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Abstract

3D printing has been well established for prototyping plastic parts. However, the 3D printed
parts show mechanical properties lower than the real injection molded parts of the desired
material. Therefore, there has been some interest in using 3D printing to produce plastic mold
inserts. Conventionally, the mold inserts (MI) are made from steel, which are expensive and take
long building time. Thus, the quality, cost, and lead time of the mold affect the economics of
production, especially in the automotive industry. In this work, PolyJet 3D printing technology was
applied to build MI using photopolymer resin (Digital ABS). Polypropylene (PP) was materials of
interest to be injected into 3D- printed mold inserts (3DMIs) using different injection parameters.
The parameters investigated here were injection speed, packing pressure, melt temperature, and
mold cooling time. The experiments were designed by using the Taguchi method. It showed that
the injection parameters affected the dimension of injected parts produced by using 3DMls. It was
found that the width and length of injected parts depended mainly on melt temperature. The
thickness of injected parts depended mainly on mold cooling time. When producing real products
by using the best combinations from Taguchi method, the products shrunk, especially the thickness
because 3DMIs possessed bad heat transfer and had no cooling channel. The products had a higher
degree of crystallinity than the products produced from the conventional mold with the cooling

channel.
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Table 1 The mechanical and thermal properties of Digital ABS

Standard test method
Properties Units Values

(ASTM)
Tensile strength MPa 55-60 D-638-03
Elongation at break % 25-40 D-638-05
Flexural Strength MPa 65-75 D-790-03
Flexural Modulus MPa 1,700-2,200 D-790-04
HDT, °C @ 0.45MPa °C 58-68 D-648-06
HDT, °C @ 0.45MPa after thermal post treatment °C 92-95 D-648-06
HDT, °C @1.82 MPa °C 51-55 D-648-07
Izod Notched Impact J/m 65-80 D-256-06
Shore Hardness (D) Scale D 85-87 D-224
Polymerized density g/cm’ 1.17-1.18 D-792

Table 2 The levels of the processing parameters

for injection molding

Levels
Parameters High | Medium | Low
(3) (2) (1)
Injection speed (mm/s) | 100 55 10

Packing pressure (bar) 350 300 250

Melt temperature (°C) 220 200 180

Mold cooling time (min) | 2 1.5 1
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Table 3 The layout of Lg (3% orthogonal array of the Taguchi method

Experiment No. | Injection speed | Packing pressure | Melt temperature | Mold cooling time
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 2
6 2 3 1 1
7 3 1 3 2
8 3 2 2 3
9 3 3 1 1
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Table 4 The process-shrinkage and their S/N ratio values of flexural bar produced using 3DMIs

Experiment | Injection | Packing Melt Mold cooling Shrinkage S/N ratio values
No. speed | pressure |temperature time width (%) | length (%) | thickness (%) | width | length | thickness
1 1 1 1 1 1.46 0.10 -8.38 14.51 | 22.28 11.44
2 1 2 2 2 -0.94 -0.73 -11.57 18.24 | 5.09 8.28
3 1 3 3 3 -0.19 -0.11 -15.57 3239 | 21.50 557
4 2 1 2 3 -0.35 -0.69 -9.46 26.72 | 5.52 10.19
5 2 2 3 2 -0.17 -0.35 -7.49 33.12 | 11.51 12.89
6 2 3 1 1 1.87 -0.14 -6.93 1236 | 19.30 12.86
7 3 1 3 2 0.69 -0.45 -14.13 20.93 9.27 6.57
8 3 2 2 3 -1.05 -0.15 -9.47 17.24 | 18.64 10.04
9 3 3 1 1 1.53 -0.57 -5.11 14.01 7.22 15.80

Table 5 The post-shrinkage and their S/N ratio values of flexural bar produced using 3DMIs

Experiment | Injection | Packing Melt Mold cooling Shrinkage S/N ratio values
No. speed | pressure | temperature time width (%) | length (%) | thickness (%) | width | length | thickness
1 1 1 1 1 1.12 -0.01 -8.86 16.83 | 42.34 10.96
2 1 2 2 2 1.51 -0.55 -9.82 14.13 7.59 9.71
3 1 3 3 3 -0.44 -0.38 -16.83 24.96 | 10.65 4.89
4 2 1 2 3 -0.91 -0.92 -10.62 18.52 3.00 9.18
5 2 2 3 2 -0.40 -0.63 -9.35 25.68 6.32 10.96
6 2 3 1 1 1.26 -0.35 -9.53 15.75 | 11.34 10.09
7 3 1 3 2 0.47 -0.73 -13.18 24.26 5.08 7.18
8 3 2 2 3 0.03 -0.20 -9.97 47.78 | 16.35 9.59
9 3 3 1 1 0.72 -0.72 -8.39 20.56 5.19 11.50
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Figure 2 The effect of processing parameters
on process- shrinkage in width (A),

length (B) and thickness (C)
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Figure 3 The effect of processing parameters
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Table 6 The best combinations of processing parameters from regression analysis of flexural bar

produced using 3DMIls

Processing parameters
Best combinations | Injection speed | Packing pressure | Melt temperature | Mold cooling time
(mm/s) (bar) o) (min)
In case of process-shrinkage
width (mm) 10 300 220 2
length (mm) 10 350 180 2
thickness (mm) 55 350 180 1
In case of post-shrinkage
width (mm) 55 350 220 1
length (mm) 10 350 180 2
thickness (mm) 55 300 180 1

‘ CAD's thickness is 2.5 mm ‘
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Figure 4 The dimension of handle cover parts produced using 3DMIs in length (A) and thickness (B)
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Figure 5 Percentages of crystallinity of handle

cover parts
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