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Abstract Inkjet printing is a precise technology that reproduces display pixels by spraying OLED
luminescent materials onto a plastic substrate with a fixed stage applied to achieve a positional accuracy
of +3 um. However, due to the structural nature of inkjet printers, sagging can occur, causing errors
during the printing process and having negative effects such as reduced precision of the final product
and increased defect rate. The aim of this study is to improve sagging by applying topology optimization
to changeable component shapes while maintaining the same weight as an existing model. Finite
element analysis was performed to confirm the degree and cause of sagging, and topology optimization
was applied to changeable back plates and rib structures. The FEA results from the reconstructed inkjet
printer model showed that the deflection of the top plate decreased from 2.45 mm to 1.03 mm in the
-Z direction, a reduction of approximately 58.07%. The deflection of the base plate decreased from
0.123 mm to 0.117 mm, a reduction of approximately 5.3% compared to the original. The results show
that the stability of precision technology such as inkjet printing can be improved through structural
changes applied with topology optimization.
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Fig. 1. Inkjet printer model and dispensing form (a)

continuous ink jet system, (b) drop-on-demand
ink jet system
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Fig. 2. Finite element model (a) basic, (b) simplified
applied
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Table 1. Material properties for FEA

% 9 SO 6 Eelelms] 2 AP A
Hol2 EelolE9] HHe 2

ERECEERPEET
. T o Eel=s)

x10 Scale

Material AL6061 Poly Acetal (POM)
Density [kg/m3] 2,700 1,390 <Full model>
Young's modulus [GPal 68.9 2.6 -
Poisson's ratio [-] 0.33 0.39 Dls%?;;m] Stresslal\glga]
Yield strength [MPal 110 60 0.10 11.49
Ultimate strength [MPa] 150 67 ggz ,\5 igi
0.02 2.87
0.00 <Base plate> 0.00

Table 2. Material properties for FEA

Geometry Weight [kgl Density [kg/m’]
Gauge unit 23.98 9,561.3
Reservoir unit 11.94 2,012.8
Back plate 16.97 2,689.1
Head unit 17 5,978.9
Base side block 2.25 2,640.7

*% : Fixed support
: : Standard earth gravity

Fig. 3. Boundary conditions for FEA

2.2 =7| 2 M =

& Welges & EF°1E7} 2.45 mm, H|
o]2 EF°|E7} 0.12 mmelH, §9] ¢ ¥ Eo]
E9] Aol o &3 14.36 MPa°] =&H Ut
A 2 g & AL6061Y FEAE 110 MPag =
HoHA] ¢b7] wiize] sfig FEol iRt 24 HgAdel
SHEAT. T2y 7 Z01ES] Al disto, ¥
EHo|ES et 17 FA=TH AD7HA] 0.06° =
o] At Aoz Hol W ZFo|EoA WA B

<Back plate>

Fig. 4. Analysis results for the original model
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Fig. 5. Topology optimization applied area
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Fig. 6. Optimization area (a) back plate, (b) base side
plate
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Fig. 7. The area that determines whether to remove

or preserve based on sensitivity (a) back
plate, (b) base side plate
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Fig. 9. Finite element model (a) optimization not
applied, (b) optimization applied
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Disp. [mm] Stress [MPa]
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0.10 14.01
007 $ 10.51
.05 ‘ 7.00
0.02
3.50
0.00
0.00 <Back plate>

<Base plate>

Fig. 10. Analysis results for the Optimized model

Table 3. Comparison of analysis result after optimization

P Initial shape | Optimal shape |[Rate of decrease
art
[mm] [mm] [%]
Top plate 2.4507 1.0277 58.07
Base plate 0.1232 0.1167 5.28
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