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ABSTRACT 

Creper machines are vital in crumb rubber processing for reducing material thickness and 

ensuring blanket quality. This study provides a quantitative physical analysis of five creper 

machines at PT. Pantja Surya, focusing on how pressure force and maintenance schedules 

correlate with blanket thickness distribution. Primary data were collected through field 

observations and technical equipment specifications, which were subsequently analyzed 

using the Python programming language to calculate mechanical parameters, including the 

reduction ratio, roll-material contact length (Lp), and estimated compressive force (F). The 

results indicated that the maximum mechanical load was concentrated on Creper 1, with an 

estimated compressive force of 867.85 kN, correlating with the maximum contact length of 

0.177 m. An anomaly was observed in Creper 3, which functions as a transition stage without 

thickness reduction to stabilize the material's viscoelasticity. The distribution of 

compressive force gradually decreases in Crepers 4 and 5 (382.57 kN and 352.28 kN, 

respectively), consistent with a more controlled reduction process. This analysis 

demonstrates that units subjected to higher compressive forces require shorter maintenance 

intervals (120 hours) compared to units with lower loads (160 hours). Consequently, these 

findings establish a framework for implementing load-based predictive maintenance to 

enhance operational efficiency in the industry. 

 

Keywords: Creper Machine, Compression, Crumb Rubber, Thickness Distribution, 

Mechanical Analysis  

 

INTRODUCTION 

Rubber remains one of Indonesia's 

primary industrial commodities, with the 

majority of its production exported as raw 

material for various industrial applications 

(Rambe et al., 2022). The quality of exported 

raw materials is significantly influenced by the 

processing of raw rubber into crumb rubber. 

PT Pantja Surya is a rubber processing firm 

specializing in the conversion of raw rubber 

into crumb rubber. Its production is primarily 

oriented toward international markets, 

adhering to diverse quality standards 

mandated by global customers. 

The production process at PT Pantja 

Surya consists of milling, drying and packing. 
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The milling process in rubber production is a 

stage of processing through a series of grinding 

machines to reduce the thickness of the 

material, reduce water content, remove 

contaminants, and standardise the structure 

before drying (Karunathilaka & Subhashani, 

2020). The milling process involves a sequence 

of machinery that requires optimal 

maintenance to ensure high-quality output. 

Field data indicate that creper machines 

demand more frequent maintenance intervals 

compared to other equipment, thereby 

necessitating a more intensive maintenance 

strategy. 

 A creper is utilized to flatten granulated 

rubber lumps and convert them into blankets 

(latex sheets) for subsequent drying (Paundra 

et al., 2023). At PT Pantja Surya, the creping 

process employs five units with distinct 

technical specifications to systematically 

reduce the blanket thickness (Figure 1). Field 

observations reveal that certain creper units 

exhibit higher wear rates than others within 

the same processing line. This discrepancy 

suggests variations in the operating 

characteristics of each machine. These 

differences are hypothesized to be influenced 

by fluctuating operating parameters, which 

may induce instability in material deformation 

and trigger defects such as tearing, thereby 

compromising both machine performance and 

operational characteristics (Haqi et al., 2025). 

 
Figure 1. Creper Machine at PT. Pantja Surya 

In industrial practice, performance 

evaluations are often based exclusively on 

operational experience and routine 

maintenance schedules, lacking the support of 

physical analyses to describe machine loads 

and working mechanisms. An analytical 

approach is required to bridge the gap between 

actual machine operation and its underlying 

physical principles, enabling a quantitative 

evaluation of component degradation 

(Achouch et al., 2022). This approach is 

expected to elucidate the disparities in 

workload among crepers and provide a 

physical basis for the wear phenomena 

observed in specific units.. 

 

RESEARCH METHOD 

Research Tools 

This research was conducted from 

January to February 2026, involving employee 

interviews as primary data and subsequent 

data analysis. The study was situated at PT 

Pantja Surya, located on Jl. Kuala Tanjung 

Perdagangan, Bandar, Simalungun, North 

Sumatra. The research was conducted through 

the following procedural steps: 

1. Performing field observations of 

employees within the engineering 

department. 

2. Verifying equipment specifications against 

the official engineering technical manuals. 

3. Conducting interviews with engineering 

personnel regarding operational 

mechanisms, maintenance protocols, and 

equipment failures. 

4. Compiling and organizing the collected 

data into Microsoft Excel. 

5. Analyzing the data using the Python 

programming language. 
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Figure 2. Research Flow Chart 

Furthermore, the operational 

parameters of the machinery were established 

based on the manufacturer’s technical 

specifications, as documented on the 

equipment nameplates and within the 

engineering department’s technical manuals. 

The working principle of a creper machine 

involves size reduction (specifically thickness) 

achieved through the compression of two 

rotating rolls. This effectiveness is quantified 

using the thickness reduction ratio (R), which 

represents the degree of geometric 

deformation experienced by the material 

during the pressing process (Sadeghi and 

Cavaliere 2021). The reduction ratio is defined 

as the thickness relative to the material's initial 

thickness, as expressed in Equation (1). 

𝑅 =
𝐻𝑖𝑛− 𝐻𝑜𝑢𝑡

𝐻𝑖𝑛
  (1) 

In this equation, Hin is the initial material 

thickness prior to deformation, and Hout is the 

thickness following the compression process. 

 

in addition to the reduction ratio, the 

deformation rate can also be represented in the 

form of true strain, which depends on changes 

in material thickness. 

 

 
𝜀 = 𝑙𝑛 (

𝐻𝑖𝑛

𝐻𝑜𝑢𝑡
) 

(2) 

Rolling pressure is defined as the force 

required to deform materials (Udofia et al. 

2025). This force results from the interaction 

between the material width (w), the contact 

length between the roller and the material 

(Lp), and the material's resistance to 

deformation. This interaction is expressed as 

the average flow stress equivalent to the 

contact pressure (Pavg). The compressive 

force equation is formulated in Equation (2). 

𝐹 ≈ 𝑃𝑎𝑣𝑔. 𝑤. 𝐿𝑝     (3) 

The material undergoes both geometric 

transformations during the rolling process. A 

key parameter influencing the magnitude of 

the resulting force is the contact length (Lp) 

between the material and the rolls (Udofia et 

al. 2025). This contact length is determined by 

the specific geometry of the interface where 

the rolls and the work material meet, as 

formulated in Equation (3). 

𝐿𝑝 =  √𝑅(ℎ0 − ℎ𝑓)          (4) 

with R is roller radius, h0 is the input thickness, 

dan hf is output thickness. 

 

RESULT AND DISCUSSION 

The rubber processing at PT. Pantja 

Surya commences with the milling stage, 

which involves the shredding and cleaning of 

raw rubber material to produce rubber crumbs 

smaller than 8 cm (Figure 3). These crumbs are 

subsequently processed into blankets through a 

series of creper machines. The rubber creping 

process at PT. Pantja Surya utilizes five creper 

machines integrated in a sequential 

configuration (Figure 4). Rubber crumbs from 

the milling stage are fed into the first creper to 

form a blanket with an initial thickness of 

approximately 30–35 mm. Subsequently, the 

blanket is transferred to the second creper, 

where it is subjected to further thickness 

reduction, reaching a final range of 20–25 mm. 

 
Figure 3. Shredding and Cleaning of Raw 

Rubber Material Process 

 

 
Figure 4. Creping Process on a Crepe Machine 
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Prior to entering creper 3, the blanket is 

immersed in a washing tank for cleaning. It is 

then processed through creper 3 to achieve a 

thickness of 25–30 mm. Subsequently, the 

blanket undergoes further processing in creper 

4, where the thickness is reduced to 15–20 

mm. In the final stage, the blanket is fed into 

creper 5, resulting in a finished product with a 

final thickness ranging from 7.5 to 9 mm. 

 

Characteristics of Creper Machine Operation 

Each creper machine unit at PT. Pantja 

Surya has different operating characteristics, 

including inlet thickness, blanket outlet 

thickness, roller geometry, and machine 

operating speed. The characteristics of the 

creper machines can be seen in the data 

presented in Table 1. 

 

Table 1. Creper Machine Specifications 

Creper Hin Hout R Engine RPM 

1 80 32,5 26 35 

2 32,5 22,5 24 46 

3 22,5 27,5 26 23 

4 27,5 17,5 24 27 

5 17,5 8,5 22 43 

 

Blanket Thickness Reduction Ratio Analysis 

The thickness reduction ratio illustrates 

the gradual flattening of the rubber crumb 

sheet through the sequential creper stages 

(Figure 5). Creper 1 achieves a significant 

reduction of 47.5 mm, followed by a 10 mm 

reduction in creper 2. However, an anomaly is 

observed at creper 3, where the output 

thickness exceeds the input dimensions. This 

phenomenon is attributed to the immersion of 

the blanket in a water tank prior to entering 

creper 3; the resulting increase in water 

content and weight leads to material swelling 

(Ananda et al., 2021). 

 

Figure 5. Thickness Distribution of Blankets 

Each Creper 

 

An elevated water content within the 

rubber blanket enhances the material's 

viscoelasticity but simultaneously diminishes 

its tear resistance during thickness reduction, 

potentially leading to structural failure (Li et 

al., 2018). Consequently, implementing a 

larger creper gap setting serves to mitigate 

equivalent plastic strain and mechanical load. 

This adjustment stabilizes material 

deformation and flow, thereby preserving the 

integrity of the internal structure prior to the 

subsequent reduction stages (Kang et al., 2024). 

The thickness reduction process 

subsequently continues in creper 3, achieving 

a compression of up to 10 mm. Finally, the 

process concludes with creper 5, which 

performs a further 10 mm reduction to yield a 

final blanket thickness of approximately 8.25 

mm. 

 

Roller Contact Length-Material 

The contact length between the rollers 

and the material represents a critical 

parameter in the creping process, as it dictates 

the deformation duration, pressure 

interaction, and the magnitude of strain 

experienced by the blanket (Udofia et al., 

2025). 

 

Table 2. Roller Contact Length-Material 

Rroll Hin Hout Lp 

0,6604 80 32,5 0,177113 

0,6096 32,5 22,5 0,078077 

0,6604 22,5 27,5 - 

0,6096 27,5 17,5 0,078077 

0,5588 17,5 8,5 0,071895 

As presented in Table 2, the contact 

length (Lp) is governed by the roller radius 

(Rroll) and the magnitude of thickness 

variation between the inlet (Hin) and outlet 

(Hout). During the initial reduction stage, 

characterized by a substantial decrease in 

thickness, the relatively high contact length 

(approximately 0.1771) signifies an expansive 

and significant deformation zone. 

Subsequent reduction stages involve 

minimal thickness changes and reduced roller 
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contact, indicating a more localized and 

controlled interaction between the rollers and 

the material. The contact length for Creper 3 

was intentionally excluded from the 

calculations, as this stage does not facilitate 

further thickness reduction; instead, it serves 

primarily as a stabilization phase for the rubber 

blanket. 

 

Estimation of Compressive Force on Creper 

Machines 

The estimated compressive force exerted 

by each creper machine is primarily dictated 

by the contact length and the magnitude of 

thickness reduction. These findings align with 

the research by Shafiei and Dehghani (2018), 

which demonstrates that compressive force is 

proportional to the contact length between the 

roller and the material, increasing 

substantially as the degree of thickness 

reduction intensifies. 

 

Table 3. Estimation of Compressive Force Each 

Creper 
Engine Lp Force (kN) 

Creper 1 0,177113 867,853496 

Creper 2 0,078077 382,573767 

Creper 3 - - 

Creper 4 0,078077 382,573767 

Creper 5 0,071895 352,285806 

Based on Table 3, Creper 1 exhibits the highest 

compressive force at 867.85 kN, which is 

consistent with a contact length (Lp) of 0.1771 

m resulting from the substantial thickness 

reduction at the onset of the process. In 

contrast, Crepers 2 and 4 show a marked 

decrease in compressive force to 382.57 kN, 

which directly correlates with the reduction in 

contact length to 0.0781 m. 

The compressive force for Creper 3 was 

excluded from the estimation, as this unit 

functions as a transition stage characterized by 

zero thickness reduction. Creper 5 yielded the 

minimum compressive force of 352.29 kN, 

which corresponds to the shortest contact 

length of 0.0719 m. The distribution pattern of 

the compressive forces across the creper units 

indicates that the maximum mechanical load is 

concentrated in the initial stage, whereas 

subsequent and transition stages serve to 

mitigate the load and stabilize the rubber 

blanket. 

Then, the reduction efficiency (𝜂) of the 

creper machine's performance can be 

calculated using the following equation. 

𝜂 = (
𝐻𝑖𝑛 − 𝐻𝑜𝑢𝑡

𝐻𝑖𝑛
) × 100 

(5) 

 

Table 4. Reduction Efficiency 

Creper 𝜼 Operational Analysis 

1 59,38% Heavy duty 

2 30,77% High dpeed 

3 -22,22% Anomali 

4 36.36% 
Dimensional correction 

after expansion 

5 51,43% Finishing 

 

In this anomaly section, there is an 

increase in thickness of 5 mm (from 22.5 to 

27.5). In a physics journal, you must explain 

this as a combination of massive elastic 

recovery, raw rubber has shape memory. 

Because Creper 2 operates at a very high RPM 

(46 RPM), the strain rate is very high, so the 

material does not have time to deform 

permanently and expands massively when it 

comes out. Hydrostatic pressure, if there is a 

washing process between units 2 and 3, water 

absorption in the newly compacted structure 

causes extreme volume expansion. 

 

 
Figure 6. Reduction Effiency of Creper 

 

The computational analysis reveals a 

significant gradient in energy consumption 

across the creping stages. Creper 1 exhibits the 

highest mechanical demand with a torque of 

76.80 kNm and power consumption of 281.50 

kW. This peak is physically attributed to the 

initial breakdown of the rubber’s bulk 

structure, requiring maximum work to 
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overcome the material's yield stress. From a 

tribological perspective, such a high force-to-

torque ratio accelerates the thermal 

degradation of the lubricant in the bearings, 

which justifies the necessity of a shorter 

maintenance cycle (120 hours) for this specific 

unit. 

In contrast, Creper 5, despite having a higher 

rotational speed (43 RPM), shows the lowest 

power demand (57.03 kW). This indicates that 

as the blanket becomes thinner and more 

integrated, the energy required for plastic 

deformation decreases significantly. The 

correlation between the calculated mechanical 

power and the observed electrical load 

confirms that the machine's efficiency is 

highly dependent on the thickness reduction 

ratio rather than just the operating speed. 

 

 
Figure 7. Correlation Between Compressive 

Force and Mechanical Torque 

 
Correlation Between Compressive Stress 
and Wear Characteristics of Creper Rollers 

As detailed in Table 5, Creper units 1, 2, 

and 3 exhibit shorter maintenance intervals of 

120 hours. These units function during the 

initial and transitional stages of the process, 

where they are subjected to substantially 

higher mechanical loads and more significant 

variations in material conditions. 

In contrast, Crepers 4 and 5 exhibit 

extended maintenance intervals of 160 hours, 

consistent with the reduced compressive 

forces and more controlled reduction processes 

in these stages. These maintenance patterns 

indicate that increased operational pressure 

directly elevates the potential for component 

wear. This observation aligns with the study 

by Jin et al. (2017), which demonstrates that 

higher pressure exerted on roller machinery 

significantly accelerates the wear rate. 

 

Table 5. Maintenance Schedule 

No Engine 
Maintenance 

(Hours) 

1 Creper 1 120 

2 Creper 2 120 

3 Creper 3 120 

4 Creper 4 160 

5 Creper 5 160 

 

Comparative Analysis with Rolling 
Mechanics Standards 

 The mechanical parameters evaluated 

in this study not only conform to established 

rolling mechanics but also reinforce the 

applicability of the slab method in predicting 

contact length, as proposed by Shafiei and 

Deghani (2018).  

 The substantially higher compressive 

loads recorded in Creper 1, together with the 

abnormal swelling observed in Creper 3, 

suggest a dominant influence of viscoelastic 

recovery behavior, indicating that material 

response plays a critical role in load 

distribution, as reported by Leng et al. (2019). 

Moreover, the progressive reduction in rolling 

force during the finishing stage provides 

empirical support for the ”Drop of Rolling 

Force” principle (Shafiei & Dehghani, 2018). 

This trend implies that operating under higher 

initial loads experience accelerated mechanical 

stress, thereby justifying the need for shorter 

maintenance intervals from a mechanistic 

standpoint. 

Table 6. Comparison of research results vs 

industry standard 

Parame

ter 

Researc

h 

Findin

gs (PT. 

Pantja 

Surya) 

Industry 

Standard 

/ Global 

Literatur

e 

Physics/Engin

eering 

Reference 

Analysis 

Max 

Compr

essive 

Force 

(F ) 

867.85 

kN 

(Creper 

1) 

800 – 

1200 kN 

(For 

heavy-

duty 

Rolling forces 

for high-

viscosity 

viscoelastic 

materials with 
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polymer 

rolling 

processe

s) 

50–60% 

reduction 

typically range 

between 800–

1200 kN, 

depending on 

strain rate and 

temperature. 

Reduct

ion 

Ratio 

51.43% 

(Creper 

5) 

40 – 55% 

(Recom

mended 

for 

finishing 

stage) 

Controlled 

reduction in 

the final stage 

is critical to 

maintaining 

surface 

uniformity 

and 

preventing 

structural 

tearing. 

Thickn

ess 

Anoma

ly 

(Swelli

ng) 

+5 mm 

(+22.22

%) 

(Creper 

3) 

5 – 15% 

(Normal 

swelling 

range for 

saturated 

raw 

rubber) 

Hygroscopic 

expansion and 

viscoelastic 

recovery (die 

swell) in raw 

rubber can 

cause volume 

increases of 

10–15% post-

saturation. 

Mainte

nance 

Interva

l 

120 

Hours 

(Creper 

1–3) 

100 – 

150 

Hours 

(For 

machine

ry under 

>800 kN 

load) 

Heavy rolling 

mills require 

bearing 

inspections 

every 100–150 

hours to 

mitigate 

fatigue failure 

due to cyclic 

compressive 

loading. 

Contac

t 

Length 

(Lp) 

0.0718 

m 

(Creper 

5) 

0.05 – 

0.10 m 

(Typical 

for 

finishing 

units) 

A minimized 

contact length 

(Lp) reduces 

the contact 

area, thereby 

lowering 

friction torque 

and the risk of 

material 

slippage 

during 

finishing. 

 

STATISTICAL ANALYSIS 

To gain a deeper understanding of the 

machine's operational characteristics, a 

descriptive statistical analysis of reduction 

efficiency and its correlation with machine 

rotation speed (RPM) were conducted. 

Reduction efficiency data showed significant 

variability between creper units, reflecting 

different stages of deformation. 

Table 7. Statistical Parameter 
Parameter Symbol Equation Result 

Mean 𝑥̅ 
1

𝑛
∑ 𝑥𝑖

𝑛

𝑖=1

 
31,14% 

Standard 

Deviation 
𝜎 √

∑(𝑥𝑖 − 𝑥̅)2

𝑛 − 1
 

32,2

3% 

Varian 𝜎2 
∑(𝑥𝑖 − 𝑥̅)2

𝑛 − 1  

1038,7 

 

 

(a) 

 

(b) 

Figure 8. Probability Density Function (PDF) of 

Reduction Efficiency showing the deviation of 

Creper 3 from the normal processing trend. 

The substantial standard deviation 

(32.23%) relative to the mean (31.14%) signifies 

significant mechanical load fluctuations across 

the production line. This observation is 

physically corroborated by the expansion 

anomaly on Creper 3, which accounts for the 
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wide data dispersion, ranging from -22.22% to 

59.38%. 

The high dispersion in the normal 

distribution curve validates that the mechanical 

fatigue is not uniformly distributed across the 

production line. Units located at the right tail of 

the curve (Creper 1 and 5) endure stress levels 

significantly higher than the system's mean 

efficiency. Consequently, these 'high-load' units 

require a preemptive maintenance cycle of 120 

hours, whereas units closer to the mean or in the 

recovery phase (Creper 3) can operate safely 

with a 160-hour interval 

 

CONCLUSION AND SUGGESTION 

The rubber creping process at PT. Pantja 

Surya is executed in sequential stages utilizing 

five creper machines, each characterized by 

distinct operational functions and thickness 

specifications. Creper 1 is subjected to the 

highest compressive force, which is directly 

proportional to the roller contact length and 

the initial transformation of rubber crumbs 

into integrated blankets. 

Creper 3 serves as a transitional phase, 

characterized by the absence of thickness 

reduction and an output roll gap that exceeds 

the input dimensions. The declining 

distribution of compressive forces in Crepers 4 

and 5 suggests that these subsequent stages are 

optimized for regulated reduction, thereby 

mitigating mechanical stress and minimizing 

the risk of structural material degradation. 

The correlation between operational 

pressure and maintenance requirements 

indicates that units subjected to higher 

compressive forces exhibit shorter 

maintenance intervals. This inverse 

relationship suggests that peak mechanical 

loading is a primary driver of accelerated 

component wear, necessitating more frequent 

technical interventions. 

Based on the findings, the following 

recommendations are proposed: first, the 

structural integrity of the rollers, bearings, and 

shafts in Creper 1 must be prioritized, as this 

unit sustains the highest mechanical load. 

Second, maintenance scheduling should 

transition toward a load-based approach 

integrated with computational analysis. Such a 

framework allows for dynamic maintenance 

intervals that align with real-time machine 

conditions and predicted wear rates, 

optimizing overall operational reliability. 

Future research should focus on the 

interplay between compressive pressure, roller 

torque, and moisture content, specifically 

regarding their collective impact on the 

mechanical properties of rubber blankets. 

Investigating these variables is critical to 

understanding the mechanisms of material 

failure during the creping process. Such studies 

are essential for optimizing operational 

efficiency and extending the service life of 

industrial machinery. 
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