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Abstract— The purpose for this paper is to study machining 
effect on microstructure of titanium alloys (Ti-6Al-4V) thread 
was precisely studies. The wet condition was selected is a 
common condition that use in machining process. PVD 
Aluminium Titanium Nitride (AlTiN) coated and uncoated types 
of insert used. Depth of cut used 0.30 mm and 0.35 mm with 
machining cutting speed 424 rpm, 530 rpm and 636 rpm 
manipulated to obtained variety result between two types of 
insert affect surface on microstructure. Out of 12 samples, there 
are only 5 worst samples has been selected and undergoes the 
microstructure studies. The samples are basically due to very 
obvious chattering mark, rough surface and broken thread. For 
the metallurgy process, every step needs to follow in order to 
meet the requirement of specimen preparation which includes 
mounting and grinding process. The microstructure alteration 
analyzed by using Hitachi S-3400 N Fully Automated VP 
Scanning Electron Microscope (SEM) showing that, few micro 
cracks on inner thread, with V shape damage, due to rough 
surface finish and excessive cut during machining. 

 
Keywords— Microstructure alteration, Metallurgy process, 

Titanium Alloys (Ti-6Al-4V), Wet condition, Scanning electron 
microscope (SEM). 

I.  INTRODUCTION  
In the past decade, titanium alloys have been adopted as 

standard materials of construction for pipes, fittings, valves 
and similar equipment in the chemical process industry[1]. 
Titanium alloys are often the best choices for handling halides 
and bleaches. They have far better resistance to these 
environments than the best 300 series stainless steels. The 
most popular alloys for this type of service are pure titanium 
(ASTM B348 Grade 2) and the Ti6Al4V alloy (ASTM B348 
Grade 5)[2]. The Grade 2 pure titanium is one of four grades 
of pure titanium, which differ in impurity level, and strength 
the 6A14V alloy can be solution treated and age hardened [2].  

The thread form is the configuration of the thread in an 
axial plane or more simply, it is the profile of the thread, 

composed of the crest, root, and flanks can refer to the Figure 
1 below. At the top of the threads are the crests, at the bottom 
the roots, and joining them are the flanks. The triangle formed 
when the thread profile is extended to a point at both crests 
and roots, is the fundamental triangle. The height of the 
fundamental triangle is the distance, radially measured, 
between sharp crest and sharp root diameters [3]. 

 
Figure 1 Element in screw thread. 

 
Microstructure study in the engineering sense can be 

defined as a set of various properties which includes both 
superficial and in depth of an engineering surface that affect 
the performance of this surface in service[4]. This property 
primarily includes surface finish for texture and profile, 
fatigue corrosion and wear resistance, and also adhesion and 
diffusion properties. Moreover, surface integrity related to 
machining parameter such as the feed rate, pitch thread, wet 
condition and spindle speed is the key factor to get the best 
result of the threading process. The coordination between the 
thread pitch and feed rate per revolution is facilitated by sub-
routines in CNC machines.  
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II. METHODOLOGY 
Methodology. Flowchart below show the overall project 
flows starting from selecting material, machine and 
equipment. Then identify machining parameter and machining 
process that use CNC lathe machine. Take sample and 
metallurgy process include mounting, grinding and polishing 
and etching. Lastly, do a Scanning electron microscope (SEM) 
and collect data. 

 
Figure 2: Project flow chart 

III.  RESULT AND DISCUSSION 
 

This project consist of three types of parameter there are 
cutting speed; depth of cut and tool type. For cutting speed, 
use three different speeds because want to check which 
speed suitable for thread cutting. Depth of cut just uses two 
different depths and tool type also use two different tool 
insert. Table 1 shows the machining parameter. 

The design of experiment need to do after done identify the 
parameter. There are having 12 sample and divided 
according to the machining parameter. For A1, A2 and A3 
represent cutting speed 424, 530 and 636 rpm. For B1 and 
B2 represent depth of cut 0.30 and 0.35 mm. C and D 
represent tool insert coated and uncoated. Table 2 shows 
the design of experiment and result. 

 

 

 

 

 

Table 1: Machining parameter. 

 
Parameter 

Level 
1 2 3 

A. Cutting Speed 
[rpm] 

424 530 636 

B. Depth of cut 
[mm] 

0.30 0.35 - 

 

Table 2: Result for design of experiment. 

Run Designation Tool wear [µm] Time [s] 

1 2 3 

1 A1B1C 0.14 0.23 0.32 247 
2 A1B2C 0.35   100 
3 A2B1C 0.23 0.27 0.31 236 
4 A2B2C 0.27 0.42  169 
5 A3B1C 0.21 0.39  173 
6 A3B2C 0.52   110 

Run Designation Tool wear [µm]  Time 
[s] 1 2 3  

1 A1B1D 0.22 0.27 0.30 174 
2 A1B2D 0.56   87 
3 A2B1D 0.20 0.54  178 
4 A2B2D 0.30   82 
5 A3B1D 0.17 0.24 0.37 232 
6 A3B2D 0.34   85 

 

 

A. Microscope.  

The surface texture for each specimen can be seen using 
optical microscope. It was found that surface for specimen 
using uncoated is worse than use coated insert. Feed mark 
reflecting the depth of cut on thread. Higher depth of cut 
produced rougher feed mark, as shown in Figure 3 (a). 
Figure 3 (b) show the surface damage on specimen A1B2D. 
Different cutting speed and tool insert cause damage such 
as thread damage and metal debris. 
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   (a) 

 
                                               (b) 

         Figure 3 Specimen surface (a) A2B2C and (b) A1B2D 

                               

B.        Scanning Electron Microscope (SEM).  

Figure 4 present the Scanning Electron Microscope (SEM) 
image of front thread. The cutting speed is 530 rpm and the 
depth of cut is 0.35 mm. The observation at crest shows 
rough surface and also micro-cracking because the forces 
are high. Ezugwu [5] stated these alterations are obvious 
due to friction generation in the machining region.  

The microstructure image at (b) surface. The compact beta 
phase appears at (c) root. Compact beta phase due to tool 
compression force proves that the force received at this area 
is much higher. 

 

 
Figure 4 SEM image at crest (a), surface (b) and root (c). 

Figure 5 (a)  represent the damage at crest. This is because 
the wear tool insert causes the damage at thread. The high 
force causes damage at thread. At the same time,  the 
excessive cut at surface is shown in figure 5(b). Improper 
cut left the excessive root portion. It also show rough 
surface because due to wear of uncoated insert. The 
uncoated carbide tools gain bigger roughness than coated 
carbide tools [6]. 

 

 
             Figure 5: SEM image at crest (a), surface (b) and root (c) 

 

IV. CONCLUSION 
Based on the experiment, it can be concluded that the 
machining parameter has affected the microstructure of 
titanium. Lower cutting speed shows the positive change in 
surface damages. Favorable result can be achieved if depth of 
cut also be reduced. 

The result of inner thread surface being verified and 
compared using coated and uncoated insert. As the result, the 
uncoated insert gives more adverse effect to surface integrity. 
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The higher the depth of cut with augmented cutting speed, 
the damages are more obvious. The coated insert also being 
damages due to the machining but not as worse as really 
happens to the uncoated insert. 
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