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ABSTRACT

Assembly injection moulding is an advanced and Ihigitegrative technique for producing mechatrosistems, with a
broad range of choices. This is because it incospes several technological functions in one martufémg process, such
as shells and close up of many components compiéteatious materials. Combining different matesiah particular, is

both a significant technical advantage and a sigaift challenge. The tightening of the system Isgaobjective. This
paper provides a model to help researchers bettetetstand how leakage happens and the processesitkdarpin it,

such as contract age and war page behaviors thatadiected by material, repetition, and desigmwilt also serve as the
base for research into the phenomenon and the dgwvent of techniques to boost the media tightnéssssembly
moulding systems. The compound interface and iiféete present on thermal and structural shrinkaghe elements’

war page, and the adhesion between them are aflingportant
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INTRODUCTION

Assembly injection moulding refers to injection niding methods that connect several parts of plastind other
materials to shape a piece or several parts. Hjection moulding for assembly allows for the dewshent of
multifunctional fusion element groups in a singbsteeffective primary-shaping technique [2,3].Onlditeg over molding
metal parts protects them from corrosion. Destve¢sicraping media, for example, can be difficultiiferentiate. Electric
cables and isolations, for example, are isolatethfeach other. A mixture of plastics is used iruenber of mechatronic
applications. And metals are cutting-edge. Manyliagpons exist in the automotive industry, suchesmgine control
systems, sensors, and air conditioning, to nanesvd4,5] The main functions of mechatronic effidiassemblies, such as

casings and plug connectors, are as follows[6,7]:
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» Electrical conductivity related to punched sectiaasvell as other conductors
» Electrical separation with seating and holding nagi$m given by plastic shell
» Transfer point stiffness

Stiffness is a property that is unique to each comept. The actual application determines the sigatibns.
Differential pressure or leakage rates may be tseédentify products based on their industrial sggwclassification IP
code [8, 9]. For example, “tight” implies that tlealculated leakage rate is less than the allowhini¢. Leakage of
assembly crafted groups may be caused by a nunilfactors. Scientists most generally refer the ésgua contraction-

induced distance among metal and plastic inse@fs [1

Post-practices (process), such as casting, have ¢ment to deal with leakage until now. Understagdihe
processes resulting from material, design, andldpweent, as well as being able to explain the atgons between them,
is important for designing and implementing optiatian approaches for mechatronic systems thatlaselg coupled to

media.
RELATIONSHIPS AND PROCESSES

The simple mechanisms that cause breaks and cdacksy manufacturing are the decline and warpadeviers of the
mechatronic assembly classes. On one side, thiécphaaterial can contract away from a metal ingegulting in a breaks
between the two materials. On the other hand, teemtoplastic component on the metal insert canraontLocal stress
peaks are induced in the plastic portion in thsecd his can lead to fractures cutting-edge thenakly community or, at

the very smallest, unfavorable bias. The assen@tyeventually fail prematurely due to alternatiogds during use.

If a particular form of adhesion is implemented #tieess courses in the components will also adieally. In this
case, Stress peaks in particular areas may be imédnthis way. This would be helpful. To preventtenal overload,
which could lead to cracks in one way, by usingitimtal products, you can directly affect adhesiddhesion agents, for
example. However, the process conditions that exiat the time Injection moulding is also very velet. Among them
are: The high temperatures in the state line lagggscalled conditions [12]. As well as the eleetilly powered bonding
between plastic and metal, this is thought to benger with a better flow behavior due to the ptastiower viscosity
[13].

When considering the high temperatures path withiplastic melt down during injection moulding, high
temperatures materials and part boundary layerofaeyen greater significance. Here, the high teadpees inside a
community of assembly workers communicate. As altethey don't just behave directly. High temperas factors take
priority over the overall system's contractage &= page activities, which is critical. This alsalices adhesion and

attachment to interact with one another.
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Figure 1: Contractage and War Page Processes anddtars in Relation to
Device Tightness *v, Real Volume; T, High Temperatres.

The underlying intereffects to be examined in jgatér investigations are shown in Figure 1. Modat®s of
thermal and geometric processes in an injectionldnaere performed, demonstrating the significanEeansidering
process conditions in terms of high temperaturgsisiand pressure fields in order to determineraotitge/war page and
thus adhesion. Locally dynamical transient activitf freezing and thus contractage can be prediethén high

temperatures and pressure fields in the melt déovn dre combined.

The method as a consequence, the amount of cagemand the amount of resistance to contractage are

determined by the degree of contractage and thigrdeln the plastic, and hence the overall behavbwar page a
constituent Following is an overview of a model huat that can be used as a reference. Basis forretvepding the
processes that occur during over molding insertdena thermoplastic this may be the starting péanta systematic
approach. Content, design, and development optiioizén order to produce mechatronic systems thatedia-tight and
resistant.

PROCESSES IN NEED OF TEMPERATURES AND PRESSURE FIEIDS EFFECT ON
CONTRACTAGE: A MODEL APPROACH

Changes in the dimensions of the components praddagng manufacturing or use are to blame fodalhage causes,
the creation of breaks and cracks. Dimensionalatiaris in metals and plastics are primarily causgdositive and
negative thermal elongations, as well as differsrimetween them. Another factor to remember is prooed contractage

and compressibility when handling plastics in vasi@ggregation states.

Any asymmetry in high temperatures, flow, or fil@rmolecule orientation affects contractage bedraand will
often result in war page or internal stress witthia plastic portion [14]. The high temperatureddfi@ the plastic melt
down must therefore be considered as one of therm#juencing factors [15]. This influences profes such as local
melt down viscosity, and the flow phase affects ¢hientation of fillers as a result. The high temgteres field in a
meltdown flow, as a locally transient system proyenas a major influence due to certain relatibesveen influencing

factors and properties.
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Figure 2A 2D Model Method for theStatic-Transient High Temperatures Field in the MouldicBite, ancinsert

is Sketched. Geometry is on theft, andVariables Affecting Thermal Masses are on thght:

The high temperatures within the resin, insert, mnodild prevailing during over molding are examinearder to
recognize the complex relationship that occurs betwthe conditions of high temperatures and pressithin a plastic
melt down with respédo its effects on contractage and thus on waepabis is Asymmetries in terms of geometry ot

most cases, high temperatures cause war pagesiicg-based assembly groups.

The following sections outline the driving factahat cause thermal asmetries in over molded plastics, as v
as the corresponding impact analyses. S-transient investigation is carried out on a locdiked 2D cross section
insert, plastic, and mould. In this first test, tradwn flow is ignored. The mould has n cooled, as shown by the cooli
channels in this example (Fig.2). The plastic'$ih@mperature is determined by the thermal boundamnditions that exis
at the two contact interfaces. A collection of getmeal and current characteristic values subjected to a highly
dynamic method before being used to measure thecowaditions. Material properties such as thermaidoetivity,
density, and thermal strength, for example, areoiigmt [16]. The volumes that establish thermalditions must alsibe
taken into account. Since the mould is many tinsggdr and additionally cooled, the mould surfaceling is much

quicker in the areas near to the walls.

The inserts are much smaller and do not have aalngp As a consequence, other factors suc the distance
between cooling channels and cavity, the size dalieg channels, and their cooling ability are sfgpaint. These
individual variables are referred to as "thermaksyawhich is the thermodynamic equivalent of "“inaass" or "movinc
mass: The resistance of a structure, such as a moaolligh temperatures change or its tempering eféectferred to a
thermal massOn one hand, the “thermal mass of the metal inBkt;” influences the high temperatures profile of
plastic melt dowrwhen an insert is over molded, and on the othed hte “thermal mass of the mould " influences

the high temperatures profile of the plastic melvd while an insert is over mold:

To illustrate this, thermal simulations of the doglprocess for stationary plastic melt down were perforn
using the Cosmos Works finite element FE programmekligh temperatures distribution is obtained wheplastic mel
down with a high temperatures of 270°C, which igidgl of polyamide 8, is brought into cact with a mould and an
initial temperatures of 82°C, as shown in Fig.oB.tThe high temperatures in the plastic melt dolworeases as tl

contact time t is increased.
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Figure 3: Static-Transient 2D-Cooling TM/TM;" 1 at the Top; TM,,/TM ;" at the Bottom.

Because the tempering environments in the inserhat tempered and the mould is strongly cooled,bm@taus:
the mould surface is many times greater than teerirsurface, thermal mass ', is considerably higher than T;. This
s@nario is depicted at the bottom of Figure 3. Wiithe, the melt dow high temperatures in areas near the insert
significantly. As the process time and touch tinetween melt down and insert move, the insert hedigcomes mor
pronounced. The higtemperatures field changes due to the elevatathcohigh temperatures between insert and

down, as well as the steady contact high tempersitairthe cavity surface as a result of rapid og

This interrelation is represented schematicalll Figure4.During cooling, the high temperatures profile
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Figure 4 Because of the pressure and thermal donslitir similar contractage occurs in a polymer in a coc
mould and in amuncooled metal insert. Left: TM: T,/TM;=1 sketch; right: strain, volume, and high tempeegu'pvi-
characteristic" are all different locally.

As the melt down is exposed to injection presstire,cooler areas; close to the mould (point 2) freezaster
than the heated areagdround the metal insert (pointl) in Fig.4 left. $&n@re solidification is another term for this pres

at T..The lower temperatures of a plastic, the simfldreezes. The plastic will freeze near the shapéase from he
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outset and will endeavor to raise the radiatorahthe more effectively formable mass around tthéiteon from it, similar
to an external ring. The solid state of a matergadtracts much more than the liquid state, allovihmgmaterial to contract

away from the mould surface much less severely thatiquid state.

EXAMPLE OF A METHOD

The model would be made apparent in an experintghisapoint in the investigation. An investigatispecimen is plug is
used. A Demag Ergotech 15/282-82 injection mouldimgchine was used to build it. Figure 5 is for #pecimen's

geometry.

2430

N

section A-A Y
Figure 5.Gives an Example of a Framework.

The test specimen shows a leakage rate of 2.7anm test pressure, 0.55 bars in a leak test ateduon a
differential pressure monitoring system INTEGRA Dby Dr. Wiesner Germany. During differential presstesting, a
proportional pressure control valve applies a giaénpressure to a reference volume and a testmalu.e. the test
specimen, over the course of the filling proceds Test and comparison volumes are turned off #fefilling cycle is

finished.

The high temperature between the compressed platte dest specimen and the test medium is thenggth
after a setting time. The test and comparison veliare disconnected from each other at the erftecfétting time. If the
test specimen leaks, there would be a pressurergiiffial between the test specimen and the refereolume over the
course of the testing. A differential pressure d$raitter will be used to calculate the differencéeTcreated pressure
difference can be assigned an equivalent volunve lfakage rate equal to volume flow per time unit amin by adding a

test leakage.

Polished parts from several levels of this parteMaken to examine the causes of leakage. Theslefahe

polished parts are shown in Figure 6 on the ldfat®s of a metal insert were taken at differentagises from the doors.

The plastic material withdraws all around the méataért, creating breaks that lead to leakagehawns in Fig.6

right side.
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Figure 6 Breaks (gaps) between metal and polym#érarflow direction Part locations are shown onldfg and

pictures of the sections are shown on the right.

Since packing pressure can barely compensate fdrambage this far away from the gating, more durelaks can
be found. Breaks are often wider at the top antbbhodf the insert than on the edges. This is mkety in arrears to the

geometrical boundary conditions, which preventrtfagerial from contracting away from the edges.
FINAL THOUGHTS

Assembly injection moulding with metal inserts albfor the development of highly integrated medaitr systems in a
cost-effective manner. One of the most significanteria of these assembly moulding systems is adigjhtness.
Contractage and war page determine this properplastics/metal insert compounds as a device ptppEhere are two
types of failures that can occur in a mechatrosgeably, depending on how extreme the shrinkagenamdgage. One
defect may be holes between the plastic and thertinas well as cracks in the component's mechaitlssvital to

comprehend the driving factors, their interrelasioips, and, most importantly, to weigh them. Theemial- and process-
related characteristic values of the high tempeestand pressure fields that prevail during outpust be taken into

account.

They assess contractage and warpage, as well asatihiees' mechanical rheological properties ardattthesion
of inserts to plastic materials. In terms of moall insert high temperatures, thermal investigatiost take thermal
masses into account. This also refers to the legipératures field asymmetries that occur, andtthtise local melt down
high temperatures differences. Because of thenatghical structure, the geometrical environmeifitixing plastic and
insert in the mould or inside the assembly comnyuanie important in deciding whether or not therd s holes or cracks
in the product. It can be inferred from these tk&oal modeling considerations and FE simulatidra simultaneously
measuring thermal, hydrodynamic, and geometric \ieh&in injection moulding simulation is importafar predicting
the tightness of assembly molded mechatronic devisesystem was used to prove that performancesetepopular the
model occur in the tangible component as a regutiree-dimensional shrinkage and warpage. Moreareh is required
to confirm this and to assist in the developmena sfrategy for reducing contractage and war padaesion components
by intelligently adjusting boundary conditions erms of material, process, and design. This goabisidered to be the

most important factor in developing products anatpeses for assembling media-tight molded compenent
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