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Abstract

The article presents experimental studies of the pressure in the material cylinder of the D3328 automatic
injection molding machine when processing various plastics, as well as experimental studies of wear along the
length of the material cylinder of the DB3328 automatic injection molding machine after processing PS 68-30
fiberglass. Specially designed strain gauge pressure sensors were used. Signals from the sensors were output to an
oscilloscope through the amplifying equipment and recorded on an oscillogram. The magnitude and distribution
of pressure along the length of the material cylinder will significantly affect the amount of wear of both the screw
and the cylinder. It was established that the pressure in the material cylinder of automatic injection molding
machines is distributed unevenly along its length. The nature of the pressure distribution along the length of the
material cylinder when processing various materials: during the injection period, the maximum pressure occurs in
the melt zone with a subsequent sharp decrease in the middle zone and a slight increase in the loading zone. At the
same time, the nature of the pressure change for all materials is similar at a diametrical gap between the screw and
the cylinder 6=0.17 mm. With an increase in the gap 6 to 0.74 mm, the nature of the pressure distribution in the
injection zone changes only when processing fiberglass, which is due to the partial ingress of glass fibers into the
gap between the screw and the cylinder. Its magnitude and nature of the distribution along the length for different
materials are different and depend on the physical, mechanical and rheological characteristics of these materials,
the design of the screw and the technological modes of processing. The maximum pressure occurs in the melt zone
during the period of material injection into the mold for 0.4-0.5 s.
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Introduction

In modern conditions of the development of society, plastics are increasingly used in the national economy
and technology. Products made of plastics in the household and household in many cases exceed 50% of the total
number of used items. The reason for such widespread use of plastic products is a number of their advantages over
other materials related to economy and practicality. In connection with this, the equipment for processing plastics
- extruders and thermoplastic machines - has received a great development. Extruders are continuous-acting
machines, while termo-plastic machines work cyclically, making products by casting into molds under a certain
pressure [1-5]. Melting of plastics is achieved by heating them with special heaters and extrusion in the extrusion
unit. The extrusion unit of thermoplastic machines includes a material cylinder and a screw with an injection
system. The screw has a rotary and reciprocating movement, which it performs, respectively, during the period of
collecting a portion of plastic and during the injection period.

Research Methodology

During the operation of the injection molding machine, a large pressure (up to 200MPa) occurs in the
material cylinder, which affects both the strength of the material cylinder [5-7] and the wear resistance of the
screw-cylinder pair [8]. The amount of pressure in the material cylinder of extruders and thermoplastic machines
varies along its length and will be different when processing different materials. Therefore, the study of the
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magnitude and distribution of pressure in the material cylinder of thermoplastic machines and extruders and the
nature of wear of the screw and cylinder of this unit during the processing of various materials are relevant.

We have carried out research on the amount of wear along the length of the material cylinder of the DB-
3328 thermoplastic machine after its operation during PS 68-30 fiberglass processing. Research has established
that the amount of wear along the length is different and was from 0.5 to 2 mm per diameter. The maximum wear
of 2 mm was in the injection zone at a distance of 80 mm from the end of the cylinder and in the fiberglass loading
zone (1.85 mm) at a distance of 400 mm from the injection zone. In the space between these zones, the amount of
wear decreased to 0.5 mm. It is known from literary sources that the intensity of wear depends on many factors
(properties of the material of the friction pairs, specific load on the friction surface, properties of the environment,
temperature, sliding speed, etc.), among which the pressure on the friction surface is of great importance. In
extruders and thermoplastic machines, friction and wear of parts occurs as a result of their contact with the
processed material and when the surfaces of the screw and cylinder are in direct contact. The amount and
distribution of pressure along the length of the material cylinder will significantly affect the amount of wear of
both the screw and the cylinder. The maximum pressure in the material cylinder depends on the design parameters
of the screw and cylinder, the temperature, the viscosity of the processed mass, and the rotation frequency of the
screw and is theoretically found according to the formulas [9-10]:

- for variable height of screw turns and variable material viscosity:
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- for screws with a constant height of the turn and a constant viscosity:
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where: D is the outer diameter of the screw;

n — rotation frequency of the screw;

H — screw pitch;

L— screw length;

hl1, h2, hz— the height of the screw turn;

U1, Ua, Uo- the Viscosity of the material melt at the boundaries of each turn of the screw.
The injection pressure for thermoplastic machines can be determined by the formula:

2
Py = 221K K, (3)
whereP;,,- pressure in the hydraulic system of the injection molding machine;

D,- the diameter of the injection cylinder of the hydraulic system;

n- coefficient of useful action of the hydraulic cylinder;

K; - the coefficient that takes into account friction costs in the melt;

K- the coefficient that takes into account the costs of hydraulic shocks.
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Fig. 1. a) Scheme of the experimental installation for determining the operational characteristics of thermoplastic machines and
extruders: 1—material cylinder; 2—mouthpiece; 3—reducer; 4—hydraulic cylinder of the injection mechanism; S—press form;
6—Iloading hopper; 7—screw rotation counter; 8—Dbelt transmission; 9— strain gauges for torque measurement; 10—screw;
11—current amplifier; 12—amplifier power supply unit; 13—oscilloscope; 14—current rectifier; Si, Sz, S3, S4, Ss—pressure
sensors; Ti, T2, Ts — thermocouples. b) Pressure sensor: 1—material cylinder; 2—tail; 3—rod; 4—sensor body; 5—prism; 6—
beam; 7—adjusting screw.
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Fig. 2. Calibration scheme of pressure sensors: 1—material cylinder; 2—left plug; 3—right plug; 4—assembly rod; 5—mover;
6—rod of the right plug; 7—hydraulic cylinder rod; S1, S2, S3, S4, SS—pressure sensors; T1, T2, T3 — thermocouples; D is a
strain gauge for measuring axial force.

Due to the fact that the pressure of the melt in the material cylinder of extruders and thermoplastic
machines depends on many factors that are difficult to theoretically determine and take into account, there is a
need to conduct experimental studies of the pressure in the material cylinder in different periods of the work cycle
when processing different materials.

In order to study the pressure distribution along the length of the material cylinder from the injection
molding machine during the processing of various plastics (high-pressure polyethylene, polystyrene, Kapron and
fiberglass), an experimental installation (Fig. 1) was made on the basis of the injection molding machine D3328,
in the material cylinder in which 5 pressure sensors were installed. The design of pressure sensors and the method
of their installation in a material cylinder are shown in fig. 1. Signals from pressure sensors were output to the
oscilloscope through the amplification equipment and recorded on the oscillogram. In the process of research,
temperature in 3 zones, screw rotation frequency, torque and axial force on the screw were monitored.

The torque on the screw was measured by the tonometry method. The pressure in the hydraulic cylinder
of the injection mechanism was measured by a standard pressure gauge and the tonometry method to record rapid
pressure changes. The rotation frequency of the screw was fixed by a revolution counter.

Calibration of pressure sensors and strain gauges when measuring torque and axial force was carried out
on a special device (Fig. 2) under conditions similar to the operating conditions of a thermoplastic molding
machine with heating of plastic materials to 200-250°C. The auger was removed from the cylinder of the injection
molding machine, the mouthpiece was unscrewed, and specially made plugs were inserted into it from both sides.
The left plug 2 rested against the plate 5 through the collecting rod 4. The material cylinder was filled with plastic
that melted as a result of heating by heaters. Through plug 3, with the help of rod 6 and the hydraulic injection
cylinder of the hydraulic system, pressure was created when the "injection" button was turned on. The pressure in
the material cylinder was recorded by sensors S1, S2, S3, S4 and S5, as well as a strain gauge glued on rod 4,
which was previously tared and used as a dynamometer. Signals from sensors S1, S2, S3, S4 and S5 and the strain
gauge on rod 4 were recorded through the amplifier on oscillograms, on the basis of which calibration graphs were
built.

Experimental studies were carried out at the following constant values of the operational parameters of
the installation: the inner diameter of the material cylinder is 40 mm, the injection pressure is 100 MPa, the pressure
in the hydraulic cylinder is 50 MPa, and the pressure of the auger during loading is 0.4 MPa. Plastics with wide
application in the national economy and a wide range of physical and mechanical characteristics were chosen as
the tested materials, in particular: - high-pressure polyethylene, which is characterized by a wide range of material
viscosity coefficient; polystyrene, which is easily processed and has high mechanical characteristics; kapron,
which requires exact endurance of the technological mode of processing, a slight deviation from which leads to a
sharp change in the viscosity and quality of the product; fiberglass, which is difficult to recycle, the basis of which
is polyamide resin with properties that are close to those of kapron, and glass fiber sharply increases the viscosity
of the material and, if it deviates from the technological mode of processing, leads to jamming of the auger.

In the process of research, the maximum was determined on the basis of recorded oscillograms B,,,, and
the averageP,, pressures in the material cylinder in different periods of the work cycle. Average pressure
valueP,,was determined by the formula:

NI
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“)
and is the ratio of the waveform area P = f(t)for a certain period t to the time spent on this period.
Results

Table 1 shows the results of experimental studies of the maximum and average values of pressures in the

material cylinder, which occurred during the periods of injection and loading of the D 3328 thermoplastic machine,
during the processing of various plastics.
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Table 1

Results of experimental studies of pressures in the material cylinder during the processing of various

plastics.
Material Injection zone Loading area
Injection time Pressure Download time| Quantity of revolutions Pressure
t,s P, P, t,s auger n,rpm Poax P,
MPa MPa MPa MPa
Polyethylene 1.5 125.0 91.2 13.5 25 70.0 47.0
Polystyrene 1.5 130.0 92.1 9.4 17.0 81.0 50.2
Kapron 1.6 120.0 83.0 19.8 35.6 80.5 45.1
Fiberglass 1.8 160.0 84.5 14.4 26.3 66.0 51.3

Table 1 shows that the maximum pressure in the material cylinder occurs in the melt zone at the end of
the screw (injection zone) during the injection period during the processing of all the studied materials. The highest
pressure occurs during the processing of fiberglass (160MPa). Its value reaches 183 MPa in extreme cases
(jamming moment). When processing polyethylene, polystyrene and capron, the maximum value of pressure in
this period is within 120-130 MPa. The injection time is the largest when processing fiberglass and is 1.8s, for
other materials it is 1.5-1.6 s.

In fig. 3 shows samples of oscillograms of pressure changes during the injection period for various
materials, from which it can be seen that in the initial period, the pressure during the processing of all materials is
small and amounts to 45-50 MPa, and then reaches a maximum within 0.15-0.2 s. The maximum pressure is
maintained for 0.4-0.5 s, after which it gradually decreases to a minimum value of 10-20 MPa, and remains so
during the exposure period.
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Fig. 3. Pressure oscillograms during the injection period of the D3328 injection molding machine during the processing of
various plastics, with a diametral gap between the screw and the cylinder 6=0.17 mm.

During the loading period, the pressure in the loading zone is different for different materials. The
maximum value (Table 1) occurs during the processing of kapron and polystyrene (91-92 MPa) in the area where
the S5 sensor is located, with a gradual decrease in the direction of the S2 sensor to a value of 40 MPa. At the
same time, the average value of the P, pressure is 47-50 MPa. When processing fiberglass, the pressure difference
in the loading zone between sensors S5 and S3 decreases, and the average value of pressure Py, is 51.3 MPa. The
maximum time and number of revolutions of the auger during the loading period occurs when processing kapron,
which is related to the physical and mechanical properties of this material and their sensitivity to temperature
changes.

The nature of the pressure distribution along the length of the material cylinder during the processing of
various materials is shown in fig. 4, from which it can be seen that during the injection period, the maximum
pressure occurs in the melt zone (S1 sensor) with a subsequent sharp decrease in the middle zone (S3 and S4
sensors) and a slight increase in the S5 sensor zone (loading zone). At the same time, the nature of the pressure
change for all materials is similar for the diametrical gap between the screw and the cylinder § =0.17 mm (Fig. 4a).
With an increase in the gap 6 up to 0.74 mm (Fig. 4b), the nature of the pressure distribution in the injection zone
changes only during the processing of fiberglass, in particular in the area of effect of the S4 sensor, which is
caused by the partial penetration of glass fibers into the gap between the screw and the cylinder.

During the loading period (Fig. 5), the nature of the pressure distribution along the length of the cylinder
for all materials is similar to the injection period (Fig. 4a), but with the difference that the absolute value of the
pressure in this period is 1.7-2 times smaller.
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Fig. 4. Distribution of the maximum pressure along the length of the material cylinder during the injection period of the D3328
thermoplastic machine during processing:
1—polyethylene; 2—polystyrene; 3—capron; 4—fiberglass.

The analysis of the time t and the number of revolutions n of the screw during the loading period
(Table 1), which are necessary for taking a portion of plastic, shows that the thermoplastic machine has the highest
productivity when processing polystyrene, and the lowest - when processing kapron.
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Fig. 5. Distribution of the maximum pressure along the length of the material cylinder during the loading period of the D3328
thermoplastic machine during processing:
1—polyethylene; 2—polystyrene; 3—capron; 4—fiberglass.

This is explained by the physico-mechanical and rheological properties of processed materials, which
largely depend on the processing temperature.

Conclusions

The following conclusions can be drawn on the basis of the conducted research:

1. The pressure in the material cylinder of thermoplastic machines is distributed unevenly along its length.
Its size and the nature of the distribution along the length for different materials are different and depend on the
physical, mechanical and rheological characteristics of these materials, the design of the screw and the
technological modes of processing.

2. The maximum pressure occurs in the melt zone during the injection of the material into the mold for
0.4-0.5s, and its value when processing fiberglass reached 183 MPa.

3. Research on the wear of the material cylinder of the DB3328 thermoplastic machine after processing
fiberglass showed that there is a complete correlation between the amount of wear and the amount of pressure
along the length of the cylinder.

References
1 Park, J. C., & Kim, B. H. (2000). Automated molding design methodology to optimize multiple defects

in injection molded parts. International Journal of Precision Engineering and Manufacturing, 1(1), 133-145.
https://koreascience.kr/article/JAK0200011920329191.pdf



52 Problems of Tribology

2 David, Z., Walter, F., & Andreas, B. (2023, May). Wear phenomenon in injection molding. In AIP
Conference Proceedings (Vol. 2607, No. 1). AIP Publishing. https://pubs.aip.org/aip/acp/article-
abstract/2607/1/040003/2892409/Wear-phenomenon-in-injection-molding

3 Milan, J. C., Machado, A. R., Tomaz, I. V., da Silva, L. R., Barbosa, C. A., Mia, M., & Pimenov, D.
Y. (2021). Effects of calcium-treatment of a plastic injection mold steel on the tool wear and power consumption
in slot milling. journal of materials research and technology, 13, 1103-1114.
https://www.sciencedirect.com/science/article/pii/S2238785421004609

4 Silva, F., Martinho, R., Andrade, M., Baptista, A., & Alexandre, R. (2017). Improving the wear
resistance of moulds for the injection of glass fibre—reinforced plastics using PVD coatings: A comparative
study. Coatings, 7(2), 28. https://www.mdpi.com/2079-6412/7/2/28

5 Jiang, X., & Kong, F. (2023). Understanding mold wear mechanisms and optimizing performance
through nico coating: An In-Depth analysis. Metals, 13(12), 1933. https:/www.mdpi.com/2075-4701/13/12/1933

6 Levytskyi V.E., Masyuk A.S., Katruk D.S. (2021).Technological features of obtaining extruded
products from polylactide. Chemistry, Technology and Application of Substances. Vol. 4. No. 2, 179-187.
DOI:10.23939/ctas2021.02.179

7 Bobzin, K., Brogelmann, T., Grundmeier, G., de Los Arcos, T., Wiesing, M., & Kruppe, N. C. (2017).
A Contribution to explain the Mechanisms of Adhesive Wear in Plastics Processing by example of Polycarbonate.
Surface and Coatings Technology, 332, 464-473. https://doi.org/10.1016/j.surfcoat.2017.07.080

8 Blutmager, A., Spahn, T., Varga, M., Friesenbichler, W., Riedl, H., & Mayrhofer, P. H. (2020).
Processing Fiber-Reinforced Polymers: Specific Wear Phenomena Caused by Filler Materials. Polymer
Engineering & Science, 60(1), 78-85. https://doi.org/10.1002/pen.25261

9. Shved M. P., Shved D. M., Velikoivanenko S. P. (2018) New resource-energy-saving process of
polymer extrusion. Young scientist, No. 1, 447-449. https://doi.org/10.1016/j.rser.2021.111219

10 Polishchuk, O., Zozulia, P., Polishchuk, A., Maidan, P., Skyba, M., Kostyuk, N., ... & Kravchuk, O.
(2020). Development and research of equipment for processing of granulated polymeric materials via 3d printing
for the needs of light industry. Fibres and Textiles (4), 70, 80. http://vat.ft.tul.cz/2020/4/VaT 2020 4 10.pdf


http://dx.doi.org/10.23939/ctas2021.02.179
https://doi.org/10.1016/j.surfcoat.2017.07.080
https://doi.org/10.1002/pen.25261
https://doi.org/10.1016/j.rser.2021.111219

Problems of Tribology 53

TIonuap B.A. /JlociiokeHHS 3HOCOCTIHKOCTI MaTepiajibHOro LWJIIHApPAa TepMOIUIacTaBTOMara IpH
nepepoOui miacTMac

B crarti npuBeneHi eKCIEpUMEHTAJbHI  JOCHI/DKEHHS THCKY B  MarepiaylbHOMY  LIJIHIPI
tepMorutactapromara J[3328 mpu mepepoOiri pi3HHX IIacTMac, a TaKOXK eKCIIEPUMEHTANbHI TOCIIKEHHS 3HOCY
0 JOBXXHHI MaTepialsHOTO IITiHApa TepMorriactaBToMaTa J153328 micnsa nepepooku ckiormractuky [1C 68-30.
3acToCOBaHO CHemiadbHO pPO3POOJIEHI TEH30METPUYHI MAaTYUKHM THCKy. CHTrHamM Bi MJaTYWKIB depe3
i ACHITIOBANIFHY anapaTypy BUBOAWIHCS Ha ocuuiIorpad i 3aucyBaincs Ha OCIIorpaMy. BenmmanHa Ta po3noain
THUCKY TI0 JOBXHHI MaTepialbHOrO HWIiHApa OyAe CyTTEBO BIUIMBATH HAa BENMYMHY 3HOCY AK ITHEKa, Tak i
UITiHApa. BCTaHOBIIEHO THCK B MaTepiaJbHOMY LITIHAPI TEPMOILIACTaBTOMATIB PO3MOAIISIETHECS HEPIBHOMIPHO
MO WOro JOBXKHHI. XapakTep pO3MOALLYy THCKY MO JOBXHHI MaTepialbHOIO LWIIHAPA MpH mepepodii pi3HUX
MarepiaiiB: B IepioJ] BIPUCKY MaKCHMaJbHUH THUCK BHHHMKAa€ B 30HI PO3IUIABY 3 MOCHIAYIOUHM PI3KUM
3MEHILCHHSM B CEepeHill 30HI Ta HE3HAYHUM 30UIbIICHHSM B 30HI 3aBaHTaKeHHs. [Ipu poMy XapakTep 3MiHH
THUCKY JUIS BCIX MaTepiaiiB MoAiOHWI NpH AiaMeTpaibHOMY 3a30pi MiK IIHeKoM 1 muiHzapom 6=0,17mm. 3i
30ibIIeHHAM 3a30py O 110 0,74MM XapakTep po3MoaiuTy THCKY B 30HI BIIPUCKY 3MiHIOETHCS JIMIIIE TIPH MepepoOIi
CKJIOIUIACTHKY, IO 3yMOBIIEHO YACTKOBHM TIONAJIAHHAM CKIOBOIOKOH B 3a30p MiX IIHEKOM i mutismpom. Horo
BEJIMYMHA 1 XapaKTep PO3MOILTy MO TOBXKHHI U Pi3HUX MaTepiaiiB pi3Hi i 3aJekaTh Bif (i3UKO-MEXaHIYHHX i
PEOTOTIYHNX XapaKTePUCTUK IMX MaTepiaiiB, KOHCTPYKIIi IIHEKa Ta TEXHOJOTIYHUX PEXHUMIB IMEpPepoOKH.
MaxcumansHUHA THCK BUHUKAE B 30HI PO3IIIABY B IEPioj BIPUCKYBaHHI MaTepiany B mpecopmy Ha potsasi 0,4-
0,5¢.
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