD 25 2 36
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[Fig. 9] Iteration history of the state variables and
objective function(Type 1 problem)
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[Table 2] Values of the design variables at the initial and
optimal designs(Type 1 problem) (Unit: mm)

Design variables Initial design Optimal design

FX 150 215.8

FY 150 182.1

T 40 33.0

SX1 5 6.1

SY1 5 9.1

SX2 5 9.3

SY2 5 12.7

SD 25 28.7
Initial design Optimal design

[Fig. 10] Initial and optimal shapes(Type 1 problem)
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[Table 3] Values of the state variables and objective
function at the initial and optimal designs
(Type 1 problem)
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[Fig. 11] Iteration history of the state variables and
objective function(Type 2 problem)
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[Table 4] Values of the design variables at the initial and
optimal designs(Type 2 problem) (Unit: mm)

Initial design Optimal design Design variables Initial design Optimal design

u F_Ix 150 155.4

Yimax 64.8 pm 39.3 pm
Fly 150 211.1

u

Ziax 100.0 pm 76.4 pm T 40 377
Wiet 813 kg 89.2 kg sX1 5 04
SY1 5 12.5
4.2.2 Type 2 2H| SX2 5 10.0
wpazizh gk 2 YU Type 29] 2o o] sy2 5 Il
st FAHAARAZ S|4F Ak ssue] vy sD 25 309
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Initial design Optimal design

[Fig. 12] Initial and optimal shapes(Type 2 problem)

[Table 5] Values of the state variables and objective
function at the initial and optimal designs
(Type 2 problem)

Initial design Optimal design
0 99.7 pm 39.1 pm
Wy, 94.1 pm 77.6 pm
tot 81.3 kg 117.6 kg
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[Fig. 13] Analysis result of the optimal design (Case 1)
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(a)

| y—component. of displacement

. z—component of displacement

(b)
[Fig. 14] Analysis result of the optimal design (Case 2)
(a) von Mises stress (b) Displacement
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