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Abstract

The pressure profile analysis for monitoring and diagnosis processing failures during an injection moulding process, such as
burn marks and short shots, is a useful instrument for process and part quality control and production with zero defects and
greater efficiency. Therefore, this work aims to demonstrate the in-cavity pressure monitoring feasibility for failure diagnosis
and injection moulding process optimization. The methodology used to analyse the obtained pressure variation is presented.
The results were correlated to the typical cavity pressure profile, which enables the acquisition of information about the
process and the moulding tool. This way, it was possible to determine the origin of the defects present in the injected parts,
focusing not only on the velocity to pressure switchover but also on the initial part of the curve, related to the filling phase.
Moreover, the obtained results and the studied processing conditions were correlated with the injection moulding process

simulation.
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1 Introduction

The injection moulding process is a complex nonlinear,
multivariate process and is widely used for the production
of plastic components with complex geometries. There
is a variety of variables that influence the final compo-
nent quality, from the geometry and production tool to the
material and process conditions. The process variables,
namely processing temperatures, backpressure, injection
velocity, velocity to pressure (V/P) switchover, pack-
ing pressure, packing time, and cooling time, should be
addressed [1]. Its incorrect definition leads to common
defects, such as flow marks, flash, warpage, and weight
variation, among others. Additionally, it affects the poly-
mer chain orientation which may influence the final com-
ponent's mechanical behaviour [1, 2]. Injection moulding
machines are able to monitor different data, such as barrel
temperature, ram position, or injection and packing pres-
sures; however, they are not yet capable of measuring the
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polymer melt behaviour in the mould during filling and
packing, as well as the material shrinkage during cool-
ing [3]. Therefore, pressure and temperature sensors have
been commonly integrated into the mould cavity to per-
form real-time measurements during the injection mould-
ing process [4, 5]. Since cavity pressure variations have a
high impact on the final part quality and the process con-
trol, mould sensor integration enables the user to obtain
information about the filling behaviour and the volumetric
filling point, contrary to the hydraulic pressure or noz-
zle pressure which does not supply information from the
cavity [6, 7]. Simultaneously, injection moulding process
simulation is broadly used to predict the polymer melt
behaviour in the mould [8], to support the manufactur-
ing tool design [9, 10], and to diminish the experimental
trial-and-error techniques on process optimization [9].
Thus, numerical simulation is a powerful tool in reducing
energy consumption and costs [11], helping to prevent or
determine the origin of injection part defects such as jet-
ting [12], welding lines [13] or hesitation [14], venting
problems [15], and birefringence [16], and later eliminate
them. It is also a useful tool to predict the location of hot
spots and uneven cooling that may lead to an inhomoge-
neous shrinkage throughout the part, resulting in residual
stress [17], warping, and deformation of the final part [18].
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The literature reports [4, 19] technologies that are often
used to measure and monitor the pressure and temperature
in the mould cavity, and indirect parameters such as viscos-
ity and shrinkage may be estimated. It is possible to diag-
nose probable causes of process deviations by comparing
the pressure sensors measurements with a profile curve, for
instance, the V/P switchover with pressure peak and, there-
fore, proceed with corrective actions to optimize the process
conditions [7]. The V/P switchover controls the process and
its repeatability: when programmed too early may lead to
short shots or contraction marks, and to excessive part stress
if programmed too late [1, 20]. Moreover, the cavity pres-
sure peak is related to the amount of material entering the
cavity [21, 22]. For a controlled process, it is advised to
assemble the pressure sensor to 1/3 of the polymer flow and
in the thickest area of the part [23]. However, the location
of the sensors depends on the required information to be
collected. The initial part evaluation of the curve is of great
relevance when aesthetic requirements [23] are demanded,
and the pressure information may reveal inadequate behav-
iours, as non-adequate injection velocity, causing common
surface defects [23].

In the injection moulding process, the in-cavity pressure
measurement is the only parameter that clearly character-
izes and translates the melt polymer behaviour during filling,
packing, and cooling. Figure 1 depicts the typical in-cavity
pressure profile variation for an injection moulding cycle.
Points 1 to 3 correspond to the filling phase: the molten
polymer is injected, filling the mould cavity with a specific
geometry. In point 1 the injection has started, but the melt
has not yet achieved the sensor location. In point 2, the melt
polymer touches the sensor. Point 2 to point 3 comprise the
cavity filling, which leads to a gradual pressure increase
until the volumetric filling of the cavity is complete, with-
out the packing stage. Point 3 is the ideal time for the V/P
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Fig. 1 Typical in-cavity pressure profile
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switchover — changing from the filling phase to packing.
Points 3 to 5 consist of the packing phase necessary to com-
pensate for the volumetric shrinkage due to material cool-
ing. In point 4, the maximum pressure value in the cavity
is reached, meaning the material compression takes place.
From point 4 to point 5, the holding phase is represented.
Between points 5 and 6, the cooling phase occurs until the
proper part solidification is assured. At point 5, the material
freezes at the gate, and pressure is no longer applied. Finally,
in point 6, pressure decreases to its minimum value, zero,
meaning that the part is no longer in contact with the mould
wall, that is, the part is ejected. This typical cavity pressure
profile has been reported in the literature since character-
izes the injection moulding process, and its interpretation
remains constant [7, 23]. It is important to underline that,
regardless of polymer material, part geometry, and range of
each process condition (e.g. temperature, V/P switchover),
the injection process is considered adequate when the pres-
sure profile is similar to the one presented in Fig. 1.

The state-of-art (SOA) [24, 25] addresses the use of sen-
sors in the mould cavity for the injection moulding process,
both to control the process and guarantee part quality. It was
observed that the V/P switchover with screw position and
cavity pressure near the gate assured process repeatability
[25]. Huang et al. [21] optimized the cavity pressure profile
and the V/P switchover by modifying the injection velocity
and the holding pressure to assure dimensional stability in the
part, focusing on warpage and width values. Huang et al. [22]
considered the part weight as a reference to adjust the hold-
ing phase in order to control the component quality. In this
case, and since an increase in the holding pressure results in
an increase in the maximum cavity pressure, the cavity pres-
sure profile was used to estimate the weight of the moulded
parts [22]. Jian-Yu et all. [26] developed an online quality
monitoring and control system based on measured tie bar
elongation characteristics. The authors analysed the injection
velocity, V/P switchover, holding pressure, and barrel tem-
perature, using the sensing characteristics and peak clamping
force increment as the state variable to monitor the quality
variation of the process [26]. G. Gordon et al. [27] used mul-
tivariate sensors in the mould to analyse dimensional and
mechanical properties. Currently, the leading manufacturers
of machinery and systems are providing SOA manufacturing
equipment with sensing systems data collection, data logging
function monitoring, and machine status, as well as remote
access to machine setup; however, it is lacking integrated sys-
tems to collect data from the cavity tool. Although in-mould
sensors and data acquisition systems may monitor real-time
data, operator intervention is still required to configure and
rectify the process when necessary. Systems to control the
process, able to segregate good and bad parts or adjust de
V/P switchover, by monitoring cavity data are already com-
mercially available, such as in the Kistler Group.



The International Journal of Advanced Manufacturing Technology (2023) 126:291-300 293

The use of smart machines and process monitoring and
control by in-cavity sensors integration are aligned with
Industry 4.0, where network-connected information is essen-
tial, including material data, injection machine, injection
tools, and component quality control and storage [28, 29].
The purpose of real-time monitoring with process control,
automation, predictive models for process conditions defi-
nition, and equipment and mould maintenance is to achieve
production with zero defects and greater efficiency [30].
Within this frame of reference, literature reports the devel-
opment of predictive systems using different approaches
(artificial neural network (ANN), multiple linear regression
(MLR), or multi-layer perceptron (MLP), etc., to achieve
in situ (within runs) approaches to correct process vari-
ables instabilities and assure part quality. Chen et al. [31]
developed predictive models, by MLR and ANN, to detect
dimensional defects in moulded disks with collected data
from cavity sensors. Alternatively, Gim et al. [32] built an
MLP neural network model to correlate state points (PSP)
that represent moulding conditions to the part weight defined
as the quality index, with the aim to monitor and optimize
the process conditions. Similarly, Ke and Huang [6] used
MLP models with cavity pressure profiles, varying injection
velocity, and holding pressure to inspect the part quality,
considering geometric width as the quality index. On a dif-
ferent approach, Finkeldey et al. [33] used both measured
and simulated data to train two machine learning models,
to minimize the experimental data necessary to predict the
part quality (thickness) of injected moulded parts. However,
in the injection moulding process, a complex nonlinear and
multivariate process is difficult to settle the relationship
between the real and the predicted output. The current SOA
on predictive systems and correlation pressure profile rec-
ognition has proven to be more effective for monitoring and
fault diagnosis.

The importance of in-cavity pressure measurements for
failure diagnosis in the injection moulding process is under-
lined. Although studies for in-cavity measuring are exten-
sively available, namely using sensors for process and qual-
ity control, the acknowledgement and methodology used in
these applications are not found in SOA. In addition to the
process conditions variation, it was found a gap in the use
of in-cavity measurements to study the mould tool’s influ-
ence on the process optimization, which is focused on in
this study. This work presents the methodology behind the
interpretation of the in-mould cavity pressure profile and the
correlation with the typical one, focused on the identifica-
tion of the process conditions that were incorrectly set and
process optimization. In addition, the experimental data was
compared with the results from process simulation to ana-
lyse the importance of process simulation in the mould tool
project and sensor location. The case study was selected due
to its non-consistent process and a recurrent defect.

2 Experimental
2.1 Equipment setup and materials

To conduct this experimental study, a Ferromatik Elektra
110T injection moulding machine coupled with a robot
Wemo of three axes (X, Y, Z) and three rotational axes,
with a W-HP7/8 console, was used. The mould temperature
was controlled with a Thermovan temperature controller, by
Piovan. Sensors (cavity pressure sensor for direct measuring
with @ 4mm, Type 6157C, and pressure and temperature
sensor for direct measuring, with @ 4mm, Type 6190C), by
Kistler, were integrated into the mould cavity. The data was
monitored and acquired with the ComoNeo process monitor-
ing system Type 5887A, by Kistler.

A bicycle seat (Fig. 2), consisting of two different com-
ponents, an insert of glass fibre pre-impregnated with poly-
propylene (PP), henceforward called prepreg, was heated
by infrared (IR) radiation system, by Krelus, and then over-
moulded with a Polyamide 6 reinforced with 30% glass fibre
(PA6GF30) grade Domamid 6G30 300 BK from Domo.
The material was pre-dried before the experimental work,
at 100°C for 12 h. After the prepreg was heated and trans-
ported to the mould by the Wemo robot, the insert was con-
formed by the mould closing movement, and the injected
material completed the conformation of the insert to the
desired shape. For process monitoring, two pressure sensors
were integrated near the gate, at 1/3 of the fill flow, and in
the thickest area of the part (Fig. 3). For part quality analy-
sis, two other pressure sensors were integrated at the end of
the filling flow, coincident with the area of the part where
burn marks often occur, although it is not a recommended
practice to assemble sensors near the venting systems, as it
requires more recurrent sensor maintenance and may lead
to damage.
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Fig.2 Bicycle seat: prepreg insert (in purple) and the PA6GF30
injected part (in grey)
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Fig.3 Schematic representation
of the experimental setup for in-
cavity pressure measurements
and sensor location

Injection Moulding Machine

2.2 Experimental methodology

The production of the bicycle seat without in-cavity pres-
sure monitoring resulted in a non-controlled process with
quality deviations. Thus, sensors were integrated into the
mould cavity for data measurement and the previous pro-
cess conditions were reproduced (initial process conditions,
Table 1) for analysing and comparative purposes. Following
the typical pressure profile reported in the literature, modifi-
cations in the process conditions (EXP1, EXP2, and EXP3 in
Table 1) were conducted to approximate the in-cavity pres-
sure variation to this profile, obtain a controlled process, and
guarantee part quality. The process conditions of EXP1 were
determined after analysing the in-cavity pressure of the ini-
tial process. The measured EXP1 in-cavity pressure profile
was inadequate; therefore, the process conditions were rede-
fined (EXP2). Again, the measured EXP2 in-cavity pressure
profile was analysed. The same methodology was applied
for EXP3, based on the in-cavity pressure profile of EXP2.
The EXP3 pressure variation was similar to the typical one,
resulting in an adequate in-cavity pressure profile, conclud-
ing the experiment. This methodology is further described
in section 3.1 Process conditions influence in the pressure
profile. The resultant cavity pressure variation may be used
for process control.

2.3 Process simulation
The EXP3 was reproduced in a commercial process simula-
tion software, Moldex3D 2021. EXP3 was considered since

it resulted in the in-cavity pressure profile most approximate
to the typical one.

@ Springer
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Table 1 Process conditions used before in-cavity pressure monitoring
and the conducted process conditions variation

Process conditions vari-

ation
Process conditions Initial process EXP1 EXP2 EXP3
conditions

Dosage (mm) 100 150 150 150
Decompression (mm) 10 2 2 2
Screw velocity (rpm) 150 300 300 300
Back pressure (bar) 50 50 50 50
Injection velocity (mm/s) 100 60 60 60
V/P switchover (mm) 30 30 60 60
Packing time (s) 5 15 15 5
Packing pressure (bar) 400 800 800 800
Cooling time (s) 15 30 30 30
Mould temperature (°C) 90 90 90 90
Melt temperature

Hot runner (°C) 250 280 280 280

Zone 1 (nozzle) (°C) 240 270 270 270

Zone 2 (°C) 235 250 250 250

Zone 3 (°C) 230 240 240 240

Zone 4 (°C) 230 230 230 230

Figure 4 represents the bike seat (injected polymer in
beige and prepreg in red), the mouldtool systems (hot run-
ner in orange, cooling channels in blue, and the arrows rep-
resent the in-way and out-waydirection of the water in the
cooling system), and the built model with a solid mesh of 5
583 297 elements.. Also, pressure sensors were added to the
model in the same locations as the experimental tool. In the
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Fig.4 Part, part insert (prepreg), and mould tool systems: hot runner
(orange), cooling channels (blue), water for cooling in-way and out-
way (arrows) (left); and built model (right) considered in the process
simulation

Table 2 Introduced fibre properties for the prepreg material

Fibre properties

Density (g/cm3) 2.53
Elastic modulus (E1) (Pa) 2e+10
Elastic modulus (E2) (Pa) 2e+10
Elastic modulus E3 1.59¢+9
Poisson’s ratio v12 0.2
Poison’s ration v23 0.2
Poison’s ration v213 0.38
Shear modulus G12 (Pa) 8e+8
Shear modulus G23 (Pa) 8e+8
Shear modulus G13 (Pa) 6.8e+8
CLTEl1 (1/K) le-5
CLTE2 (1/K) le-5
CLTE3 (1/K) 0.00015

process simulation, the sensors are defined as probes, rep-
resented as a point in the mesh, unlike real data monitoring
where the data is measured by the sensor tip area.

The material Domamid 6G30 300 BK from Domo, exist-
ing in the Moldex3D bank in Material Wizard was selected.
The prepreg was defined as a part insert. For the prepreg
material, since there is no prepreg database on the software,
a similar polymer (PP RTP 152 HF) was chosen in the
Moldex3D material bank for the matrix, and the glass fibre
properties were introduced in order to define the prepreg
(Table 2).

Regarding the process conditions, Table 3 presents the
necessary inputs for the injection moulding process simula-
tion definition in the software.

The transient cooling, filling, packing, and warpage anal-
ysis type was considered. Ferromatik Elektra 110T injection
machine was selected, using the machine mode. For the pro-
cess simulation venting analysis, considering an adequate

Table 3 Process conditions
(boundary conditions) used in
process simulation

Process conditions

Dosage (mm) 150
Injection velocity (mm/s) 60
V/P switch-over (mm) 60
Packing time (s) 5
Packing pressure (bar) 800
Cooling time (s) 30
Mould temperature (°C) 90
Melt temperature (°C) 280
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Fig.5 Pressure measured in the mould cavity using the non-opti-
mized processing conditions; a) Adapted from [1]

venting system and a non-existent venting system, the same
built model, process conditions inputs, and machine were
considered.

3 Results and discussion

3.1 Process conditions influence in the pressure
profile

Figure 5 represents the pressure measured in the mould cav-
ity. A peak at the end of the volumetric filling was observed
with a pressure value of 567.04 bar. This behaviour results
from an early V/P switchover, as explained by Chen et al.
[1], indicating that there is an excess of material entering
the cavity during the filling phase, which may lead to an
over-packing part and residual stress [7]. Moreover, the spe-
cific injection pressure of 2533.00 bar is near the maximum
limit of the injection machine, limiting the process condi-
tions range and increasing the machine energy consumption.

A visual inspection of the moulded part, data analysis,
and typical cavity pressure profile approximation enabled
the identification of the parameters that had a significant
influence on the variable response and the final moulded
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part quality. Thus, for defect elimination, the process condi-
tions were modified and the in-cavity pressure was measured
and correlated to the typical profile [7, 23]. Additionally,
and as observed in the zoomed part in Fig. 5, it is a notice-
able material degradation in an area that corresponds to
the part’s end of filling, caused by air prison in the mould
cavity. To eliminate this defect, maintenance in the vent-
ing system was performed. With the process conditions, the
first step to reducing the peak in measured in-cavity pres-
sure was to verify the melt temperature. Being below the
material supplier’s recommendation, the melt temperature
was increased from 250 to 280 °C, while also adjusting the
entire temperature profile. To compensate for the excess
material entering the cavity, observed in the initial pressure
curve (Fig. 5), the injection velocity was also decreased,
from 100 to 60 mm/s. These process variable adjustments
resulted in the cavity pressure represented in Fig. 6 EXPI,
as the resultant part. In the packing phase, it was obtained
a more adequate pressure variation. However, during the
volumetric filling, there remained a pressure peak related
to a late V/P switchover. This non-suitable switchover and
melt temperature adjustments resulted in the major flash vis-
ible in EXP1. Consequently, the V/P switchover from the
filling to packing phases was adjusted from 30 to 60 mm,
resulting in the cavity pressure shown in Fig. 6 EXP2. The
peak at the end of the volumetric filling was eliminated and
the pressure has a good variation during the cycle time. As
the pressure drop after the packing phase was not abrupt,
i.e., there was no significant material shrinkage, it may also
indicate that the packing time may be reduced. As such, this

Fig.6 Cavity pressure and

time was changed from 15 to 5 s, resulting in the cavity pres-
sure curve in Fig. 6 EXP3, which maintained an adequate
pressure variation leading to a cycle time optimization. It is
important to mention that in this production process, during
the cooling phase, the time is set by the prepreg heating for
the next cycle and not the cooling of the part. Therefore, the
reduction of the already-defined cooling time does not affect
the total cycle time. Comparing the graphics from Fig. 5 and
Fig. 6 EXP3, it may be observed that the process conditions
were optimized. The pressure peak at the end of the filling
time was eliminated and a gradual increase of the cavity
until its volumetric filling was achieved. The pressure during
packing, which decreased abruptly in EXP1, presents a suit-
able variation, with a pressure increase until the volumetric
compensation and then a decrease during material solidifica-
tion, as occurs in the typical cavity pressure profile (Fig. 1).
When comparing the pressure variation curve, before and
after optimization, a reduction in the cavity pressure peak
is observed, from 563.16 to 427.96 bar for P1 and 567.04 to
419.18 bar for P2, near the gate. Additionally, the achieved
specific injection pressure was reduced to an adequate value,
1255.00 bar.

Comparing the cavity pressure profiles of the different
sensors in the three graphics (Fig. 6), it may be observed that
the curve with the higher pressure, P4 represented in yellow,
corresponds to the sensor located at the end of the filling.
Generally, the sensors near the gate detect more pressure;
however, this different behaviour may indicate an insuffi-
cient venting system in the mould tool. As the polymer flow
advances in the mould cavity and the air is not extracted,
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Fig. 7 Initial part of the pressure cavity from a part injected without
the insert

increased pressure is needed from the front flow to be able to
go forward and fill the cavity. Moreover, focusing on the ini-
tial part of the pressure variation, corresponding to the filling
phase, in general, the sensors located at the left side of the
cavity (P1 and P3) detect a more significant pressure varia-
tion, which may be related to the process, as to the position
of the insert. In this regard, it was also conducted an experi-
ment with the injection of the part without the insert (Fig. 7).
The same tendency was observed, i.e., more information on
the left side of the cavity was given, confirming that this
result was not related to the prepreg positioning. This behav-
iour may be related to the mould, namely tool wear in the
cold gate or even warping in the mould plates, which leads to
a non-symmetric flow front due to these physical constraints.

3.2 Analysis of the EXP3 in-cavity pressure profile

This section focuses on the analysis of the in-cavity pressure
profile initial part of EXP3 (Fig. 6) since it is approximated
to the typical cavity pressure profile. The volumetric filling
is given by the cavity pressure when there is a difference
between the change in the pressure variation (slope) and the
initial measurement of a pressure change (the polymer front
reaches the sensor location), represented with green circles.
For the filling phase, it is recommendable to analyse the data
from the sensors assembled near the gate, P1 and P2, which
allows the collection of more data throughout the injection
process. Specifically, in this mould cavity, the measured
pressure had a low increase and it started to increase more
significantly at the end of the filling. This is explained by the
fact that the sensors are located at the top of the ribs; there-
fore, the base of the part is being fully filled before the top
of the ribs. Additionally, the pressure from P1 and P2 has a
different variation during the filling, indicating that the melt
flow is not symmetric. In the short shot injection (Fig.10),
this behaviour is visible, where the polymer front is more
advanced in the base while some parts of the top of the ribs

are still unfilled. This realization evidences the importance
of sensor location to assure a complete measurement of in-
cavity pressure. Moreover, it is observed and identified with
red circles (Fig. 6 EXP3) that P1 was already filled while
P2 was not yet totally replicated (non-symmetric melt flow),
justifying the pressure different variation. Focusing on the
packing phase in the pressure curve (Fig. 6 EXP3), material
contraction is noticeable.

3.3 Correlation of the process simulation
with experimental results

As observed in the real-time pressure measurements, there
was an insufficient venting system. Therefore, the conse-
quence of the existing system was studied, by process sim-
ulation, comparing the results from a suitable and a non-
suitable venting system.

Figure 8 shows that the process simulation predicted that
in the absence of a suitable venting system in the mould, a
non-complete filling of the part was obtained. In the areas of
the part where the pressure air contained in the cavity was
higher than the front flow, it was not able to advance in the
cavity, resulting in an incomplete part, not only in the areas
at the end of filling but also in the centre of the part (Fig. 8).

By considering a venting system, at the end of filling,
at the gaps in the extractors, and at the gaps in the pins, it
was possible to obtain a filled cavity. Figure 9 presents the
filling profile at the V/P switchover and at the volumetric
filling of the part with the venting system. Although result-
ing in a complete filling of the cavity, it is possible to see
that the software predicted difficulty to fill the areas at the
ends of the part. Moreover, it was observed in the injected
part flow hesitation marks in the same area identified in
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Fig.8 End of filling in a mould without a venting system
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Fig. 10 Correlation between the filling profile given by the process
simulation and the progressive filling obtained in experimental work

the simulation, confirming the flow difficulty in advancing
because of the trapped air.

Figure 10 shows the comparison between the filling pro-
file of the process simulation and the progressive filling in
the experimental work. On a direct observation, it may be
confirmed that the process simulation has given a similar
profile to the one obtained in the experimental work. How-
ever, the process simulation did not foresee that the ribs
were not fully filled at the same time as the base of the part.
Additionally, the parts obtained from the progressive fill-
ing present the front flow more advanced than shown in the

@ Springer

Volumetric Filled

[sec]

o
o

o
o

Pressure (bar)
[ IR NS, Be))
o
o

= N
o
S 8

o
o

10 20 30 40
Time (s)

Fig. 11 In-cavity pressure measured by sensor probes in process sim-
ulation

simulation results. This behaviour is associated with the
consequent force in the mould given by the plasticization
during the progressive filling. As mentioned above is vis-
ible the non-symmetric filling, which may be related to the
mould wear in the gate that is not considered in the process
simulation. The same behaviour can justify the difference in
the injection pressure that was lower for the process simula-
tion (814.50 bar).

Figure 11 shows the cavity pressure at the sensor probes
given by the process simulation. Associated with the previ-
ous analysis, the measured pressure both by sensors P1 and
P2 and by P3 and P4 predicted a symmetric filling, with an
identical pressure variation in the two sensors near the gate
and the two at the end of the filling. Moreover, during the
filling phase, the pressure was more significantly felt when
compared with the experimentally measured cavity pressure,
once more meaning that the process simulation did not pre-
dict the filled of the base of the part more advanced than the
top of the ribs. Although the process simulation predicted
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Table 4 Difference between the volumetric filling and the start of
the pressure measurement, in seconds, to each sensor, for the process
simulation and the experimental work

Volumetric filling VS pressure  Contraction point VS volu-
measurements (s) metric feeling (s)

Process Experimental Process Experimental
simulation simulation

P1 1.40 1.50 4.10 3.90

P2 1.40 1.80 4.10 4.00

P3 0.22 _ 4.10 3.90

P4 0.22 4.10 4.10

problems with the venting system and the cavity peak pres-
sure in the process software for each sensor (707.10 bar for
P1, 702.20 bar for P2, 691.80 bar for P3, and 691.70 bar for
P4) was higher than the values measured in the experimental
data collection, this behaviour did not result in a pressure
rise in the P3 and P4 sensors. At the packing phase of the
pressure variation, it is also noticeable the material contrac-
tion, as observed in the measured data from the experimental
experiences.

For both process simulation and experimental injections,
Table 4 presents the volumetric filling and the start of pres-
sure rising difference during the volumetric filling time. It is
also presented the contraction point and the volumetric fill-
ing difference. It was observed a non-significant difference
between the time reported on the process simulation and the
experimental component in terms of flow front reaching the
sensors, meaning that the process simulation gives an accu-
rate prediction of the pressure variation tendency. Sensors
P3 and P4 were not considered on the filling time calculus
since they are located at the end of the filling.

4 Conclusions

In this paper, the use of cavity pressure sensors feasibility for
process monitoring and fault diagnosis was demonstrated.
The in-cavity pressure was monitored and acquired by a data
acquisition system, and then the process variables that influ-
ence the cavity pressure and part quality were analysed. The
methodology for measurements and analysis of the cavity
pressure and its correlation with the polymer behaviour flow
during the injection process of the final moulded compo-
nent was demonstrated. In addition to the pressure variation
analysis during the V/P switchover, the focus was given to
the analysis of the initial part of the curve to obtain more
information about the filling phase of the process and its
influence on the final part quality. Apart from the process-
related defects, the pressure cavity may also indicate mould
tool problems that affect the melt flow in the cavity and

consequently the final component quality. The process con-
trol using in-cavity sensors is a prompt and precise solution
to identify and eliminate problems, not only related to the
process conditions but particularly, in this study, related to
the mould tool development (venting system design) and
maintenance (cold gate wear and tool plaques warp), ena-
bling direct corrective action to eliminate potential defects.

On other hand, in the process simulation, although the
sensor probes did not predict the exact material behaviour
when compared with the experimental process, this diver-
gence may be explained by the fact that the mould in the
computational model did not replicate the tool wear. Fur-
thermore, the general results of the process simulation,
namely the venting system influence, did prove that a pro-
cess simulation is a useful tool to predict the polymer melt
behaviour and to assist in the mould tool design.
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