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Abstract  

The main purpose of this paper is to explore parameters that affect first layer adhesion to print bed by 

simulating errors.  Research was conducted on  modified Velleman K8200 3D printer. Prior to 

research, 3D model of low surface area object was made. Parameters used for research were : 

temperature of the nozzle, temperature of heated bed, 3D printing speed and nozzle height.  After the 

research, it is concluded that higher nozzle and heated bed temperatures affects first layer adhesion in 

a positive way. Lower nozzle height and speed also increase first layer print quality.   
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1. INTRODUCTION 

3D printing industry is rapidly growing, 

especially sector of low cost printers available to 

general public. Every day, there are more people 

involved in 3D printing. These people buy their 

first 3D printer thinking it’s a plug’n play 

system in which you download a model, press 

the button and after a few hours get a final 

product. However, it is far from the truth since 

the lower the cost of 3D printer is, the more 

work is needed for setting up the printer. The 

amount of work needed for achieving consistent, 

high quality prints with low cost printer is 

tremendous. These printers have metric lead 

screws, low quality extruders and are built on 

the cheapest processors. Heat bed connected to 

the weak power supply can take up to 20 

minutes to reach the heat set for printing. [1] 

In this paper, errors in low cost 3D printers 

will be examined. One of the most common 

errors for beginners in 3D printing is detachment 

of first layer to heat bed. It is connected with a 

type of material that is placed over heated bed, 

temperatures’ values, printing speed and nozzle 

offset from heated bed surface. Parameters will 

be examined one by one to get the approximate 

data of what works and what doesn’t.  

For controlling the 3D printer, Simplify 3D 

software will be used. For 3D modelling of 

printing object, Solidworks software will be 

used.  

Settings that are used for succesful 3D printing 

in this paper should work on every other Fused 

Deposition Modeling printer. The only requirement 

is that the printer is well calibrated. It needs to have 

level heated bed, firmly secured extruder unit and 

Kapton tape glued over heated bed surface.  

 

2. METHODS AND MATERIALS 

USED FOR RESEARCH 

For this research, low cost equipment will be 

used showing results that can be achieved using 

highly available low cost printers. After 3D 

modelling of low surface area body, it is 

imported in Simplify 3D printing software. 

Default parameters used for printing are listed in 

table (broj). During error simulation, only one 



parameter will be changed while the rest will 

remain the same as the ones in the table. 

 

2.1. 3D Printer 

3D printer used for this research is modified 

Velleman K8200. Extruder, lead screw, 

separated heated bed power supply and control 

board are replaced from the original version. 

The reason was to achieve better quality and 

more reliable prints.  

 

 

Fig. 1. Velleman K8200 3D printer 

 

Heated bed plate is made from 3 mm tempered 

glass and is covered with Kapton tape. Extruder 

used for this research is E3D Titan Aero with 

0.4 mm nozzle. It can deliver consistent filament 

flow which is important for this research. 

Material used is polylactide (PLA), 

thermoplastic polyester from “Devil Design” 

manufacturer. PLA was chosen as it is the most 

common 3D printing material. Manufacturer 

recommends hotend temperature of 200-235°C 

and heated bed temperature of 50-60°C.[2] 

 

Fig. 2. E3D Titan Aero extruder 

 

2.2. Calibration 

Before simulating any errors, it is crucial that 

printing bed plate is horizontal (level). Failing to 

achieve this can lead to wrong results as plate 

leveling is directly connected to first layer 

adhesion. For this purpose, dial indicator is 

used. Every corner of printing bed plate was 

measured and it was assured they are on the 

same distance from the nozzle. Dial indicator 

used for this research has 10mm range and 0.01 

mm resolution. It is mounted on z-axis 

aluminium profile next as close to nozzler as 

possible.  

 

 

Fig. 3. Dial indicator 



2.3  3D modelling software 

 

3D model of print objects was made in 

Solidworks software. During design of 

objects, variable adhesion surface was of 

highest priority. On the image below, top 

view is presented. Objects are located close 

to one another to ensure that they are as close 

to the same nozzle height and heated bed 

temperature as possible. Calibration of 

heated bed plate was made but we can’t 

predict how movement of heated bed will 

change levelness in sub milimeter evel. We 

also cannot predict whether the temperature 

field inside heated bed is constant over the 

whole area.  

Fig. 4. Printing object top view 

 

 

Table 1. Simplify 3D extruder settings 

 

Fig. 5. Final printing object 

 

2.3 3D printing software 

 

For this research, 3D printing software 

Simplify 3D is used. Simplify 3D is highly 

configurable software that is ideal for this kind 

of research. In the following table, settings used 

for default printing will be shown. Settings will 

include extruder, layer and nozzle settings.  

.All prints are done without filament cooling 

because air flow measuring device was not 

available at the time the research was made. 

Room temperature was 26° C. 

 

No  Setting  Value Description 

1.  Nozzle diameter  0.4mm Diameter of  brass nozzle connected to hotend  

2.  Extrusion multiplier 1.01 Coeficcient that multiplies extrusion flow in order to fill 

gaps in material or to remove excess material  

3.  Extrusion width Auto Width of extrusion that exits nozzle.  

4.  Ooze control retraction 

distance 

0.5mm Distance by which the extruder will pull filament in 

reverse direction once it is done with extruding.   

5.  Retraction  

speed 

1800 mm/min Speed at which the extruder will pull the filament in 

reverse direction. 

 



Table 2. Simplify 3D layer settings 

No  Setting Value Description 

1.  Primary layer 

height 

0.3mm Height of each layer   

2.  Top solid layers 4 Number of layers at the top of printing object 

3.  Bottom solid 

layers 

2 Number of layers at the bottom of printing object, beginning at 

first layer. 

4.  Outline/perimeter 

Shells 

2 Number of lines following perimeter of an object  

5.  Outline 

Directionspeed 

Inside-Out Option that specifies how the outlines will spread.  

6. First layer 

height 

110%  

7. First layer width 100%  

8. First layer speed 50%  

9. Start points Optimize for 

fastest printing 

speed 

Option that specifies where nozzle will start printing. Start points 

can be optimized for speed or aestethics.  

    

 

 

Table 3 Simplify 3D default heat, and nozzle settings  

No  Setting  Value Description 

1.  Heated bed 

temperature  

1. layer 70 

2. layer 70 

Remaining layers 50 

Temperature of heated bed, which can be specified for 

each individual layer. Last layer sets the value for the 

rest of layers.  

2.  Nozzle 

temperature  

1.layer 230 

Remaining layers 210 

Temperature of 3D printing nozzle. Can be specified 

for each layer separately. Last layer sets the 

temperature for the rest of the lazers.  

3.  Z-axis offset 0.05mm  Distance from lowest point of nozzle to the heated bed. 

Positive value brings nozzle furthers from the heated bed.   

 

 

 

 

 

 



3. RESULTS AND 

ACHIEVEMENTS 

3.1. Nozzle offset 

In this error simulation, impact of nozzle 

offset from surface was examined.Calibration of 

nozzle zero height was done in the following 

way.  

Between the nozzle and the heated bed, thin 

foil was placed and nozzle was lowered till foil 

couldn’t be pulled.  First print was made with 

default offset of 0.05 mm from the surface. 

 

Fig. 6. 0.05 mm first layer 

 

Fig. 7. 0.05 mm final layer 

It can be seen that first layer and the whole 

print were completed successful. The first layer 

adhesion was excellent.  

Next print was done with 1 mm nozzle height.  

 

Fig. 8. 1 mm first layer 

 

Fig. 9. 1 mm final layer 

First layer adhesion was very weak and final 

print resulted in low quality product.  

 

3.2. Heated bed temperature  

This time adhesion layer was simulated for 

errors by changing heat bed temperature. First 

temperature was set to be 30°C.  

The temperature of heat bed will apply for 

the first and second layer. For remaining layers 

it is set to 50°C which is the manufacturer’s 

recommendation.  

 



 

Fig. 10. 30 °C first layer 

 

Fig. 11. 30 °C final layer 

After first layer was printed, it can be seen 

that adhesion wasn’t very good. The main 

indicators were places that are more white than 

the others meaning they didn’t stick to the 

surface.   

Final product had same shape as the original 

one, but the quality of places that were detached 

was not very good.  

 

Next print was done with heated bed 

temperature of 70°C.   

 

 

 

 

Fig. 12. 70 °C first layer 

 

 

Fig. 13. 70 °C  first layer 

Now the print quality of first layer and final 

product was excellent.  

 

3.3. Nozzle temperature  

In this error simulation, nozzle temperature 

was changed to see how it affects first layer. 

Nozzle temperature will change only for first 

layer, after first layer is printed, temperature will 

return to default value of 210°C.which is in the 

middle of manufacture’s recommended 

range.[2]  



 

Fig. 14. 190 °C first layer 

 

Fig. 15. 190 °C first layer 

After simulation, it can be seen that with 

defaut settings and nozzle temperature of 190°C,  

print quality of first layer was very bad.  

There are many detached areas. It also 

affected final print lowering its quality.  

Next step was to increase the temperature of 

the nozzle to 230°C.  Once the first layer is 

printed, the temperature will change to 210 °C 

as it can be seen in table 3. 

 

 

 

 

Fig. 16. 230 °C first layer 

 

Fig. 17. 230 °C final layer 

Results of first layes and final print were 

much better than with 190°C. 

 

3.3. Print speed  

In this simulation, print speed was changed. 

It is important to mention that the first layer 

speed was set up to 50% of printing speed.  

On the images, the value of printing speed 

for whole print without first lazer is shown. First 

print is done with 2500 mm/min. First layer of 

the first print is printed with the speed of 1250 

mm/min.  

 



 

Fig. 18. 2500 mm/min first layer 

 

Fig. 19. 2500 mm/min final layer 

Quality of both first layer and final print is 

high. Next print is done with the speed of 5000 

mm/min with first layer speed of 2500 mm/min. 

 

Fig. 20. 5000 mm/min first layer 

 

Fig. 21. 5000 mm/min final layer 

 

4. CONCLUSION 

After research was done, it can be noticed 

that the quality of the first layer greatly affects 

the rest of the print. General conclusion is that 

the higher the temperature, the better the first 

layer quality will be. Also, lower speed will 

increase first layer adhesion and quality. All 

simulations were done with only one parameter 

as a variable. It is possible that different 

combinations of changed parameters will result 

in different outcomes. For example, increasing 

the speed but lowering the nozzle could produce 

excellent results even with lower nozzle 

temperatures. Suggestions for further research 



are to connect AI neural networks to printer with 

a camera. It would be empowering to see how 

3D printer changes its own parameters based on 

the photos taken after every parameter change.   
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