Technical sciences ISSN 2307-5732

https://doi.org/10.31891/2307-5732-2025-355-17
VJIK 621.81

I'PEBEHIOK BOT'IAH
XMeNbHUIBKHI HalliOHAIBHUH YHIBEPCUTET
https://orcid.org/0009-0005-6878-8409
e-mail: hrebeniukby@khmnu.edu.ua
MMWJIBKO BOJIOAUMUP
XMeNbHUIBKUH HalliOHAIBHUH YHIBEPCUTET
https://orcid.org/0000-0002-1118-3530
e-mail: vlad.mylko@khmnu.edu.ua

AHAJII3 TA SMEHIIEHHSA YCAIKHN TA KOPOBJIEHHSA JETAJII
3 IINTACTUYHOI'O MATEPIAJIY, IKA BUT'OTOBJIEHA
METOAOM JIMTTS I TUCKOM

Bupobruymeo oemaneii ma 6upobis 3 niaCMuyHUX MamMepianie MemoooM Iummnis nio MUCKOM 8 npec Gopmu € HatbLIbuL
NOWUpeHiwmuUM i HaubiIbuL NPOOYKMUSHIUUM Memooom eupobHuymea. CyyacHuil pigeHb pO3GUMKY HAVKU [ MEXHIKU GUCYBAE
documb BUCOKT 6uMO2U 00 AKOCmi eupobie i demanell 3 NIACMUYHUX MAmepianie, ni0gueHHs AKOCmi upoby 8 yMo8ax GUCOKOT
KOHKYpeHYii € HeoOXIOHOI YMO08010 OJi KOHKYPYBAHHS HA PUHKY. [lechexmu, AKi BUHUKAIOMb 6 NpOoYeci Tumms nio Muckom oemael
3 NIACMUYHUX MAMEPIALie MalOmMb He2aMuUGHUIl BNIUE HA AKicmb 6upoly. JlocsieHentst 6UCOKOI aKocmi eupobie He Modciuge 6e3
BUKOPUCIAHHSL CUCMeM [HIICeHepHo20 ananizy. CyuacHi npocpamui npooyKmu 00360JisI0Nb 3MO0e08AMU NPOYeC Tummsi nio
TUCKOM MA NPOSHO3Y8AMU MONCIUBI Oehekmu umms. 3MeHuenHa oedpekmis ycaoku ma KOpoONeHHs 8UMA2AE KOMNIEKCHO20
nioxody 0o npoyecy aumms ni0 MUCKOM: PO3YMIHHSI 61ACMUBOCMEN Mamepianie, npoeKmyeants npec opm ma napamempis
npoyecy aumms. B pobomi 6yno nposedeno modentosants npoyecy Iumms nio muckom 0emarni 3 niacmu4Ho20 Mmamepiaity ma
ompumano pezyromamu ycaoku ma kopobnenns yici oemani. Taxodc 3anponoHo8aHo piuienns, ke 00360AUN0 3MEHWUMU Yi
Odepexmu. Takum yuHOM, NPOGEOEHUll AHANI3 BGIOKPUBAE HOGI MONCIUBOCMI ONsL NPOSHO3YEAHHSA MONCIUBUX Oehexmie
AUMms,Memooie ma nioxo0ie YCYHeHHsi OepeKmis Ha NOYAmKOGUX emanax, w0 Ha CbOLOOHIWHIL OeHb B8I0n08idae
3a2ANbHONPULHAMUM NIOX00aM 00 HpoYecy Aumms ma 3a0e3neuye 8uUcoKull pieeHsb AKocmi 6upobie ma oemaell.

Kurouosi cnosa

Jlummsa oemaneii nio muckom, npec gpopmu, SolidWorks Plastics, modenioganms, ananis npoyecy iumms.
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ANALYSIS AND DECREASING OF THESHRINKAGE AND WARPAGE
OF INJECTION MOLDED PLASTIC PART

The production of parts and components from plastic materials by injection molding in a mold is the most extensive and most productive
method of production. The current phase of development of science and technology is expected to reach a high level of availability of products and
parts made from plastic materials. Improving product quality in conditions of high competition is a necessary requirement for staying competitive
in the market. Defects that arise during the injection molding process of plastic parts negatively affect product quality. Mitigating warpage begins
with addressing variances in temperature, materials, and improper tooling. You should work early with your manufacturer, as it’s during the design
phase that troubleshooting defects can have the lowest impact on your bottom line. During the prototyping phase, an engineer will ensure the
proper materials, tool design, processes, and machine settings will work in conjunction to prevent warpage. However, should warpage occur
despite the safeguards, engineers will inspect where and how much warpage is present and its effects on the part to isolate the culprit. Achieving
high product quality is impossible without the use of engineering analysis systems. Modern sofiware tools make it possible to simulate the injection
molding process and predict potential molding defects. Iterating designs through manual or automated workflows enable engineers to change
processing conditions or part design to identify a combination that produces an acceptable part. Moldflow’s automated optimization analyses,
provide straightforward feedback on the influence of design, material, and process changes toward part warpage. Reducing shrinkage and warpage
defects requires a comprehensive approach to the injection molding process: understanding material properties, designing molds, and setting
process parameters. In this work, the injection molding process of a plastic part was simulated, and results for the part’s shrinkage and warpage
were obtained. A solution was also proposed that helped reduce these defects. Thus, the analysis reveals new possibilities for predicting possible
defects in injection molding, methods and approaches to eliminate defects at the primary stages, which today is widely accepted approaches to the
injection molding process that will ensure a high level of quality of products and parts.
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Introduction

Shrinkage, which is part and parcel of polymer processing, occurs when the part reaches from molding
temperatures to the point where the temperature crosses the glass transition temperature. It is a phenomenon which
although cannot be avoided but can be controlled. Warpage on the other hand is a result of differential shrinkage. In
injection molding shrinkage takes place in three types: shrinkage during processing which occurs under extreme
conditions which is known as "in-mold shrinkage"; "as-molded shrinkage" which occurs just after the mold opens;
and "post-molding shrinkage" which occurs during storage of the part molded. This report will talk about the "as-
molded shrinkage"; the "post-molding shrinkage" and the effects of molding conditions. The "as-molded shrinkage"
occurs as a result of processing conditions and the geometry of the mould. Holding pressure is known to be the most
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influential process parameter which affects shrinkage; higher the holding pressure, lower is the shrinkage. In case of
the experiments carried out for this study, the selected holding pressure was approximately80% of the injection
pressure. Another important processing parameter is the injection temperature which in this case was set as
recommended by the material MSDS. Gate freezing time is also important which also has an impact on shrinkage. [1]

Warpage is one of the most common and frustrating defects in injection molding. It occurs when a molded
plastic part doesn’t maintain its intended shape after being ejected from the mold, leading to issues like bending,
twisting, or uneven surfaces. In plastic production, warpage can compromise both the aesthetic appeal and the
functional quality of the final product, making it a critical issue to address. Ensuring that parts retain their precise
shape is essential not only for product performance but also for maintaining efficiency in the manufacturing process.
Warpage in injection molding refers to the distortion or deformation of a plastic part after it has been ejected from the
mold. This defect occurs when different areas of the part cool and shrink at uneven rates, causing the part to change
shape. There are several types of warpage, including bending, twisting, bowing, or general uneven shrinkage.

These deformations can result in visible defects or functional issues, such as parts not fitting together correctly or not
performing as intended. Warpage is a critical problem because it compromises both the structural integrity and
aesthetic appeal of the molded part. [2]

Avoiding warping and shrinkage in injection mold design requires a comprehensive understanding of
material properties, mold design and processing conditions. By adhering to best practices such as maintaining uniform
wall thickness, optimizing gate placement and controlling cooling rates, manufacturers can minimize these defects
and ensure the production of high-quality parts. While shrinkage cannot be eliminated entirely, careful planning and
attention to detail can help mitigate its effects and reduce the risk of warping. Proper collaboration between design
engineers, material scientists and process technicians is essential to achieving optimal results. [3]

Injection molding simulation

Plastic parts that are thin (< 1.5 mm) and feature a high ratio of flow length to thickness (> 100) form quickly
solid layers when molten polymer enters mold cavities, thereby facilitating a short shot caused by the sharp decrease
in the flowing channel. Thus, a high injection speed is required to complete filling and packing during the injection
molding process. This high-speed injection molding requires using high injection pressure to force molten polymer
into mold cavities and overcome flowing resistance, and thus considerable changes inner pressures, particularly those
of polymeric materials located near and far from the gates. This phenomenon may induce uneven shrinkage of plastic
parts that warp easily after mold release. Thin-walled plastic parts are particularly prone to severe warping because of
their weak mechanical structures; nevertheless, the effects of improper molding condition settings and uneven cooling
result in sectional shrinkage variations. Therefore, warpage control is crucial in manufacturing industries to prevent
quality problems during the successive assembly process, and warpage must be minimized within dimensional
tolerance. [4]

Managing warpage is a complicated task, given the number of factors involved and how each one can affect
the others. Simulation software can make this work easier by allowing engineers to address the problem earlier in the
product design cycle.

Using simulation tools allows engineers to set up and run analyses to visualize how much shrinkage and
warpage to expect, given the current part material, design, and expected processing conditions. Through the
visualization tools, results can be scaled and anchored for easier interpretation and comparison to other simulations.

Iterating designs through manual or automated workflows enables engineers to adjust processing conditions
or modify part designs to identify a combination that yields an acceptable part. Moldflow’s automated optimization
analyses provide clear feedback on how changes in design, material, and processing parameters influence part
warpage. These simulations also make it faster and easier to explore a broader range of potential solutions—such as
changing materials or adjusting mold cooling—offering a more efficient approach than addressing warpage after
molding. [5]

In this research we use SolidWorks Plastics to simulate of injection molding process to determine the
shrinkage and warpage in the injection molded part and decrease it.

We used the following dataset for modeling:

e Part material - HDPE;
e  Part weight — 63 grams.
Set the hot-runner system to use. According to[6]set the injection pointer diameter equal 2.7 mm.
Create new study in the SolidWorks Plastics and set the following parameters:
Injection process - Single material;
Analysis procedure — Shell;
Set a material —- HDPE.
Set the injection point location (injection diameter is defined automatically according to a hole diameter set
in a sketch).
e  Create the mesh, type — Curvature-based shell.
On picture 1 is showed the 3D model of the mesh and other parameters described above.
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Fig.1. 3D model of the mesh

Run the Fill+Pack+Warp analysis and get the following results:
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Fig.3. Quenching thermal stress displacement

122

Herald of Khmelnytskyi national university, Issue 4, 2025 (355)

ISSN 2307-5732



TexHiuHi HayKu ISSN 2307-5732

v

[ Fill | [ Warp

Available Results =

Total Stress Displacement
Quenchil

Sink-Mark Profile
In-mold Residual Von Mises Stress
De-molding Residual Von Mises Stress

4.39284304e-06

Component ~

(O %-Direction

V-Direction

Z-Direction

© Total

Advanced 4

v

(&2 Fill | [ W

Available Results ~

Total Stress Displacement
Quenching Thermal Stress Displacement
Total Stress Displacement (orientation effect)

In-mold Residual Von Mises Stress
De-molding Residual Von Mises Stress

Component ~
X-Direction
Y-Direction
Z-Direction

Total

Advanced <

[ Pac - (& Warp

Available Results &

Total Stress Displacement

Quenching Thermal Stress Displacement
Total Stress Displacement (orientation effect)
Sink-Mark Profile

De-molding Residual Von Mises Stress

Component ~

X-Direction
Y-Direction
Z-Direction

Total

-

:| 0.0511

Max : 4.485e-06 rm

Min : 4.383e-06 mm

e

FI 4.485e-06

LAfRbe-06

-

. 448e-06

-

430e-06

-

411e-06

-

.393e-06

~

-

Fig.4. Total stress displacement (orientation effect)

0.0852 rm
0.0000 rrm

Max :
Min :

rm

}-I 0.0852

0.0682

0.0341
0.0170

0.0000

~

Fig.5. Sink mark profile

+ 0.00 MPa
+ 0.00 MPa

ID.DD

Fig.6. In-mold residual Von Mises Stress

BicHuk XmesnbHUybko20 HayioHabHo20 yHigepcumemy, N4 2025 (355)

123



Technical sciences ISSN 2307-5732

: 9.55 MPa

Max :
v Min : 0.Z7 MPa

[ Fill | [& Warp

Available Results )

Total Stress Displacement

Quenching Thermal Stress Displacement
Total Stress Displacement (orientation effect)
Sink-Mark Profile

in-mold Residual Yon Mises Stress

De-molding Residual Von Mises Stress

955455 o
e
0.265934 =
W e

Component ~

X-Direction
Y-Direction
Z-Direction

Total

Advanced @

Fig.7. De-molding residual Von Mises Stress

Results and discussion

Total Stress Displacement - Shows the total deformation of the part after it is molded and cooled to room
temperature. All simulated stresses and thermal effects are considered in this result. [7] It is showed on Fig.2. The
maximum value of total stress displacement of our part is 1.25 mm.

Quenching Thermal Stress Displacement - Shows the portion of the deformation that develops after the de-
molding stage, because of the stress associated with thermal contraction as the part is cooled to room temperature. [7]
It is showed on Fig.3. As we can see the quenching thermal stress displacement plot is the same as the total stress
displacement plot and the same maximum displacement value.

Sink-Mark Profile - Shows the depth of sink marks after the part has been ejected and cooled to room
temperature. All thermal stresses and warping effects are included in this result. [7] It is showed on Fig.5. The
maximum value of the depth of sink marks is 0.085 mm. It is acceptable for us.

In-mold Residual von Mises Stress - Shows the magnitude of the residual von Mises stress inside the part at
the end of the in-mold cooling time. [7] It is showed on Fig.6. No residual stress inside of the part is present at the end
of in-mold cooling phase.

De-molding Residual von Mises Stress - Shows the magnitude of the residual stress that remains after the
part cools to room temperature, and allowed to deform freely. [7] It is showed on Fig.7. The plot shows significant
de-molding residual stress. The maximum values are located on the edges of the part’s castle.

Summing up the values of the total stress displacement and the sink mark profile are not acceptable for us.
Let’s change the material of part from HDPE to PP.

Run the simulation again and get the following results:
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Fig.8. Total stress displacement after material change

124 Herald of Khmelnytskyi national university, Issue 4, 2025 (355)



TexHiuHi HayKu ISSN 2307-5732

[ Results @
v

Fill War L
& & B )—I 0.0231
Available Results 2

Total Stress Displacement
Quenching Thermal Stress Displacement

Total Stress Displacement (orientation effect) BT
Slnk—Mark Profile :
In-mold Residual Von Mises Stress
De-molding Residual Von Mises Stress

Max : 0.0231 mm
Min : 0.0000

} 0.0138

0.0092

002307 =
T T

0 :
0.0046

Component ~

X-Direction

0.0000

Z-Direction

Total

—
Fig.9. Sink mark profile after material change

Conclusion and further prospects for research in this direction
Analyzing the plots above we can conclude that changing the part material from HDPE to PP has allowed to
decrease the total stress displacement approximately by 4.5 times and decrease the sink mark profile by 3.7 times.
Also, it is essential during the production to use the packing phase to decrease the sink mark profile. Nonuniform
cooling time of the part could be a reason of warpage. In order to check this, we need to design and simulate the
cooling system.

JlitepaTypa

1. Kapadia, D. Shrinkage and Warpage in Polymer Injection Moulding: Models and Simulation / Er.
Devavnshi Kapadia. — Supervisor Univ.-Prof. DI. Dr. Georg Steinbichler, Co-Supervisor Thomas Mitterlehner, MSc.
— Institute of Polymer Injection Moulding and Process Automation, 2019. — [Electronic recourse]. — Mode of
access: https://epub.jku.at/obvulihs/download/pdf/4590854 (date of access: 26.05.2025).

2. Warpage in Injection Molding: Causes and Solutions. — 2024. — [Electronic recourse]. — Mode of
access: https://hitopindustrial.com/warpage-in-injection-molding/ (date of access: 26.05.2025).

3. Gelston, J. How To Avoid Warping and Shrinkage in Injection Mold Design / Jon Gelston. — 2024. —
[Electronic recourse]. — Mode of access: https://www.aimprocessing.com/blog/how-to-avoid-warping-and-
shrinkage-in-injection-mold-design (date of access: 26.05.2025).

4. Nian, S.-C., Wu, C.-Y., Huang, M.-S. Warpage control of thin-walled injection molding using local mold
temperatures / Shih-ChihNian, Chih-Yang Wu, Ming-Shyan Huang. — 2015. — [Electronic recourse]. — Mode of
access: https://www.sciencedirect.com/science/article/abs/pii/S0735193314002954 (date of access: 26.05.2025).

5. Injection Molding: The Causes of Warpage. — Published 1/21/2019. — [Electronic recourse]. — Mode
of access: https://www.ptonline.com/articles/injection-molding-the-causes-of-warpage (date of access: 26.05.2025).

6. ELWIK. SYSTEMY GORACOKANALOWE. — 2020. — [Electronic recourse]. — Mode of access:
https://www.kvota.com.ua/userfiles/file/dc/elwik 2020.pdf (date of access: 26.05.2025).

7. SOLIDWORKS Plastics Help: Warp Results. — [Electronic recourse]. — Mode of access:

https://help.solidworks.com/2021/english/swplastics/hidd_warp_results.html (date of access: 26.05.2025).

References

1. Kapadia, D. Shrinkage and Warpage in Polymer Injection Moulding: Models and Simulation / Er. Devavnshi Kapadia. — Supervisor
Univ.-Prof. DI. Dr. Georg Steinbichler, Co-Supervisor Thomas Mitterlehner, MSc. — Institute of Polymer Injection Moulding and Process Automation,
2019. — [Electronic recourse]. — Mode of access: https://epub.jku.at/obvulihs/download/pdf/4590854 (date of access: 26.05.2025).

2. Warpage in Injection Molding: Causes and Solutions. — 2024. — [Electronic recourse]. — Mode of access:
https://hitopindustrial.com/warpage-in-injection-molding/ (date of access: 26.05.2025).

3. Gelston, J. How To Avoid Warping and Shrinkage in Injection Mold Design / Jon Gelston. — 2024. — [Electronic recourse]. — Mode
of access: https://www.aimprocessing.com/blog/how-to-avoid-warping-and-shrinkage-in-injection-mold-design (date of access: 26.05.2025).

4. Nian, S.-C., Wu, C.-Y., Huang, M.-S. Warpage control of thin-walled injection molding using local mold temperatures / Shih-

ChihNian,  Chih-Yang Wu, Ming-Shyan Huang. —  2015. —  [Electronic = recourse]. @— Mode of access:
https://www.sciencedirect.com/science/article/abs/pii/S0735193314002954 (date of access: 26.05.2025).

5. Injection Molding: The Causes of Warpage. — Published 1/21/2019. — [Electronic recourse]. — Mode of access:
https://www.ptonline.com/articles/injection-molding-the-causes-of-warpage (date of access: 26.05.2025).

6. ELWIK. SYSTEMY GORACOKANALOWE. — 2020. — [Electronic recourse]. — Mode of access:
https://www.kvota.com.ua/userfiles/file/dc/elwik_2020.pdf (date of access: 26.05.2025).

7. SOLIDWORKS  Plastics  Help:  Warp  Results. —  [Electronic  recourse]. @——  Mode of  access:

https://help.solidworks.com/202 1/english/swplastics/hidd warp_results.html (date of access: 26.05.2025).

BicHuk XmesnbHUybko20 HayioHabHo20 yHigepcumemy, N4 2025 (355) 125


https://hitopindustrial.com/warpage-in-injection-molding/
https://www.aimprocessing.com/blog/how-to-avoid-warping-and-shrinkage-in-injection-mold-design
https://www.aimprocessing.com/blog/how-to-avoid-warping-and-shrinkage-in-injection-mold-design
https://www.sciencedirect.com/science/article/abs/pii/S0735193314002954
https://www.ptonline.com/articles/injection-molding-the-causes-of-warpage
https://www.kvota.com.ua/userfiles/file/dc/elwik_2020.pdf
https://help.solidworks.com/2021/english/swplastics/hidd_warp_results.html
https://hitopindustrial.com/warpage-in-injection-molding/
https://www.aimprocessing.com/blog/how-to-avoid-warping-and-shrinkage-in-injection-mold-design
https://www.sciencedirect.com/science/article/abs/pii/S0735193314002954
https://www.ptonline.com/articles/injection-molding-the-causes-of-warpage
https://www.kvota.com.ua/userfiles/file/dc/elwik_2020.pdf
https://help.solidworks.com/2021/english/swplastics/hidd_warp_results.html

