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Abstract. In order to use additive manufacturing (AM) processes for producing complex featu i enefiting from
the possibility of manufacturing large series by using medium/high production techni(’s, th i the AM process and

moulding process chains. This study investigates the AM tool inserts and injection rms of surface roughness
and geometrical accuracy prior and after injection moulding. The vat photopg i

8 featurés with different shapes in order
ratios.

schemes which two use silicon substr:
schemes utilize subtractive micro
micromachining) and two schemes inv

[1].

Additive manufacturing (4 ndamental abilities to fabricate three dimensional parts with high
aspect ratio is thus beco method in part production and rapid tooling applications [2]. Polymer
materials with low mekti i ithdlquid state are widely used in AM industry because of low weight, low cost

materials as the substrate (polymers or metals). Two
active Ion etching, mechanical micromachining or laser
romachining (UV-lithography combined with electroforming)

ognized techniques to fabricate polymer parts are as follow; Stereolithography (SL) [3],
SLS®) [4], Direct Laser Writing (DLW) [5], Vat photopolymerization [6] and etc. The
{ processes is depend on different factors such as the ease of manufacturing, speed, fabrication
processes limitations, surface finish and dimensional accuracy of the part.

selection of prope
cost, part design, maté

This study will focus on the AM process of the IM inserts to evaluate the injected parts with different printed inserts.
The inserts were directly printed with vat photopolymerization process then the inserts were used for IM process and
the repeatability of the parts were evaluated.

EXPERIMENTAL PROCEDURE

Mold inserts fabrication

The mould inserts were produced in the photopolymer by vat photopolymerization method in which liquid
photopolymer in a vat is selectively cured by light activated polymerization layer by layer [7]. A high precision
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industrial 3D-printing system Digital Light Processing DLP-LED Stereolithography was used with a 50 um pixel
detail in X and Y directions and the precision of £ 50 um in X, Y, and Z directions. Due to the rather larger build,
envelop of the printing 96x54x150 mm (X/Y/Z) most of the inserts were printed in the same batch. The test part is
designed in a way to evaluate the ability to reproduce specific geometries. It is a flat cuboid (19 x 19 x 3 mm3) with
rounded corners and includes both micro and macro features: On top of the cuboid, there are two heart-shaped artefacts
and two more cuboids (5.30x 2.67x1.17 mm3) with eight cylinders (0.83 mm diameter) on the top surface of each as
shown in Fig. 1.

. \
mm DETAIL A
O| ")
; |

4 DETAIL B -

¢

FIGURE 1. (a) Drawing of insert and details (dimensions in mm pri insert

machine. Injection moulding material with
3) Terluran GP-35 was chosen for its ease of
dried for 4 hours at 80°C in a HELIOS

Measurements and Analysis

The inserts were measured prior to the IIM experiments in selected positions within the focus areas are systematically
considered, to carry out similar measurements on all inserts as show in if Figure 2. The measurement results of the
heart shape is presented in this paper. The inserts measurements were conducted with infinite focus Alicona (3D
optical microscope). The areal roughness (Sa) measurements were conducted under 100x magnification with exposure
time about 1-2 ms. Roughness of the insert cavity surfaces are measured at specific points. Each heart cavity is
measured at three locations. Regarding the IM parts, similar measurements were carried out on the five initial injected
parts to find out the repeatability of the process without considering the wear of the inserts.
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FIGURE 2. Diameters of the brick knobs (Indicated with withe circles) and roughness measurements zone of bricks (top) and
heart (bottom, left, on outer surface between and inside holes); angle measurement on hea i

RESULTS

The replication of the injection moulding parts were continued until the AM i erts The Inserts tool life
were different, the cracks were appeared at various area of the inserts. The ins hots started with a
crack and then the crack propagated and resulted in the total breakage. Mos ached at least 30 cycles.
Figure 3 shows insert crack and final damage for one of the insert with Io numb ts. The crack resulted in
the damage of the top left corner of the left brick and the experi asto fallure prevents further use
of the insert.

Concerning the IM paliis, the final quality was affected by the surface of the insert and the IM parameters as well. The
best surface was achieveé@with the first batch of the IM parts that shows the lowest surface roughness of the insert and
the combination of the IM parameters. Figure 5 shows the height variation of the inserts and the IM parts. The height
differences reveals a comparable variation between the inserts and the parts. There is a decreasing tendency in the IM
parts with the same inserts, which is due to the shrinkage in the IM process, affected by material and IM parameters.
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FIGURE 5 the height vari e hearts (a) 3D printed inserts (b) IM parts

CLUSION

of the soft400ling insert produced by AM method for injection moulding
d photopolymerization method. The defect was appeared as a crack
d to break the insert. The surface roughness was slightly difference on each

This study investigated the c3
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