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17-4 PH stainless steel is one of the most imperative type precipitation 
hardened alloy steel. It has excellent property of corrosion resistance and 
superb mechanical strength, due to this it is used in marine vessels. These 
properties make that it to be used in salt water applications, including it has 
many applications like in nuclear industries, paper industries, food 
processing equipment, turbine blade design and in oil and gas industry. In 
the current study, the process parameter is feed rate, spindle speed, and type 
of solid carbide drill bits. The comparison between the performance of 
uncoated and TiAlN coated solid carbide drill bits are discussed herein. Also 
studied surface roughness and Chip morphology has been examined 
thoroughly. The result indicated that side flow of chip of material increases 
with cutting speed that could be reduced by drilling with a coated drill bit. 
Also, chip thickness is also decreased with feed. 
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1. INTRODUCTION 

17-4 PH stainless steel is a 
martensitic Precipitation Hardened stainless 
steel with a microstructure that is mainly 
austenitic at high annealing temperature but 
transforms to the martensitic structure when 
brought down to room temperature along 
with a high rate of cooling. This grade of PH 
stainless steel contains around 4% Nickel 
and 17% Chromium as its major constituent 
structure. Its high strength is maintained to 
approximately 3600 C. The perfect 
combination of these properties tend it to be 
used in the manufacturing of chemical 
equipment, aircraft parts, petroleum 
instruments, nuclear reactor parts, food 

processing equipment, paper industries, 
turbine blade design, oil and gas industries 
etc. For considering deep hole drilling with 
large depth to diameter ratio over 10, 
drilling force increases significantly with 
depth due to the friction and pressure 
reaction between the continuing generated 
chips and the drill flutes including the hole 
wall. Generally deep hole drilling process, 
overlarge drilling depth will cause drill 
breakage due to the low rigidity of the deep-
hole twist drill, while using too small 
drilling depth is inefficient [15]. A drilling 
burr formation mechanism was proposed 
and divided into four stages: initiation, 
development, pivoting point, and formation 
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stages with cap formation. The burr 
thickness is largely determined by the 
distance between the pre-defined machined 
surface and the pivoting point, while the 
burr height is determined by the positions of 
the pivoting point and the cap formation 
[14]. The shearing of the chips in a thread of 
the blind hole presents a particular problem 
in the machining industry. The tap geometry 
plays an important role in the tool’s 
durability, influencing the forces during the 
tapping process so that The tap durability 
was improved, the chip deposition on the 
rake surface was reduced and the torsion 
torque has a smaller value compared to the 
standard tap geometry [13]. Low values of 
tool life, increased cutting forces and the 
appearance of un-favorable tough chips are 
the main characteristics which rank these 
steels among the group of materials that are 
difficult to machine [11]. The new chip-
breaking theory has been confirmed by 
vibration drilling experiments using 
aluminum and stainless steel [10]. 

The novelty of this paper is to 
evaluate and identify the influence of feed 

and spindle speed while drilling with using 
uncoated and coated solid carbide drills. 
This paper shows the drilling operation that 
is carried out the process parameter of 
800RPM spindle speed and two different 
feed rates of 0.10 mm/rev and 0.20 mm/rev. 
The result shows that the surface finish is 
degraded at higher feed rate. It is also 
evident that for the different feed rates the 
surface finish of drilled surface could not be 
improved by the TiAlN coated solid carbide 
drill bit compared to its uncoated carbide 
drill bit in dry drilling operation of 17-4 PH 
stainless steel. 
2. EXPERIMENTAL DETAILS 

A CNC machine has been used 
conducting this drilling experiment. A 
rectangular plate of 17-4 PH stainless steel 
with a dimension of  200 mm length, 100 
mm width and 10 mm thickness was used as 
a job. Figure (1& 2) shows the experimental 
setup for dry drilling of 17-4 PH stainless 
steel with uncoated and coated solid carbide 
drill bits respectively. Also, Figure 3 
represents drill bit with tool holder.

  

 
Figure (1&2): Experimental setup 
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Figure (3): Tool Holder 

 
Table 1 The Chemical composition of the 17-4 PH stainless steel. 

 
Element Ni  Si Nb Zn Cr S   P S Cu Mn C 
Weight 
% 

4.26 0.53 
 

0.29 1.2 15.24 0.024  
0.038 

0.030 3.17 0.56 0.046 

 
Table 2 Properties of 17-4 PH stainless steel 

     
               
 
 
                
 
 

 
 
 
 

Table 1 shows the chemical 
composition of the 17-4 PH stainless steel. 
Table 2 represents the properties of 17-4PH 
stainless steel. The chip morphology was 
analyzed by scanning electron microscopy 
(SEM, Make: JEOL JSM-7600F), IIT, 
Bombay, and surface roughness have been 
measured by Taylor Hobson Surtronic3+ 
Surface Finish Tester Profilometer, NIT, 
Rourkela, shown in Figure 4 & 5 

respectively. Such plan of the experiment 
would also enable understanding of the 
influence of cutting duration on various 
aspects of machining of 17-4 PH stainless 
steel while comparing to the performance of 
uncoated and coated solid carbide drill bits. 
To get the better statistical accuracy of 
measured responses each experiment run 
was repeated thrice.  

 

Density, g/cm3  7.78 

 Specific Heat (J/kg)  460 

Poisson’s Ratio 0.272 

 Modulus of  Rigidity (GPa)  67 

 Thermal expansion co-efficient (µm/m°C)  10.3 

 Elastic modulus (GPa)  197 

 Mean coefficient of thermal expansion (µm/mK)  10.4 
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Figure (4): Scanning electron microscopy (SEM), IIT, Bombay. 

 
 

 
Figure (5): Taylor Hobson Surtronic3+ Surface Finish Tester Profilometer, NIT, Rourkela. 

 
                              Spindle speed = 800 RPM & Feed rate = 0.10 mm/rev 

                          Uncoated                               Coated 
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Spindle speed = 800 RPM & Feed rate = 0.20 mm/rev 

                          Uncoated                               Coated 
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Figure (6): SEM images of chips produced by uncoated and coated drill bits at a constant 

spindle speed of 800 RPM and at variable feed rates of 0.10 mm/rev and 0.20 mm/rev. 
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3. RESULT AND DISCUSSION 
CHIP MORPHOLOGY 

The chip morphology of chip 
formation after drilling operation is 
represented by SEM images shown in Figure 
6. 17-4 PH stainless steel usually 
characterized by serrated and continuous 
type ribbon like chips. Chip serration is 
primarily characterized to normal plastic 
deformation and shear localization. It is 
evident that degree of serration was also 
found to be more in drilling with a coated 
drill bit at a high feed rate of 0.20 mm/rev 
and at a spindle speed of 800 rpm compare to 
the uncoated counterpart. The SEM images 
also depicted that the free surface of chips 
after drilling 17-4 PH stainless steel is 
characterized by the two imperative features 

i.e. shear cracks and lateral flow. During chip 
flow, little consideration will indicate that 
the side flow of the material increases with 
feed rate and that could be reduced by 
drilling with coated solid carbide drill bits. 
MACHINED SURFACE ROUGHNESS 

The variation of surface roughness is 
obtained after drilling at a constant spindle 
speed of 800 RPM and variable feed rate is 
shown in Figure 7. The result indicated that 
the surface roughness of the machined 
surface after drilling at a feed rate of 0.20 
mm/rev is quite more as compare to drilling 
at lower feed rate i.e. at 0.10 mm/rev.  Also, 
it indicates that the surface roughness could 
not be reduced by drilling with coated 
carbide drill bits compare to uncoated 
counterparts.

 
(a)                                                        (b) 

Figure (7): Variation in surface roughness with two feed rates and constant speed for successive 
holes. (a) At feed 0.10 mm/rev,  (b) At feed 0.20 mm/rev 

 
4. CONCLUSION 

The present research work evaluated the 
effect of tool coating and variable feed rates 
on surface roughness and chip formation 
during dry drilling of 17-4 PH stainless steel 
by simulation and experimentation. The 
following conclusions can be drawn from 
this study as follows: 
1) Chip morphology depicted the type of 

chips produced during dry drilling of 17-
4PH stainless steel on the basis of that it 
can be concluded that adequate 

machining parameter for the drilling 
operation that is the feed rate should be 
0.10 mm/rev or lower than that should be 
applied at a spindle speed of  800 RPM. 
The also solid coated drill bit should be 
preferred to the uncoated counterpart.    
2) Elevation in feed rate leads to raised 

in surface roughness. Also, it could 
not be improved by using a TiAlN 
coated drill at specific machining 
conditions which were taken. 
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