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Abstract: Fabrication of nanofibers with a defined diameter is a primary purpose of the electrospinning process. The
diameter of nanofiber is directly related to its individual features, such as mechanical property and porosity. The motivation
to conduct the current study was to explore the diameter of hybrid nanofibers of polycaprolactone-gelatin (PCL-GT) as one
of the most attractive scaffolds employed in various research fields, such as tissue engineering and industrial fields. We have
developed two predictive models describing the electrospinning process of PCL-GT using response surface methodology
(RSM) and artificial neural network (ANN). The effect of 4 variables on diameter was analyzed, including total polymer
concentration, ratio of PCL to Gel, voltage, and tip-to-collector distance. The individual and interactive effects of the
mentioned factors were analyzed using RSM. The total polymer concentration had the most significant individual effect on
the diameter of PCL-Gel nanofiber, whereas the other three factors showed less strong individual effects, although, the
interactive effects of these factors were more remarkable. It was demonstrated that both models, especially the ANN model,
could accurately predict the diameter of PCL-GT nanofiber (regression coefficient > 0.92, mean absolute percentage error
< 5.7). The represented predictive models could facilitate construction of electrospun nanofibers from PCL-Gel with well-
controlled diameter required for any intended purpose.
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Introduction

Tissue engineering generally refers to assembling scaffolds,

cells, and biological molecules aiming to produce functional

tissues [1,2]. Biocompatible and appropriate scaffold as an

essential component of tissue engineering is mostly fabricated

using various types of polymers [3]. Polymers in aspect of

origin comprise two types, which are synthetic and natural

polymers. Each type has its specific characteristics which

made it desirable for particular applications [4,5]. Naturally

occurring polymers such as cellulose [6,7], silk fibroin [8],

and gelatin [9] are water based and consequently have high

cell affinity along with poor mechanical properties. On the

other hand, synthetic polymers are highly hydrophobic

without cell recognition site, although these polymers have

acceptable mechanical properties [10,11]. Polymer blending,

especially blending synthetic and natural polymers, is

extensively utilized in scaffold fabrication, in order to achieve

desirable cell adhesion, degradation rate, and mechanical

properties [4,12].

Polycaprolactone (PCL) is one of the most used synthetic

polymers in the biomedical field [13]. PCL is a biodegradable

hydrophobic semi crystalline polymer, and its merits over

other biopolymers are ease of synthesis, inexpensive

production, tailorable mechanical properties, flexibility in

surface modification, and long-term degradation time [14].

On the other hand, gelatin that is obtained from hydrolysis of

collagen comprises a set of distinct properties, such as

hydrophilic nature, high cell affinity, poor mechanical properties,

good biodegradability, and low cost [15]. Blending of PCL

and gelatin could relatively cover the weaknesses of both

polymers [16]. As reported in the literature, polycaprolactone-

gelatin (PCL-GT) composite has been applied in wound

healing [17], tissue engineering of nerves [18], muscle [19],

teeth [20], and cardiovascular tissue [21], and in the fields of

cancer [22] and stem cell research [23].

Among the most practical and efficient structures utilized

in the biomedical field, particularly in tissue engineering, are

nano and microfiber. These fibers could nobly mimic the

structure of extracellular matrix (ECM) if designed accurately

[24]. Fiber diameter, porosity, and mechanical properties are

some of key parameters in the design of an intended

scaffold.

Although, there are several methods for fabrication of

nanofibers, electrospinning has emerged as the most commonly

used technique for polymeric nano and microfiber production

[25]. In this method, by exploiting an electric force, polymer

solution or melt that is extruded from a syringe is

continuously drawn until nanofiber is produced. Some of the

advantages of the above- mentioned technique include ease

of use, versatility, low cost, and fiber fabrication from a wide

variety of polymers [26,27]. There are 4 sets of parameters*Corresponding author: naderman@modares.ac.ir
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influencing electrospun nanofiber properties, including polymer

characteristic (molecular weight, solubility), polymer solution

factors (such as viscosity, conductivity, and concentration),

processing parameters (including voltage, tip-to-collector

distance, and feed rate), and ambient condition (temperature,

humidity) [28]. These parameters affect the electrospinning

process both alone and in combination with other parameters.

Formulation and prediction of the factors that affect the

output of the electrospinning process have considerable

importance in the fabrication of any desirable nanofibrous

scaffold.

Modeling techniques such as RSM and ANN assist in

determining the complicated patterns of variables that affect

a process. Such modeling techniques facilitate understanding a

process and decrease the cost and time of performing

experiments. RSM is a statistical method, which explores

the quantitative relationship between independent variables

and output of a process. RSM is capable of presenting a

mathematical equation to demonstrate clearly the relationship

of variables and response. Furthermore, this technique could

be an efficient tool for optimization of numerous types of

processes. The basic principles of RSM consist of fitting an

empirical model to the experimental data, applying polynomial

functions. The initial step of RSM is selection of more

effective variables and design of experiments, which is

performed by various methods such as Taguchi, Box-

Behnken design, central composite design, and more. After

conducting the designed experiment, the resultant responses

are mathematically and statistically analyzed to achieve an

acceptable model fit. Verification of the fitness of the model

and optimization study are the last steps of RSM [29,30].

A further technique, which is broadly applied as a

predictive modeling tool to study different kinds of processes, is

artificial neural network (ANN), which is inspired from the

natural nervous system [31]. This powerful network is a

collection of artificial neurons in different layers that are

interconnected for processing input information, with the

aim of obtaining an output. In a simple artificial neuron, the

input is multiplied by weight (strength of signal) and then

processed by transfer function of neuron to estimate the

output. Training, validating, and testing are necessary steps

of ANN modeling. Training is performed using multiple

input-response data points in order to approximate the

relationship between the datasets. The next two steps,

validation and testing, are critical stages for verification of

the created network performance [32].

In recent years, due to the importance of nanofibers in

various scientific fields, especially biomedicine, researchers

have paid more attention to modeling the electrospinning

process. Most recent modeling studies have focused on the

effect of processing variables on fiber diameter and

morphology. Polyethylene oxide [33], polymethyl methacrylate

[34,35], polyurethane [36], polyacrylonitrile [37-39], Gelatin

[40] and polycaprolactone [41] are some of investigated

polymers modeled by ANN and RSM to predict fiber

diameter. In some other studies, the electrospinning process

was modeled with the purpose of predicting different

characters of nanofibrous scaffold [42]. For instance,

mechanical properties of PCL-GT scaffolds were predicted

using a single-layer perceptron ANN [43], or the mechanical

features of polycaprolactone/nano hydroxyl apatite [44]

were studied using RSM modeling.

In the present paper, we studied the influence of multiple

factors affecting the electrospinning process of PCL-GT

nanofiber diameter. The considered parameters included

total concentration of polymer solution, volume ratio of the

two polymers, applied voltage, and distance of nozzle to

collector. Using central composite design method, thirty

experiments were designed in order to explore the effect of

the mentioned variables. PCL-Gel nanofibers were fabricated

in the thirty experimental conditions and then their diameters

were measured from SEM images. The obtained information

was applied as the input data for modeling. The mentioned

factors and their interactions were modeled by applying

ANN and RSM methods. Consequently, the results obtained

from the two models were compared in terms of prediction

accuracy.

Experimental

Materials

Polycaprolactone (PCL, Mw=80,000) and gelatin (GT)

type A (300 Bloom) from porcine skin were purchased from

Sigma-Aldrich. Trifluoroethanol (TFE) and acetic acid were

obtained from Merck.

Preparation of Polymer Solution

PCL and GT were dispersed in TFE separately at concen-

trations of 5 %, 6 %, 7 %, 8 %, and 9 % (w/v). Each solution

was stirred for about 3 hours. Before the electrospinning

process, the two polymer solutions were mixed and a tiny

amount (<0.3 %) of acetic acid was added in order to

achieve a miscible and transparent solution [45].

Electrospinning

Electrospun PCL-GT scaffolds were fabricated using an

electrospinning device (Nanoazma Co., Tehran, Iran). The

prepared solution was extruded from a 10 ml syringe

attached to a 21 G blunted needle. The fibers were collected

by a cylindrical collector (17 cm×5 cm) on an aluminum

foil. The feed rate was 0.5 ml/h and a speed of 300 RPM was

selected for collecting the random fibers. The electrospinning

was carried out at 25
oC. After electrospinning, the fibrous

mats were dried for 48 hours. The experimental set-up used

for electrospinning of PCL-Gel nanofiber is shown in Figure 1.

Morphological Characterization

The morphology of electrospun fibers was explored via a



2370 Fibers and Polymers 2017, Vol.18, No.12 Tahere Khatti et al.

scanning electron microscope (SEM; TESCAN, Brno,

Czech Republic) at an accelerating voltage of 30 kV under

3000x magnification after sputter coating with gold using a

sputter coater. Applying Image J software (v. 2), the diameter of

100 fibers in each SEM micrograph was measured and

average fiber diameter was calculated. To analyze the

distribution of fibers’ diameters, SPSS software (v. 15, SPSS

Inc., Chicago) was applied.

Experimental Design

Central composite design (CCD) was employed to assess

statistically the effective variables on the diameter of

electrospun nanofibers [46]. From the literature, we have

identified the most 4 important factors affecting the diameter

of PCL-GT nanofiber, which comprise total polymer con-

centration, weight ratio of PCL-GT, voltage, and distance

between nozzle and collector. The range of the variables and

their levels was determined by trial experiments, which

indicated the attainable limits for nanofiber formation. The

chosen variables and their levels are shown in Table 1.

In order to construct the design, the coded values of the

corresponding actual factors were determined by the following

equation:

(1)

where Yi is the coded value of the variable, yi is the actual

value of the variable at the center point, and ∆yi is the step

change of the variable.

The CCD included 30 experimental trials, with 6 experiments

to replicate the center point. The central values in our study

include 14 % (w/v) for total concentration, 50:50 (v/v) for

polymer ratio, 15 (kV) for applied voltage, and 12 cm for

tip-to-collector distance.

To predict the response, estimation of coefficients in a

mathematical model was performed using Design-Expert

software (v. 7.0.0 trial).

Artificial Neural Networks

In this research, a three-layer perceptron feed forward

network with two hidden layers and one output layer was

used [47]. The number of neurons in the first and second

hidden layers was 17 and 7, respectively.

In order to achieve the optimum structure of the network,

we inquired different numbers of hidden layer and neurons

and compared them via mean squared error (MSE) and

linear correlation coefficient (R
2
).

The input data, which included the diameter of the

resultant nanofiber, was randomly divided into training

(70 % of the data), validating (15 % of the data), and testing

(15% of the data). For training, the network back propagation

(BP) algorithm in conjugation with scaled conjugate gradient

(SCG) method was selected. Three types of activation

function were used, including hyperbolic tangent sigmoid,

logistic sigmoid, and linear functions for the first, second, and

third layers of the network, respectively.

All raw data were normalized before ANN modeling. The

analysis of the data was carried out using the ANN toolbox

of MATLAB mathematical software (v. 7.0).

Comparison of the performance of ANN and RSM models

was accomplished by calculation of linear correlation

coefficient (R
2
) and mean absolute percentage error according

to equation (2) and (3):

(2)

Mean absolute error = (3)

where  and  are the measured, predicted, and average

value of fiber diameter and n represents the number of

experiments.

Results and Disscusion

RSM Study

After preliminary screening to obtain more effective

variables, the appropriate range of input value was determined

and design of experiment was carried out based on the CCD

method (Tables 1 and 2). Thirty experiments acquired by the

above-mentioned technique were conducted and the diameter

of produced nanofiber was explored using SEM. Figure 2

indicated the morphology of some obtained PCL-GT nanofiber

and the diameter distribution.

We have utilized multiple regression analysis to detect

accurately the best statistical model fitting all of the design
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Figure 1. Electrospinning setup utilized for fabrication of PCL-

Gel nanofiber.

Table 1. Actual and coded values of the selected parameters

Coded value

-2 -1 0 1 2

A: Polymer concentration (%w/v) 10 12 14 16 18

B: Weight ratio of PCL: gelatin 20:80 35:65 50:50 65:35 80:20

C: Voltage (kV) 9 12 15 18 21

D: Tip-to-collector distance (cm) 8 10 12 14 16
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points. The cubic model was consequently found to be the

most appropriate model for analyzing the diameter of PCL-

GT fiber.

Thereupon, statistical analysis of the obtained responses

was carried out. Analysis of variance (ANOVA) was

employed to discover clearly that a relationship existed

within the electrospinning process of PCL-GT. As can be

seen in the ANOVA table (Table 3), 10 terms had a P-value

less than 0.05, which meant that these terms had a significant

effect on the diameter of PCL-GT nanofibers. Additional

terms with P-value greater than 0.05 were eliminated to

improve the model.

The model P-value of less than 0.0001 obviously revealed

the significance of the response surface-reduced cubic

model. Furthermore, lack of fit term was non-significant

(0.2552) at 95 % confidence level, which corroborated that

the proposed model represented the data satisfactorily.

Accordingly, the following regression equation was obtained

from the ANOVA, aiming to approximate the diameter of

PCL-GT electrospun nanofiber:

R = 116.83 − 4.37CD + 21.52A
2 + 6.52B

2 + 5.65C
2 + 7.90D

2 

 + 8.63ABC − 6.62ABD + 5.50A
2
B − 5A

2
C + 7.46A

3

(4)

where R, A, B, C, D are the average diameter of PCL-GT

fibers, coded forms of total polymer concentration, polymer

volume ratio, voltage, and tip-to-collector distance, respectively.

In order to check the adequacy of the constructed model,

R-squared, adjusted R-squared, and coefficient of variation

(CV) were calculated, and were equal to 0.95, 0.92, and 5.4,

respectively. The high value of R
2 and the small difference

between R
2 and adj-R

2 implied that the developed model

accurately represented the system and could be used to

navigate the design space. On the other hand, the small

values of CV (<10), which is a measure expressing standard

deviation as a percentage of the mean, showed the good

reproducibility of the model.

To understand better the effect of the variables, we have

utilized some graphs to describe this complex relationship.

Figure 3(a) illustrated the main effect of the perused

variables on the fiber diameter, which was acquired at the

mean point of other parameters. As can be seen in Figure

3(a), small variations in total polymer concentration have a

drastic effect on the response, especially in the range of

14 % (w/v) to 18 % (w/v). Thus, according to the plots of

Figure 3, the most important factor affected the diameter of

PCL-Gel nanofiber is the total polymer concentration. This

result is in agreement with previous reports clarifying that an

increase in polymer concentration will lead to greater fiber

diameter via an increase of viscoelastic force [37,48]. Less

strong correlation was observed for the remaining three

parameters (Figures 3(b), (c), (d)). Concave dependence was

observed for the PCL-GT ratio (Figure 3(b)), voltage (Figure

3(c)), and distance (Figure 3(d)), which demonstrated that

there was a threshold limit at which the decreasing effect

converted to an increasing effect. In other words, in a certain

area of the variable range, upon increasing the factor value

the diameter decreased, and in an alternate area there was an

inverse effect. Interestingly, PCL concentration and Gel

concentration have a similar effect on the diameter of PCL-

Gel when the total concentration is constant as well as

voltage and tip-to- collector distance (Figure 3(b)). In other

words, when the total polymer concentration is constant, by

altering the ratio of PCL to Gel, no sensible change of

diameter is occurred. It is worth mentioning that these main

Table 2. The experimental conditions designed by central composite

method and obtained responses

Run

Coded 

value

 of A

Coded 

value

 of B

Coded 

value

 of C

Coded 

value

of D

Response

fiber diameter

(nm)

1 1 1 1 -1 170

2 -1 1 -1 -1 156

3 0 0 0 0 119

4 -1 -1 1 -1 171

5 0 0 0 0 113

6 0 0 0 0 119

7 0 0 0 0 119

8 -1 1 1 1 147

9 0 0 -2 0 142

10 1 1 -1 1 164

11 -1 -1 -1 -1 147

12 0 2 0 0 137

13 0 0 0 0 119

14 -2 0 0 0 140

15 0 -2 0 0 149

16 1 -1 -1 -1 153

17 1 -1 1 -1 148

18 0 0 0 0 121

19 2 0 0 0 266

20 0 0 0 2 148

21 1 1 -1 -1 135

22 -1 -1 1 1 187

23 1 1 -1 1 184

24 0 0 2 0 137

25 -1 -1 1 -1 141

26 1 1 1 1 167

27 -1 -1 1 1 148

28 1 1 -1 -1 179

29 -1 -1 -1 1 137

30 0 0 0 -2 149

(A) polymer concentration, (B) weight ratio PCL: GT, (C) applied

voltage, and (D) tip to collector distance.
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effects were measured without considering the interaction of

variables. For exploration of the potential relationship

between the variables, contour plot and 3D surface plot were

represented. The simultaneous effect of total polymer

concentration with PCL-GT ratio and voltage is shown in

Figures 4(a) and (b), respectively. As can be seen in Figure

4(a), contour levels reveal a peak centered near 14 % (w/v)

of concentration and 50:50 polymer ratio. The diameter in

this peak region is near 127 nm. Moving away from the

center, the diameter will increase. Similarly, the two

alternate contour plots had a center area at the midpoint of

the variable rang, which is the area of minimum diameter.

The response is increased around the center (Figures 4(b)

and (c)).

3D surface plot can also be used to explore the potential

relationship among the three variables. This plot represents a

3-dimensional view of the surface and provides a clear

concept of the response surface. The 3D surface plot of all

studied variables is illustrated in Figures 5(a), (b), and (c).

Optimization Study

Response surface methodology is generally used to find a

favorite location in the design space, in the other words, to

perform an optimization study. In an optimization study, the

goal is to attain a minimum, a maximum, or a special stationary

area in the design space. In the present investigation, we

optimized the variables to reach a minimum response of

nanofiber. Among the suggested solutions represented by the

Figure 2. SEM micrograph of electrospun PCL/GT nanofibers and the diameter distribution (a) nanofiber from experiment 19, (b) nanofiber

from experiment 5, and (c) nanofiber from experiment 10 indicated in Table 2.
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software, the most desirable condition for gaining a minimum

was at the midpoint of factors, specifically at a concentration

of 14 % (w/v), ratio of 50:50, voltage of 15 (kV), and distance

of 12 (cm). The predicted diameter at the above- mentioned

experimental condition was 116 nm. The experimental value

achieved in this situation was 120 nm, which was in a good

agreement with the corresponding predicted value. Figure

5(d) shows the obtained model for desirability plotted in 2D

and 3D views for an optimum voltage of 15 (kV) and

distance of 12 (cm).

Table 3. Analysis of variance (ANOVA) for response surface cubic model of PCL/GT fiber diameter

Source Sum of squares DF Mean square F-value Prob. > F

Model 24756.03 10 2475.60 37.73 < 0.0001a

CD 306.25 1 306.25 4.67 0.0437a

A2 12703.44 1 12703.44 193.61 < 0.0001a

B2 1166.30 1 1166.30 17.78 0.0005a

C2 874.30 1 874.30 13.32 0.0017a

D2 1710.01 1 1710.01 26.06 <0.0001a

ABC 1190.25 1 1190.25 18.14 0.0004a

ABD 702.25 1 702.25 10.70 0.0040a

A2B 484.00 1 484.00 7.38 0.0137a

A2C 400.00 1 400.00 6.10 0.0232a

A3 8010.25 1 8010.25 122.08 <0.0001a

Lack of fit 1045.83 14 74.70 1.86 0.2552b

Pure error 200.83 5 40.17
aSignificant at 95 % confident interval and bnot significant at 95 % confident interval.

Figure 3. Main effects of the studied variables on PCL/GT fiber diameter based on coded values; (a) polymer concentration, (b) polymer

ratio, (c) voltage, and (d) tip-to-collector distance.
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Figure 4. Contour plots of variables for diameter: (a) concentration vs. polymer ratio, (b) concentration vs. voltage, (c) voltage vs. distance,

when other variables are at the mean point.

Figure 5. 3-Dimentional surface plot. The interaction of three variables including concentration, polymer ratio and voltage has represented

by three 3-D surface plot; (a) plot obtained at voltage of 9 (kV), (b) plot obtained at voltage of 15 (kV) and (c) plot obtained at voltage of 21

(kV), and (d) desirability plot for the obtained mathematical model in 3D view.
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ANN Study

Artificial neural network is mostly applied for predictive

non-linear modeling of complex data. Hence, we have

applied ANN to predict the diameter of electrospun

nanofiber. The input data, which feed into the network, are 4

Table 4. Evaluation of ANN models with different structures

No. of 

structure

No. of 

hidden layer

No. of neuron in 

each layer
R value MSE

1 1 1 0.32 36

2 1 5 0.51 283

3 1 10 0.83 623

4 1 14 0.72 93

5 1 20 0.68 2119

6 1 24 0.80 66

7 1 30 0.66 3371

8 1 34 0.73 2868

9 2 20-4 0.90 73

10 2 10-14 0.48 1351

11 2 11-13 0.86 35

12 2 2-22 0.68 405

13 2 17-7 0.96 157

14 2 8-16 0.80 407

15 2 7-17 0.79 597

16 2 15-9 0.72 208

Figure 6. MSE plot with respect to the number of epochs for

training, validation, and test samples for the PCL/GT nanofiber

diameter.

Figure 7. Regression analysis between ANN responses and the experimental results for (a) training, (b) validation, (c) test datasets, and

(d) all data.
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sets of effective factors on the PCL-GT fiber diameter. The

ANN model was created based on MSE (mean squared

error) and R value of the datasets of different examined

structures of the network (Table 4). The optimum arrangement

of ANN in our study was a three-layer perceptron feed

forward ANN with 17, 7, and 1 neurons in the first, second,

and output layer, respectively. Defining the number of

neurons in each layer was done to prevent overfitting, which

results from having too many neurons, and underfitting that

is due to too few neurons.

In order to train the created network, 30 input-response

data points were utilized and the learning process was

performed based on scaled conjugate gradient back propagation

algorithm. SCG is a supervised learning algorithm for feed-

forward neural networks and is a member of the conjugate

gradient method [49].

When the training data set is processed through the

network while the weights between connections are

adjusted, the predicted output value is produced from output

nodes. Then, these output values are compared to the real

values of outputs and the comparison is subsequently

evaluated by calculation of MSE of the training and testing

sets. Figure 6 represents the MSE plot of all 30 data sets,

which has a descending trend while the network is learning.

The best network performance was at MSE equaling 157.95,

acquired at epoch 47.

Furthermore, the performance of the trained network was

depicted by parity plot, which compares actual data against

predicted data (Figure 7). The correlation coefficient is a

criterion of how well the obtained model truly represents the

actual data. In a perfect correlation, the above-mentioned

coefficient is equal to one. According to the represented

plots in Figure 7, the R
2 value of all datasets was equal to

0.92, which validated the goodness of fit.

Comparison of RSM and ANN Results

With the purpose of.detecting a more accurate predictive

model, ANN and RSM were compared in terms of the linear

regression coefficient (R
2
) and mean absolute percentage

error as summarized in Table 5. R-squared value for ANN

and RS models was almost identical and equal to 0.92. Note,

however, that the mean absolute percentage error calculated

by equation (3) was 4.02 % for the ANN model and 5.76 %

for the RS model. Accordingly, both models have a suitable

compromise with the actual data, which is revealed in the

good performance of the two models. Considering the

above-mentioned values, the ANN model surpassed the

RSM model to some extent due to lower percentage error.

Previous reports on using RSM and ANN to study the

electrospinning process have indicated that ANN models

frequently had more accurate predictions than RSM,

however, in some cases, there was subtle difference between

the two techniques’ results [34,36,50]. Noteworthily, regardless

of accuracy, RSM has some considerable advantages over

ANN. The most important benefit of RSM is providing an

equation that exhibits all factors’ contributions and their

interactions. Using this regression model, one can detect

insignificant main and interactive terms and thus eliminate

them to simplify the relationship. However, ANN technique

cannot represent an equation and provides little information

about factors’ contributions if further analysis has not been

done. Moreover, ANN requires more time for computation

and greater cost than does the RSM technique.

Table 5. Comparison between experimental and predicted values

via RSM and ANN models

Sample Experimental
Predicted

RSM ANN

1 170 186 169

2 156 159 145

3 119 116 120

4 171 160 164

5 113 116 120

6 119 116 120

7 119 116 120

8 147 145 159

9 142 139 137

10 164 165 163

11 147 144 155

12 137 142 135

13 119 116 120

14 140 143 148

15 149 142 152

16 153 163 154

17 148 144 141

18 121 116 120

19 266 262 261

20 148 148 152

21 135 186 141

22 187 139 184

23 184 165 183

24 137 139 113

25 141 160 142

26 167 164 159

27 148 138 127

28 179 170 179

29 137 139 134

30 149 148 145

R2 value 0.921 0.921

Mean absolute error (%) 5.76 4.02
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Conclusion

The current study aimed to predict the diameter of

electrospun PCL-GT nanofiber when small variation in the

effective factors of electrospinning had occurred. Applying

RSM and ANN modeling methods, our achievement was to

predict precisely the diameter of intended polymeric fibers

as a function of four electrospinning variables including total

concentration, polymer ratio, voltage, and tip-to-collector

distance. Both represented models described the system

accurately, although the ANN model was slightly more

accurate than the RSM. The most effective parameters were

total polymer (PCL and GT) concentration. With the help of

response surface technique, we defined the contribution of

each factor and interaction among them. Through optimization

study, we determined the experimental situation in which the

diameter was at minimum value. The optimum condition

obtained was the same as the center point of design space.

Relying on these results, we conclude that ANN and RSM

are powerful tools for predicting and formulating effective

factnaghors in the electrospinning process. Using these

techniques, researchers are able to design electrospinning

processes in order to attain a desirable diameter, which is

required for certain applications.
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