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Abstract: In order to solve the wall thickness error problem of filament-based extrusion additive 

manufacturing (MEAM) of thin-walled model and to improve the printing accuracy of MEAM thin-

walled model. In this study, a square thin-walled model A was designed as the experimental specimen, 

and a wall thickness error correction method based on pre-experiment was proposed, by which the 

corrected extrusion flow rate R was calculated to be 92.8%. Model A was reprinted using the corrected 

extrusion flow rate (92.8%), and the wall thickness error of model A printed using the corrected 

extrusion flow rate was found to be significantly reduced by spiral micrometer measurement. When 

model A was observed through an industrial microscope, it can be seen from the sidewall surface detail 

diagram that the surface of model A printed with the corrected extrusion flow rate has no bumps, cracks 

and other structures, and the surface quality is better; moreover, it can be seen from the cross-sectional 

dimension diagram that the wall thickness (0.403 mm) of model A printed with the corrected extrusion 

flow rate (92.8%) is significantly reduced compared to the wall thickness (0.472 mm) of model A 

printed with the default extrusion flow rate (100%), and is close to the designed wall thickness (0.400 

mm), which further verifies that the wall thickness error of the MEAM thin-walled model with the 

corrected extrusion flow rate has been significantly reduced. 
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1. Introduction  
Filament based material extrusion additive manufacturing (MEAM) is one of the most commonly 

used technologies in 3D printing. MEAM technology constructs product prototypes layer by layer by 

extruding molten filament through the nozzle, which has the characteristics of simple moulding 

principle, convenient operation and wide application range [1-3]. Extrusion flow rate, one of the main 

process parameters of MEAM technology, refers to the amount of molten filament extruded from the 

nozzle per second. In 3D printing slicing software, extrusion flow rate is commonly expressed as 

extrusion rate, which is the ratio of actual extrusion flow rate to standard extrusion flow rate [4]. Among 

them, the standard extrusion flow rate is a fixed value set at the factory based on the performance 

parameters of the 3D printer (printing speed, nozzle diameter, etc.) [5]. Currently, the standard extrusion 

flow rate of most 3D printers on the market is within the range of 1~30 mm³/s [6]. 

Normally, the default extrusion rate in the slicing software is 100%, i.e. the actual extrusion flow 

rate is equal to the standard extrusion flow rate [7]. However, during the actual slicing process, the 

extrusion rate needs to be reset according to the filament characteristics and model printing requirements 

[8]. For example, when the extrusion rate is set to 105%, this means that the actual extrusion flow rate 

is 5% more than the standard extrusion flow rate, i.e., 5% more molten filament is extruded from the 

nozzle per second. Extrusion flow rate settings are many times not successful at once, and several trials 

are needed to get the desired parameters [9]. The quality of the 3D printed model can be affected by 

setting the extrusion flow rate too high or too low [10]. When the extrusion flow rate is too high, too 

much molten filament is extruded from the nozzle, which will easily lead to problems such as overflow 

and bumps in the model; when the extrusion flow rate is too low, not enough molten filament is extruded 

from the nozzle, which will easily lead to problems such as holes and cracks in the model [11-13]. 
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A thin-walled model is a model whose ratio of thickness to other feature dimensions (e.g., length or 

width of the model) is less than 0.1 [14]. Thin-walled models exist in large numbers in MEAM 

technology, especially the shells of various product prototypes (e.g., the shells of electronic products and 

daily necessities) are mostly in the form of thin walls [15, 16]. However, when 3D printing of thin-

walled model is performed, the problem of inconsistency between the actual wall thickness and the 

designed wall thickness often occurs, which is caused by the moulding principle of MEAM technology 

[17]. In order to solve the wall thickness error problem of MEAM thin-walled model, this study reduces 

the wall thickness error and improves the printing accuracy of MEAM thin-walled model by correcting 

the extrusion flow rate. 

 

2. Materials and methods 
2.1. Materials 

The PLA filament (1.75 mm diameter, White, Anycubic, Shenzhen, China) was used for 3D printing 

by MEAM technology. 

 

2.2. Specimen preparation 

In order to measure the wall thickness error of the MEAM thin-walled model, the SolidWorks 

software was used to design the square model A (3D size 40*40*40 mm), which is a hollow structure 

with the designed thicknesses of the four side walls of 0.400 mm, as shown in Figure 1. The thin-walled 

model A was imported into Cura software for slicing, and the extrusion flow rate was set to the default 

value of 100%, the extrusion width was 0.4 mm, and the layer height was 0.2 mm. The sliced file was 

imported into a MEAM 3D printer (0.4 mm nozzle diameter, Anycubic, Shenzhen, China) for specimen 

fabrication. 
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Figure 1. The square model A 

 

2.3. Performance test 

A spiral micrometer (Range 0~25 mm, Accuracy 0.001 mm, Miracle, Suzhou, China) was used to 

measure the wall thickness dimensions of the MEAM thin-walled model, and the centre points of the 

four sides of the thin-walled model were selected as the measurement points, and the measurement 

schematic is shown in Figure 2. 
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Figure 2. Measurement schematic 

 

An industrial microscope (CL-MA-50M, Colomer, Guangzhou, China) was used to observe the 

details of the MEAM thin-walled model. 

 

3. Results and discussions 
3.1. Principle of wall thickness error formation in MEAM thin-walled model 

As shown in Figure 3, the wall thickness error of the MEAM thin-walled model is formed as follows: 

since the PLA molten filament just extruded from the nozzle is in the viscous flow state, the PLA molten 

filament produces bulging deformation in the horizontal direction under the action of gravity and 

extrusion pressure, which increases the width of the PLA molten filament, and makes the cross-sectional 

shape of the solidified PLA filament approximate to an oval shape [18-20]. This causes the actual 

thickness of the MEAM thin-walled model to be larger than the designed thickness, and the wall 

thickness error arises as a result. 
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Figure 3. Principle diagram 

 

3.2. Method for correcting wall thickness error in MEAM thin-walled model 

Due to the different structures and wall thicknesses of different MEAM thin-walled models, their 

wall thickness errors cannot be calculated and predicted by a uniform formula [21]. Therefore, this study 

proposes a wall thickness error correction method based on pre-experiment, i.e., the model is first printed 

by pre-experiment using the default extrusion flow rate (100%). Then, by measuring the thickness of 

each thin wall (W1, W2, ⋯, Wn) in the pre-experimental model, the average thickness of each thin wall is 
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calculated, and the difference between the average thickness and the designed wall thickness W0 is 

calculated to obtain the wall thickness error ΔW, the calculation formula is as follows: ∆𝑊 =
𝑊1+𝑊2+⋯+𝑊𝑛

𝑛
− 𝑊0. Finally, based on the wall thickness error ΔW, the corrected extrusion flow rate R is 

calculated using the following formula: 𝑅 = (1 − ∆𝑊) × 100%. 
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Figure 4. Pre-experimental model A 

 

 

Taking model A as an example, the pre-experimental model was first printed with 100% extrusion 

flow rate, and the thicknesses of the four thin walls of the pre-experimental model, W1, W2, W3, and W4 

(Figure 4), were measured with the values of 0.469, 0.471, 0.472, and 0.476 mm, respectively. Then, the 

average of the four thicknesses (0.472 mm) was taken and the difference was calculated with the 

designed wall thickness W0 (0.400 mm) to obtain the wall thickness error ΔW (0.072 mm) for model A. 

Finally, based on the wall thickness error ΔW, the corrected extrusion flow rate R was calculated to be 

92.8%. 

 
3.3. Effect of corrected extrusion flow rate on wall thickness error of MEAM model 

Model A was reprinted using the corrected extrusion flow rate (92.8%), and the thicknesses W1, W2, 

W3, and W4 of the four thin walls of model A were measured by a spiral micrometer, and the results of 

the measurements were 0.402, 0.404, 0.405, and 0.401 mm, respectively (Figure 5). Compared with the 

designed wall thickness W0, the errors of W1, W2, W3, and W4 are all smaller, indicating that the wall 

thickness error of model A printed using the corrected extrusion flow rate is significantly reduced. This 

is because as the extrusion flow rate decreases, the amount of PLA molten filament extruded from the 

nozzle per second decreases, and the extrusion pressure action of the nozzle decreases, resulting in a 

decrease in the area of PLA molten filament spreading in the horizontal direction, that is, the actual 

extrusion width decreases [22-24]. As a result, the wall thickness error of the MEAM thin-walled model 

is significantly reduced after the extrusion flow rate correction. 

 

https://revmaterialeplastice.ro/


MATERIALE  PLASTICE                                                                                                                                                                
https://revmaterialeplastice.ro 

https://doi.org/10.37358/Mat.Plast.1964 

Mater. Plast., 62 (1), 2025, 78-85                                                              82                                      https://doi.org/10.37358/MP.25.1.5762 

 

0.300

0.350

0.400

0.450

W
al

l 
th

ic
k

n
es

s 
(m

m
)

W1                  W2                  W3                  W4

 Wall thickness error ΔW

 Designed wall thickness W0 (0.400 mm)

0.402 0.404 0.405
0.401

 
Figure 5. Effect of corrected extrusion flow rate  

on wall thickness error of MEAM model 

 

3.4. Comparison of details of MEAM thin-walled model 

In order to visually compare the correction effect of extrusion flow rate, an industrial microscope 

was used to observe and measure model A printed with the corrected extrusion flow rate (92.8%) and 

the default extrusion flow rate (100%), including observing the details of the sidewall surface and 

measuring the cross-sectional dimensions. Two sets of models were photographed using the industrial 

microscope, and the detailed sidewall surface and cross-sectional dimension images obtained are shown 

in Figures 6 and 7. Figure 7 used the measurement software of the industrial microscope to measure the 

wall thickness of the model. 

 

Corrected extrusion flow rate Default extrusion flow rate

Bumps 
500 μm

 
Figure 6. Sidewall surface detail diagram 

 

From the sidewall surface detail diagram (Figure 6), it can be seen that the surface of model A printed 

with the corrected extrusion flow rate has no bumps, cracks and other structures, and the surface quality 

is better. In contrast, the model A printed with the default extrusion flow rate has bump structures on the 

surface, indicating that the printing filament is over-extruded, which affects the surface quality of the 

model [25]. 
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Figure 7. Cross-sectional dimension diagram 

 

From the cross-sectional dimension diagram (Figure 7), it can be seen that compared with the wall 

thickness (0.472 mm) of model A printed with the default extrusion flow rate , the wall thickness (0.403 

mm) of model A printed with the corrected extrusion flow rate is significantly reduced and is close to 

the designed wall thickness (0.400 mm), which further verifies that the wall thickness error of the 

MEAM thin-walled model with the corrected extrusion flow rate is significantly reduced. 

 

4. Conclusions 
In this study, a square thin-walled model A was designed as the experimental specimen, and a wall 

thickness error correction method based on pre-experiment was proposed, by which the corrected 

extrusion flow rate R was calculated to be 92.8%. The corrected extrusion flow rate was used to reprint 

model A. It was measured and found the wall thickness error of the MEAM thin-walled model with the 

corrected extrusion flow rate was significantly reduced.  

Observing model A through an industrial microscope, as seen in the sidewall surface detail diagram, 

the surface of model A printed with the corrected extrusion flow rate has no bumps, cracks and other 

structures, and the surface quality is better. From the cross-sectional dimension diagram, it can be seen 

that compared with the model A printed with the default extrusion flow rate, the wall thickness error of 

the model A printed with the modified corrected flow rate is significantly reduced. 
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