
 
 

© STM Journals 2026. All Rights Reserved S1846  
 

ISSN: 2321-2810 (Online) 

ISSN: 2321-8525 (Print) 

Volume 14, Special Issue 1, 2026 

DOI (Journal): 10.37591/JoPC 

STM JOURNALS

Journal of 

Polymer & Composites 
https://journals.stmjournals.com/jopc 

Research JoPC 
 

Process Capability Optimization of Thermoplastic 
Polyurethane (TPU) Printed Parts in  
Fused Deposition Modeling Process 
 

Rupesh Chalisgaonkar1,*, Deepak Kumar Yaduvanshi2, Shyam Kumar Birla3,  
Pardeep Kumar4, Vipin Kumar Sharma5 
 

Abstract 

Fused Deposition Modelling (FDM) 3D printing process requires precise printed dimensions with a 

special assessment of process parameters using Taguchi optimization methodology. The proposed 

research aims to determine the optimal parametric setting to maximize the process capability index of 

diametral deviation and roundness of product in 3D printing process of TPU (thermoplastic 

polyurethane). The input factors for printing TPU in this research include the extrusion temperature, 

cooling fan speed, infill density, and infill pattern. The geometric fidelity of TPU printed parts must be 

maintained due to its viscoelastic nature. The parametric optimization should be performed for printing 

dimensionally stable parts. The L9 Taguchi orthogonal array was used as a set of experiments for 

selecting the best parametric setting using signal-to-noise (S/N) ratio. The outcome of this investigation 

shed light on how the infill pattern and infill density affect the printed specimen's roundness and 

dimensional deviation, respectively. As the TPU is majorly used in aerospace industries, automotive 

industries, medical industries, and toy industries, the proposed work will provide benefit to achieve the 

accurate printed parts used to make the product. The outcome of this study could be useful to enhance 

sustainability in manufacturing by decreasing part rejections and subsequently energy saving and 

reducing the material wastage.  

 

Keywords: TPU (thermoplastic polyurethane), Fused deposition modeling, Process Capability Index, 

Taguchi, Roundness, Diametral deviation 

 

 

INTRODUCTION 

In recent years, fused deposition modeling, or 

FDM, has become increasingly popular as a 3D 
printing process. It works by heating a spool of 

thermoplastic filament to a temperature less than 
its melting temperature and then extruding the 

heated filament through a nozzle to create a 
three-dimensional object in alternate layered 

structure. FDM is known for its versatility, 
speed, and low cost compared to other 3D 

printing technologies. The schematic diagram of 
the manufacturing process is shown in Figure 1. 

It consists of cylindrical filaments, usually 1.75 
mm or 2.85 mm in diameter, which is first fed 

into the extrusion head. The thermoplastic 
material is heated and extruded by the extrusion 

head via a tiny nozzle, typically with a diameter 
of around 0.50 mm. The extruding material 

exiting from nozzle follows the path generated by 
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slicing software. The material gets deposited in a manner of alternate layer structure till the final 

component is made as per the design.  
 

FDM can produce parts that have intricate profile which need no further assembly process, resulting 
in lowering the cost of production. It eliminates making the die and mold alteration due to frequent 

changes of its design as customized products could be made without making die and mold. Previous 
research shows that layer thickness, layer width and air gap are the main influential process parameters 

affecting the quality of the printed parts. Thermoplastic characteristics of polymer filament makes 
joining of layers easily at room temperature in FDM process [1, 2]. This process is having low cost, 

highly customized process but having limitation in terms of poor surface finish and limited constraints 
of thermoplastic materials [3]. Most thermoplastic materials used are Acrylonitrile Butadiene Styrene 

(ABS), Polylactic Acid (PLA), Thermoplastic Polyurethane (TPU), Nylon and Polyether Ether Ketone 

(PEEK) [4-7]. TPU has higher amount of elasticity, abrasion resistance, toughness, and low melting 
temperature [8-11]. TPU is used to make flexible components such as gaskets, seals, and footwear 

prototypes in different industrial sectors such as automotive, aerospace, and consumer goods. TPU is 
also used to make robotic components. Prosthetics, orthotics, and patient-specific implants are also 

majorly made by TPU in biomedical industry [12-13]. TPU materials are also being used to make tyers 
due to higher amounts of elasticity and ease of processing. TPU materials can be recycled and reused 

in place of rubber which enables its major use to make non pneumatic tyers in automobile industries 
[14-17].  

 
The subsequent post processing operations are required to make the parts industry ready. The 

Additive Manufacturing process and Injection Molding Process could be compared based on case-to-
case basis to produce polymer parts [18-21]. It was found from previous research that part orientation 

plays a major role in influencing the dimensional accuracy of printed parts in FDM process. The past 
literature reveals the influence of different process variables on dimensional accuracy in FDM process 

[22-27]. The Taguchi-based grey relational analysis methodology was applied to optimize the FDM 
parameters for TPU used in automotive parts. The surface quality and mechanical properties were 

investigated to select the best parametric condition in FDM process [28]. ANFIS model was developed 
to predict and optimize FDM process parameters for TPU material. The tensile strength, flexibility, and 

surfacequality were examined to optimize and predict the best parametric conditions in FDM process 

[29]. The laser based in situ measurement was investigated to correlate the surface finish with the 
mechanical properties of liquid crystal polymer in FDM process. The autonomous data-driven method 

was applied to optimize the FDM process parameters [30]. The design optimization framework was 
applied to simulate the deposited heating material to measure the objective function. Gradient-based 

and gradient-free optimization methods were developed to select the effectiveness and utility of these 
methods [31]. The effect of infill patterns (zigzag and gyroid) on the mechanical properties of Fused 

Deposition Modelling (FDM) 3D printing process was studied. The other input parameters such as 
nozzle temperature, print speed, and bed temperature were also considered in this study using TPU 

material [32]. The impact of FDM process parameters (infill percentage and layer thickness) were 
investigated on tribological behavior of ABS and PLA parts. Multi-response optimization methodology 

and analysis of variance (ANOVA) were applied to study the effect of input parameters on coefficient 
of friction, surface finish, and wear [33]. 

 
Although FDM is one of the most popular technologies among additive manufacturing processes for 

printing customized parts, it still have some limitations such as anisotropic behavior, dimensional 
accuracy and poor surface finish. Several studies have focused on improving the mechanical properties, 

surface finish and process optimization of polymer such as PLA, ABS and PEEK, However, very 

limited research has addressed the dimensional fidelity of TPU components, especially with respect to 
quantifying process capability using statistical indices. 

 
TPU’s viscoelastic and flexible nature makes it highly sensitive to process variations, which often 

leads to shape distortion and poor dimensional control. Prior studies have mainly explored mechanical 
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or tribological characteristics of TPU but none have systematically evaluated the process capability 

index (PCI) for dimensional accuracy metrics such as diametral deviation and roundness. Moreover, 
the influence of infill pattern and infill density which are the critical parameters for geometrical stability 

of TPU printed parts, has not been comprehensively analyzed. The proposed work fills a significant 
research gap by establishing a statistical framework to evaluate and enhance the dimensional accuracy 

of flexible TPU parts, which is vital for their reliable use in industrial and biomedical applications. 

 

 
Figure 1. Schematic Diagram of Fused Deposition Modeling (FDM) 3D Printing Process 

 

MATERIALS AND METHODS 

This study used Premium Thermoplastic Polyurethane (TPU)-95 as the filament material having 2.85 

mm-diameter Jet-Black filament. The TPU specimens utilized in this investigation were manufactured 

using additive manufacturing technology (specifically an Ultimaker 2+ 3D printer) with Fused 

Deposition Modelling (FDM) capabilities. A reel of 2.85 mm diameter TPU filament was attached on 

a mounting spool that rests above the 3D printer. SolidWorks software was used for modelling the 

specimen. After that, the model was exported in the stereolithography (STL) file format allowing it to 

be read by the Cura program. This program slices the 3D model according to the chosen process settings. 

Subsequently, the sliced model is saved as a G-Code and produced using a 3D printer. The maximum 

building parts for this FDM printer is 223 mm x 220 mm x 205 mm (Figure 2). Selected process 

parameters with their level keeping other factors at constant level considered in this study are shown in 

Table 1. Figure 3 shows the infill patterns selected in this study to manufacture the specimen. 

 

Table 1: Process Parameters with their Levels 

Printing Parameter Level 1 Level 2 Level 3 

Extrusion Temperature (℃) 200 215 225 

Cooling fan speed (%) 20 60 100 

Infill Density (%) 20 60 100 

Infill Pattern Grid Tri-Hexagonal Triangular 
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Figure 2. Ultimaker 2+ FDM 3D printer 

 

 
Figure 3. Infill Patterns to Print the FDM Specimens. 

 

This work employs the Taguchi L-9 orthogonal array which enables the efficient optimization with 

fewer experiments compared to previous RSM or ANFIS based studies as discussed in literature review 

section. Process capability Index (PCI) analysis provides a quantitative measure of process robustness 

and effectiveness of the optimized parameters. The proposed novel approach highlights the practical 

advantages and advancement of the current study over earlier models. The Taguchi L9 orthogonal array 

was selected to efficiently evaluate the influence of key process parameters with a minimum number of 

experiments extrusion temperature, cooling fan speed, infill density and infill pattern (each at three 

level) with a 9 experiments (Table 2). This design focuses on the main effects, which are known to have 

the most significant influence on the dimensional analysis of printed parts, while higher order 

interaction effects are considered negligible in the present study. 

 

One sample was printed after each experiment and measurement was carried out at three places for 

evaluating the average value of diametral deviation and roundness. All 9 prints were performed using 

the same filament batch and printer setting, and the run order was randomized to minimize the influence 

Ultimaker  
  printing filament

 xtruder

 eated bed

    screen

Ultimaker  
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of machine variability and random errors on PCI evaluation. Figure 4 shows the specification of the 

specimen (CAD file) printed under study for dimensional accuracy. Figure 5 exhibits the dimensional 

features in the form of CAD file.  

 

The main dimensional features considered in this study are diameters measured at three different 

sections names as diameter circle 1, diameter circle 2, and diameter circle 3. At these sections roundness 

was measured termed as roundness 1, roundness 2, and roundness 3. Figure 6 shows some printed 

samples. All dimensional features were measured by Coordinate Measuring Machine (CMM, Model 

ZEISS CALYPSO) and compared to the designed CAD model subsequently (Figure 7). Figure 8 

exhibits the sample report measurement taken by CMM. 

 

 
Figure 4. CAD File with Dimensions (mm) 

 

 
Figure 5. Dimensional Feature of the Specimen for Measurement 

 

 
Figure 6. Printed Samples 
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Table 2. L-9 Orthogonal Array  

Extrusion Temp.(C) Cooling fan speed (%) Infill Density (%) Infill Pattern 

200 20 20 Grid 

200 60 60 Tri-Hexagonal 

200 100 100 Triangular 

215 20 60 Triangular 

215 60 100 Grid 

215 100 20 Tri-Hexagonal 

225 20 100 Tri-Hexagonal 

225 60 20 Triangular 

225 100 60 Grid 

 

 
Figure 7. (a) Pictorial View of CMM ZEISS CALYPSO (Close View) used for Measurement the 

Specimen 

 

 
Figure 7. (b) CMM ZEISS CALYPSO used for Measurement the Specimen 

Measuring Probe 

Printed Sample 
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Figure 8. CMM Report of Sample 1 
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Evaluation of Process Capability Index 

Diametral Deviation 

Process capability index of diametral deviation was evaluated by comparing the diameterof the 

specimen measured by ZEISS CALYPSO CMM with CAD image value. 

Diametral Deviation at each section (mm) = Measured Diameter (in mm) –  

Diameter (in mm) as per CAD image   (1) 

Mean value of Diametral Deviation in mm for each specimen (Xmean): 

 

 It is calculated by following equation. 

Xmean =  
Diametral Deviation at section 1 + Diametral Deviation at section 2+ 

Diametral Deviation at section 3
3

  (2) 

Standard deviation (σ): Standard deviation for each specimen is calculated by the following equation. 

Standard deviation (σ) =√
∑ (𝑥𝑖−Xmean)̅23

𝑖=1

3
 3)  

Where xi represents the value of each diametral deviation for each specimen. 

 

Process capability index (PCI) for each specimen: Process capability index can be evaluated by the 

following equation. 

Process Capability index (PCI) =Min{
𝑋̅−LSL

3σ
,

𝑈𝑆𝐿−𝑋̅

3σ
} (4) 

Where 

US = Upper specification limit for each measuring characteristics ( 0.5 mm) 

 S =  ower specification limit for each measuring characteristics (-0.5 mm) 

 

The USL and LSL of ± 0.5 mm for PCI calculation were chosen based on typical dimensional 

tolerance for polymer FDM parts. These limits provide a practical range to compare the effect of process 

parameters on geometric accuracy. 

 

Table   exhibits the computation of P I of diametral deviation of all specimens with S/N ratio. 

 

Roundness 

The roundness was measured at each section of the specimen and mean value is taken for evaluation 

of process capability index (PCI). The evaluation steps for PCI calculation of roundness are same as 

considered for diametral deviation. Table 4 exhibits the computation of PCI of roundness of all 

specimens with S/N ratio. 

 

Table 3. Process Capability Index (PCI) of Diametral Deviation With S/N Ratio 

S. No. Deviation1 Deviation 2 Deviation 3 Mean ((𝑿)̅̅̅̅  SD (σ) PCI S/N ratio 

1 -0.1099 -0.2735 -0.554 -0.312 0.225 0.278 -11.1191 

2 0.2178 0.1582 0.122 0.166 0.048 2.298 7.227 

3 0.4872 0.2738 0.250 0.337 0.131 0.416 -7.61813 

4 0.0794 0.0772 -0.077 0.027 0.090 1.761 4.915187 

5 1.0722 0.5696 0.233 0.625 0.422 0.099 -20.0873 

6 -0.0007 -0.0828 -0.230 -0.104 0.116 1.137 1.115209 

7 0.5697 0.4787 0.364 0.471 0.103 0.094 -20.5374 

8 0.1879 0.2334 -0.048 0.124 0.151 0.828 -1.63939 

9 0.4872 -0.2778 -0.247 -0.012 0.433 0.375 -8.51937 
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Table 4. Process Capability Index (PCI) of Roundness With S/N Ratio 

Exp. No. Roundness 1 Roundness 2 Roundness 3 Mean (𝑿)̅̅̅̅  SD(σ) PCI S/N ratio 

1 0.079 0.081 0.098 0.086 0.010 2.839 9.0633 

2 0.126 0.127 0.100 0.118 0.015 2.532 8.0693 

3 0.140 0.139 0.091 0.124 0.028 1.479 3.3994 

4 0.096 0.181 0.077 0.118 0.055 0.707 -3.0116 

5 0.301 0.286 0.114 0.234 0.104 3.211 10.1328 

6 0.080 0.081 0.074 0.079 0.004 6.648 16.4538 

7 0.153 0.155 0.181 0.163 0.016 2.891 9.2210 

8 0.174 0.219 0.241 0.211 0.035 0.853 -1.3810 

9 0.072 0.067 0.083 0.074 0.008 2.930 9.3374 

 

RESULT AND DISCUSSION 

Diametral Deviation 

In this research work diametral deviation was studied with roundness to map the inaccuracy of the 

printed specimen’s dimensions. The main effects plots and signal-to-noise ratio were plotted using 

Taguchi’s design  9 orthogonal array design, as shown in Figure 9 and 10. While calculating the S/N 

ratio for the process capability index of the printed part's diametral deviation, the larger the better option 

was selected. The objective of minimizing the variation is achieved through setting the goal of closeness 

of the measured value and designed values. 

 

S/N ratio computation was done by Eq. (5), where n is the total number of trials and yi is the observed 

value of PCI for ith trial. 

S/NCpi = −10log10 [
1

n
∑

1

yi
2

n 
i=1 ] (5) 

Table   indicates that parametric setting as per Taguchi’s    , experiment number   indicates the 

minimum value of diametral deviation 0.166 mm, having corresponding PCI of 2.298 with S/N ratio of 

7.227dB. 

 

Although some PCI values are below the industrial benchmark of 1.33, the optimal parameter setting 

identified provides the maximum achievable PCI within the laboratory scale FDM process, offering 

practical guidance for improving dimensional accuracy. 

 

The type of infill pattern was found to be an important parameter among all 3D printing parameters 

considered for the study. The main effect plot is shown in Figure 9 to describe the behavior of input 

parameters on PCI of diametral deviation. The optimum parametric combination was selected by higher 

S/N ratio for PCI for dimensional deviation. The optimal process parametric combination was found to 

be as follows: Extrusion temperature-200 (℃), Cooling Fan Speed- 60%, Infill Density 60%, and Infill 

Pattern- Triangular) (Figure 10) 

 

ANOVA (Analysis of Variance) of PCI of Diametral Deviation: 

ANOVA was performed on experimental results of values obtained of PCI for diametral deviation. 

MINITAB software was used to perform the ANOVA on above values.  

 

From Table 5, infill pattern (29.80%) and infill density (9.14%) were found to be influential 

parameters due to higher F values and percent contribution to affect the PCI values of dimensional 

deviation of printed specimen. 
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Figure 9 Mean Effect Plot of Printing Parameters on PCI Of Diametral Deviation 

 

 
 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

20 60 100

P
C

I 
o

f 
d

im
en

si
o

n
al

 d
ev

ia
ti

o
n

infill density 

Mean effect plot of infill density on PCI of diametral deviation

(d)

-11.3

-10.3

-9.3

-8.3

-7.3

-6.3

-5.3

-4.3

-3.3

-2.3

200 215 225

S
/N

 r
at

io
 o

f 
P

C
I 

o
f 

o
f 

d
ia

m
et

ra
l 

d
ev

ia
ti

o
n
 

ExtrusionTemp.(C)

Mean effect plot of extrusion temperature on S/N ratio of PCI 

of diametral deviation

(a)

-10

-9

-8

-7

-6

-5

-4

20 60 100

S
/N

 r
at

io
 o

f 
P

C
I 

o
f 

d
ia

m
et

ra
l 

d
ev

ia
ti

o
n
 

Cooling fan speed (%)

Mean effect plot of cooling fan speed on S/N ratio of PCI of 

diametral deviation 

(b)



 

 

Process Capability Optimization of Thermoplastic Polyurethane (TPU)                                  Chalisgaonkar et al. 

 

 

© STM Journals 2026. All Rights Reserved S1857  
 

 
 

 
Figure 10. Mean Effect Plot of Printing Parameters on S/N Ratio PCI Of Diametral Deviation. 

 

Table 5. Analysis Of Variance of S/N Ratio of Diametral Deviation 

Source DF Adj SS Adj MS F-Value % Contribution 

Regression 5 2.32 0.46 0.55 -- 

Extrusion Temperature 

(℃) 

1 0.41 0.41 0.48 8.45 

Cooling fan speed (%) 1 0.02 0.02 0.02 0.35 

Infill Density (%) 1 0.44 0.44 0.52 9.14 

Infill Pattern 2 1.45 0.73 0.85 29.80 

Error 3 2.55 0.85 
 

 

Total 8 4.87 
  

 

 

Roundness 

The degree to which an object's form resembles a complete circle or sphere is referred to as its 

roundness. It gauges how well an object's outlines deviate the form of a sphere or circle. In many fields 
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where accuracy is critical, such as manufacturing, metrology, and quality control, roundness is a 

significant geometric feature.  

 

Similar methodology was adopted as applied for PCI for roundness. The higher the better S/N ratio 

was selected for maximizing the PCI value of roundness. Table 5 displays the results of PCI for 

roundness and the S/N ratio. Table 4 indicates that parametric setting as per Taguchi’s    , experiment 

number 6 indicates the minimum value of average roundness 0.079 mm, having maximum 

corresponding PCI of 6.648 with S/N ratio of 16.4538dB. The type of infill pattern was found to be an 

important parameter among all other parameters for PCI of roundness. The main effect plot is shown in 

Figure 11 to describe the behavior of input parameters on PCI of roundness. The optimum parametric 

combination was selected by higher S/N ratio for PCI for roundness. The optimal process parametric 

combination was found to be as follows: Extrusion temperature-215 (℃), Cooling Fan Speed- 100%, 

Infill Density 20% and Infill Pattern- Tri-Hexagonal (Figure 12). 
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Figure 11. Mean Effect Plot of Printing Parameters on PCI of Roundness. 
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Figure 12. Mean Effect Plot of S/N Ratio of Printing Parameters on PCI of Roundness. 

4

5

6

7

8

9

10

11

20 60 100

S
/N

 r
at

io
 o

f 
P

C
I 

o
f 

ro
u
n
d

n
es

s

Cooling fan speed (%)

Mean effect plot of cooling fan speed on S/N ratio of PCI of 

roundness 

(b)

-1

1

3

5

7

9

11

13

Grid  Tri-Hexagonal  Traingular

S
/N

 r
at

io
 o

f 
P

C
I 

o
f 

ro
u
n
d

n
es

s

Infill pattern

Mean effect plot of infill pattern on S/N ratio of PCI of 

roundness 

(c)

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

20 60 100

S
/N

 r
at

io
 o

f 
P

C
I 

o
f 

ro
u
n
d

n
es

s

Infill Density (%)

Mean effect plot of infill density on S/N ratio of PCI of 

roundness 

(d)



 

 

Process Capability Optimization of Thermoplastic Polyurethane (TPU)                                  Chalisgaonkar et al. 

 

 

© STM Journals 2026. All Rights Reserved S1861  
 

ANOVA (Analysis of Variance) of PCI of roundness 

ANOVA was performed on experimental results of values obtained of PCI for roundness. It was 

revealed that infill pattern (Tri-hexagonal shape) is influential parameter (39.25% contribution) to affect 

the PCI values of roundness of printed specimen. Cooling fan speed was found to be the second 

important parameter (10.83% contribution) to affect the same printing characteristics (Table 6). 

 

Table 6. Analysis of Variance of S/N Ratio of PCI Of Roundness 

Source DF Adj SS Adj MS F-Value % Contribution 

Regression 5 267.787 53.557 5.3 -- 

Extrusion Temp.(C) 1 1.222 1.222 0.12 0.41 

Cooling fan speed (%) 1 32.285 32.285 3.2 10.83 

Infill Density (%) 1 0.319 0.319 0.03 0.11 

Infill Pattern 2 233.962 116.981 11.58 39.24 

Error 3 30.31 10.103 
  

Total 8 298.097 
   

 

The deviation in roundness or diametral deviation value is caused by subsequent deposition of next 

layer on previously deposited layer. The subsequent printing layer causes deformation if the previous 

layer is not properly cooled resulting in poor dimensional quality of TPU product. It can be seen from 

Figure 10 and 12 that cooling fan speed at 60% and 1000% is suitable for achieving good diametral 

deviation and roundness. 

 

It can be inferred from the results that cooling fan speed should not be set at lower value for printing 

of TPU material.  

 

It is evident from the results that infill density should not be set at higher values (100%). It can be set 

at lower value (20%) or mid-level (60%) to achieve higher accuracy in roundness and dimensional 

deviation respectively in TPU printing. It can be attributed to the fact that 100% infill density causes 

the low porosity of parts. Low porous material does not accommodate the any extra molten material 

coming out of the nozzle (oozing effect). This causes printing of the swelled parts in TPU printing. On 

the contrary, the lower density causes the high porosity of printed part accommodating the extra molten 

material coming out from the nozzle. This results in higher accuracy of printed parts. 

 

It may be inferred from the results that lower to medium infill densities yields optimal PCI for 

diametral deviation and roundness. The lower to medium infill densities develops the thermal balance 

which minimizes the warping and distortion ensuring adequate interlayer bonding with improved 

dimensional accuracy. 

 

Among all the infill patterns utilized in 3D printing, including the grid and triangle infill kinds, the 

tri-hexagonal shape is the strongest. Triangles are scattered across a hexagonal pattern created by this 

pattern crossing over itself.  

 

The triangular pattern places plastic in a triangular grid that crosses over to 60℃, whereas plastic is 

laid down using a grid pattern that resembles a cubic and crosses over itself at right angles. Tri hexagon 

and triangular pattern can be referred to achieve high accuracy in terms of roundness and dimensional 

deviation respectively, as both types of patterns reduce the possibility of distortion and warping during 

printing as compared to grid patterns. 

 

Confirmation Experiment 

The confirmatory experiment was conducted to validate the results of PCI obtained under optimized 

parametric conditions. The predicted PCI was calculated by the following formula. 
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µ=𝑇̅+ (𝑋̅2 - 𝑇̅) + (𝑌̅2 -  𝑇̅)  

 = 𝑋̅2+ 𝑌̅2- 𝑇̅ (6) 

Where 𝑇̅= Overall mean of the response 

𝑋̅2, 𝑌̅2 = Average values of response at the optimized levels of parameters 

 

The predicted PCI and PCI obtained from confirmatory experiments were found to be close to each 

other exhibiting close correlation. A remarkable improvement of PCI is shown in Table7 justifying the 

experimental results. 

 

Table7. Confirmatory Results 

Experimental 

condition 
Roundness PCI Diametral Deviation PCI 

Processparametric 

condition 

Extrusion Temperature 

(200℃), Cooling fan 

speed (20%), Infill 

Density (20%), Infill 

Pattern (Grid) 

2.839 Extrusion Temperature 

(200℃), Cooling fan speed 

(20%), Infill Density (20%), 

Infill Pattern (Grid) 

0.278 

Predicted Value Extrusion Temperature 

(215℃), Cooling fan 

speed (100%), Infill 

Density (20%), Infill 

Pattern (Tri-hexagonal) 

6.648 Extrusion Temperature 

(200℃), Cooling fan speed 

(60%), Infill Density (60%), 

Infill Pattern (Triangular) 

2.123 

Experimental Value Extrusion Temperature 

(215℃), Cooling fan 

speed (100%), Infill 

Density (20%), Infill 

Pattern (Tri-hexagonal) 

6.695 Extrusion Temperature 

(200℃), Cooling fan speed 

(60%), Infill Density (60%), 

Infill Pattern (Triangular) 

2.198 

 

CONCLUSION  

The goal of this study is to use the Taguchi approach to identify the best parametric setting for the 

3D printing process in order to reduce the process capability index. Extrusion temperature (200°C), 

cooling fan speed (60%) the infill density (60%) and the infill pattern (triangular) for precise diametral 

deviation were determined to be the best process parameters for 3D printing based on the studies that 

were done. The combination of optimum process parameters produces process capability index for 

diametral deviation and S/N ratio values as 2.298 and 7.227dB respectively. Based on ANOVA analysis 

infill pattern (29.80%) and infill density (9.14%) were found to be significant process parameters for 

PCI of diametral deviation. 

 

The optimum process parametric condition for accurate roundness was found to be extrusion 

temperature (215℃), cooling fan speed (100%), infill Density (20%) and infill Pattern (Tri-hexagonal). 

The combination of optimum process parameters produces process capability index for roundness and 

S/N ratio values 6.648 and 16.453 dB respectively. Based on ANOVA analysis infill pattern (39.25%) 

and cooling fan speed (10.83%) were found to be significant process parameters for PCI of roundness. 

 

While this study has focused on improving the process capability of TPU components fabricated 

through FDM, more work can be done in this area. Upcoming studies may investigate the role of other 

factors such as variations in nozzle temperature, part cooling techniques, and alternative printing paths 

to further enhance accuracy and strength. 

 

 Incorporating intelligent systems like machine learning and in-process monitoring could help in 

adjusting settings automatically for better quality. Research can also be extended to new material 

blends, composite filaments, or graded structures to widen the applications of TPU parts in flexible 

products, healthcare, and wearables. Finally, testing how these optimized parts perform over longer 
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periods and in real working conditions would help in making FDM TPU parts more suitable for industry 

use. 
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