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Abstract. The main aim of this article is the mould design for production of plastic
spout cap with inner thread by injection moulding technology. There are described the
basic steps of whole design process with respect to fulfil all technology and
functionality requirements. The application of hot runner system as well as hybrid
ejection system based on rotary cores and stripper plate can be considered as the main
innovative features of the designed mould. The mould flow analysis was carried out for
the functionality demonstration.
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1 Introduction

Injection moulding technology grows very fast in recent decades. The possibilities and
applications for utilizing injection moulding to produce plastic parts are seemingly infinite
and offer manufacturers a cost effective method for producing reliable components [1-3].
Nowadays many components previously made of metallic materials are replaced by plastics
thanks to the new technologies and improved material properties [4-8]. That is also the reason
why we can meet plastics in many areas as well as in common usage at home [9, 10]. Reasons
that injection moulding is so popular include: capability of high production rates, simple to
complicated shapes are possible, high tolerances can be maintained, a wide range of materials
and extremely cost efficient with low labour rates.

The mould is the key element and it is unique for each product. Its design process is
accompanied by a lot of calculations and analyses to identify possible errors already during
the preproduction phase and thus affect the final product quality [11]. Time spent during the
designing process will save later costs for additional adjustment of the mould. The standard
moulds are mostly composed from two parts with a sliding ejection system. Their gating
system is based on so-called cold runner system. The result of such mould is set of final parts
normally connected together by sprue (the waste). The sprue is typically removed by
additional manufacturing process — cutting, what has the negative influence on usability of
the melted material, the energy balance as well as on final efficiency of whole process. The
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designers of injection moulds are then utilizing progressive methods of mould design [12].
One of these methods is also the application of so-called hot runner system, which eliminates
the waste of materials and the need for separation of individual parts as well.

2 Design of injection mould for part with inner thread

The injection mould design must be solved according to fulfil customer requirements and
demands as well as technological requirements and with respect to available machinery
equipment of the company, the data written in product drawing, the additional information
about material, quantity of production.

2.1 Product for injection moulding technology

This article describes the design of the injection mould for production of Spout Cap 28/410
for PET bottles (Fig. 1) designed by company YORKER Packaging from low-density
polyethylene [13]. Weight of this component is m = 3.53 g and the volume V' = 3735.15 mm’.
It was necessary to solve the right method for part ejection from the mould cavity with respect
to the inner thread on a cylindrical surface.
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Fig. 1. The final product for injection moulding technology - Spout Cap 28/410 [13]

As it was mentioned above, the final product will be made of low-density polyethylene
(list of basic properties in Table 1). Among polyolefin, polyethylene (PE) is one of the most
widely used plastics, as the molecular structure of PE is simple and it has good chemical
resistance and processing properties.

Table 1. Basic material parameters and properties for product Spout Cap 28/410 [13]

Material LDPE (Low Density Polyethylene)
Parameter Unit Value Parameter Unit Value
Density [g.em™] | 0.91-0.94 Shrinkage [%] 1.5-5
Melt Temperature [K] 450 - 550 Injection Pressure | [MPa] | 50— 150
Mold Temperature [K] 290 - 345 Injection Speed Fast speeds

PE can be classified into ultrahigh-molecular-weight polyethylene (UHMWPE), high-
density polyethylene (HDPE), low-density polyethylene (LDPE), and so on. The LDPE we
can find in wide variety of products. LDPE is produced by the polymerization of ethylene at
high pressure and temperature, the material is semicrystalline-crystalline. The crystallinity
level is low because of chain branching. The material is tough but possesses moderate tensile
properties and exhibits creep. However, it has good impact and chemical resistance. It is an
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easy flow material because of long chain branching. Commercial materials have densities in
range of 0.91 - 0.94 g.cm™. LDPE is permeable to gases and vapours [5]. Very close tolerances
are not possible with this material and its relatively large coefficient of thermal expansion
makes it less suitable for long term applications. Shrinkage is of the order of 0.02 - 0.05
mm.mm™ (1.5 - 5%). Actual shrinkage values are dependent on the moulding conditions.
LDPE is resistant to many solvents at room temperatures but aromatic and chlorinated
hydrocarbons cause swelling. Like HDPE, it is also susceptible to environmental stress
cracking. For this material is recommended the injection pressure between 50 and 150 MPa
and fast injection speeds [5,7,11]. Drying before processing is not necessary. All
conventional types of runners and gates may be used, so LDPE is well suited also for hot
runner systems.

2.2 Machinery

Standard injection moulding machine consists of two main parts - an injection unit and a
clamping unit in general. We choose an injection moulding machine ENGEL victory 60/200
ecodrive (Fig. 2) with clamping force of 600 kN and injection unit up to 200 MPa. Its basic
technical parameters are shown in table 2.

Fig. 2. Injection moulding machine ENGEL victory 60/200 [14]

The comparatively small injection moulding machine is due to a special design feature of
the ENGEL victory machine, so-called “tie-bar-less clamping unit”. Because there are no tie
bars in the way, the mould mounting platens can be fully used up to their very edges. Motors
for core-pulls or other functional components can even jut out beyond that. Further benefits
of the tie-bar-less technology include fast mould set-up processes and efficient automation
solutions because robots can access the mould area directly from the side without having to
circumvent any obstacles. The patented Force Divider flexlink ensures high precision and
process consistency [14].

Table 2. Basic parameters of injection moulding machine ENGEL victory 60/200 [14]

Injection machine ENGEL victory 60/200 ecodrive
Parameter Unit | Value Parameter Unit Value
Clamping force [kN] 600 Injection pressure max. | [MPa] 200
Opening stroke max. [mm] 450 Volume / one stroke [em?] 78

Max. mould weight [kg] 450 Injection speed max. | [mm.s] 113

Injection screw
diameter

Mould mounting platens

(max. dimensions) [mm] | 670x600

[mm)] 25
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2.3 Mould design

The design process consists of several steps [13, 15]:

definition of parting plane - how the products will be placed inside the mould cavity,
definition of mould multiplicity — the number of product done in one sequence,
shrinkage calculation (not mentioned in article),

design of the inlet system, ejector system and tempering system.

2.3.1 Parting plane

The parting or dividing / split plane must be selected at the beginning together with intake
position. It defines the surface where are touching both main mould plates while the mould
is closed and fixed by clamping unit. In our case we decided to align it with the bottom edge
of the cap as is shown in figure 1 — right. In the mould design will be used the above-
mentioned hot runner system, and a system of movable cores with ejector stripper board.

2.3.2 Mould multiplicity

Mould multiplicity refers to the number of products which can be produced per one working
cycle. For calculation of multiplicity we must take into account two main criteria:

a) Multiplicity according to the clamping force

This method is based on the size of buoyant force caused by the melted material in the
parting plane which must be restrained by clamping unit of the injection machine [7].
0.8-F, 0.8-600 000 N _ 480000 N

" = Arear Pmj 7547 mm2-100 MPa _ 75470 N 6 (1)

Where: n, - multiplicity according the clamping force [ - ],
F. - clamping force [N],
Arear - area of a whole cavity cross-section in parting plane [mm?] (equation 2),
pij - injection pressure [MPa],
Apare - area of one part cross-section projected into the parting plane [mm?],
Ajnake - cross-section area of intake projected into the parting plane [mm?];
In our case (for hot runner system) is equal to 0,
dyarr - diameter of the product projected into the parting plane [mm].

T dgre _m (31 mm)?
4 4

Arear = Apart + Aintake = Apart +0= = 754.7 mm? (2)

b) Multiplicity according to the maximum volume of melted material injected in one cycle

This is based on ratio between the maximal and needed volume of injected material [7].

Vnax 78000 mm?
Vyeat 3 735.15 mm3

ny = =208~ 20 3)
Where: ny - volume multiplicity [ - ],
Vmar - maximal volume injected within one stroke of piston [mm?],
Viea - real volume of a product (include the part of intake) [mm?®] (equation 4),
Vpare - volume of one part [mm?],
Vinake - volume of intake per 1 part [mm?]; for hot runner system is equal to 0,
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Vreat = Vpart + Vintake = 3 735.15 mm3 + 0 mm?® = 3 735.15 mm? 4)

According to get high quality products we will choose from value of both criteria the
lower one (result from equations 1 and 3). We can see that the lower one is the multiplicity
according to the clamping force. So our mould will be designed with multiplicity equal to 6
(6 products per one working cycle).

e = min of (ness my) = ey = 6 )

2.3.3 Intake system

Intake (or gatting) system connects the end of injection nozzle with the mould cavity by
one or more channels. The main functional task of intake system is achieving homogenous
filling of whole mould cavity. There should be achieved easy removal of final product from
the mould as well. A second aim is to minimize the volume of the sprue. Thanks to hot runner
system (Fig. 3) we can reduce the sprue to absolute possible minimum.
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Fig. 3. Cross section and principle of intake system with hot runner nozzles

The principle of the hot runner system is that the melted plastic material remains in the
whole intake system in the liquid state. This allows us to use of small cross section for the
mouth with minimal or no cold channels what means minimal or no waste of material.
Normally the nozzle is directly connected to the mould cavity. In the nozzle centre there is a
shut-off valve needle. The connection of nozzle and final product is shown below (Fig. 4).
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Fig. 4. The cross-section Hot runner system
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The manifold with heated distribution channels is used in combination with a heated and
insulated nozzle pre-chamber. Their shape is related to the required position of intake
channels toward the fitting nozzles — shape called I, H, X, Y and others. For our system we
designed hexagonal manifold with six nozzles as is shown in figure 5, right.

Fig. 5. Hot runner system: an example of hot runner system - a nozzle and nozzles in manifold (left)
and our design of hexagonal manifold with 6 nozzles (right)

2.3.4 Ejection system

In general, for removing of final product from the mould cavity, there exist several kinds of
ejection systems, e.g. pin ejection, sleeve ejection, stripper plate ejection, blade ejection,
rotation core ejection, air ejection, etc. An internal thread form is basically an undercut that
does not allow free ejection from the mould. Besides relatively rare method of unscrewing
by hand and direct stripping of flexible parts with shallow thread profile there are common
two different functional principles of inner threaded parts removing:

e the systems with collapsible threaded core and two-stage ejector - can be used to mould
internal thread forms and freely eject small to medium size parts,

e the system with rotating cores driven by gear transmission and stripper plate - this
system is based on transformation of linear motion generated by clamping mechanism
into the combined rotational and linear motion of core inserts.

Finally we decided for the second alternative, so our mould is designed as hybrid system
composed from rotating cores driven by gear transmission and stripper plate. Next step is

therefore the design of gear transformation mechanism (see figure 6).
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Fig. 6. Transmission driven mechanism for rotating cores motion

The transformation mechanism is composed from the steep lead screw (in our case chosen
HASCO Z1500 —[16]) fixed in the axis of static part of mould. The nut combined with pinion
gear is supported by bearings inside the moving part of mould. This unit is set to motion by
opening of mould. Subsequently the rotational motion is transmitted to the driven gear shafts
linked with core inserts arranged in a “planetary” configuration around the central screw
according to the mould multiplicity (Fig. 6, left). The calculation of gear transmission system
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is based on the diameter of cavity plate inserts (Fig. 6, left - 6 circles) as well as the maximum
diameter of steep lead screw HASCO Z1500 [16].

dy =m.zy =15-22=33mm d, =m.z, =1.5-55=825mm 6)
d,+d 33+82.5
a= 1 > 2 = 2 =57.75mm (7)

Where: d;> - pitch diameter of gear 1 or 2 [-],
z;2 - teeth number of gear 1 or 2 [-],
m - module of gears tooth-size,
a - the shortest distance between the gears axes [mm].

As the transmission elements were chosen the gears HASCO Z1550-28x180 and Z1553-
36-20. Then the module of both gears is set to m=1.5 and the teeth number is 22 for the first
one and 55 for the second one (pitch circle of both gears is calculated in Eq. 6). Our design
of whole ejection system as well as cross-section of whole mould is shown in Fig. 7.

The ends of shafts are guided by the threaded inserts which ensure the helical movement
of the core inserts. In exactly defined position of the mould during the opening will start to
move also the stripper plate (Fig. 7) which help to eject the products Spout cap.
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Fig. 7. Final mould design (cross-section view) and ejection system principle

2.3.5 Mould flow simulation results

Nowadays, the simulation play very important role in pre-production phase and can have
massive influence on the final costs and efficiency of processes [17-20]. SolidWorks Plastics
provides an effective injection moulding simulation tools which can help to identify
production limits and predict potential failures and consequently eliminate them even in the
early stages of product development [15, 21]. The software is suitable for designers of plastic
parts as well as mould tool manufacturers. SolidWorks Plastics is fully integrated with
SolidWorks CAD software. Changes are instantly reflected in the 3D model and can easily
be passed on to the manufacturability assessment [20- 22]. We decided to simulate injection
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moulding process only for one part because there are produced six identical parts with small
volume and with using of hot runner system in one cycle. Below there are described the
results of filling time, injection pressure and cooling time analyses.

Filling time

The results of this analysis indicate for what time the mould cavity is filled in with melted
plastic material. Various colours display the flow position of melted plastic at regular
intervals (Figure 8, left). Using this analysis, we can understand the influence of the intake
mouth location. The intake should be placed regarding that the mould is filled evenly
(uniform filling) and in the shortest possible time. Further, it is possible to determine where
the cold zones (connections) will occur and where the venting slots should be installed [23,
24]. The analysis revealed that the intake position was chosen correctly and the total filling
time is about 0.75 seconds. In our case, the risk of cold zones is quite low and the mould
should not be aerated.

Filling pressure

The result of this analysis shows how much pressure will be needed to fill the mould
cavity for the over mentioned 0.75 second time period. A maximum pressure of about 35
MPa is in the mouth of the hot intake as expected, while at the furthest point of the mould it
is about 5 MPa (Figure 8, middle). Of course this can be modifying by injection ramp
controlled by injection control unit. After first real testing of the mould, it could be
determined exactly the pressure profile suitable to get the best results.

Cooling time

As a result of this analysis, the colour range was again based on which we can determine
the need for the tempering system and its location (Figure 8, right). From this analysis, we
identified the places that will be needed to cool with parts of the tempering system. The
results of the analysis fit quite well with our assumptions. In the area with the coarsest
diameter, it will be necessary to temper or, chill the component to reduce the cooling time
from about 12 seconds to lower one.
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Fig. 8. Simulation results: time of filling (left), injection pressure inside the cavity while filling
(middle), time of cooling (right)

The analysis provides much more information about the injection process. However,
given the limited scope of this article, only basic parameters have been described. According
to the analysis, it can be seen that the filling of the cavity is relatively homogenous, the
pressure as well as temperature distribution are within the recommended range. Places where
air bubbles will be formed can be resolved by adding venting slots if needed. Cold zones can
be removed by appropriate adjustment of the technological parameters (eg. by increasing the
melt temperature or injection speed).
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3 Conclusions

The main aim of this article was the mould design for selected component Spout cap 28/410
production by injection moulding technology. Regarding to the inner thread on this product
it was necessary to solve mainly the gating system and ejection system. The mould design
was carry out for injection press ENGEL victory 60/200 ecodrive. Thanks to the used hot
runner system we were able to reduce the sprue to absolute possible minimum. Regarding to
an internal thread was selected the hybrid or combined ejection system composed from
stripper plate and rotary cores driven by gear transmission which is suitable for such kind of
products. The final design was verified by simulation in mould flow module of CAD software
SolidWorks.
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