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Abstract. The accuracy of holes which are typical feature in various parts is an important requirement 
in 3D printing. In this paper, the influence of extrusion head temperature, layer thickness, line-width 
compensation, printing speed and other factors on the shrinkage of model with hole is researched in 
FDM process. And orthogonal experiments of printing the model with hole in PLA material is used to 
analysis the experimental results for getting the optimal combination of process parameters. Finally, the 
measure of reducing the shrinkage of model with hole is put forward. 

Introduction 
3D printing is a process of making a three dimensional solid object of virtually any shape from a digital 
model, which is achieved using an additive process on a professional device [1,2]. At present, 3D 
printing mainstream process is Fused Deposition Modeling (FDM), Stereo Lithography Apparatus 
(SLA), Selective Laser Sintering (SLS), etc. FDM is easy to operate, and the advantages of low cost 
are quickly popularized in the field of model design and production, teaching application [3]. 

The process of FDM technology involves layer-by-layer deposition of extruded material through a 
nozzle using feedstock filaments from a spool [4]. The forming principle is shown in Fig. 1. 

 
Fig. 1 The principle of fused deposition modeling 

The phenomenon of the shrinkage of model that the size of printed model will be reduced compare 
to the theoretical size is found when printing the model in FDM process, which causes the printed 
model to be difficult to complete the assembly, but post-processes is needed to achieve assembly. The 
appearance of model is mainly square and round, the shrinkage hole is more complex compared to the 
shrinkage square according to experience and access to information, therefore, the shrinkage of model 
with hole is studied in this paper. PLA material is adopted for printing test, the optimum combination of 
process parameters are got which can effectively reduce the error of the shrinkage hole. Finally, the 
measures to reduce the error of size between the printed model with theoretical model is put forward.  

Factors of Affecting the Shrinkage Hole 
The factors of affecting the shrinkage hole are extrusion head temperature, hot bed temperature, layer 
thickness, extrusion speed, print speed in FDM process.  
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(1) Extrusion head temperature. The effect of extrusion head device is to convert the solid wire into 
a molten state through high temperature. Heating temperature is set according to the different 
materials, such as PLA material is generally set to 190 ~ 230 ℃,ABS material is generally set to 180 ~ 

250 ℃. Extrusion head temperature is not conducive to printing when it is too high or too low, For 

example, the temperature once over 240 ℃, not only the mechanical properties of the model is 
decreased but the printing parts is stuck with yellow-brown carbide particles which is difficult to clear 
[5]. 

(2) Hot bed temperature. The shrinkage of model will be affected according to the temperature 
difference between hot bed with model. When its temperature is higher, the thermal stress of material is 
reduced that can avoid warping deformation, but the quality of surface is worse as wrinkling; the 
temperature is low, the thermal stress increases, resulting in warping deformation. Hot bed 
temperature is generally set in the range of 20 ~ 70 ℃. 

(3) Layer thickness. This parameter is related to the nozzle diameter of the printer that generally is 
0.1 to 0.4 mm. If layer thickness value is large, effect of the step is obvious, poor print quality; or if 
layer thickness is small, the quality of printing model is high, but time-consuming. The printing model 
temperature is evenly distributed to avoid the phenomenon of shrinkage unevenness in the printing 
process when reducing the thickness [6]. 

 (4) Extrusion speed. Extrusion speed refers to the speed of the wire from the nozzle extrusion, 
which is determined by the feeding speed and the extrusion pressure. If the speed of wire is too low, 
there is not enough silk to enter the nozzle; or if the speed of wire feeding is too fast, the extrusion 
speed of the extruded mechanism cannot keep up with the wire feeding speed, causing the fuse to pile 
up and the silk material is twisted and broken [7].  

(5) Print speed. In the printing process, if the printing speed is too high, much faster than extrusion 
speed, the phenomenon of wire drawing will be occurred; or if the printing speed is too low, not only 
the processing time is increased, but also the quality of processed surface is affected.  

Experimental design and result analysis 

Printing materials, manufacturing models and equipment  
The PLA material is selected for the printing materials, which is biodegradable. The ring structure is 
used for the manufacturing model in the experiment, as shown in Fig. 2. Three-arm parallel structure 
printer is used for the printing equipment, the nozzle diameter is 0.4 mm, the wire diameter is 1.75 mm.  

 
Fig. 2 Experimental model 

Orthogonal test  
Orthogonal test is the design method to study the multi-factor level. According to the orthogonality, 
the representative points are selected from all experiments to be tested, which have the characteristics 
of economy and efficiency [8]. 

There are many factors that affect the shrinkage of model with hole and the levels of different factors 
are not the same. Therefore, several factors such as extrusion head temperature, hot bed temperature, 
layer thickness and printing speed are selected as the influencing factors [9], three levels is selected for 
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each factor. If all parameters are tested, it would theoretically require 43=64 experiments, which is 
obviously undesirable. According to the level table of orthogonal test factor, nine experiments are 
carried out in this paper. The orthogonal test is described as following. 

The table of test factors is shown in Table 1. 
Table 1 
The values of orthogonal test factors for model with hole  

Impact factor level1 level2 level3 
Extrusion head 

temperature（A）℃ 
190 200 210 

Hot bed temperature
（B）℃ 

45 50 60 

Layer thickness（C）
mm 

0.1 0.2 0.3 

Print speed（D）mm/s 40 45 50 
According to the orthogonal test table, the design of orthogonal test is obtained, and the printer was 

used to print 9 sets of the model with hole, each group printed 5 times, Hexagon coordinate measuring 
machine is used to measure, the average of 5 times as the final experimental data for each group, as 
shown in Table 2.  
Table 2 
The orthogonal test data of model with hole  

 
The no. 

Impact factor Experimental results 

A B C D 
Measured 

value（mm） 
Size error
（mm） 

1 190 45 0.1 40 9.78 0.22 
2 190 50 0.2 45 9.62 0.38 
3 190 60 0.3 50 9.50 0.50 
4 200 45 0.2 50 9.62 0.38 
5 200 50 0.3 40 9.52 0.48 
6 200 60 0.1 45 9.74 0.26 
7 210 45 0.3 45 9.60 0.40 
8 210 50 0.1 50 9.80 0.20 
9 210 60 0.2 40 9.66 0.34 

According to the data in Table 2, the mean and the difference of the dimensional error under 
different factor levels are calculated by the range analysis method, as shown in Table 3. 
Table 3 
The error mean of experimental data 

Experimental 
error 

Impact factor 
A B C D 

Average1 0.36 0.32 0.22 0.35 
Average2 0.37 0.35 0.36 0.34 
Average3 0.31 0.36 0.46 0.36 

poor 0.06 0.04 0.24 0.02 
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Analysis of experimental results  

The physical model printed is shown in Fig. 3. Green material is PLA. 

 
Fig. 3 Experimental model 

According to the orthogonal experiment above, the optimal combination of process parameters can 
be obtained, which is A3B1C1D2.  

Measures to reduce the shrinkage of model with hole 
The shrinkage of model with hole is related to extrusion head temperature, hot bed, layer thickness and 
printing speed, which could be reduced effectively according to the optimal combination of process 
parameters. 

The wire has a certain width in printing process, so the actual fill contour will go beyond the 
theoretical profile while the nozzle moves in accordance with the theoretical contour trajectory [10], 
which is approximately half the diameter of the printed wire. For the final print parts, the outline 
dimensions will be larger than the actual size, the size of hole is smaller than the actual size. The 
principle of line-width compensation is shown in Fig. 4 and Fig. 5. 

                                 
Fig. 4 Line width compensation is not used           Fig. 5 Line width compensation has been used 

The line-width compensation can be selected to reduce the shrinkage of model with hole according 
to the type of printed material in FDM process. For example, PLA material, once a sample size of 
10mm is selected, the line-width compensation value can be set to 0.36, the printing parameters can be 
set according to the optimal combination of process parameters, finally the model size is set to 
10.36mm, and the lasted measured value of printing model is 9.96 mm. The final size of the sample 
subjected to the line-width compensation process is close to the theoretical size can be showed 
according to the above test. 

Conclusions 
The factors of affecting the shrinkage hole are extruded head temperature, hot bed temperature, layer 
thickness and printing speed when printing the model with hole. In this paper, the orthogonal test of 4 
factors 3 levels is designed, and the optimal combination of process parameters of reducing the 
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shrinkage error of model with hole is obtained which is A3B1C1D2 that extruded head temperature is 
210 ℃, hot bed temperature is 45 ℃, layer thickness is 0.1 mm, printing speed is 45 mm/s. 

Finally, the concrete measure to reduce the shrinkage of model with hole is put forward, which is 
practical significance to solve the problem of model with hole assembly in FDM process. 
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