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Abstract. Ejector pin in the mould is used to release (eject) the finished product, to vent gas out of
the cavity and to expedite the material flow. It must have high strength, good hardness, good wear
and corrosion resistance to withstand high pressure. Poor ejector pin may result in defect of finished
product and delay the process due to additional time was required to release sticking product in the
mould. The aim of this research is to select proper material for the ejector pin and analyse it not to
experience plastic deformation. Three specimens’ steel was considered for making the pin, SUS 304,
normal SKS 3 and heat treated SKS 3. Hardness and tensile test were used to examine the mechanical
properties of specimens and impact was utilized to obtain impact energy using Charpy method. Static
stress analysis was also used to simulate the working load using SolidWorks. Rockwell hardness test
recorded that SUS 304, normal SKS 3 and heat treated SKS have 23.2 HRC 9.6 HRC and 38.03 HRC,
respectively. Tensile test produced yield strength of 452.9 MPa for SUS 304 and 432.6 MPa for SKS 3.
Impact energy absorbed during Charpy test for SUS 304 equal to 0,804 ]/ mm? and specimen SKS 3
equal to 0,863 J/mm2. By taking the mechanical test result and SolidWorks simulation, it was
concluded that the suitable material for ejector pin is SUS 304.
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1. Introduction

The final step in the injection moulding process is ejection of a product component [1]. The quality
of the ejection determines the quality of the product [2]. Since the component is tightly bound by the
cavity of the mould, it creates constraining forces between them [3]. This induces friction at the
mould-part interface which causes the part to stick to the mould. Therefore, after opening the mould,
an ejection mechanism is needed for part removal. Thus, ejector pin is required to release the product
when the mould opens during the finishing process.

There are some criteria that should be considered in mould design and process to minimize
defects [4]-[7]. To prevent deformation, the ejection force must be uniformly distributed, there are
several ejection pins installed at certain location [8]. The force of ejection should be applied to the
part with the strongest strength and rigidity (avoid on thin section). Sticking product to the mould
can be avoided using proper ventilation mainly in the ejector pin [8], [9]. It prevents high ejection
force that may result in deformation of both product and ejector pin. Selection of ejector pin material
is critical; it must have good strength and wear resistance because during the ejection process,
ejector pin obtain high load. The ejection system that poorly designed may damage the product, cause
defects such as indentation [6]. Ejector pins may experience plastic deformation or even break
during operations incurring production shutdown and maintenance cost [10].
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Figure 1. Mould and ejector pin design

Figure 1 depicts the sectional view of mould design with ejector pins. The ejector pins are in the
lower half of the mould, the side where the part will stay when the mould opens. After opening the
mould, the pins extend into the cavity of the mould, force the product out and then retract, enabling
the mould to close and be refilled [11].

2. Research Methodology

The material for ejector pins were made of SUS 304 and SKS 3 steel. SUS 304 consist of two main
alloying elements that are C and Ni with the composition of 0.1 wt% and 30 wt%, respectively. SKS 3
has 0.95 wt%C, 0.25 wt%Si, 1.05 wt%Mn, and others element, P, S, Cr and W as shown in Table 1.
Two different specimens of SKS 3 were used, one specimen was hardened using heat treatment
process and the other was not. Heat treatment was conducted by heating specimen in the furnace at
800 oC for about 60 minutes and then quenched into oil.

Table 1. Chemical composition of SKS 3 [12] and SUS 304 [13]

Chemical Composition (wt%)
JIS Grade
C Si Mn Ni P S Cr Mo |W |V
SUS 304 0.08-0.1 <1 <2 8-10.5 18- 20
SKS 3 0.95 0.25 | 1.05 - <0.03 | <0.02 0.7 - 0| -

Rockwell hardness test, tensile test and impact test were used to determine mechanical properties
of specimens. It was expected for SKS 3 specimen that mechanical properties significantly improved.
Hardness value were tested using Rockwell method at minimum three different locations. Yield
strength, tensile strength, and ductility (%EL) was obtained from tensile test. Charpy impact test was
used to measure impact energy, the amount of energy absorbed by specimen to break the material.
SolidWorks software was used to perceive stress analysis, distribution of stress receives by
specimens [14], [15]. Some numerical simulation was developed to predict forces and total ejection
forces during injection moulding [16], [17].

3. Results and Discussions

The Rockwell hardness result are shown in Table 2. Normal SKS 3 has the lowest value of hardness
9.6 HRC, SUS 304 in second 23.2 HRC and hardened SKS 3 has the highest hardness 38.0 HRC. Heat
treatment of SKS 3 has significant effect to improve the hardness. Having carbon of 0.95%, SKS 3 is
considered a hyper-eutectoid steel (high carbon steel) where hardening mechanism is done by phase
transformation accompanying quenching into oil. Rapid cooling results in the transformation of
austenite into non-equilibrium products at a considerably low temperature.

Impact energy for specimens were evaluated by Charpy test as shown in Table 3. Impact test
determines the amount of energy absorbed by a specimen during fracture. Charpy specimen has area
under V-notch of 80 mmz. During the impact test, the energy absorbed were 69.03 ] (SUS 304) and
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64.32 ] (SKS 3). After divided by area, both specimens nearly have same value of impact energy per
area, 0.86 J/mm?2 for SUS 304 and 0.80 J/mm?2 for SKS 3. The higher value of impact energy per area
indicates higher toughness of material, the component is resistance to fracture.

Table 2. Rockwell Hardness test result

Material Point 1 Point 2 Point 3 Average
(HRQ) (HRQ) (HRQ) (HRQ)
SUS 304 22.6 23.2 23.7 23.2
SKS 3 9.0 10.5 9.4 9.6
SKS 3 (HT)* 38.7 39.5 35.9 38.0

*HT: heat treated

a. Before impact

b. After impact
Figure 2. Specimen for impact test

Table 3. Charpy impact energy result

Material Specimen area Impactenergy  Impact energy/area
under impact (mm?) M (J/mm?2)
SUS 304 80 69.03 0.86
SKS 3 80 64.32 0.80

The result of tensile test is shown in Table 4. Cylinder specimens were tensile tested until
fractured and stress-strain graph were plotted. Initial diameter and length for SUS 304 is respectively
6.6 mm and 35 mm; for SKS 3 is 6.7 mm and 35 mm. Yield and tensile strength of SUS 304 (¢,=452.9
MPa, o= 716.16 MPa) is slightly higher than SKS 3 (0,=432.64 MPa, o= 663.64 MPa). It is obvious
that the strength of SUS 34 better than SKS 3 as well as ductility, can be seen from the percent
elongation.

Table 4. Tensile test result

. Initial  Initial Max. Yield Tensile . Percent
. Diameter Elongation .
Specimens (mm) Area length Load Stress  stress (mm) elongation
(mm?2)  (mm) (kN) (MPa) (MPa) (%)
SUS 304 6.6 34.21 35 24.5 4529 716.16 12 34
SKS 3 6.7 35.26 35 234  432.64 663.64 8 22

15



Wahyudi et al., IJATEC, Vol. 01, No. 1 (2020) 13-17

Max (2553 |
eam s g 2080

253

-

L 2144

. 1835

=
P e

o

472
%3
54
» Viekd strength: 4529

Figure 3. Stress analysis result for SUS 304
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Figure 4. Stress analysis result for SKS 3

Static stress simulation was conducted in SolidWorks to obtain stress distribution using Von Mises
criterion. The result is shown in Figure 3 and Figure 4. The maximum Von Mises stress obtained is
256.3 MPa and 251.1 MPa, respectively for SUS 304 and SKS 3. The compressive force imposed on
the PIN ejector causes stress or tension where the maximum stress is in the thread feature. As
mentioned in the previous result, yield strength (o)) for SUS 304 and SKS 3 is 452.9 MPa and 432.64
MPa, respectively. It is true that both specimens have higher value of yield strength compare to Von
Mises stress. Generally, specimens of SUS 304 generally has superior properties than SKS 3.

4. Conclusions

From the mechanical test result, specimen SUS 304 is preferably selected compare to SKS 3, hardness
value (23.2 HRC), yield strength 452.9 MPa, impact energy 0.86 ]/mmaz2. The applied stress of SUS 304
specimen (256.3 MPa) is much lower to its yield strength, plastic deformation will not occur. The
combination of high hardness, yield strength and impact energy per area make SUS 304 is best
candidate for ejector pins.
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