
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14989-14992 
© Research India Publications.  http://www.ripublication.com 

14989 

The Effects of Feed Rate to Dimensional Accuracy and Roughness on 

Machining Process of Propeller Blade using 5-Axis CNC Turn-Milling 

Machine 

 
Achmad Zaki Rahman1,*, Khairul Jauhari1,*#, Helmi Suryaputra2, Mulyamin Abubakar2,  

Endarto Tri Wibowo2, Mahfudz Al Huda2 

1Center for Machine Tools, Production & Automation (BT MEPPO), Badan Pengkajian dan Penerapan Teknologi (BPPT), 
Tangerang Selatan, Indonesia. 

2Pusat Teknologi Industri Permesinan (PTIP), Badan Pengkajian dan Penerapan Teknologi (BPPT),  
Tangerang Selatan, Indonesia.  

#Orcid: 0000-0002-1312-5481 
(*Corresponding author) 

 
 

Abstract 

Marine propeller is one of the major components of vessels 
that have complex shapes and are made from metal that is 
very hard and rigid so it difficult to be made.With current 
technology, making propellers using a 5-Axis CNC machine 
can improve the quality and performance of the propeller. Due 
to the complex form, it is necessary to plan the machinary 
using CAM software. In this paper will be learned about the 
effects of feed rate to the geometrical accuracy and surface 
roughness in manufacturing of propeller blade.The 
experiments had performed using four variations of feed rate, 
those were 100, 200, 300, and 400mm/min. The results 
showed that the greater the value of the feed rate applied, the 
more dimensional deviations would occured, and also the 
resulting surface would be coarser. 

Keywords : Marine propeller, 5-axis CNC machine, 
geometric accuracy, surface roughness. 

 

INTRODUCTION 

Although the propeller normally lies well submerged out of 
sight and therefore, to some extent, also out of mind, it is a 
deceptively complex component in both the hydrodynamic 
and the structural sense. Therefore in making a propeller 
needs to be a review of a good machining strategy because the 
complex components of high dimensional accuracy have been 
required [1]. 

For finish milling of a complex workpiece such as marine 
propeller have some of the most important issues are 
workpiece deflections and vibrations during machining. This 
advantage leads us to reducing the cycling time and labor 
costs and enhancing finished surface quality and better 
dimensional error [2]-[5]. 5-axis machining provides higher 
productivity and better access to all sides of the components, 
and eliminates the use of multiple fixtures [6]-[9]. 

This paper investigated the dimensional accuracy and 
roughness on various feed rate for machining marine propeller 
model using 5-Axis CNC turn-milling machine. In this study, 
a 3D scanner tool would be used to find deviation in the 
marine-propeller after it made.  

 

EXPERIMENTAL SET-UP AND CONDITIONS  

Cutting Condition 

 
Figure 1: Marine propeller model 

 

The model of marine propellers that shows in Fig. 1 made by 
5-axis turn-mill machine, NT 4300 DCG by DMG Mori that 
shown in Fig 2. The speed maximum of revolution is applied 
to made all parts of propeler. However, to determine the feed 
rate that can produce the finest surface smoothness, the value 
of the feed rate applied to each blade is different as shown in 
Table 1 
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Figure 2: 5-axis turn-mill machine NT 4300 

 

Table 1: Cutting Condition 

Parameter Value 

5-Axis milling machine  

Spidle Speed  

Depth of cut  

Feed rate: 

Blade 1 

Blade 2 

Blade 3 

Blade 4 

 

100 mm/min 

200 mm/min 

300 mm/min 

400 mm/min 

Tool type f10 carbide ball end-mill, 2 
flutes 

 

Propeller-making Process 

Fig. 3 shows the complete process of propeller-model making 
on a 5-axis milling machine. It stages were consist of 
workpiece preparation, tool setting, roughing, and finishing 
process. 

 

RESULT & DISCUSSION 

Propeller Dimensional Geometry Deviation 

In order to know the geometric deviation, a comparison of the 
dimensions of the CAD drawing to the dimensions of the 
propeller model had been made. Dimensional measurements 
had performed by scanning propeller models using scanbox 
Atos machine. Then those 3D scanning and measurements 
results were compared with CAD drawings using software 
GOM-Inspect. 

The results of comparative measurements in GOM-Inspect 
software can be seen in fig. 4. From the results shown, on the 
back of the propeller (Fig. 4a.) Almost all the blades are light 
green which mean the deviation in the area is very small. There 
is only one blue circular area on blade number 3. It means 
deviation value on that area is more than -0.1 mm. 

But in contrary at the front of the propeller (Fig. 4b.), there 
had been a quite large deviation especially at the end of the 
blades. Most areas deviation is found on the blade number 3, 
it can be seen from the extent of the red color on the end 
sections when compared with the other blade. 

If the image is sliced on to a plane that perpendicular to the 
main axis and located on the center of the propeller, then the 
value would be known exactly at the area that has deviation 
(Fig. 4c.). As shown on the image slice, the maximum 
deviation that occurs in that area is +0.2 mm and -0.31 mm, 
which are both located on the blade number 3. 

 

Propeller Surface Roughness 

Table 2: Measurement Results 

Blade 
Result Average 

No. Measurement position 

1 

Right 1a 1,918 

1,279 Middle 1b 0,935 

Left 1c 0,985 

2 

Right 2a 1,325 

1,863 Middle 2b 1,738 

Left 2c 2,525 

3 

Right 3a 2,080 

2,014 Middle 3b 2,063 

Left 3c 1,900 

4 

Right 4a 2,015 

2,016 Middle 4b 1,803 

Left 4c 2,230 

 

The measurement of the surface roughness of the propeller 
carried out on each of the blades. Each blade divided into 
three areas of measurement, they are the right, middle, and left 
sides. For each measurement, had repeated four times to 
obtain an average roughness value on the measured area. The 
value of measurement results can be seen in Table 2. 

Base on results of 1st, 2nd, and 3rd blades, it could be 
concluded that would be dimentional deviation increased as 
the feed rate increased on each blade. The part that had most 
deviations were at the ends of the each blade. Those because 
the part is the thinnest part geometry, so the material would 
deflected when the cutting force occured where the machining 
process took place. 
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(a)    (b)         (c)          (d) 

Figure 3: Machining propeller process on 5 axis turn-milling machine, (a) installing workpiece, (b) cutter setting on tool presetter, 
(c) roughing process, and (d) finish part 

 

    
(a)    (b)        (c) 

Figure 4: Image comparison between propeller that has been made with the 5 axis turn-milling machine with CAD design. (a) the 
back, (b) the front, and (c) the sliced image 

 

                 
(a)       (b) 

Figure 5: (a) Roughness measurement position, (b) graph roughness value 

 

The same thing happened with the obtained surface roughness 
value. The greater the feed rate value applied then the more 
rough surface would be generated. Hence the surface 

roughness value was increasing from the 1st, 2nd, and 3rd 
blades. 
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But other circumstances have occurred in the 4th blade. The 
number of deviations that occurred in the 4th blade was 
smaller than the third blade. We analyzed that it happened on 
this last blade because the heat generation due to the 
machining blades process that had been going on before. This 
causes the hardness and ductility of the material to decrease so 
that the deflection of material also came down. It caused the 
accuracy value on this blade was better than the 3rd blade even 
though the feed rate on the 4th blade was higher than the 
previous blade. 

Similarly, the roughness value of the 4th blade also not vary 
much with the 3rd blade caused by the heat generation that 
effected on the material. Thus, even when the feed rate had 
increased, the surface roughness values obtained were not 
much different from the prevailed value on the previous blade. 

 

CONCLUSIONS  

In this paper, turbine blade machinability at high speed 5-axis 
milling had evaluated by applying different feed rates on each 
of the blades. Greater value of feed rate means more cutting 
force will occurs. Then its effect will be analyzed based on the 
deviation and surface roughness values that occured on each 
the propeller blade that had been made. So it can be concluded 
that the greater the value of the feed rate applied, the more 
dimensional deviations would occured, and also the resulting 
surface would be coarser. However, the value of the feed rate 
could be less influential on the blade number 3 and 4. It was 
most likely due to the effect of heat on the material when the 
machining process occured. 
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