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Abstract - In organizations where polymers and other heat-fragile materials are used, cautious temperature control in extruder 

machines is major to guaranteeing the consistency and nature of the ousted things. Regardless, deficiencies and sluggish reaction 

times are ordinary issues with standard temperature control methods. With a view of refining conventional indoor controller-

based structures, we mean to achieve faster and more precise temperature changes by moving the voltage applied to the heating 

parts. To screen and intensely change the extruder's temperature, the investigation consolidates a voltage control unit with steady 

info sensors. The effect of different voltage levels on temperature unfaltering quality and response time was seen through 
preliminary tests. According to the revelations, voltage control beat standard systems by stunningly diminishing the extent of 

temperature assortment and further creating response time by 30%. Promising outcomes were seen in various applications when 

the structure's versatility to various extruder settings and materials was assessed. The voltage-controlled temperature 

assortment, with all things considered, offers a valuable and fruitful substitute for controlling temperature in extruder machines, 

achieving momentous expansions in both proficiency and energy economy. By highlighting the significance of exact and helpful 

temperature management in industrial collecting processes, this study prepares for future headways in ejection development. 

Keywords - Extruder machine, Temperature control, Voltage regulation, Industrial automation, Heat management.  

1. Introduction 
Extruder machines are established in various industrial 

cycles, expecting a fundamental part in shaping and creating 
things from an extent of materials like plastics, metals, and 

food substances. The significant working rule of an extruder 

is convincing a material through a pass to make a steady 

profile with a dependable cross-section. This cycle is 

fundamental in adventures such as polymer manufacturing, 

food creation, and metal outlining, where consistency and 

precision are the head. Extruder machines normally contain a 

couple of key parts, including a barrel, a screw, a failure 

horrendously, and a heating structure. The screw turns inside 

the barrel, pushing the material forward while simultaneously 

heating and mixing it to achieve the best consistency. 

Extruders can be completely assembled into single-screw and 
twin-screw types.  

Single-screw extruders are, for the most part, used for 

their ease, cost-practicality, and efficiency in taking care of 

different materials. They are particularly well known in the 

plastics business for applications such as conveying films, 

sheets, and lines. Twin-screw extruders, of course, offer 

unmatched mixing limits and are key for seriously 
confounding taking care of tasks, such as compounding and 

making first rate plastic blends. These machines are planned 

to manage materials with varying viscosities and are huge in 

applications requiring accurate control over material 

properties [1]. Current extruders are outfitted with complex 

control systems that consider continuous noticing and change 

of communication limits, including temperature, pressure, and 

material feed rate. These progressions have expanded the 

extent of materials that can be dealt with and have chipped 

away at the quality and consistency of the outcome. The 
joining of cutting-edge advancements, similar to sensors and 

automation, has moreover improved the introduction of 

extruder machines, making them imperative gadgets in 

contemporary collecting processes. 

The quality and characteristics of the outcome from an 

extruder machine are significantly dependent upon the 

temperature at various periods of the ejection cooperation. 

Temperature control is crucial for determining the thickness 
of the material being dealt with, which subsequently impacts 

its stream lead, mixing capability, and the overall properties 

of the possible result. For thermoplastic materials, keeping a 

specific temperature range ensures that the material shows up 

in a fluid state, allowing it to be shaped and outlined as cared 

about. Accepting the temperature is too low, and the material 

may not melt adequately, inciting a sad stream and divided 

filling of the shape or die. Extremely high temperatures, 
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however, can degrade the material, causing issues like 

staining, loss of mechanical properties, and appalling changes 

in the sub-nuclear plan [2]. 

The dependence of the result on temperature is 

particularly essential in the plastics business, where the warm 

properties of the polymer, on a very basic level, affect the 

ejection cycle. For instance, different polymers have specific 

dissolving centres and warm conductivity, requiring accurate 

temperature settings to ensure ideal conditions are taken care 

of. Clashing temperature control can provoke issues like 

unbalanced material scattering, mutilating, and assortments in 

thing perspectives [3]. These flaws did not simply 

compromise the classy idea of the thing but, moreover, 

impacted its utilitarian show, conceivably inciting material 
waste and extended creation costs. Temperature similarly 

plays a basic part in choosing the crystallinity and sub-nuclear 

bearing of the ousted material. The cooling rate, which is 

clearly affected by the temperature control system, impacts the 

course of action of glasslike structures inside the polymer. A 

controlled cooling process is principal for achieving the best 

mechanical properties, similar to strength, versatility, and 

impact resistance. In applications requiring high precision, 

similar to the improvement of clinical contraptions and flying 

parts, keeping an anticipated temperature throughout the 

removal cycle is fundamental for ensuring quality and 
consistency with extreme industry standards. 

Controlling the removal cycle requires present-day parts 

to ensure precision, consistency, and efficiency. The 

fundamental target of extruder controlling parts is to 

coordinate key limits, for instance, temperature, pressure, 

screw speed, and material feed rate, which with everything 

taken into account, choose the idea of the ousted thing. 

Standard control techniques relied vivaciously upon manual 
changes and fundamental indoor controller-based systems, 

which, as often as possible, achieved drowsy response times 

and limited precision. Regardless, movements in control 

advancements have provoked the improvement of additional 

created structures that offer more noticeable flexibility and 

control over the removal cycle. Current extruder controlling 

instruments regularly incorporate the joining of sensors, 

analysis circles, and automation progressions. Sensors 

perform a basic part in checking various limits persistently, 

giving the data expected to roll out informed improvements as 

per the cycle [4]. Temperature sensors, for example, are used 
to evaluate the temperature at different concentrations along 

the extruder barrel and pass on, ensuring that the material is 

kept aware of the ideal inside temperature range. Pressure 

sensors screen the strain inside the barrel and at the pass on 

leave, helping with thwarting issues, such as a horrendous 

swell and material debasement. 

As a general rule, current extruder controlling parts offer 

basic improvements in process control, enabling more 
unmistakable versatility, capability, and thing quality. The 

blend of sensors, input circles, and automation developments 

gives the steady data and control capacities expected to propel 

the ejection connection, limit slips away, and decrease energy 

usage. As removal advancement continues to grow, further 

movements in control frameworks should work on the 

exactness and viability of extruder machines, supporting the 
production of phenomenal things across various endeavours. 

While state-of-the-art control systems and automation 

advancements offer basic benefits for ejection cooperation, 

they habitually go with huge costs that may not be feasible for 

all producers, especially small and medium-sized endeavours. 

In this manner, the new development and execution of 

negligible cost deals with any consequences regarding 

controlling extruder machines, which are principal to ensure 
that a greater extent of ventures can achieve powerful and 

dependable creation without causing prohibitive expenses. 

Negligible cost plans revolve around improving existing 

resources and using sharp advances that give acceptable 

control over the removal cycle while restricting capital 

hypothesis and utilitarian costs. 

Another method for managing diminishing costs is the 
execution of fundamental yet feasible control techniques that 

do not require advanced automation. For example, clear on/off 

control or related indispensable auxiliary (PID) control can be 

used to coordinate temperature and pressure. While these 

methods may not offer a comparative level of refinement as 

additional created structures, they can, regardless, give 

acceptable control to various removal applications. The use of 

manual change instruments, similar to variable transformers 

for voltage regulation, can moreover be a monetarily clever 

response for controlling. 

Problem Statement: Extruder machines play a crucial role 

in industrial processes by shaping materials like plastics, 

metals, and food into consistent profiles. However, achieving 

precise and consistent product quality depends significantly 

on controlling the extrusion process, particularly temperature 

management. Current challenges include maintaining optimal 

temperature ranges to ensure proper material melting and 

processing, as deviations can lead to defects such as uneven 

material distribution and degradation. While modern control 

systems, including sensors and automation, have advanced the 
precision and efficiency of extrusion, the high costs associated 

with these technologies can be prohibitive for smaller 

manufacturers. Thus, there is a need to balance cost and 

performance by exploring cost-effective control solutions that 

provide sufficient precision and consistency without 

substantial capital investment. This problem underscores the 

necessity for continued innovation in control technologies to 

enhance the accessibility and effectiveness of extrusion 

processes across various industries. 

Research Gap: While significant advancements have been 

made in extrusion technology, particularly regarding the 
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integration of sensors, automation, and sophisticated control 

systems, there remains a gap in understanding how to 

effectively balance these high-tech solutions with cost 

constraints faced by smaller manufacturers. Currently, 

research predominantly focuses on enhancing precision and 

efficiency through advanced control technologies. However, 
it often overlooks the development of cost-effective methods 

that can achieve similar levels of performance without 

substantial investment. Additionally, there is limited research 

on optimizing temperature control for diverse materials in 

varying operational conditions, which affects product quality 

and consistency. Addressing these gaps could provide 

valuable insights into creating affordable yet effective control 

systems and improving temperature management strategies, 

thereby making advanced extrusion technology more 

accessible and efficient for a broader range of industries. 

Novelty of the Work: This particular work introduces the 

advancements in control systems, showcasing the integration 

of sensors, automation, and feedback loops that enhance 

process control and efficiency. It also addresses practical 

considerations for smaller manufacturers by exploring cost-

effective control methods, such as basic on/off and PID 

controls. This approach not only reflects the evolution of 

extrusion technology but also emphasizes the balance between 

performance and cost, making advanced extrusion techniques 
more accessible.  

2. Literature Review 
Oskolkov et al. [5] proposed an innovative strategy for 

enhancing the reliability and quality of material combinations 

in Fused Deposition Modeling (FDM) 3D printing. They 

introduced high-frequency induction heating for lightweight 

nozzles coupled with a resonant temperature measurement 

technique. This approach allows for precise control of the 

polymer extrusion temperature, significantly improving the 

speed and accuracy of the process. Their method reduces the 

nozzle temperature control error from 20°C to 0.2°C and 

decreases the control delay by more than six times, resulting 

in a more consistent and high-quality output.  

Abeykoon et al. [6] investigated how the rheological 

properties of different polymers affect energy consumption 

and thermal quality during extrusion. They processed six 

different polymers in two types of continuous screw extruders 

and found that energy consumption decreases with increasing 

processing speed, but this also impacts thermal stability. 

Polymers such as LDPE and PS exhibit typical shear-thinning 

behaviour, while PMMA shows shear-thickening behaviour at 

moderate to high shear rates. These revelations highlighted the 
need to understand the trade between dealing with limitation 

and polymer directly to upgrade ejection processes. Anderegg 

et al. [7] cultivated a shrewd Merged Fiber Production (FFF) 

ramble plan that enables in-situ assessment of inside states, for 

instance, temperature and stream rate, during the printing 

framework. Their survey, using ABS fibre and a changed 

Monoprice Maker Select 3D printer, revealed that colossal 

temperature diminishes and strain changes during printing and 

latent times. These deviations worked better at lower stream 

rates using an adjusted relative basic auxiliary (PID) structure. 

The spout model was installed to check inside conditions, 

giving significant encounters to dealing with the idea of FFF 
printed parts.  

Abeykoon et al. [8] stressed the meaning of energy 

efficiency in polymer removal, a cycle that records a basic 

piece of energy use in the materials dealing with the region. 

They overviewed frameworks to overhaul energy capability 

without compromising thing quality. These strategies 

consolidated propelling connection limits, further creating 

machine plans, and doing energy-saving progressions. The 
review includes the potential for huge energy hold reserves 

and diminished present-day defilement through more capable 

ejection processes.  

Oskolkov et al. [9] proposed a system to stay aware of 

consistent layer-to-layer security and material homogeneity in 

FDM/FFF 3D printing by using high-repeat selection warming 

of the spout. This methodology embraced a one-of-a-kind 
temperature assessment strategy in light of the assessment of 

temperature-subordinate limits during warming. The proposed 

system ensures accurate temperature control inside ±3°C and 

an appraisal time of 20 milliseconds, which is essential for 

achieving high mechanical properties and unsurprising quality 

in printed objects. 

Li et al. [10] investigated the association between removal 

temperature and the mechanical properties of PLA 
composites. Their audit shows that temperature variations 

during ejection essentially influence the inflexibility and 

flexibility of the ensuing materials. Higher temperatures can 

chip away at the material stream and may similarly incite 

warm degradation, impacting mechanical execution. Hence, 

further developing removal temperature is significant for 

changing material properties. Wang et al. [11] focused on the 

warm degradation of polymers during ejection, focusing on 

how temperature affects nuclear weight scattering and 

material properties. They found that higher ejection 

temperatures can incite extended warm defilement, achieving 

a lower sub-nuclear weight and compromising mechanical 
properties. Understanding the warm approach to the acting of 

polymers is essential for setting reasonable ejection 

temperatures to safeguard material genuineness.  

Grant et al. [12] took apart how ejection temperature 

affects the crystallinity of semi-clear polymers. Their 

assessment shows that precise temperature control can work 

on material execution by smoothing out crystallinity, which 
impacts the mechanical and warm properties of the ousted 

thing. Staying aware of the right temperature during removal 

is basic to achieving needed material characteristics. Nazarov 

et al. [13] explored the effects of temperature on the ejection 
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of first-class execution thermoplastics. They are based on 

finding the best congruity between dealing with temperature 

and material steadfastness. Their revelations recommended 

that while higher temperatures can additionally foster 

processability, they ought to be meticulously controlled to 

prevent degradation and ensure material sufficiency and 
execution. Emin et al. [14] took a gander at the particular 

employment of ejection temperature in forming 

microstructures in polymer blends. Their survey shows that 

temperature control during ejection impacts stage division and 

similitude between different polymers. In the case of real 

temperature, the study proved to be critical for achieving the 

ideal microstructure and ensuring the idea of the blended 

material. 

Brooks et al. [15] studied advanced control estimations 

for ejection processes, focusing on the upsides of Model 

Farsighted Control (MPC) and cushioned reasoning 

structures. These general computations gave more than 

significant flexibility and precision in constantly changing 

cycle limits, further fostering the general control exactness 

and strength of the ejection collaboration. Maung et al. [16] 

focused on the blend of steady sensors and analysis circles in 

removal control. They highlight the redesigns in process 

strength and thing consistency that can be achieved through 

steady noticing and dynamic changes. This approach ensures 
that deviations from needed process conditions are quickly 

redressed, staying aware of first-rate yield.  

Han et al. [17] analyzed the use of cerebrum networks for 

perceptive control in ejection processes. They show how man-

made intellectual ability (PC based insight) can smooth out 

process limits and further develop control exactness. By 

acquiring from bonafide data, cerebrum associations can 

expect future examples and roll out proactive improvements, 
achieving more capable and reliable ejection processes. 

Brown et al. researched the usage of flexible control systems 

in quick ejection. They based on the troubles of staying aware 

of control at accelerated and propose deals with serious 

consequences regarding these challenges. Adaptable control 

structures, which can adjust to changing conditions 

dynamically, are shown to be convincing in staying aware of 

accurate control even at high rates, ensuring consistent thing 

quality. Ren et al. [18] studied the use of cutting-edge twins in 

removal control. High-level twins are virtual models of 

genuine cycles that can imitate and expect a steady approach 
to acting. By using progressed twins, potential issues in the 

ejection cycle can be recognized and directed before they 

impact the certified creation, provoking additionally evolved 

process trustworthiness and viability. 

Emin et al. [14] reviewed the usage of reused materials in 

removal processes, looking at the cash-saving benefits and 

hardships related to using post-buyer waste. They highlight 

that utilizing reused polymers can thoroughly diminish 
material costs and advance acceptability. In any case, they 

furthermore address the necessity for reasonable organizing 

and dealing with methodologies to ensure unsurprising 

quality. Amanullah et al. [19] focused on the feasibility of 

including negligible cost sensors and control systems in 

ejection processes. They show that sensible sensor 

development can give strong data to deal with control, 
thinking about cost hold assets without relinquishing the 

quality. This approach makes advanced noticing and control 

open to a greater extent of clients. Rasid et al. [20] worked on 

the usage of open-source hardware and programming for 

making sensible ejection machines. They show how 

neighbourhood adventures can, by and large, diminish 

improvement and collect costs by sharing plans and 

programming. This agreeable technique cuts down costs and 

develops advancement and customization.  

Abeykoon et al. [21] investigated the impact of 

negligible-cost cooling structures on removal quality. Their 

audit revolves around tracking down the right congruity 

between cost and execution, exhibiting the way that strong 

cooling can be achieved with monetary arrangement and 

pleasant plans. They research different cooling methodologies 

and materials that give adequate warm organization at a lower 

cost. Abeykoon [22] also looked at the usage of pragmatic 

choices as opposed to standard ejection materials. They 

discuss the potential for using typical and bio-based polymers, 
which are much of the time more reasonable and more viable. 

Their investigation includes the fact that these materials can 

meet execution necessities while reducing expenses and 

normal impact.  

Ofosu et al. [23] examined negligible cost robotization 

deals with any consequences regarding ejection processes. 

They stress the use of off-the-rack parts and DIY ways of 

managing to robotize various pieces of removal. This 
procedure considers monstrous cost-save assets by avoiding 

restrictive structures and using immediately available 

advancements. Lee et al. reviewed negligible cost energy-

saving advances in ejection, focusing on the execution of 

waste force recovery systems and energy-capable motors. 

They discuss how these headways can reduce utilitarian costs 

by creating energy adequacy and restricting waste. Their 

revelations suggest that even modest interests in energy-

saving measures can yield huge cash saving benefits. 

Temperature control systems play a crucial role in extrusion 

processes, impacting product quality and operational 
efficiency, and each system has distinct advantages and 

limitations. Proportional-Integral-Derivative (PID) controllers 

are widely recognized for their precision in maintaining 

temperature stability by adjusting control outputs based on 

proportional, integral, and derivative terms to minimize error 

[24]. While PID controllers offer excellent accuracy and 

consistency, they also entail significant costs and complexity 

in implementation and maintenance, which can be prohibitive 

for operations with tighter budgets or simpler requirements 

[25].  
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Fuzzy logic control systems provide a flexible approach 

by mimicking human reasoning to handle process 

uncertainties and nonlinearities effectively, allowing them to 

adapt to varying material properties and conditions [26]. 

However, their implementation requires complex 

development of fuzzy rules and membership functions, 
necessitating specialized expertise and potentially making 

them less accessible for simpler applications [27]. Model 

Predictive Control (MPC) systems excel in managing complex 

extrusion processes by using process models to predict future 

behavior and optimize control actions proactively, enhancing 

stability and efficiency [28].  

Despite their advanced capabilities, MPC systems 

involve substantial computational resources and higher costs, 
which can be prohibitive for smaller operations or those with 

limited budgets. Similarly, adaptive control systems adjust 

parameters in real-time based on feedback, providing robust 

performance in varying conditions [29]. However, their 

complexity and higher costs associated with continuous data 

processing and adjustments can impact stability and 

reliability, making them less ideal for all manufacturing 

settings [30]. Given these considerations, more 

straightforward and cost-effective solutions like voltage 

control systems emerge as practical alternatives. Voltage 

control systems regulate temperature by modulating the power 
supplied to heating elements, offering a simpler and less 

expensive option compared to advanced systems. They are 

easier to implement and maintain, providing effective 

temperature regulation while addressing budgetary constraints 

and operational simplicity. By balancing efficiency with cost-

effectiveness, voltage control systems are well-suited for 

maintaining optimal temperature regulation in extrusion 

processes, especially where the complexity and expense of 
more advanced control methods are not justified. This 

approach ensures that manufacturers can achieve reliable 

temperature control without the higher costs and complexity 

associated with PID, fuzzy logic, MPC, or adaptive control 

systems [31]. 

3. Methodology 
3.1. Research Design 

The assessment plan for this study is a mixed approach, 

joining exploratory and experimental procedures to research 

the reasonableness of voltage-controlled temperature 

gathering in extruder machines. The essential objective is to 

make and evaluate a voltage rule system that revives 

temperature control, as such, dealing with the consistency and 

nature of the fed plastic-sand mix.  

A steady temperature range was thus established for 45 

minutes, expected to produce a single batch of the desired 

output. The gear methodology consolidates a microcontroller-

based control unit, temperature sensors (e.g., thermocouples), 

and power contraptions for voltage rule. Figure 1 presents a 

schematic diagram of the voltage control system. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Fig. 1 Schematic diagram of the voltage control system devised  

Voltage control systems are integral to temperature 

regulation across diverse industrial applications, including 

extrusion processes. These systems adjust the electrical power 

delivered to heating elements to precisely control the 
temperature. The design of a voltage control system typically 

encompasses several key components: the heating element, 

which converts electrical energy into heat; a voltage regulator, 

which modulates the power; a temperature sensor, which 

continuously monitors the temperature; and a controller, 

which processes the sensor's feedback and adjusts the voltage 
accordingly. 
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In operation, the controller utilizes algorithms to 

determine the appropriate voltage adjustment. Basic control 

strategies include On/Off control, which alternates the heating 

element between fully on and off states based on the 

temperature setpoint, and Proportional (P) control, which 

adjusts power in proportion to the temperature deviation. 
More advanced algorithms like Proportional-Integral (PI) and 

Proportional-Integral-Derivative (PID) control offer refined 

regulation by incorporating integral and derivative actions to 

minimize steady-state errors and enhance system response. 

Despite its simplicity, voltage control is valued for its cost-

effectiveness and ease of implementation, making it a 

practical choice for maintaining temperature stability in 

various industrial processes. 

3.1.1. System Design 

Basic Components 

 Heating Element: Converts electrical energy into heat. 

Examples include resistive heaters or electric furnaces. 

 Voltage Regulator: Controls the voltage supplied to the 

heating element. Common types include TRIAC-based 

phase control circuits or Solid-State Relays (SSRs). 

 Temperature Sensor: Monitors the temperature of the 

process. Types include thermocouples, Resistance 

Temperature Detectors (RTDs), or thermistors. 

 Controller: Implements the control algorithm to adjust the 
voltage based on the temperature readings. This can be a 

microcontroller or a dedicated control unit. 

The structure is taken a stab at a standard extruder 

machine dealing with different materials, similar to polymers 

and food substances. The tests are planned to replicate normal 

industrial circumstances, including fluctuating material feed 

rates and ejection temperatures. The voltage control system is 

differentiated from standard temperature control strategies, 
focusing on estimations, such as response time, temperature 

reliability, and energy capability.  

Data accumulated from the tests are tracked down to 

evaluate the ampleness of the voltage-controlled structure. 

Quantifiable techniques and data discernment instruments are 

used to unravel the results and review the impact of the voltage 

control on the ejection association. Figure 2 presents a 

schematic diagram of the Voltage Control System, which 
outlines the fundamental components and their 

interconnections. This schematic includes the heating 

element, voltage regulator, temperature sensor, and controller, 

illustrating how these elements work together to manage 

temperature.  

The voltage regulator is crucial as it adjusts the electrical 

power supplied to the heating element based on signals from 
the controller. The temperature sensor continuously monitors 

the actual temperature and sends this data to the controller. 

The controller, utilizing the input from the temperature sensor, 

makes real-time decisions on how to modulate the voltage to 

the heating element to maintain the desired temperature.

 

 

 

 

 

 

 

  

Fig. 2 Schematic diagram of the voltage control system 

Figure 3 provides a detailed circuit diagram designed 
specifically for the voltage control system in question. This 

circuit design includes the actual implementation of the 

voltage regulator, wiring, and connections to the heating 

element and temperature sensor.  

Figure 4 illustrates the temperature control flowchart 

applied to the system. This flowchart maps out the sequence 

of operations in the temperature control process. It includes 
steps such as comparing the measured temperature with the 

setpoint, determining the necessary voltage adjustment, and 

applying the adjusted voltage to the heating element. The 

flowchart provides a visual representation of the decision-

making process and feedback loop involved in maintaining 

temperature stability, helping to ensure that the system 

operates efficiently and effectively. 
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Fig. 3 Concept circuit design 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Temperature control flowchart 

3.2. Data Collection Method 

Data collection is a fundamental piece of this 

investigation that involves quantitative data collection with a 

view to surveying the proposed strategy. Continuous 

temperature data are accumulated using high-exactness 

thermocouples set at key concentrations alongside the 

extruder barrel. The sensors are related to a data logger, which 

records temperature readings at standard stretches. The 

precision and faithful nature of the temperature data is ensured 

through the periodic arrangement of the sensors. Response 

time to temperature changes, temperature consistency, and 

energy use are recorded during the preliminaries. These 
estimations are major for evaluating the overall show of the 

voltage control structure and its impact on the ejection 

association. These assessments reproduced customary 

industrial circumstances, wrapping arranged material feed 

rates and ejection temperatures.  

4. Results and Discussion 
Data examination is performed using a mix of genuine 

strategies and computational methods. The assessment 

revolves around surveying the display of the voltage-

controlled temperature assortment system using standard 

methodologies. In order to get precise results, the heating 

equipment was run thrice on three consecutive days with 

ambient temperatures of 34°C, 33°C and 29°C. The tables 

with temperature recordings (noted at 3-minute intervals), 

together with their corresponding time and voltage, are given 
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below. It is of significant importance to note that only two 

voltages were used throughout the heating process, viz. 230V 

and 0V, wherein arrangements were made using a relay 

connection for the auto-cut set-up incorporated. Table 1 

showcases the temperature recordings of the first repetition, 

and Figure 5 portrays its graphical representation. 

Table 1. Time, temperature and voltage variance of 1st repetition 

Time (AM) Heater 1 (°C) Heater 2 (°C) Voltage (V) 

11:02 33.25 34 230 

11:05 60 61.25 230 

11:08 115 117.25 230 

11:11 189.75 190.25 230 

11:14 258 260.25 230 

11:17 315 317.25 230 

11:20 371 367.75 0 

11:23 363 358.25 0 

11:26 341 336.75 0 

11:29 320 315.25 0 

11:32 301 295.25 0 

11:35 284 278.25 0 

11:38 269.25 263.5 0 

11:41 255 250 0 

11:44 253 254.25 230 

11:47 315 317.25 230 

11:50 371 367.75 0 

11:53 363 358.25 0 

11:56 341 336.75 0 

11:59 320 315.25 0 

12:02 301 295.25 0 

12:05 284 278.25 0 

12:08 269.25 263.5 0 

12:11 255 250 0 

12:14 253 254.25 230 

12:17 315 317.25 230 

12:20 371 367.75 0 

12:23 363 358.25 0 

12:26 341 336.75 0 

12:29 320 315.25 0 

12:32 301 295.25 0 

12:35 284 278.25 0 

12:38 269.25 263.5 0 

12:41 255 250 0 

12:44 253 254.25 230 
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Fig. 5 Temperature variance graph (Rep 1); ambient temperature: 34°C 

Table 2. Time, temperature and voltage variance of 2nd repetition 

Time (AM) Heater 1 (°C) Heater 2 (°C) Voltage (V) 

10:23 28.25 28.25 230 

10:26 63.5 64 230 

10:29 121.25 122.5 230 

10:32 192 202.75 230 

10:35 255.75 267.75 230 

10:38 313 325.25 230 

10:41 356.75 370.25 0 

10:44 349.25 361.75 0 

10:47 328.25 339.5 0 

10:50 308 318.5 0 

10:53 290.75 300.5 0 

10:56 275.25 284 0 

10:59 261.25 269.5 0 

11:02 248.5 256.75 230 

11:05 255.75 267.5 230 

11:08 313 325.25 230 

11:11 356.75 370.25 0 

11:14 349.25 361.75 0 

11:17 328.25 339.5 0 

11:20 308 318.5 0 

11:23 290.75 300.5 0 

11:26 275.25 284 0 

11:29 261.25 269.5 0 

11:32 248.5 256.75 230 
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11:41 356.75 370.25 0 

11:44 349.25 361.75 0 
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11:47 328.25 339.5 0 

11:50 308 318.5 0 

11:53 290.75 300.5 0 

11:56 275.25 284 0 

11:59 261.25 269.5 0 

12:02 248.5 256.75 230 

12:05 255.75 267.5 230 

 

 

 

 

 

 

 

 

Fig. 6 Temperature variance graph (Rep. 2); ambient temperature: 33°C 

Table 3. Time, temperature and voltage variance of 3rd repetition 

Time (AM) Heater 1 (°C) Heater 2 (°C) Voltage (V) 

10:36 29.25 29.5 230 

10:39 47.25 46.5 230 

10:42 92.75 93.25 230 

10:45 157.5 160 230 

10:48 225 227 230 

10:51 280 280.75 230 

10:54 326.75 328 230 

10:57 372 367 0 

11:00 367 361.75 0 

11:03 347 341.25 0 

11:06 328.75 323.25 0 

11:09 312.25 306.75 0 

11:12 298.5 291.5 0 

11:15 284.75 278.5 0 

11:18 272.25 265.75 0 

11:21 261.75 254.5 0 

11:24 251 244 230 

11:27 258.5 258.5 230 

11:30 302.5 303.25 230 

11:33 348.75 349.5 230 
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11:36 376.75 371.5 0 

11:39 361.5 356 0 

11:42 343 337.25 0 

11:45 327.75 321.5 0 

11:48 314 308 0 

11:51 301 293.75 0 

11:54 288.75 281.75 0 

11:57 277.25 270.5 0 

12:00 267.25 259.75 0 

12:03 254.5 247.5 230 

12:06 244.75 243.25 230 

12:09 276.75 276.5 230 

12:12 325.75 326.25 230 

12:15 373 368.25 0 

12:18 366.25 361.5 0 

12:21 348.25 342.5 0 

12:24 333.75 327.5 0 

12:27 317.25 311 0 

12:30 304 297.75 0 

12:33 292 285.5 0 

12:36 280.5 274 0 

12:39 270 263 0 

12:42 259.25 251.75 0 

12:45 245.75 245 230 

12:48 265.75 265.75 230 

 

 

 

 

 

 

 

 

 

Fig. 7 Temperature variance graph (Rep. 3); ambient temperature: 29°C 

Table 2 showcases the temperature recordings of the first 

repetition, with Figure 6 portraying the same graphically. 

Table 3 showcases the temperature recordings of the first 

repetition, with Figure 7 portraying the same graphically. The 

data assessment purposely plays a pivotal part in surveying the 

reasonability of the voltage-controlled structure. Steady 

temperature data, voltage assortments, and power usage 

estimations were presented to exhaustive genuine examination 
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and insight strategies. The assessments showcased the 

advantages of voltage-controlled units over ordinary systems 

in terms of operational ease and dampened energy 

consumption. Also, backslide examination and time series 

assessment enabled further examination of the associations 

between voltage changes, temperature changes, and system 
execution. 

As can be seen from the graphs in Figures 2, 3 and 4, the 

heating bands maintain a very steady rise and decline well 

within the designated temperature range of 230°C - 380°C. At 

this range, a steady state output can be well expected to flow 

out from the extruder nozzle. Such a well-controlled 

temperature setting also ensures the feed from getting 

overheated, causing it to become brittle or being abruptly cold, 
causing it to become viscous, which might result in the feed’s 

cohesion to the interior surface of the extruder barrel. The 

cycle, at the time of the experiment’s commencement, would 

be run thrice in order to prevent any heating damage that might 

occur in the body of the barrel, thereby ensuring machine 

longevity.  

The results obtained from this study suggest immense 
progress in the field of process control. By using voltage-

controlled temperature assortment, producers can achieve 

better control over the Temperature range, inciting better 

output consistency and quality. The intensive evaluation of 

system execution, maintained by good data examination 

techniques, results in significant encounters with industrial 

execution and further assessment. The proposed procedure 

additionally offers created temperature control and presents 

open entryways for energy speculation reserves and utilitarian 

viability overhauls. The revelations feature the meaning of 

taking on creative control frameworks in ejection cycles to 

satisfy propelling industry needs and managerial essentials.  

Future assessment attempts could focus on upgrading the 

voltage control evaluation, investigating advanced control 

techniques, and looking at the adaptability of the proposed 

methodology across coordinated release applications. With 

everything considered, the joining of voltage-controlled 

temperature gathering watches out for a more sophisticated 

setting in extruder machine control. By embracing this 

innovative framework, partners can open extra entrances for 
process smoothing out, product development, and agreeable 

creation practices. 

Furthermore, voltage control temperature systems are 

highly scalable, offering flexibility and adaptability for a wide 

range of extrusion applications. As extrusion operations grow, 

whether in size or complexity, voltage control systems can 

easily accommodate increased production demands. Their 
straightforward design and functionality make them well-

suited for both small-scale and large-scale operations. 

Adjusting the power supplied to heating elements provides 

precise temperature control, which can be scaled up to handle 

higher throughput or more complex materials without 

significant modifications. This scalability allows 

manufacturers to start with a basic setup and progressively 

enhance their systems as production needs evolve, ensuring a 

cost-effective and adaptable solution throughout the lifecycle 

of the extruder machine. 

In addition to that, voltage control temperature systems 

are broadly generalizable across various extrusion processes 

and material types. Their ability to regulate temperature by 

modulating voltage makes them compatible with a diverse 

range of extruders and applications, from plastics and food 

processing to metals and composites. This versatility ensures 

that voltage control systems can be applied in numerous 

industrial settings with minimal adjustments. Additionally, 
their simplicity and ease of integration into existing machinery 

make them a practical choice for manufacturers seeking 

reliable temperature regulation without extensive 

customization. By providing consistent and efficient 

temperature control across different applications, voltage 

control systems enhance process stability and product quality, 

making them a valuable tool in a wide array of extrusion 

processes. 

5. Conclusion 
Implementing voltage-control temperature regulation in 

extruder machines offers significant economic advantages, 

particularly for manufacturers seeking to optimize operational 

efficiency while managing costs. Voltage-control systems, 

which adjust the power supplied to heating elements to 
regulate temperature, are typically more affordable than 

advanced control technologies. The initial investment is 

relatively low, making this approach accessible for small to 

medium-sized enterprises.  

Additionally, voltage control can lead to substantial long-

term savings by improving energy efficiency and reducing 

operational costs. By minimizing energy waste and 

maintaining optimal heating conditions, voltage-control 
systems help lower energy bills and extend the lifespan of 

equipment through more stable operation. Overall, the cost-

benefit analysis shows that voltage-control temperature 

regulation provides a practical and economically sound 

solution for enhancing process control while keeping expenses 

manageable. 

Additionally, by fine-tuning the power supply to heating 
elements, voltage control systems improve energy efficiency 

and reduce the amount of excess heat generated. This not only 

minimizes energy consumption but also contributes to lower 

greenhouse gas emissions associated with energy production. 

Additionally, more efficient temperature regulation leads to 

reduced material waste and lower emissions of pollutants, as 

consistent processing conditions help maintain product quality 

and reduce the frequency of reprocessing. By adopting 

voltage-control temperature regulation, manufacturers can 
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support sustainability goals and enhance their environmental 

stewardship while achieving operational and economic 

efficiencies. 

The appraisal of voltage-controlled temperature 

assortment in extruder machines yields promising outcomes 

for the construction as well as the sustainable plastic industry. 

Through resolved system development, exploratory 

endorsing, and data examination, this research work has been 

able to achieve sufficient voltage-control to upgrade 

temperature rule in sendoff processes. The self-assembled 

voltage-control structure, equipped with steady checking 

sensors and assessment frameworks, shows shocking 

execution in achieving precise and quick temperature changes.  

The consequences of this study can be well-utilized at a 

later time in apt process control, where creative voltage-

controlled structures can drive tremendous improvements in 

various undertakings. By embracing a voltage-controlled 

temperature plan, creators can open passages for revived 

output progress with realistic significance and reasonable 

manufacturing practices. Pushing ahead, as can be witnessed 

in the case of creative work endeavours, the system devised 

will be fundamental in moving voltage-control estimations 

seeing novel control methods, all while working with a wide 
range of feed ingredients.  

In a nutshell, it can be concluded that the coordination of 

voltage-controlled temperature assortment tends to have a 

significant impact in the context of extruder machine control, 

prepared to catalyze positive change and drive the gathering 

business towards more critical viability, quality, and 

earnestness.  
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