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ABSTRACT 
 

This material was gather to observe the effect of surface 

finishing on rotors made by means of rapid prototyping 

techniques. Two types of rapid prototyping methods was 

used – Selective Laser Sintering (SLS) and Fused 

Deposition Modeling (FDM). Both were finished the same 

procedure – a cyanoacrylic coating was applied and further 

manually finished with abbrasive methods. Further 

microscopic investigation and roughness tests were 

performed to observe the quality of surface finishing. 

Rotor samples were finally tested to quantify 

aerodynamic performance (experimentally, CFD and PIV 

techniques were involved). 

 

Keywords: RPM, UAV, counter-rotating propelling system, 

surface finishing, SLS. 

 

1 MODEL AND MANUFACTURING 
 

Samples were made using polyamide PA2200 for 

Selective Laser Sintering  (SLS) and ABSplus for Fused 

Deposition Modeling. SLS process was realized on 

Formiga P100 sintering machine. Proces parameters were 

set to: chamber temperature 170°C (melting point for 

PA2200 is 176-188°C, layer thickness 0.1 mm). FDM 

process was performed on Dimension Elite printer with 

ABSplus-P430 designated for RPM purposes. 

Rotor model (in figure 1) was specifically designed for 

counter-rotating ducted drive with a usage of relatively thin 

3404 NACA 4-digits profile. This task was performed on 

basis on in-house BEM [1], [4] software for a purpose of 

driving a µUAV system. Low thicknes of the blade profile 

constitutes a challanging task for manufacturing 

technology. One factor is to reproduce the shape (external 

mean geometry as well as controllable roughness) and to 

manufacture a stable, stiff construction. The designed drive 

was constructed to produce 45-65 grams of 40-55 mm 

diameter CRP ducted system. NACA 3404 geometry 

requires Trailing Edge (TE) gap dimension of 0.08 % of the 

profile length. For a mid span chord length – 12 mm it is 

approximately 0.01 mm. Because of methods resolution 

(0.1 for SLS and 0.17 mm for FDM), finally the geometry 

was manufactured with 0,8% TE gap for SLS and 1,4% for 

FDM. For small Reynolds number flows like in the 

presented case (60000) thinner TE is usually not disturbing 

[3], sometimes even beneficial – as it was in this case (table 

1). However for the FDM profile with 1,4% TE gap a 

decrease of aerodynamic performance might be observed  

(smooth profile with 1.4% TE gap – app. 2.5% lower Lift-

to-Drag ratio). 

 

 
 

Figure 1. Counter-rotating propellers in µUAV ducted drive 

 

 

 
 

Figure 2. NACA 3404 profile in blade cross-section. 

 

2 SURFACE TREATMENT 
 

Another factor (apart of geometry reconstruction) is 

model roughness. Row model roughness [1] is presented in 

figure 7-9 and table 2. For FDM sample its mean value is 

equal to 35,73 µm and for SLS 16,53 µm. Although for low 

Reynolds number roughness might be beneficial (it 

prevents laminar bubble separation from forming), but very 

high roughness modifies a structure of the flow in 

inbeneficial manner causing mainly drag increment and a 

lift drop (this might be observed in aerodynamic tests 

results). The second efffect occurred paralelly i.e. because 

for FDM method wire is relatively thick (0.18-0.2 mm) it 

builds the shape of a blade often on only one layer of 

material and it causes a leakage between upper and lower 
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surface of the blade. This further decreases blade 

performance. 

To avoid the effect of uncontrolled, overextensive 

roughness a surface treatment technology was developed. It 

consists of two steps – in the first a cyanoacrylic material of 

low viscosity (15-30 cPs) is spread over the surface (it 

penetrates both materials freely), and after it is bound 

sufficiently (app. after 2 hrs.) a dense, viscous upper layer 

is applied (1200-1300 cPs). The effect of those layers is as 

follows: thin cyanoacryle seals the leaking blade and 

bounds materials (a composite matrix is formed), a viscous 

finnishing forms upper additive layer for further abbrasive 

processing. 

To obtain the final shape an abrasive blade processing 

(manual snad paper finishing) was applied. FDM samples 

are not easy to obtain correct geometry because basis 

material (ABSplus) is easy to abrade. In contradiction 

PA2200 is not easy to abrade, therfore abrasive processing 

affect mainly cyanoacrylic coating, leaving the coating in 

convex region and removes it from external boundries. 

Samples before and after processing are shown in figure 3 

(FDM) and figure 4 (SLS).  

 

 
 

Figure 3. Fused Deposition Modeling samples, before (left) 

and after surface treatment (right). 

 

 
 

Figure 4. Selective laser sintering samples, before (left) and 

after surface treatment (right). 

 

3 POST PROCESS EVALUATION 
 

Both geometry and roughness were qualified and to 

some extent quantified before and after the process of 

surface finishing.   

Geometry of samples before the processing was 

strongly influenced by material layering – in case of FDM 

it was down to one layer per thickness, in SLS resolution 

was definietly better. After surface treatment FDM sample 

ed desired shape and tightness (figure 5). Differences were 

not quantified for the whole section but point distributed 

deviation varied from 0 to 0,06 mm. A separate profile 

performance analysis prooved that for this type of flow 

overall performance will not be strongly affected by a such 

smoothly distributed daviation. SLS samples obtained 

finally similar geometry accuracy, but in overall shape was 

more predictable (manual processing) bacause of little 

varnulability of PA for abrasion. 

 

 
 

Figure 5. Finished FDM sample section. 

 

 
 

Figure 6. Finished SLS sample section. 

 

In figure 7 we can observe magnified FDM sample 

section were individual fibres can be identified, as well as 

cyanoacrylic coating filling space between fibers and 

forming the external lyer of material. 

In figure 8 and 9 a section magnifications of SLS 

samples present lyering of material (fig. 8) as well as thin 

surface coating surface fillinig gaps between convex 

regions (formed by lyers of material). Grains of sintered 

material can be identified.  In figure 9 one can see that the 

addition of surface layer material is little and basically 
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surface shape reflects in the smooth manner the shape of 

rough sintered sample.  

 

 
 

Figure 7. Magnified section of the FDM sample. 

 

 
 

Figure 8. Magnified section of the SLS sample. 

 

 
 

Figure 9. Magnified section of the SLS sample. 

 

To quantify the effect of shape variations additional 

calculations were performed using XFOIL environment. 

Results are presented in table 1. 

 

 

Alpha 2° Alpha 3° Alpha 4° 

3404 TEG 0.08% 28,41 36,59 34,70 

3404 TEG 0.8% 28,41 36,59 34,70 

3404 TEG1.4% 25,57 35,74 32,61 

3404 0.8%, bump 26,62 35,97 33,80 

3404 1.4%, bump 24,90 35,09 32,66 

 

Table 1. Influence on Lift-to-Drag ratio for different NACA 

3404 profile variation for different angle of attack. 

 

In table 1 TEG stands for Trailing Edge gap dimension, 

bump depicts a shape deforamtion on the lower back part of 

the blade (fig. 5). Values in percent refer to TEG dimension 

relatively to blade chord length. It appears that the bump 

combined with thick TEG influences the performance most 

(4% change for alpha 3º), the rest of variations gives less 

than 3% change and some local behavior differences. 

 

Finally surface roughness was tested (table 2). For 

rough samples FDM roughness is significantly higher 

(almost twice, plus leaks are present). For finished samples 

results are similar with FDM roughness slightly higher than 

for SLS. 

 

Sample Ra (μm) 

SLS rough 16.53 (+8.93/-4.78) 

SLS finished 0.39 (+0.04/-0.06) 

FDM rough 35.73 (+3.67/-4.55) 

FDM finished upper 0.55 (+0.03/-0.03) 

 

Table 2. Roughness result for rough and finished samples 

[1]. 

 

4 DRIVE TESTING 
 

Test were performed on different drive configuration 

but for the purpose of clear influence saturation only 

selected were here presented. The drive consists of an inlet 

duct, upper rotor with a coned hub and a lower rotor with a 

shaped central body. A testing unit is presented in figure 10 

– it allows for configuration variation (translation of lower 

against upper and duct against upper). All elements have 

individual weighting system. 

Results gathered in table 3 show that rough results for 

both FDM and SLS are significantly lower then results for 

samples after the surface treatment. Generally FDM results 

are lower than for SLS samples. Results are also in good 

comparison with design method calculations and 

Ansys/Fluent simulations (figure 11). In the testing it was 

also observed that PA samples after cyanoacrylic treatment 

are significantly stiffer than FDM samples, this plus lower 

roughness might be the reason of higher final performance 

of the drive built on SLS made samples. 
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Figure 10. Test setup. 

 

 
 

Figure 11. CFD results. 

 

 19 kRPM 21 KRPM 22.5 kRPM 

SLS rough 28 (@ 

12W) 

36 (@ 

14.7W) 

40.7 (@ 

16.9W) 

SLS 

finished 

42 (@ 

13.2W) 

53 (@ 

15.5W) 

60.5 (@ 

17.6W) 

FDM rough  23 (@ 

13.6W) 

32 (@ 

15.2W) 

37 (@ 

17.4W) 

FDM 

finished 

41 (@ 

13.6W) 

51 (@ 

16.8W) 

58 (@ 

18.9W) 

BEM 40.5 (@ 

13.5W) 

49.5 (@ 

18.2W) 

56.9 (@ 

22.4W) 

Fluent 42 (@ 

14W) 

- 58 (@ 

18W) 

 

Table 3. Thrust force in gram (@power-supplied) 

results. Force in G (gram). 

 

 

 

5 CONCLUSION 
 

Presented method gives a broad scope of application for 

UAV drives prototyping, especially for µUAV, for which 

modelling is not always accurate enough to analyse and 

optimise a design. Additionally for a counter-rotating 

propeller there is a significant change in working conditions 

for upper and lower rotor. The reason is presented in figure 

12 and it is a strongly turbulent wake in which the upper 

rotor is working. This makes experimental methods more 

tempting, wheras the presented method of surface finishing 

made testing easy and available with controlled surface 

finishing conditions (final roughness, and shape control). 

 

 

 
 

Figure 12. PIV turbulent wake visualisation and 

quantification 
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