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Abstract— Surface texture measuring instrument and 

optical microscope were used to study effect of milling feed 

rate parameter on ramie fiber composite, where the samples 

machined at 2, 4 and 6 mm/min feed rates each. The results 

showed that the sample that milling with 4 mm/min feed rate 

had the lowest value of surface roughness as 7.39 µm and there 

was no any defects on its surface, on the other hand the 

microscope images showed blanks and cracks on the surface of 

samples which milling at 2 and 6 mm/min feed rates.   

Keywords—ramie fiber composite, feed rate, surface 
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I. INTRODUCTION 

Over the last three decades, fiber reinforced composite 
materials have become the dominant emerging materials in 
engineering applications such as household appliances, 
sporting goods, automotive, marine, defense and aerospace 
industries due to their superior properties such as high 
performance to weight ratio, vibration damping etc. With 
technological advances and increasing demand in market, 
some nano-sized additives or fillers in composite materials 
have been used to improve mechanical properties of 
composite materials. These improvements have supplied to 
develop the new polymeric matrix materials. Many 
researchers have reported that the addition of small amounts 
of nanoparticles, such as nanometal oxides, carbon 
nanotubes, nanographeme and nanoclays, lead to a 
noticeable improvement in thermal, mechanical, 
morphological, electrical and optical properties of polymer 
composite materials without compromising on density, 
toughness and manufacturing process [1-5].  

Nowadays, natural fiber composites are used in a wide 
variety of industries application include building 
construction, furniture, automotive and packaging due to 
some advantages that they offer: They are non-abrasive to 
machines, renewable, biodegradable and an abundant source 
of fiber, are of low cost and have acceptable mechanical 
properties. The fabrication of synthetic fibers is not a closed 
loop process that means by-products cannot be processed 
back into the production cycle. During the production of 
synthetic fibers such as nylon or polyester, volatile 
monomers and solvents that contribute to water and air 
pollution are released into the atmosphere It is imperative, 
therefore, that professionals in the textile industry begin to 
consider alternative resources for the raw material used for 
fiber. It is doubly crucial that while considering alternative 
resources; sustainable, renewable and less polluting natural 

fibers be considered for uses hitherto dominated by synthetic 
fibers [6-9].  

Ismail, et al. [10] stated that the conventional 
homogeneous materials can no longer effectively satisfy the 
growing demands on product capabilities and performance, 
due to the advancement in products design and materials 
engineering. Therefore, the fiber reinforced composites 
(FRCs) with better properties and desirable applications 
emerged. These enhanced qualities of the FRCs have 
emphasized the need for analyzing their machinability for 
further improvement of performance. Hence, this paper 
presents a comprehensive investigation on the machinability 
effects of drilling parameters (feed rate, cutting speed and 
thrust force), drill diameters and chips formation mainly on 
delamination and surface roughness of hemp fibre reinforced 
polymer (19/HFRP) and carbon fibre reinforced polymer 
(MTM 44-1/CFRP) composite laminates, using high speed 
steel (HSS) drills under dry machining condition. The results 
obtained depict that an increase in feed rate and thrust force 
caused an increase in delamination and surface roughness of 
both samples, different from cutting speed. Also, increased 
drill diameter and types of chips formation caused an 
increase in both delamination and surface roughness of both 
samples, as the material removal rate (MRR) increased. 
Evidently, the minimum surface roughness and delamination 
factor of the two samples for an optimal drilling are 
associated with feed rates of 0.05–0.10 mm/rev and cutting 
speed of 30 m/min. 

Most previous studies have concentrated on synthetic or 
conventional composites. Thus, very little is known about the 
machinability of natural or sustainable (ramie woven) 
composites. Deep comprehensive experimental study on 
these ramie fiber composites, mainly on the material samples 
considered under the same milling parameters and condition 
is urgently needed. In addition, implementation of this 
research is expected to contribute to the development of 
milling machining technology, and determine the 
effectiveness of milling machine of ramie.  

II. EXPERIMENTAL PROCEDURE 

The ramie fiber samples were prepared as three plates 
with dimensions of 100 mm × 50 mm and 5 mm thick. 
Adhesive glue (epoxy resin & epoxy hardener) is used to join 
two pieces of ramie fiber 1 mm thick for each with cast 
acrylic sheet 3 mm thick. A milling process are carried out 
on a vertical milling machine CNC type model of EMCO. 
1500 rpm spindle speed, 0.8 mm cut depth  and tool width 10 
mm are used as constant parameters for each sample, and the 
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experiment will be conducted on 9 times with 3 variations of 
feed rates 2, 4, and 6 mm/min, where 3 times for each feed 
rate were done. The milling process is conducted along the 
sample and without lubrication. The final shape of sample is 
shown in Fig. 1. 

 

 

Fig. 1. Final shape of sample  

 

The surface roughness of samples were measured via 
surface texture-measuring instrument (surfcom 120A), and 
the optical microscope used to examine the ramie fiber 
composite surface after milling process is done.  

III. RESULTS AND DISCUSSION 

 Table. 1. Showed the surface roughness of 

workpiece with 2 mm/min feed rate, where the sample was 

divided into 4 stages from the start edge until the end and 

each stage 3 cm length.     
 

TABLE I.  SURFACE ROUGHNESS AT 1500 RPM SPINDLE SPEED,         
0.8 mm DEPTH OF CUT and 2 mm/min FEED RATE 

Stage Cutting Distance   (mm) Surface Roughness (µm) 

1 0-30 7.77 

2 30-60 7.27 

3 60-80 8.38 

4 80-100 9.27 

 

 The surface roughness of stage 1 was 7.77 µm and 
7.27 µm for stage 2 of workpiece then begin with a gradual 
increase at stage 3 and finally increase slightly at stage 4. 
This indicates the presence of spaces between the fiber 
composite that will affect the surface roughness, which 
means the damage in the composite was ocoured in the final 
place of workpiece. The average of surface roughness is 
about 8.17 µm at feed rate 2 mm/min. 

 

Fig. 2. Microstructure of workpiece surface after milling process (a) x500 

and (b) x50. 

 The edge of cutting marked with the lines and pinots 1, 2 
and 3 Fig. 2 showed places of ramie fiber bristles 
disintegration effected by milling tool during process, which 
have been identified in the final stages, this results were 
confirmed with surface roughness values which increases at 
the final stages. Same results were found by G Dilli Babu et 
al., [11]. 

TABLE II.  SURFACE ROUGHNESS AT 1500 RPM SPINDLE SPEED,         
0.8 mm DEPTH OF CUT and 4 mm/min FEED RATE 

Stage Cutting Distance   (mm) Surface Roughness (µm) 

1 0-30 8.12 

2 30-60 7.96 

3 60-80 6.89 

4 80-100 6.59 

 

 As shown in Fig. II, the surface roughness is not the same 
along as the cutting surface. The average value was 7.39 µm. 
The distances were divided 4 variety of distances from the 
start edge until the end of the specimen. In addition, the 
height of the surface roughness at stage 2 starts to decrease 
gradually to reach the lowest roughness by reaching the last 
stage. This indicates the stability of the surface roughness at 
the feed rate of 4 mm / min. the surface roughness reaches a 
rate of 7.39 µm at the feed rate 4 mm/min. 

TABLE III.  SURFACE ROUGHNESS AT 1500 RPM SPINDLE SPEED,         
0.8 mm DEPTH OF CUT and 6 mm/min FEED RATE 

Stage Cutting Distance   (mm) Surface Roughness (µm) 

1 0-30 10.83 

2 30-60 10.20 

3 60-80 6.31 

4 80-100 8.35 

 

The surface roughness values were incremented with 
continued milling process, and the average value with feed 
rate of 6 mm/min was 8.92 µm. At the initial condition, the 
significant increase in surface roughness observed at stages 1 
and 2, and then decreased to the lowest roughness at stage 3 
and rise again at last stage. This indicates that the increase in 
feed rate 6 mm/min leads to an increase in surface roughness. 
The surface roughness reaches a rate of 8.92 µm at the feed 
rate 6 mm/min. As shown in Fig 3, machining with 4 
mm/min feed rate had the lowest surface roughness. 
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Fig. 3. Effect of feed rate on the surface roughness of ramie fiber samples   

 
 

 

Fig. 4. Surface imges (x50) of workpiece with 2 mm/min feed rate (a) 

stage 1, (b) stage 2, (c) stage 3, and (d) stage 4. 

 Surface of the workpiece after milling process with 2 
mm/min feed rate is shown in Fig. 4, and it can be seen that 
some blanks (black color area) were formed caused by glue 
bubbles which used between ramie fiber composite layers 
due to compression process. Otherwise, no surface defects 
were observed on sample machined at 4 mm/min, as shown 
in Fig. 5. The surface sample was machined at 6 mm/min 
appeared cracks and fractures as shown in Fig. 6. 

 

 

Fig. 5. Surface imges (x50) of sample with 4 mm/min feed rate (a) stage 1, 

(b) stage 2, (c) stage 3, and (d) stage 4. 

 

 

Fig. 6. Surface imges (x50) of sample with 6 mm/min feed rate (a) stage 1, 

(b) stage 2, (c) stage 3, and (d) stage 4. 

 

IV. CONCLUSION  

 

The effect of milling feed rate on the surface roughness of 
ramie fiber was investigated. From the analysis, the 
following can be summarized: 

1.  Machining at 4 mm/min feed rate had smallest 
roughness value with 7.39 µm.  

2. At 2 mm/min feed rate the surface roughness increase as 
the milling operation continues along the sample, on the 
other hand, decrease for the 4 and 6 mm/min feed rates.  

3. Some surface defects were found on the samples 
machined at 2 and 6 mm/min, these defects including 
cracks and blanks. 

4. The natural materials can be machined successfully, so 
my fellow researchers in Libya are advised to use the 
natural materials available in our country such as palm 
fronds or Stipa viridula (Halfa), to use in engineering 
applications. 
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