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1) INTRODUCTION

Injection molding is one of the most widely used processes for manufacturing plastic parts, carried out
using an injection molding machine, mold, and temperature control systems. It is a process in which
molten plastic is injected into a mold under pressure. The process consists of heating, injection, cooling,
and ejection stages, all of which influence the production cycle time. One of the main challenges of this
process is the precise adjustment of the cycle time to increase productivity while maintaining the quality
of the final product. Therefore, optimizing the time and precisely controlling process parameters play a
crucial role in improving performance and reducing production costs. To achieve this goal, integrating
existing Industry 4.0 technologies, such as the Digital Twin, can help enhance the process and improve
production performance. The Digital Twin, through real-time simulation and the use of real data, enables
the optimization of the molding process and reduction of the production cycle time.

The plastic injection unit of Entekhab Industrial Group faces various challenges in optimizing the
production process due to the diversity of parts and molding machines used. The injection molding
machines, manufactured by Borche, operate in parallel with different tonnages and are used to produce
various plastic components for products such as refrigerators, washing machines, and vacuum cleaners.
The production cycle time of each machine, particularly during the product cooling phase after injection,
is a critical factor that directly impacts the quality and speed of production. Due to the manual adjustment
of the parameters influencing the cycle time, this duration may either be too high, resulting in insufficient
production output, or too low, leading to substandard quality of the produced parts. Therefore, there is
a strong need for a system capable of optimizing the production cycle time using real-time and actual
data. The proposed Digital Twin system leverages real-time simulation and optimization, utilizing real-
time sensor data and historical information to enhance production process optimization and quality
control.

In the study by Hurkamp [1] a Digital Twin and surrogate models were employed to support
decision-making in thermoplastic composite injection molding processes. These models focus on
predicting quality and real-time process control, utilizing methods such as decision trees for evaluation.
Wang [2] implemented an intelligent manufacturing system for injection molding using a Digital Twin.
The aim of this system was to enhance production efficiency, monitor the process, and reduce costs. The
technologies used included smart control and cloud platforms, enabling quality monitoring and defect
detection. Lacueva-Pérez [3] introduced the SHION system, a cloud-based Digital Twin supported by
artificial intelligence for failure prediction in injection molding. This system analyses Internet of Things
(10T) data to identify errors and defective products in real time, improving production quality. Modoni
[4] implemented a Digital Twin for monitoring and optimizing the micro injection molding (uIM)
process. The model examines parameters such as pressure and temperature to ensure product quality
using data collected from sensors. The results showed reduced waste and improved production cycle
time. In the research by Rehmer et al. [5], predictive quality models for plastic injection molding were
explored. Dynamic models, such as feedforward neural networks, were utilized for quality prediction
and process control, leading to improved prediction accuracy and optimized quality of the produced
parts.

The main innovation of this research lies in the implementation of a Digital Twin to improve the
cycle time of the injection molding process. Unlike previous studies, which primarily focused on product
quality enhancement and process monitoring, this study specifically addresses cycle time optimization
using a Digital Twin and real-time data analysis. By integrating machine learning technologies and the
Internet of Things (IoT), the Digital Twin can predict and adjust key process parameters, such as cooling
time and injection pressure, resulting in a significant reduction in production cycle time. This innovation
can enhance productivity in the injection molding industry and effectively reduce production costs,
while also enabling large-scale optimization of the manufacturing process.

2) Solution Methid
The Digital Twin system for the injection molding machine and production cycle time calculation
consists of two main components. The first component of the Digital Twin system is dedicated to
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collecting and transmitting production process data from the plastic injection machine. This data
includes parameters such as mold temperature, injection pressure, various process times (injection,
cooling, ejection), and other specifications related to machine performance. The process information is
collected using sensors such as inductive sensors, thermocouples (temperature sensors), pressure
transmitters, linear position sensors, optocouplers, and microswitches. Each of these sensors
continuously records various real-time data related to the machine's conditions and materials.

The second component of the system comprises the Digital Twin framework, which consists of
artificial intelligence algorithms and simulation software. This component is designed for intelligent
decision-making and real-time analysis of data collected from the physical machine. By creating virtual
models of the process, it enables the simulation of various scenarios and the evaluation of potential
changes to improve system performance. Initially, process data, machine information, and part details
are input into the two subsystems: simulation and artificial intelligence algorithms. Training and initial
modelling of the Al system and simulation are conducted using this data. Subsequently, the final Al
model and the optimized parameters derived from the simulation are displayed in the graphical user
interface (GUI). Additionally, the simulation results for various scenarios can be utilized within the
GUIl-embedded Al model to predict the production cycle time. If the Al's predictions demonstrate high
accuracy, these inputs can be used as new training samples for the Al model to further enhance its
precision.

The graphical user interface of the Digital Twin system, developed using Python, plays a crucial
role in real-time monitoring of the injection molding process. This interface displays real-time data from
various stages of the process, the production cycle time, and the operational status of the machine (active
or inactive). It also provides access to information about the produced part and the simulation results.
Through the GUI, users can perform production cycle time predictions using artificial intelligence and
directly run the MoldFlow simulation software.

The artificial neural network (ANN) subsystem, inspired by the structure of the human brain, is
designed to predict the production cycle time. This neural network will be implemented in Python and
consists of input, hidden, and output layers. The network includes two hidden layers with 64 and 32
neurons, respectively, configured to extract complex patterns. The ReLU activation function and the
Mean Squared Error (MSE) loss function are employed to optimize the model's accuracy. The network
is trained using the Adam optimization algorithm for 100 epochs. If the accuracy is insufficient, a grid
search algorithm will be applied to fine-tune the hyperparameters, ensuring optimal performance.

3) Experimental Tests

To implement this system in a real production environment and evaluate its reliability and accuracy, a
case study was conducted on one of the plastic parts produced by Entekhab Industrial Group. The part
under study is a plastic component of a dishwasher, weighing 73 grams and made of polyamide
reinforced with 30% glass fiber. It is produced using a single-cavity mold with a cold runner system.
This plastic part is manufactured on Borche brand injection molding machines, which feature
specifications such as an injection shot volume of 1346 cmd, a clamping force of 3200 kN, and a
maximum injection pressure of 166 MPa.

In the initial simulation, conducted using real process data, the process parameters were extracted
from the injection molding machine and the KEBA controller and configured in the simulation software.
These parameters included melt temperature (290°C), mold surface temperature (80°C), and the times
for injection, holding, and cooling, which totalled 43.5 seconds per cycle.

After running the simulation, the filling phase resulted in an injection time of 4.19 seconds. As
illustrated in Figure 1, it was observed that the edges of the part were filled later. During the holding
phase, the pressure reached 89.16 MPa and then stabilized.
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Figure 1: Visualization of Injection Process and Timing in the Software
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In the second simulation, the MoldFlow software automatically executed all simulations, optimally
calculating the process parameters for injection, holding, and cooling. The melt temperature remained
at 290°C, and the mold opening and closing time stayed fixed at 20 seconds. The results of the automated
simulation showed that the injection time was reduced to 0.808 seconds, with an injection pressure of
46.32 MPa. The holding phase lasted 4.68 seconds with a pressure of 50.84 MPa. The gross weight of
the part and runner was calculated to be 83.56 grams. In the cooling phase, the total production cycle
time was calculated to be 38.59 seconds, encompassing all stages. The coolant water temperature was
15°C, and the average temperature of the part after cooling was recorded as 51.13°C. (see Figure 2)

Summary of Cavity Temperature Results

Part surface temperature - maximum

Part surface temperature - minimum

Part surface temperature - average

Cavity surface temperature - maximum
Cavity surface temperature - minimum
Cavity surface temperature - average
Average mold exterior temperature

Heat removal through the outer boundaries

78.3140 C
29.5314 C
51.1367 C
72.3608 C
23.8549 C
44.6580 C
19.8049 C
-8.1719 kv

Cycle time calculated from percentage frozen on auerage part thickness

Cycle time
Haximum temperature
Minimum temperature

Figure 2: Results of the Holding and Cooling Phases in the Automated Mode

4) conclusion

38.5934 s
290.8808 C
15.0000 C

Packing phase results summary :

Peak pressure
- minimum among cavity nodes (at
Clamp force - maximum (at
Total weight - maximum {at
Pack/hold pressure profile (abs):
duration pressure

0.8000 s 46.3220 HPa
0.2008 s 50.84083 MPa
4.4698 s 50.8403 MPa

End of packing phase results summary :

Time at the end of packing
Total weight {part + runners)

5.006 s)
1.218 s)
5.468 5)

0.0000 MPa
55.9463 tonne
83.5644 g

18.5936 s
83.5632 g

This study examines the plastic injection molding process using Industry 4.0 technologies and the
development of a Digital Twin system for monitoring and optimizing production cycle time. This system
was implemented at Entekhab Industrial Group and consists of subsystems for simulation, artificial
intelligence, and a user interface. The simulation results were consistent with the real-world process,
and this system achieved a 13.3% reduction in production cycle time.



Designing a Digital Twin System for Plastic Injection Molding Machine to Improve Production Cycle Time (Case Study:
Entekhab Industrial Group) 25

5) REFERENCES

1. Hurkamp A., Gellrich S., Ossowski T., Beuscher J., Thiede S., Herrmann C., Drdder K., Combining simulation
and machine learning as digital twin for the manufacturing of overmolded thermoplastic composites.
Journal of Manufacturing and Materials Processing 4(3): 1-20 (2020),
https://doi.org/10.3390/jmmp4030092

2.Wang Z., Feng W., Ye J., Yang J., Liu C., A study on intelligent manufacturing industrial internet for injection
molding  industry  based on digital twin.  Complexity = 2021(5): 1-16  (2021),
https://doi.org/10.1155/2021/8838914

3. Lacueva-Pérez F.J., Hermawati S., Amoraga P., Salillas-Martinez R., Hoyo-Alonso R.d., Lawson G., SHION
(Smart tHermoplastic InjectiON): An interactive digital twin supporting real-time shopfloor operations.
IEEE Internet Computing 26(3): 23-32 (2022), https://doi.org/10.1109/MIC.2020.3047349

4. Modoni G.E., Stampone B., Trotta G., Application of the digital twin for in-process monitoring of the micro
injection moulding  process quality. Computers in Industry 135: 103568 (2022),
https://doi.org/10.1016/j.compind.2021.103568

5. Rehmer A., Klute M., Heim H.-P., Kroll A., A digital twin for part quality prediction and control in plastic
injection molding. In: Mercorelli P., Zhang W., Nemati H., Zhang Y. (Eds.), Modeling, Identification, and
Control for Cyber-Physical Systems Towards Industry 4.0, Academic Press, pp. 79-109 (2024),
https://doi.org/10.1016/B978-0-32-395207-1.00014-7



https://doi.org/10.3390/jmmp4030092
https://doi.org/10.1155/2021/8838914
https://doi.org/10.1109/MIC.2020.3047349
https://doi.org/10.1016/j.compind.2021.103568

O
JEMSC.QOM S R TN W((
YAYA-YSVO :‘,S,m,u ‘j LJ“E‘JJ LS/ gl K\Wj

08 o851

45 > o) O 9na (S 0 Sy @35 Comilo JUumsd (5919 90 i (21 5b
(PR (x0 09 5 1axdliane 8 y90) W i

25 OIa e dosmo 9 T IE Lo e (T LS Ol sols” ¢ JBT 19> oo

mohamadj81@gmail.COM :asbb, .0l ! clgius! cOlgiust oltils ¢ puidige 5 5 0dSltil (o (ptige bl it )87
K.Kianfar@eng.ui.ac.ir :asbbi, .ol ;1 colgivs! (Olginsl o3 ¢ pudige 5 b 0Kl (Pl 5 gl pudigs 05,8 Ll Y
00li.a@eNng.Ui.ac.ir :asbbly .0l 1 colgiual cOlgiml olEils ¢ gmikign 5 55 o dSls ¢ 23300 T 5 gl (lige 03,8 bkl ¥
m.abdeyazdan@in.iut.ac.ir :asbbi, .ol 1 clgiwsl Olgiol gris o&ils i 5 wls puilige oSl (o (utige (55575 g miils F

ous> Qo SleMb!

(3

o s il St cdliau s (g4l gs wile plags gl é;:f)l-{!\ifrl)“i\c” S 3 (68 OY s s i £o

Jtﬁbdﬁjbw)ﬁgﬁj}’a\.c_ﬂhu@jdh&T})deQ‘ﬁ?ﬁuLﬁg}m . .
VEY70/Y4 o8l 5o Fu b

VEYNYNS 16 S5 g b
VEF/ DY b g dy 6

3513 5 o Sl o 05 8 4 sy 1A, 3 o OB oyl (SIS slags sl 1 S Ol e
MOIdFIOW 1 31p 5 5l e3lizal b (55 luarcd ¢ slalamd (glaosls 0T o bl s 25 i ol 2
i b ol (51 5,087 July S ioen ol Oy e 3 e S e 5 s fsh s
Gy oo pLid Aile ol el )l 5,5 (S b 15 o Sl (558855 luad Colods b
S Laio 1y Jpmms CaiS Il e ys g enls SRalST ) Wg ast p 0L oS oSt T 5 A6 sbos HEYS RN

AR ZAR VAR M P Bt

a5 Rl 5 g e Ole) 3 (G328l 4 i gl S5l LS s g a0l edlam s 850
Cledd GUF Gt (ae S
.%JB::SIWA))?A&:L«OM’

390) Wi a2 Ol s gl Szt 35 eble Jaaus gsliss s >0 (VF ) O 5 sigr ¢ 6olles 35 iy tOL]
Error! Bookmark not defined.Y-60 : ,a.o .(Y) 11 0,45 P A 5 eedige Sy e (sl oaio a}f 14 las

https://doi.org/10.22091/jemsc.2025.11872.1232

QOFF) 0L 5 VBT © r;ui:.su -1



mailto:mohamadj81@gmail.com
mailto:k.kianfar@eng.ui.ac.ir
mailto:goli.a@eng.ui.ac.ir
mailto:m.abdeyazdan@in.iut.ac.ir
https://orcid.org/0000-0003-0067-7583
https://orcid.org/0000-0003-0067-7583
https://orcid.org/0009-0003-97823790

donio (!
B G5 rble 5 eslizal b o8l (Saudly Slalsd 15 ot T3 0 55,00 5 51 (S ¢ o5 68 I8
Goliad g 5 SNl o 03500l ol SIS b e sk i ol 358 g0 plawil Lod J ST (a5
Dy 0T 53 48 ool G T3 ¢ 5 5 (5,8 B3 5 oo Loty o 23 5 (5590 1 201 0 min & sl a0
03570 5 Sl e (o5 e ale 8 ol Jali auT 3 cpla b ooy B s 4 LB i)
533 ks T3l ol sla il 1 (K il oo 36 A5 4 Oles s LT aen o ol LIG 1 ankad
G833 J S 5 0l ol Gilwaig opl b (Sl olg e kST Li> 5 (50,4 RIB) Gl p 2 O
plesl e e pl 4 Oy (6l 3005 W5 slaaja RalS 5 Shes 35 5o @S iE T 5 ol b
Wy s Shes iyl 5 4T 3 opl 3 4 Ll o o DT) "l s (g 5l595 Al "Fuv Cmtio 45 34 50 glagg sl
Olej SalS 5 6,8 B UuT 5 (g jluang Ol ¢ dly (slaosls 3l oslizul 5 <Ko (g5luans L DT a8 ¢SS
Sl @l A g e

AL Ll &5l slags st oS 5 L oS Sl W5 0550 53 (SIS slacsosT s 5l sl For o
Js ol (Koch et al., 2014) &S o o5 1) Jaws 5 So 58 slis o bl e b 57 o gian i 6l
(Esan gh S ld Al sy &S ol (5 5 b dl e odiaslis ad IS mio SLaME! b awlis 53
2> @S palis I (S (Liao et al., 2017) wide oo 5 s 5 5 s Sladn T3 claesls o 5 O srsls 51
3V 0 slosls Sl eslizal Ly ol (S5 e b b e &K 51 Jlions (il oS ol DT (For St
L gl (g5l opl.(Lee & Lee, 2021) wise oo 55 1)y oS o iy o 5 3 Shas e iy el g 52
los 8 (glas 8 Calise gle 52 ejs 0 5 (Bhandal etal., 2022) i oslizl baleylds (gjluans !y Lot
Gt 5 (5 DY gemmms I (G lonn (Sladinns sloml 4 (65518 ol (LSl 5 puilige 0 53 . Tules S Iy
5855 Cano s (Kritzinger et al., 2018) Aol 55 LT 5 5 L s (gledng b > b b uS 0 eSS W 5
S Gy a5 ol 5 O mman Slodimy GBSl (650K 5 5 Shas (S3loangs 1 DT cOlaals
Slagaly Sileand Gl Olen Golame Sladie Sl (molgy Galdl o 55 ronen (Sleiti et al., 2022) 54, .
S sl5 55 chiad ga (gla g anw 5 53 (Erol et al., 2020) 5 58 o oliul Olays 383 o yael 5 5 SO0 5 50
White)M@&Jcbwjﬁj&céjﬂdwéjb%Qéﬁi&h@&jb@@d%:
o) Sl 5 OB 5Ly e 50 (61 $03L8 opl (I 5 a5 Ja 05 53 ¢oplposDle (et al., 2021
(Wang et al., 2022) s> s Olebsl baas 3o 2alS 5 la ol)ls  &S,50 Syl 35548 oo 03lizul el

1 Injection molding

2 Industry 4.0

3 Digital twin

4 Internet of things

5 Cloud computing

6 Artificial intelligence
7 Real-time Data



lF'F;hju;HUjura/‘w:‘gbjwwc.ﬁﬂw YA

G5 ST 3 o 5y 3 (K ol 5 S Gl i o e 51 (S5 Gz 50 55 40 e
Glatdu 3l (SO 58 eSKawdl s ol iy 5 (6,8 LB 558 oo o3l Sawdtl Slabas Csl gl &S
g1l (5 s ¥ st Ve Lkt IS i a il s g e O e W5 5L 5 558 e 55
o 03 8 A5 ol OS5 (Ko 0l sioas andllans ) go S b 35 oo A 5 0101 53 (6 pecky 5 (SeSly DY s
Lo sty pl 03 A5 53 b oS g il o Loty Lo 5 5L oy 88150 YU Sl W 5 e b S
Ol 555 o oy 85555053 i 25 g0 lanlorls o 53 o8 S8 sl 4 e el 5l 0 lites s
S5 DY geames W 5 6l (oL 0 4 e b 5 355 0 4830 gmes 4 le (s 3 5 5Ln 50 A 5
2 al)gy smno dly cpl s o QLIS e gy o il dal g ol jamas | baa sa 201531 Culg ys 457 Ad dal g 5 o=
S o 3 e Szl 3l 5 B0 5

les gy 50 Sl o5l san (lakat &y ulom 5 (gl ek 5 ooy Conle daa AT 3 oyl (g leangy
O (2§ Jmamme CokS 5y ites 56 () Ol 5 oo o6 glos ¢Gp) 5 5LES Lol gl el
& o g2 Sy 015 S ol st s 565 s el ol (o b (s 28 il 457 Olej 5 Sl
(Sl b il 5 om (255530 5 i ga 1 S Ol e DT c0ln ol 53 3,5 L A 55 a5 55 SLETG o s
gy Dl Jlosl b 5 a3 Sl ()l Camds 31 malr i3 sl slaesls 1 (5,8 00 5 40T 5 383
S pb o M5 Glaay a5 Ol Al o se L ()5 (S B 53 DT (6,851 s Uyl 1) A 55 5 Slas
ol 3 eslial caenl 5a)sT oo @il 3 55 1y dgmamme CuiST 35 5 Gose i SR ol ot OISl S
0 B G50 Gl e Glalases 5 (g pdiOolanil 5 (6 p U6, W) 6l 5,9l

bstws I 95 4 o Oloj 2l Cd 55 g 95 B (oLl gLl 5e (6l,1s DT (g 5luesly ¢ 28 sLlse 0 9d\e
cadsglslse O e (GGludigy 5 Dluld JalS roman 55000 55 Sy ja SR 5 A5 5 SRl e e
5 G0 s A G le e CE Sl 4 e g ss ol g onl s gr ST 1) ankid s eiple a s
gd o gmee Syl s ealaml (g a5 e

OLaESCaady olBaws Cad 53 310 031,413 51 e 45 Sl Sy em ) 4 (Sl Slabas pl S5 ol e
(85 gy i 3 sh e Jol 3lge 35 0353 5 sk OB 2 g L3l S8l b5 LS b 5l 5l
bolle G55 5558 on 4ty B Llaie 15,8 513 50 5 o 575 o (sLab 53 (IS Olde o 4S5 U 55 00
3 om0 plawil LI 0ABeSEs Dllas 03 T bow g s 358 g0 plonil YU LESC o oy JUil &S
Oloj pammme LS o zob 1) adipled (A5 6,8 B and 5 55 a5l B Olde OBl 5 OLbs
s e Ol ) o&ims W 5 4 > Oles B gp slacJlad

b coslinulsy g (6,8 B Glaelams 5 Slalsd ¢35 Jow (ol amis 058 oSl sy Ao
(s BOIChe &y 51 65" oy 5 6,8 B slaolSaws .ol gya5) a5 dnT 5 (gludig )3 ikides gla il
WJlomsy diile Y game  Saadly Calibes Dlabsd Ay (515 5 S o Sl Calien S 3 5 $5lse D)o



Y4 (“’[""J/W ojjf,‘uﬂkc ))ja)..l,/}f&jg— Oloj 35 s g,@:,)@ Sy oele J%)J}G}wafjé

(G235 3 et Jgrammn G 5LneSist dlom a3 05 541 oSws o A a5 o Ola i g on e3lizal B 155l 5 (g sl
w2 Ol 5 Joota Sla byl (s 0o Jdoas a)ls A 5 sy 5 kST andiens 30 ST Sl Gl ke
g 2l 348 ABL b sl b3 g8 o0 ST A g Gl pde 4 zte 45T ABL YL Sl b Ol ol Sl S
o A5 e Ol Ll 6T (a4 S 0l s il i | 25Y (ST slas bl cobitd 5 labad
Sl 3145 ol s (65l DT 1545 oo poleom | Sy (S o3lial bl 5 (slalamd (slaosls i 5 S
AT 5 (o5l 4 sl (osls 5 Lay g 51 bl e 1 aslizal L 5 3,8 o0 655,50 (6 5luaigs
S o eSS CiS J xS sy

Olgea Iy g 4 Oloj 5 Conl Jab DT s Olojar )0ty 08is (555 Iyt 5 o a5
3505 G Sty 45 Sl (o gian hgr slanm ) S bl a5z Oloj dlons 05005 LS o painia s S
S (gh I (R (75 P 9

o 3 T slos J ST donly o6 g5 0 T Sl i b Gy sl el S JSCine G5 ele DT
T Slme a3 gm0 Ol b (SO Cus g n b Gallas ol (gl S sz ge S5 5 (58 s s e Ol gt S
BT ool 2 5 355 o0 Ls)ﬁT@-’:r@éU by 5 @lalamd S st (SO 58 s s g0l i Gla(63 5,55 o
S o o | alad A 5 S 0o 35 Sl s ¢ 85 (5155 55 aalad &G (6,8 B L Ol jan

Yoo A ateasns 4y 23l 58 sl yial 5l Jlas ) AUTODESK
’ SIS Moldflow

@ G, sl b osls Jlo)l g 05y 5\ sl b
Jzes slbed el T_ . aan ol
E—

Solgiy DT Hlsle Y S

1 Physical Entity
2 Virtual Entity
3 Real time



IF'F;VUL,J‘HUjuraf'wb'g/)jwwcfﬂw Yo

5o ol Al Slide GBS 50 oo il e (pl 03 f b g0 DLosl gy g R cpl wslsl o

Sl 5 @l g S B 5 s JolST (o 4 e A el O Sl e e s

dal 5 (g 5lwosly canlad &6 A 5 (Rlg Jama 53 (S3lgiiy s 5 358 g0 4515 OT (lwesly 51y o3liuls s 5o
W25 8 a5 gy 3590 OT gl oo b s 5zl 5 Oliresl Sl LY 5 ks

..“n . ‘“:.w: (Y
o Ol g T 3 (giluaig cimto 53 DT 5lagg sl 5 5,8 0 by o Sladllas JS7 23w aw 53 g 4t
Qyuﬂjbbﬁgﬁoyﬁcj&%u‘b‘)b ol ‘Gb\ &)}'W})DT}‘O)@\)&); sz;g_,.‘a A:.S}S

Cwlodld 43\)\ Le_vT‘b L}v;&

i 33 JUamd soligd 9 s 5Ld 8 0 15 g 3 diis (1Y
q;\afifmw54;i¢>~|sﬁqlzsuéu,>DTr,@uw;)w,ﬁ@@\ﬂuﬁmﬁ‘ﬁ-l&wuﬁ
5 S .l b g odmen Lol 5s T8 ol &;M 5 e 68 o Collanmil 21530 5 S a5 LT
o e 6 cpeile (6,850 5 (ilwand S5 3l el o, S a5 L (Cavalcante et al., 2019) of ,1Ses
b 3 0diS al Sl 3 (6,8 el 4 4 s gn A1) (e 5 L or 0 g Lol Coaladpde 5 YD
33 2953 g S .5 L (Mandolla et al., 2019) o, Sen 5 Ysbile .S o &GS S ) 2alS glace 51 !
e 1y el 0 53 SleMbl S 5 (5, K85 b S o S 5 S (6,51 L 1, DT ¢ plewlsa Cmio

s 5 AT adles 5 BT o fond s 00,8
S5l 5 ¢Sy b 51 615l Ol siea DT i (Ivanov et al., 2019) o) Kas 5 il 1 cOb > ol aslsl 53
Lns o OLES caesls fulowi 5 (55luaings (il ploal b T L o0 0 Jizms el Sl 5 6y ollan]
Lietal,) olSes 5 J . didu 5 |y ol 03 o sSoualy 5 03ls S2alS |, SVl Ll g5 o DT 6,85 o
S S o sl Sl sladeses 53 DT (ol (Sazy IS seneS” Jole 5 43S o Sil 6 FONS o8 5 (2020
Gladte ol 5 65T 53 15 OT 28 5 33l 00 OT (Jammean 5 (plail ogalal glo 55,0 s
elsl ozl 5 eSS g5k S 5 L (Mazzei et al., 2020) o, n 5 (5l .35le oo a5 LIS sewnS
LS ko 9 3L 55 i g ceu B (Slapile Sl Wasls Sl )36 a7 AiS” o 8 2e DT s sotiew ¢ o
Lo 43,5 b cLa)y onl bled ESGST gt el oy (S L 5 el 35 4 (slabad LSl €11 L
2 DT Gl eV ool 6T .l e wlsl (Lin et al., 2025) OLSer 5 o s s s by g
L;,:f‘.,wsdlﬁou}@c,)ym.gf,}iop,-L;ud,u,@,asdﬁfggoTﬁ&us@m,\CNc 6 eible

HIN CL:«:‘ )‘j‘ P 6)\.«44..:@4 9 M}A

1 Additive manufacturing
2 The industrial blockchain Tokenizer



Y\ (y&b’/@‘wojf,’d&d)/f)#f’&ﬁ&&j)ﬁd&:&)@@JJJ&J[JJ&}%)‘;}@}JW@/}A

31,5 5 e o s slasls 6 pdy wlie 5 6,8 5le 53l g s 3 (Huang et al., 2024) <Kl pa
i 5 byl o b o) Kan 5 (g5le Y sdke s o3lizul B 4 457 s o €11 1SO (glas bl o
Sl daoms 53 4Bl ans Jlizm s (5o 5l5 3 anm 5 6l (5 Sl (ol Plp S GBS a3 b sy cnl 2l
Goloms ilwand o SIS 058, Coda L (Sunetal., 2024) 01,8 5 Ols il y par 55 .o oo &1y sl 5
030zl b 48 Lilosls anw 5 DT 2o CNC (gla puiile (61 YU (61365 L (6310000 (65 o sukze <SG ¢ ondlg Lol
s o Sl Kt sk 1) (31lely T 5 b 55 Shas cdde oglize Sleys,4 5 Modelica oL |

Syl odi (g 5ln et (K5 53 DT 5,8 sl (5550 «(Zhang et al., 2024) oL K an 5 K15 lgs s
S 0T 515l et ¢yl 5 (o suan s SAS ot 5 3y slaesls el G b Sl g s e
il ol a5 K5 53M ke 52 MalS Do) oty oDl 2l 5 Ole)s ¢ patis OT 3 o S e )
Fsr O 5 Glabes S5 o sl o Dren ol 6T e 5 LG Gla iy o8 e s e
.mu,,;%d\yd\@L;ul,ﬁsspﬁz;&u)&b}u;,\;ugw

Cilarte 5 g iz )l &G Olsioa DT 16,80 g0 (ol &5 o ahas 3y 51 60k (ol 53 4T g gazme s
Negns sl Gl » 4K L oS Clodony lalaze )3 Giludige LSJ'.‘.?V':“*‘; ¢l cgiledde ol

ol VU o 3T e bl ca iy Ko U a § amo W5 5 sl 0

&) ¥ S35l Lo g 3 A (Y-
51 (Martowibowo & Kaswadi, 2017) 31,8an 5 5555,k ¢ iy5 &S 6 a3 (gileag glvl, s
o3le 31 JSCa(slanls” Dlabas A 5 o Oloj 2alS” (s MOIFIOW L1l 5 (s 5lwacd 5 &S5 05831 oS 5
AT GEIFNY 4 L el (Sledig b 4 Ole 48 5ls 0L asdllas oyl s il S o g PP AZ564
OLes 5 5 ke caalsl 53 a8 o b 1y (gleand slaylpl b diad g L;ur;i,,ij\ oS 5 LT 5wl
WS ssha 5 6,8 B gl wdile 3 (6551 e s S5 L (Mianehrow & Abbasian, 2017)
IS e A5 5 L,l5 (5 5) e g2 ot 5 S8 S0 Slhee 015 5 4 Olej i ol el 457 isls Ol
= SL S 55,555, (Singhetal., 2018) 0l Kan 5 6K K5 (S g 5ol 3L 4ia ol 53 55 pedle e
o)l g5 b O game 55 S3, 5O 5 4t o 0l B s I (6,8 B AT 3 (g 5luag 1 1) S pllas I,
) rao cal 308 5 esls OLE 1) W5 slaais ja 2als 5 T 35 Shas 3 5o ¢ ol il s 2alS 1, &ST30
41,1 4 (Kitayama et al., 2019) oo 5 LLS i) s 5 . Colatt b i 5 J gaes CadS o i )3
RHCMY) o G5l 45 2 6,8 6 53 a5 7 Olej 2alS 5 pgm boshast alS ol dair 53,80,
S50 5 TS Ol 5 (GSleang 4 5k 5o S 5 emeie oS ST U 1 eslinal L T blasstls

.u\.;:éti Cwd

1 Rapid heat cycle molding



’F'Fcrojua”ajj)‘raf'ub'é:bjwwdfﬂ.u Yy

LU &8 sl ys (Kuo & Xu, 2018) 0 Kes 5 5 oS e US> b Ol 31wy 53

Gl b S 5 5 gl e (Ao 3 AQLY u)@u&Qu;,gﬁ;&uﬂs%}ﬁéﬁﬁwom&s
(Brunthaler et al., 2022) o1,\SKan 5 S copl » 0931 .85 S 4o s Liolo p ($5luaing Gl 1) S 5 SJlse
s panis 5 (6,8 I AT 5 diedpn (il 6l p (ot (ble (6500 5 e okl slresls Sl eslizel b
5 rbple Solgns . wlosls Olas dnT b Calises OVl adeis 55 Ao ;3 AF B 585 &7 Wsls &1 uiile Cund g
5 (Gt (5l (035 ) 6,8 B U T 3 Calises o1 0 ¢SS5 L (Sapounas et al., 2020) ol ,1Kes
Wil oge A 4 S Ll slgiie el 3y Slabl gl edd ileands Sy, el 1 gsled

b @ly e SUles latig 3 5 S 0 SGST (o, 5l

)P S5l Caio 53 Jlumd oligd gy A (Y-Y
Sl sladde 4SS L (Liau etal., 2018) 01,1 5 U ¢ sy 5 S B Canto 53 DT 1 6,5 0 g0 e o
5 LaI S5l plesl diejl oS Wles S 4l anT b 5 Shes Gilwang 5 ol ol 6,0, dresls s g
3315 o ey 1y b Ko Sl aslizal 5 s (slaosls (65T meam e gla Rl 5 Sl (6 s lam (G 58 (Sl gt
b W5 Glaptans 53 DT ane g (6l somadite 63,505, (Bibow et al., 2020) 01, Kes 5 o axlllas casls!
o s 25 55 5 U5 sl 5 G5 0L i ol el (ileang OSGl oS Wlesls slgin (CPPST) S5
ol sladde 5 DT 51 55 (Hirkamp et al., 2020) 0, 5 oS 558 35k 0 ol 3 15 &K5,50 slaesls
St 2 S 5 b ldde ol iles p g p il S (Sl palS iy 5 6,8 B s S el Slit 6l
iles S eslizal esls Jdow (gl *‘._,w- Sy dsbe gl sy Sl o mbly Ol yo wuT 3 J s 5 cas
(2T 350 DTy smoe diad g W 5 ot &S5 1 b L (Wang et al., 2021) 0, Sen 5 &l5 i 35 ot
CakS” ol 6l 6 lap iy 5 el sn J 2SO opes (o lais sl 5l 5 0ls 13 Ooda |y by s J2alS 5 ool
¢ SHION e 3 20 s (Lacueva-Pérez etal., 2022) 0l ,Sas 5 5 iy et 53 L3145 S 0 g O ge il
Gosls Jdosi 3 b 51y Oogre SV guaes 5 b gl 5 olulis 01 o gume isn Slzis byl 26 DT oS
Modoni et ) o, en 5 Sodke Cpiomen Cuslods W5 iS4 e 47 Liles S oal b 815 0L j s 1OT
Lo 5 5led sl gls byl o oyl b g astls , "(WIM) 5 Kn iy 5 (6,8 B AT 5,5 DT 5., (l., 2022
OLKen 5 oy Eass 53 Lalghss LlosysT Cowsty |y o Olej 35 5 Dluls 28l s S 5 b
SheCnlas S 15wy 390 St 5 6,8 B gl caiS ot slade (Rehmer et al., 2024)
S35 3 g 0 e oS sl o3linl unT 3 J 287 5SS o e 1R o S (e S0 B Ly sade

Db o G 5 Dlaks CaaS (gilang 5 s i

1 Cyber physical System

2 Decision tree

3 Micro injection molding

4 Feedforward neural networks



s (betl inio 05,8 canlllan 35, 30) 4S5 5 Oloj 3y (510 ES2dl (307 Gble Slies (6 slip s 1 b

Ol iy & A jasedo (b5 6,8 B Lo 53 DT (g5luosly a0 53 iy S 2855 (s
a1 30 sk DTl oslinal . dilasstls 5 A 55 (sla sl sl (siluatgs 5 b ol 5 s i ¢ guamme CakS 5 50
Wl ol ot @8 § LK )5 6,8 B slaunT 5 53 ls Oloj 4o Sl 5 Jguames CaiS 35 o
e 2l sy sy 8B T g Ol ek 4 by Slid s Gledes OIS
o r Sl 6t Olidod 4 5L 5 T3 Gl ol o (luatg 5 (5LeeSs Ol Sals 6l a5
3 eslizal b 4 o Oloj 28l 3 ohise sy 68 B AT b e n JS (lesig 55 DT pale (5luosly
Ol s i (Sad e dam 5 b il 5 oo OIS cpl 358 o el (pnile (6,850 5 ol o a2 (sla 3l
333 5 DT G b 51T 3 0,0 Sloang 5 & 2
Wl i s 5 (68 B TS sz Ol s 61 DT (Sleosly 53 sl 2ass Aol 55575
Pk G ol el S pate AT Sl 5 ames Lok S5 e S A Glatas s OO,
5 oeble (6,55 slags sl S 5 b3l e S5, (slaesls o 5 DT loslizul b ast > Oloj (g jluatg 4
:x.\.ab:'-&)j)\.&é)djb&ﬁ-objuubJ;g'TJéLgJ:lftshJ;nbL;r:EﬂjﬁjﬁA{JJBDTQ{"c@\g‘)ﬁj&”‘
S B o 53 15 o308 WS o $25T5 nl Ssbioe W5 a5z Ol 55 g 5 BB A 4 e
s hie s W5 T b (gjluatg Sl das 1l (g fsn s )5 gladty 3o 5 as (3l iy 5

aslods 03,51 Y g 3 g cpl b das e gla S5 5 codddilyl Slowd 5 plul 355 o SKas 30

ol o9 ) J9or

S55SS 55

Wc}; jﬁcMOldF'OWJI}‘(f’ o Ol 5 s

ol Ok SIS Ll o snn Mg

G gy (Y
d)‘d‘oy@w‘cdﬁd&ﬁ&‘doy}bﬂ@jbﬁgb) MW}&)}&K@GML& LS‘J"DTV':“‘:‘:"“
Jols sl ol oyls Lolamstl ¢SKawdly Gy o&Kaws 51 g duT 5 glaesls Juas! 25T oo 4 DT e
ple g (asks o;;@ls- (eSS () AT s Calisee slaol) (G p s B gles wsle ol alyl

.C,.w‘ou\.i'ob)‘gTV J,»,a&@lﬁb:ﬁkgbbﬁf&w



’F'Férajla.«ﬁé”ajjéérﬁf'uigébjwu%g;ﬁj‘{# \ng

4dgloslo g Bay5 Aol B 4 gy Sl ol 55 9 Sk .Y Jsur

(A)L‘ 43 bf;‘) )L“; (HuiTJg ‘h‘ Lﬁf) .)L“;
o T sl Tm

93 sles B les
Olde (5 pd0b > e ls MFI ES B Pinj
=St 440, Shrinkage % ks sl h
osle J&s Density oeble 55 Machine,
osloot g sl S Co oS i LT (sles T,
G 5 0y 0l tf + thowa
Oz, Ol Lejection
Sl Ol Leooling
G5 Ok L7}

(B O ey 5 5L Camdgn paits 1) QW Gl et o gl i Lo 0T 5 DL
(MK 5L 5 5y 5 5Lad b (61 T8 JUT HLid (gla s gt o(LI6 5 Sl (slas (6,8 o510 (610 "o s oS 50 5
2l 1)k o ml (B Slin b G5 gsle elralr (555 30 (51, T e Cond e (sl g
oS kg oo (5T poor (1 S o165 Cund s it (61,0) Tlaged g S 5 (287 LS Conr s
5 W3 (5la oo 1RO 50 S n | 3 g0 5 e L 51 dliies slaosls (slalimd  shay U gt oyl ]
sl pCambge 5 S Glay st S5 s S G F L 5 3lse sles B33 J RS sl i
B 5 5 ekl sl udle la S ST b g Laesls ol ‘@JTC“‘* 3 il Syl ile Silakas Cuxd
Olej dsle uuT 5 5 w,,a@la- Sl foli b Ll ol i o Sloy)gya labamd &) smay ST a6
b on Sy DT s 0 5 iz Gy 5 5L 5 Gy 5 e85l
IS leans Jljble s 5 o san Sisn laen S5 & Sl DT Cogmiler Jold g 233 2n
b (K ile S aiis )T meer slaesls Ky o 5 ek gn S e slitens b ol ol

1 Inductive sensor

2 Thermocouple

3 Pressure transmitter

4 Linear position transducer
5 Optocoupler

6 Microswitch



Yo (g&z’/wajf(,'d.dlka))f).lrff“&jg—du);%d/ﬁég:ﬁbg‘jyj‘}”«ibﬂ:ﬁg;‘;j@;wf%

S Sl 1y Szt Sl ais SUsl s Cakibes 6la g sl (5loand OISl el T 5 51 (g iloes (gladbe slosl b 5 ol
4$J%ijcé%l§5u;n|)li6ju%pSAJ\J\JQ.:.\{G&!L;:L@;L:DTW.M@vﬁlﬁwzﬂu
s il T s S ST sesls jtalST 1, W) s

a0l sileang 3 OHll gl &S olaylnl 55 S LS))TC"".' Olg oo 4 glaesls 3 SleMbl ulal
ol IS e ol b 15 D) sot ) gl IS (b OIS Aen i ys T3l A 5
25 33 4 4aad Sl 5 oy DML T3 4 by e ST il & ol Sjg ol 4 e
Laosls ol b adsl (s3luaccd 5 (o sme JBsn e Sl 5 o o3 gl oo 3,15 (o8 sinmn hs2 o5 SN 5 (55l
Lly 3 ciledsT Szt (loaccd 5y b 51 45 laings Gl eyl 5 (o 5iae Sign (16 e s 2550 o0 plon]
i e Sl eslizal L 1y Calien (sla gyl (51 letnd s Ol cpopen iph o o3ls Shules (SG1E
S 3o N 0l g o ST 5053 53,2 LK 5 5 2 Ol b S SIS L) )3 ebians o san
d:osﬂYl{%g};ﬁm‘;ﬁJ.Laﬁ..b".)?d}ajo\};gqu&:))}QTjhml{MIASYQQEJJQMUZ}A
lodd 63,91 ¥ J&xﬁma\ 5,558 51 IS eSles 58 enlizal OT

o8 e
( B cle J a2l JuS) Qi
{ Aakad Sile Sal Al 4

L b and
= sian Ui ol K Moldflow

1 o U e P shan G G s S A G ) o |

Jhad 1oy g

O Ol g (SB Rd ; d s s g il QL)

Al ) (e G g S B e 8 s s Jas R 1R

M5y 51 adial Gl

ECow W.ég)ngT)éDT Solgly i kol YIS

S 53 (GUIST A (CanlaBly amn 5 02 (oo 54862 O3 b oS DT s (GUI) ' (SG31S (5 008" Lo
by at o Oles s AT 3 Caliien ol o (glabamd (slaesls Loy ol o303 oy 3 (6,8 I T3 55,500

1 Graphical user interface



’Ft"cr‘vuc”ajj.)‘raf'ub'ébjw.l.'fadﬁﬂ.u \nd

(S3lres gl 5 (s aalad ALl s oo DL 5 o8iws 03 51 Jlab o b lab Lomds riomen 5 a3 oo il
St Seslial b1y g a2 Ol (gt 155 0 5208 Lty G2 b 3 Ol pslS .l aalin 6 OT s 35
S| Loins 5 MOIAFIOW (g5l 1310 5 5 s plonil oo e

b s e g Ol et 6l Ol e il 1l Lt o s ae 48 (a5
S ot Jols 7 SLlaBl gl daosls 51 5,85 43 T SUls Jsa o san mae slaaSls .Conlods
oo S Lo 4 s pl 55 bl ana (Behera & Das, 2017) dizes ke ool util 5 05 5
Sl s a4 015 o0 LANN S il s a5 4 55 0535 0L 0 e e S0 ol (o8 s
225 S
G531 15 OT cdiS o CL 55 (65555 4 i S ool 515 ladls Loy, 5 Y 9 BOge

g5 4 dyomeyshy o adilesle glaa¥ Do) soa bOg) 5 08 Lol W5 (s 5 Solgins 5 o35

Byl s emgal

S o L s |y adsl glaesls T gy aY e

L S5 gl Al 5 Gle Slabs plnil TOlgy glaeY o

oS s, Sl g s T s e

399 Y

G mas 400 sl Y ISCS

JLIRIL IV RgE Y LOgys 31y (63959 laesls &S Lwn &Laju\)l.; s :°6}L»Jl:§ @‘93 9 %Q}j <

b 0 0L (s 2 Y @ Ol a5 b Sl aY I esls ajls Jad 10 055 (s, 8 o b

1 Artificial neural networks
2 Input layer

3 Hidden layers

4 Output layer

5 Activation function



v (y[é;b’/woji,’d&aJ)ﬂ)yf"ﬁﬁd&j:ﬁd/ﬁ&)@Jj}/ﬁﬁbd&ﬁs‘;}@j;ﬁmf%

Jee ledlad &b S Gk 3 4 258 0 s OT Glais35)5 (S35 Fammme Olsiew Dos5 2 (s 7

e.\ﬁﬁduﬁs\u;;u@ﬁu\,&,;;‘ogﬁuﬁﬁ;ugjuL;\ﬁ;,,,y-,a@};,“udwtc\js.sﬁ@

o, 8L,
Codan S o (6,8 o3Iy aly Ooa pslie 5 a0 b i o (s 5 o ol &S b2y 90 mlgi

Ll 5y ol Okl JBldom s ¢ 55 5T )
Lads g 3l claa Y sl dile S’ oo i o 1y 2500 T AnT 3 5 4K Sl a7 gla )l ST gholslyf 9

Aae,y g3 sluad 5 (gl o3Ikl ¢Sludig (5,8 5L S BB

S Sl sl s 5T 5 PP LOT Oley Y 55 ol s 5 5 Ol 63005 oY Jols s
o3lizal Jube 83 (6 5ludings 61" MSE Sl o xS0l (sl | 5 b 5 RELU(s5Ludled b . blos a5 oty
S 5 LS a5 S 0310y (il a5 (SLa0le) 5 0k iy p3lin sl 0] S0le b Lok
3556 S oo &S ko 4y MSE 5,5 slallas iy 03 S s o b i oo 1)) ke (i 2y &35 51 285,
4 1 MSE ol opl a5 olazel BB 5 5535 Sla s 4 ot 5 4SS 5a3 42 5 JiB DB il Ol Jili-ay
33 pped S o JdS W5 a5z SOl G5 gt 55 omae 4K 3 Shes (5luatg s JTo! sl 8
il gt e Sl S ek 1 i (sl Y e e baesls ps o b Lalsy b (gl B Ges Jle 4 Ol &Y
S eslizal .S sgdoes cnlie s 5 6l 1y de Ul (sl (S oS sl slaeY S5 355 Tl g
WY 53 05,5 FF AT Sy pde Slawbes 2w 0ads |y ok sl SN G das o 03l Je 40 ¥Y 5 9F clals, 5
2T 5 o 6,550 6145 5,50 655,55 315 S sl 55 51 slos 28 Cab b das s ojll Joke 4 U
ool 5 b s das o alST 1y (Ko 5 slal pss 4 0555 1Y aalsl 3 il ke Ll 5 on iy 5 (55
Eoba baY 0T 55 & Cul pae e (b 53 Jgame S5y 5 ol St dal s sl Y e S
5 bl (Marrone et al.,, 2021) wuS™ S u5 5385 sla S5 zlial 2 b das o 2alS () 55 o5l

Clods Ol ¥ g 55 r:wisl Sl byl 3

(PR (s A0 (63919 S pol sl Y Ju>

5959 b Slos 53 Slos

Material $3905 013 2 0510l vector_size
Injection pressure Jsl ¥ Sldls b Activation

Density Jsla¥ ), al Loss

1 Loss function

2 Hyper parameters
3 Mean squared error
4 Overfitting



JF'F;Y’:JLJ‘H aj,uf/’w:'g/),wwg.ﬁj.u

YA

Melt Temperature

Part weight

Holding Pressure

Cooling time

MFI

(":'.’.)}i‘“ 46.9\5 S8 r..\.r« SPPW L .:}.ﬁru.n R J‘J}‘T cu.ﬁ)}.aT SYFREK 3Adam V_:w}ill b &..&

£5° oY giledle C‘U
psoaY 2 b
g9, Al o1l

J‘«ij slroy 95 slds

g'-'-'.J}i“

ﬁ.)}i“ Sleag

Activation_2

Loss_2

Batch_size

Epochs

Optimizer

Las o100 5 gismn (slaay ¥ st claiys i sIad (68 3l - 5 ile gy (sl el 15 ooty (o1 (514K (g ot
Alien S S 5 s 2 b 02, o) (PasS0s & Mishra, 2022) 33,8 Jol 3 Shee s 2 6 5 55 o 03Lizel
2315 et o a8 68T 5 5 g e Sleris 1 (oS5 L @ celite 4B G > bl B e ol Sas 3lis |
oo 5 e gwdys b3 SleMbl ulal p ogias ben 4 63958 13 gls eyl 5l ot jlael (glaesls
o3l B cla S5 s plas Lo e S5 o) (F oo ollae) Lol pams (65l 2 3l | Al L6 Sl

...U\a..\.& s..)Bd;‘ w;’l.w.})) C)L9>U9‘ ‘J.ul.w‘ﬂ léf.p 9 &:«ﬂ‘ab‘}:;’

(SE g (pas 400 (5339 S LG L Jgur

- $3959 pb o ko

Ol gi
osle Cf
GF ol
S
olde gles
askad 05
G e

SneSs olej

1 Grid search algorithm

Material )
Injection pressure v
Density v

Melt Temperature ¥

Part weight o
Holding Pressure 7
Cooling time v




Y4 (sﬁ["d‘a’/@'&;ﬂDji,’ﬂj(kﬂ)‘)jﬂ)vl:j}f&ﬁdlr{j}%‘;bgé@%é})‘ﬁbd&ﬁ)dﬁj){ww%

o3l (5 n 0L 2 e Ls MFI A

Autodesk L. s 5" MoldFlow Sl lods oslizl MoldFlow Sl 5 bt a5 S
s (5 5lmn (Slad il sl OISl 5358 o o3lizad Sty (o5 6,8 B T3 (s5loants ol Bl anw g
5T b (5luaigy 5 anlad (gla ol g lulid (B o i Oy s o U5 Dl ol AT on ol 3 15 (S 58
B 35leign 536 1 01187 ety G Sty T b (g5luand CoblB 5 3l5m aomy 031505 L L3505 |y Silabas 1 b
uizjf‘_gjb%cCADjljé\rJSl{&)lgga_j&j\ slad 5l olziy omen A8 fle)T 1) Calides (sla g 5l
5 (S s (55 lme adibe gl ) 5 5l s (g5l 13l 5 ST oo Joges |y ol SIS sl 5,8
)\Jﬁ'u.l;buh‘ﬁ@‘)&‘jw)b)uMJ@@JB\Q&@)QL&WM}JS@FA\} DTJG.;:;A)J
u\.«fdli))\‘)o‘,ﬁbdlﬁbﬁliQ‘MEU)M&LAJT‘)JINLSQ‘}?‘)M‘“

&8 SBoge T g Ladl Jui (¥
Slalsd 1S 555 63050 anllas (0T 85 5 Okl Sl gy 5 (Al A 55 Lamms 53 s pl (S5lesly 6l
3K ol o 058 1 Gl gamman S he IS0 s plail Sl Gryy abe,lS (St
Cled Olghol o) an e gxis adate 3 VAD Jlu 1 48 ol Ol Sty Cmio 5 5,k OB S A
Sl 31 (Sradly Slabas oS al ¢5 yocks 3lgn (504 @iy e 5 ke YT ble b 0S5 ol kS e
v @Tug;u,wwu”;vm;,pd@xm&mjm»w@.@l,ﬁu”}my\duxﬁ@ﬁ
3 eslinel b (Saudly anksd cpl 355 o0 5 5 ) et 5 0yi S L (B 3 & Sl ket DUl s
oSl VWFF (63555 Ol o dile ol S35 5115 457 3550 5 BOIChE i &Kol Gy 5 (slaolSons
NT 5 s Sl 5 53 besls .ol JKULEL V98 Gy 5 5Lid ST 5 e hS YT ey (0 cenSe
Jols bosls oyl gl e ‘5”TC“* 3 Dot S Az gbiesls deesls Uyl g asledd ‘5”TC“*
ol Sy iy 5 oy Slaseiin 5 ad gl 5l o SleDbl cankss ad sl Sl nT 5 ol sl bl
6)JT@>: ) g Lo 5 5 AT 3 51 aBly —Obe) 5 (glabiod o) gmts &S Lz sbaosls claesls 030 ¢ 5
0,53 labid Oy gt JuST BB K 53 35 oKiws 4 Juate KeDA Wi sl ) S Lo g laosls ol gl oo
CeBbl s s oo SHl g il ) 5ot OT SNl 5 sl foate DT s 40 3 287 0s 5 Jo6 ) 5 oo
Sl 5 g Jols Gy 5 edle 51 (8L 5o

$0F omibe 3 (8L S Sl yulsl 0 S
Sl 55 29,9 ¢U ooled

Gy ol SystemPressure \



JF'F;Y’,ULJ‘Haj};zf/’w:'g/,jwwcfj# ¥

GioF SystemVelocity Y
Olde _ails (sles Actual Temperature ¥
oEas s OilTemperature *

b za il Heater 0

S S 0l LastCycleTime $

AT 5 do e EventType v
Cele s b LogDate A

1] Wy g lro313 45 Col &) g0 JIA{DTWQQTJLE:JIJJJ):SLM}SQLQML\ é,jT@? 0 355
Slosiasn labed Syon JuST b eSS 53 el a b e bl 53 B3I Sl e s Lsd e B
55b o w3l LB ol A3 leMbl 4 2815 Ol 53 5 Sl O ot Gl o AT 3 5l a0 8 5 Lsd 0
Sl e g laled SeMBI g5l JuSTT BB )0 58 g0 0l 5 b o DT s Lo 5 55 alaod Olas 5
o3y Jiuled ¥ S 3 by Sledbl 4 gas ool OT ool )8 oy 3 guasls el jo ol clos 5L Jols T 3
Clods

@ autosave (@ o 9. T University of Isfahan 20018013 - E_. + Saved to this PC P Search veramad madrra @) - @ %

File Home Insert Pagelayout Formulas Data Review View Automate Help = Comments

T e i A A - 2B wiapText Time B OB SEE E osun ~ Aep O B =
T e uEe e A = Eewacms o §-% 3% S e o e ok S0 s an s s
Clipaoard Fomt & Adgnment m Number 5 Styles Celle Editng Ading -

T10 v i Jx| =1208.20018013V7 v
G H 1 1 K L M N o P Q R S T u -

7

8

9 [SystemPressure _[systemvelacity|ActualTemperaturet _lmlh-mpuamm |Heaterl |Heater2 [Heater3 |Heaterd |Heater5 |Heater6 |LastCycleTime  |EventType LogDate

1] 50| 9 789.8999939) 32.70000076| [ [ 0 [ 0) 1 42.3[MoldClose 8:47:00 AM |

1 120 99.9) 289.8000183) 32.60000229) 1 q 0 [ 0) 1 42.3{InjectionActive 8:07:00 AM

12 0 [ 789.8000183, 32.60000223) 1 1 0 [ [ 1 42.3[HoldPressur 8:47:00 AM

13 15 15.1] 289.8000183) 32.60000229) 1 1 0 [ 0) 1 42.3[PlastActive 8:07:00 AM

14 128 8.2 789.8000183, 32.60000223) 1 q| 0 1 0) 0 42.3[MoldOpen 8:48:00 AM

15 44 12.2 289.8000183) 32.60000229) 1 [ 0 1 [ 0 42.3|AllCoreOut 8:48:00 AM

16 0 [ 289.8000183) 32.60000229) 1 [ 0 [ 0) 0 42.3{EjectorActive 8:08:00 AM

17 50| 48] 789.8000183, 32.70000076, 0. 1 0 [ 0) 1 45.6|MoldClose 8:48:00 AM

18 120 999 289.8000183 32.70000076) 0. [ 0 [ 0) 0 45.6{InjectionActive 8:08:00 AM

19 0 [ 789.7000122| 32.70000076, 0. q| 0 [ 0) 0 dS.#HnIdPressl\r 8:48:00 AM

0 15 15.1] 289.8000183) 32.70000076) 0. q 0 [ 0) 0 45.6|PlastActive 8:08:00 AM

2 20 5.7 789.8000183 32.60000229 0 q| 0 [ 0) 0 45.6MoldOpen 8:48:00 AM

n 50) 15 289.8000183) 32.70000076 0. q) 0 0, 0 0 45.6|AllCoreOut 8:08:00 AM

P} 0 [ 789.8000183, 32.60000229 0 q| 0 [ 0) 1 as.#[jx(orA<(iue 8:48:00 AM

24

25

26

7

28

29

30

3 5

120820018013 Sheetl “r HC 3
Ready T Accessibility: Investigate B om om - A PR

1 5 guuiw 31 (L 58 DleMb! L JSH



A (el miaz 03,8 canlllas 3 50) )37 455 Oloj 3 e (Sl Sty () 7 retle Sy > (6. 3l50 s =1 o

&ilwdms s (V-F
plowil 153l 5 e il Il (Y 5 a3 e slaesls L (V5o 53 4 (S3land (3l i o 3
)‘JJR:J_,)JJ.L::L;\}E QTeJWSg_i.;- 6\.&;)\;[5});‘) J.LA o‘;ﬂ@d&)ﬂjé.buﬂw J.Lo \J.:q‘ C,Ajf.bﬂ?
Sl b gla el b s ol Aol b Bl glaesls Sl eslizal L oS (gluard Jyl Il 5 s 5l
LgLaJ LSLAJ:“)L.’. AJW}-J‘ .,\;Mmla.;')\‘)ﬁ\rf CJL«.:IQ.J )J_jo.)\.\i Cb}:lw‘ KEBAJSJ;'.S‘) &.)JS oK;'.wJ
Lg)\.,\.g.il‘Lgi)j4{Lﬁféudbjj(:\qu;}b4>.-)>A~);.JL§CLML§LA.>‘(>|J§L;SL~4>.-):Y‘\~);_)\.l.a
o (g5 oy Lo sla 2el )l ol a5 8 (6l L FY 0 Lo gazes 45 andad (6 5LaSCt
Wl 3 CJ,.Z@.A,)}JJ&MJA); oK 3 SH8 slaoley gl

“bF=Gorok; e

4:3l§~/a=‘_;)|44_<5ou)’ o

Wb Y = e Gloy o

QGY'=MO|ﬁJQGQMMJJ\{QL¢)’ °

R D Jﬁ.‘;j\ oS yshilen 5 AeTwsa asl I 5,55 Ol cOLd 5 al e 53 ((glwand gl > 51 s

ol o 9 ooy AP Mpa « ,Lib 4‘5)‘J.€_<J)'B)J .Lﬁ@ﬁjﬁ)@&h@)ws-kida;d'wc@\
Y Py

Fil time
=4.195s]

4.195
3.146

|2.008

1.049

0.000

L
FODESK
LDFLOW INSIGHT Scale (400 mm) A

NP1 33 OT Oloj 9 BaF 0958 hulei .0 I



JF'F;Y’,ULJ‘Haj};zf/’w:'g/,,wwgfj# Y

ALE s aalss Sotns 15 53 Y pens o i (gl S5 8) 6 (e Jul ol g ey oo
sl 4y e Sl a4 B 6 i 53 152 03581 ;) 1 ga e 5 (W53 on 3lomsl O3 o o808 | K
iy gt (2 4 iz SOl SOL 2 &7 BUE)T B bl i iy (58 ankad 53 (S g Lo i
DL b 15 31 (2 il 0 45) o )3 03 940 axlad S 5ok O oo 5 (il il (6 ST oISt Sl (S
.5,,,;%;,‘~.9J&.:,x,u;fl,\}s,uu@)ﬁ‘(mw,lfeg}r@,;ﬁ,m

-@

3422

05293

AuTooesK
MOLOFLOW INSIGHT Scaie (100 mem)

ANPIp 30 g balas Lhales 1 Kb

—

Deflection. all effectsDeflection
Scale Factor = 1.000

[mm)

Iuauav

03791

Inzim

0.1290

0.0040

AUTODESK L L J
VOLDFLOW INSIGHT Scale (200 mm)

Ble 30 dxkad p bkl Olgme led Y S

1 Sink mark
2 Air trap
3 Weld line



v (u&&/w:;fd&aﬁjﬂ)yf"bﬂdty)ﬁd&a@)@d}j/"wﬁbdtﬁ;&}@j)ﬁ:«y@%

a5 YV 0 askad alin bes :ljfczjb a3 VPAP odiS oS g.')T Sl (gl b s e

Ao e 3l S il

Temperature profile, part
Normalized thickness = 1.000

[c

IWOS

1349
99.22

63 55

2789

L 1 J
AUTODESK
MOLDFLOW INSIGHT Scale (200 mm) =

PP 30 dalad (Slod dipdy oo A S

sankd by Kibe 4 015 0 03,5 odalin (lueSist 5B (luad s 55 Ol or 45 (5,555 53,90
i.«.."u.a ‘;;J)Jaa .b; c)u‘ QJ‘J" d-\:— OL&-\J‘JJ szl.wdi..:- J‘U’“- JG) 4&]45 LSLAD ‘LS'-LAJ J:gﬁj'.'. GJ.;‘)

C._w‘ OML&A‘_}JG 9 d)ub- BL LQJL»A:...:U 6\2’4 J‘ o-\.ATC,.wJA{ le.hj:.obli 9 u\..iTJS ‘51-.5‘ LS‘AJ‘:"‘)‘&

19 1Mo 9 oS Hlwdmd slAke dwylio 1S9

St SMae |l it

FFE/0 FY/0 (a3b) W5 4 > Ol
AY/00 AY (¢5) Al 05
Y/ ye (05 35053
V1/0¥F % (¢ 5) anbas alls 035
N2 — (o shes) a8 3 5 Ol e
\$IAS — 10 0 GIE Sl a5 563955 T gles
WVo/0 -— (1,8 (5L) aalab (los oas S'e

Y - (15 5l S gl ey STl



’f'F;fﬁju"’ajjécrf'w’b@b}wwcﬁj# ¥

wT 53 sba el 53,8 1ty oo goled S5 50 O 5oty MOIFIOW 15310 5 e 5l p 35> - )

55k 0k s 18 e dem s YA Oloman Ols glos ks aaloes aigy sy (5Lt 5 (IS (G5 Wil
5Bl Al 4l AA 4 G5 Ol e oS 515 0L HI8s 5 (G5luand s ke (Bl ast Y LIB O ey
ankas Al 0 dalonsl Jsb 4 JISCAL e 00 AF Lis L ast FIA (o,1ugSS 56 .55 JCL K FOXY 5,5 jLis

oy p SAVOF 4 il

s]

ID 8080

0.6060

IOAOM]

0.2020

0.000

g5 cdle 50 a5 Olo) Shled A UKD

Packing phase results summary :
Peak pressure
= minimum among cavity nodes {at 8.0888 5) = 0.0008 MPa
Clamp force - maximum (at 1.218 s) = 55.9463 tonne
Total weight - maximum (at 5.468 5) = 83.5644 g
Pack/hold pressure profile (abs):
duration pressure
B.0000 s 46.3220 HPa
B.2000 s 50.8403 HPa
L4698 s 50.8403 HPa
End of packing phase results summary :
Time at the end of packing = 18.5936 s
Total weight {part + runners) = 83.5632 g
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Summary of Cavity Temperature Results

Part surface temperature - maximum = 78.31u0 C
Part surface temperature - minimum = 29.5314 C
Part surface temperature - average = 51.1367 C
Cavity surface temperature - maximum = 72.3600 C
Cavity surface temperature - minimum = 23.8549 ¢
Cavity surface temperature - average = 44,6580 C
Average mold exterior temperature = 19.8049 C
Heat removal through the outer boundaries = -8.1719 kW
Cycle time calculated from percentage frozen on average part thickness
Cycle time = 38.5934 s
Maximum temperature = 290.0000 C
Minimum temperature = 15.0000 C
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