
 

Testing of the relationship between Nozzle Size, Layer Height, Print 

Speed and Material Consistency for Clay Extrusion 3D Printing 
 

Jonathan Keep

 

Introduction 
 

As with many technical processes there are a number of variables that go into successful clay 

extrusion 3D printing. Concentrating on print quality, these tests focus on the relationship between 

nozzle size, layer height, print speed, and material consistency . For convenience and the time 

individual prints take, the tests were kept to a small cup size scale using a standard shape of 8 cm 

height. While the specifics of these tests are relevant to this scale of 3D print it is hoped that the 

general conclusions and patterns of results will be relevant across all scales of clay extrusion 3D 

printing.  

 

Previous tests have shown (see Clay Print Tests) that the physical properties of the material used, 

particularly the plasticity of the clay, has a significant influence on the print quality. To help 

concentrate on the specific objectives of this series of tests the variables of the material were 

standerdised to a single clay body. A stoneware clay was selected (Sio2, PRAI ​13 310 200​) that was 

known to show good extrusion printing qualities in the printer being used.  

 
Note: All images have been produced at high quality to enable zooming to see detail. (Ctrl+mouse wheel) 
 

Benchmark Print 

To set a benchmark for comparing print tests against, an initial sample of the shape was printed. 

From past experience a 1.6 mm nozzle was used with a 0.5mm slice height, print speed of 30mm per 

second and clay of a medium consistency. (See clay test for measurements of consistency) A double 

wall or shell was printed as this is known to offer stability to the print. It must be noted that all other 

tests were performed with a single wall or shell. The objective here was to prove that the sample 

shape could be printed crisply and without deformation, that was the case.  

 

 
Benchmark print using a 1.6mm nozzle, layer height 0.5mm, medium consistency clay and double wall or shell. 

 

Nozzle to Layer Height Tests 
 

The first objective was to undertake a series of tests to see if an ideal ratio could be found between 

nozzle size and layer height for successful prints. The print speed and material consistency were kept 

constant. Clay of a medium consistency was used at a print speed of 25mm per second. 



 

 

Because of the huge variation in the character of clays, to talk of ideals in clay printing is dangerous. 

So it would be better to say the objective was to find the general sweet spot for the proportion of 

the diameter of the print nozzle and the sliced height of each print layer. Four nozzles sizes were 

tested, (1mm, 1.6mm, 2 mm, 3 mm) with the overall pattern of proportion being  important rather 

than individual tests. 

 

 
Overview of tests - nozzle size decreasing from front to back and layer height decreasing left to right. 

 

 

 
Nozzle size - (left to right) 3 mm, 2 mm, 1.6 mm and 1 mm. 



 

 

Procedure 

To begin with an initial set of tests was undertaken to establish the most likely proportions for 

further testing. A test of 1:1 (nozzle diameter:layer height in measurement) proved to break down 

quite soon after reaching the textured area and overhang in the test shape - extreme right in the 

photo below. Using a 2 mm nozzle with a 2 mm layer height, the printed layer sunk below the 

printhead nozzle height and the connection between print and printhead was lost.  

 

Next a 1.6 mm nozzle with a 1 mm layer height was tested, offering a ratio close to a 3:2 proportion - 

second from right in the photo below. While this printed better than the 1:1, the layers were not 

adequately packed together to cope with the overhang. This proportion printed fine in the vertical 

and coped adequately without distortion or delayering in the textured area, but collapsed very early 

in the 45° angle. 

 

 
Tests determining nozzle to layer height proportions worth considering.  Left to right - 5:1, 3:1, 2:1, 3:2, 1:1. 

 

Proportions of 2:1, 3:1 and 5:1 all proved to print successfully so a test was designed using these 

three proportions across the four nozzle sizes.  

 

The tests, as laid out in the illustrations below, are designed first to compare the crispness or 

sharpness of a printed corner for each of the four nozzle sizes.  Each nozzle size is tested making use 

of the three nozzle, layer proportion ratios. Secondly, designed into the test form is an area of low 

relief pattern so as to be able to compare how nozzle and  layer height affects the print quality of 

such a repeat pattern. Thirdly, there are two 45° angled indentations to the form, to be able to 

observe how well the different settings cope with the problem of clay slumping on an overhang 

during printing. Bearing in mind that the two walled benchmark test printed showing no sign of 

slumping. 

 

All tests were printed on a small Delta type printer (CERAMBOT) and as said using clay of the same 

medium consistency and at the same print speed of 25 mm per second. Compressed air was used to 

deliver the clay to the printhead, with more air pressure required to feed adequate clay flow for the 

larger nozzle diameters. The printhead screw speed, having  previously been configured in the slicing 

software (Cura) will have automatically changed with each new gcode file that was prepared. Each 

test was printed with a three layered base. 

 

Note: All photographs have been embedded in this document at high quality so as to be able to be 

zoomed for detailed observation. 




