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Abstract---The die is important component for production 

workshop like forging, blanking, punching, etc. the quality 

of product is depend on die surface so its surface finish 

should be good. The end milling process which is often 

encountered in manufacture of die. The surface roughness 

depend on many parameter like feed rate (F), depth of cut 

(D), spindle speed (S), cutting path followed by tool, etc. 

The focus of current report is to find effect of cutter 

paths used in the milling process on surface roughness. Here 

the different cutting path are one directional, back & forth 

and spiral are considered as cutter path strategies.  These 

cutter tool paths very effective on the producing the surface 

finish of the work piece. The cutter path strategies greatly 

influenced to the surface finish of the work pieces. The 

objective of study is to investigate optimum cutting 

characteristics and effects of cutting path for OHNS steel by 

usingend mill tools. 

A  full set of  experiments for  this process would  

require eighty one different experiments(full factorial 

design=3
4

) asopposed to the twenty seven which are needed 

fortheTaguchiversionoftheexperimentusingL27orthogonal 

array. Results analysis is done by Taguchi Method and 

ANOVA method which both give approximate same results. 

ANOVA analysis gives percentage contribution of cutting 

path, feed rate, depth of cut and spindle speed on surface 

roughness. 

I. INTRODUCTION 

Milling is the name given to the machining process in which 

the removal of metal takes place due to the cutting action of 

the revolving cutter when the work is fed past it. Milling 

machine has acquired an indispensable position in all 

modern production workshops. Its specific significance lies 

in its capability to perform a large number of operations 

which no other single machine tool can perform. Most 

influencing factor is that the cutter tool path strategies in the 

face milling process in die manufacture. There are many 

cutter tool paths strategies used in the milling process given 

as one way, back forth, zig-zag, true spiral, constant overlap 

spiral, parallel spiral, parallel spiral clean corner, high speed 

etc. These cutter tool paths strategies very effective on the 

producing the surface finish of the work piece. The factor of 

cutter path strategies greatly influenced to the surface finish 

of the work pieces. The different cutter path strategies 

generate the different surface finish on the work piece. In 

any machining operations, the surface finish of the work 

piece is most desirable outcome.The operating parameters 

like feed rate, depth of cut, cutting speed, spindle rpm, etc. 

significantly influence to surface roughness of work piece. 

In milling which is often encountered in die manufacture, 

the demand is to narrow the interval between the surface 

roughness values obtained at finish milling and the surface 

roughness values will be met by further finishing operations 

as far as possible. The implementation and selection of 

cutting path strategies with appropriate cutting parameters 

have significant effect on surface roughness. Proper 

selection can lead to substantial savings in machining time, 

improvement of work piece surface quality and 

improvement in tool life, thereby leading to overall cost 

reduction and higher productivity. 

II. LITERATURE REVIEW 

Abhishek Kumar Saroj et.al 
[9]

 has performed on the 

Simulation of Tool Path for Machining Sculptured Surfaces 

on CNC end milling process. They presents results of 

investigation of tool-path generation for sculptured surface 

machining on multi-axis high speed machines. Finally, they 

conclude that selection of suitable tool path generation 

strategy for a surface with minimum machining time shows 

the effectiveness of using software in manufacturing 

process. So it is analyzed by the above data that use of 

software in manufacturing process save our time, money, 

material and manufacturing cost.  Tools and work pieces are 

also prevented from unwanted wear and damage. It also 

represents the zigzag path strategy takes minimum time for 

roughing operation and broken zigzag path strategy takes 

minimum time for finishing surface. 

Abhishek Kumar Saroj et.al 
[3]

 has performed on 

the Analysis of Different Parameters on Tool Path for 

Machining Sculptured Surfaces. They use seven different 

tool path strategies like zigzag, constant overlap spiral, 

parallel spiral, parallel spiral clean corners, high speed, true 

spiral and one way for machining of particular model taking 

different machining time as shown in figure 2 given below. 

 

Fig. 1:Relationship between Times spent in Machining to 

Different Strategies 
[3]

 

They also represent the different cutting parameters 

like feed rate, step over percentage, tool containment 

boundaries etc. affect the machining time. They conclude 

that 1.Tool path generations strategies for roughening and 

finishing operation directly depend upon the type of surface 

and the machining time obtain from strategies are different 

for different diameter of tool used, for an appropriate 

diameter of tool gives minimum machining time.2.The zig-

zag motion strategy is tacking least machining time. But it is 

not applicable for all surface. High speed strategy also give 
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minimum machining time but for this strategy defects are 

generated. 

Milan D. Selvan et.al 
[8]

 performed in Mild Steel 

work piece of size (55 mm x 21 mm x 21 mm). The 

processing of the job was done by three zinc coated carbide 

tools inserted into a face miller of 25 mm diameter. The 

machining parameters considered were Number of passes 

(P), Depth of cut (dc), Spindle speed (N), and Feed rate (f). 

That concluded by experiment the effects of those 

machining parameters of  number of passes, depth of cut, 

spindle speed and feed rate on surface roughness is 

evaluated & the optimum cutting condition for minimizing 

the surface roughness is determined. 

J. CaldeiraniFilho et.al 
[7]

 has established the 

significant influence of cutting condition such as cutting 

speed, feed rate per tooth, feed velocity on the tool life, tool 

wear and surface finish in the face milling operation by 

performing number of design of experiments. The 

experiments were carried out in a very rigid CNC milling 

machine with 22 CV of power in the main motor. That 

conclude that 1.Variation in cutting speed has a predominant 

influence on tool wear, regardless of whether there is 

variation in either feed velocity or feed per tooth. 2. The 

frequency of entrance of cutting edges into the work piece is 

the most important factor influencing tool wear. 

CevdetGologlu et.al 
[1]

 has performed significant 

conclusions of the studies on the effects of cutter path 

strategies on surface roughness of pocket milling of 1.2738 

steel based on Taguchi method are as follows. 1. According 

to result obtained, the most influential effects within the 

range of specified cutting conditions are feed rate for one 

direction and spiral cutter path strategies, and depth of cut 

for back & forth cutter path strategy. 2. Confirmation 

experiments at optimal conditions were carried out. The 

outcomes for one direction and back and forth cutter path 

strategies were better than predicted results. However, the 

outcome for spiral cutter path was not at the desirable level. 

One of the reasons was that the chip stayed between the 

cutter and the periphery of the pocket could worsen the 

surface. Nevertheless, the surface roughness on the strategy 

obtained using the optimal cutting conditions was less than 

the others. 

J.A.Ghani et.al 
[6]

 has performed on the cutting 

parameters in the end milling when machining hardened 

steel AISI H13 with TiN coated P10 carbide insert tool 

under semi-finishing and finishing conditions of high speed 

cutting. The milling parameters evaluated are cutting speed, 

feed rate and depth of cut. The analysis of the result shows 

that the optimal combination for low resultant cutting force 

and good surface finish are high cutting speed, low feed rate 

and low depth of cut. Using Taguchi method for design of 

experiment (DOE), other significant effects such as the 

interaction among milling parameters are also investigated. 

The study shows that the Taguchi method is suitable to 

solve the stated problem with minimum number of trials as 

compared with a full factorial design. 

Bo H.Kim et.at 
[4]

 was purposed a machining time 

model that consider the acceleration and declaration of the 

CNC machines. Using proposed model, compare the 

machining efficiency of the tool paths currently employed in 

molds and dies manufacturing-three types of direction 

parallel tool path (one way path, pure zig-zag path and 

smooth zig-zag path) and contour parallel tool path. From 

above tool paths smooth zig-zag is most efficient and 

effective regardless of the feed rate and the tool path 

interval. The machining time of the contour tool path is 

slightly shorter than that of the pure zigzag tool path. 

KhairulAkmalShamsuddinet.at 
[10] 

was 

comparedmillingcuttingpath strategiesforthin- 

walledaluminumalloys fabrication and concluded that 

thebestmachiningstrategiesto achievegood 

surfaceroughnessofupperandlowerareasisparallelspiralstrate

gy whichisbetterthantheothermachining strategies.Oneofthe 

reasonswasthatthechipstayedbetweenthecutterandtheperiphe

ryofthepocketcould worsenthesurface. 

ShaghayeghShajariet.at 
[10] 

was performed on the 

Influence of Tool Path Strategies on Cutting Force and Surface 

Texture during Ball End Milling of Low Curvature Convex 

Surfaces. They concluded that resultant cutting force is the 

highest when using spiral tool path as a consequence of tool-

chip contact area. As a result, poor surface texture is obtained 

regardless of the cutting condition. Overall, the use of spiral 

cutter path strategy on finish milling of low curvature convex 

surfaces is not advisable at all. 

III. EXPERIMENTAL DETAILS 

The experiments were performed on a Vertical CNC 

machining center, HAAS VF-1, with 3-fluted end mills of 

diameter 10 mm, helix angle 30
◦
 (DIN844/BN), having no 

tooth tip radius. After rough machining of the pockets with 

the sizes of 55 mm×50 mm, the finish pocket milling 

operations with the determined cutting conditions were 

carried out. The different cutters were employed for each of 

cutter path strategies. 

A. Work Piece Material And Cutting Tool:In order to 

achieve the objective of this experimental work, OHNS 

steel, which is commonly used in die manufacturing 

industry, was chosen.An ideal type oil-hardened steel which 

is economical and dependable for gauging, cutting and 

blanking tools as well as can be relied for hardness and good 

cutting performance.Its Chemical composition is given 

below. 

Table. 1: Chemical Composition of OHNS Steel 

Chemical composition of OHNS steel 

C Mn Cr W V 

0.95% 1.15% 0.5% 0.5% 0.2% 

A carbide end mill is a type of industrial tool used 

for cutting and shaping metals and other solid materials.The 

carbide end mill is one of several types of milling tools that 

are commonly used.  End mills are distinguished from other 

types because they have cutting teeth at one end as well as 

on the sides.  

B. Design Of Experiment Based On Taguchi Method: A  

full set of  experiments for  this process would  require 

eighty one different experiments (full factorial design=3
4

) 

asopposed to the twenty seven which are needed 

fortheTaguchiversionoftheexperimentusingL27OA. The 

L27 OA described in table 3.5. Taguchi method aims to 

optimise processes in order to minimise quality loss with 

one of the objective functions of “the-nominal-the-best”, 

“the-larger-the-better”, or “the smaller- the-better” 

depending on the experimental objective. 
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To evaluate which cutting parameters affect the 

surface roughness in face milling a number of experiments 

have been conducted for each of cutter path strategies. 

Spindle speed, feed rate and depth of cut were determined as 

controllable cutting parameters to be used in the 

experiments and each parameter having three levels of 

values. Selecting of cutting input parameter ranges depends 

on variety of conditions such as cutter, work piece material, 

cutting strategy, coolant, etc. However, here cutting speed 

and feed rate values are mostly manufacturer dependent. 

The ranges are determined by the cutter producers taking 

mainly cutter and work piece materials into consideration. 

So the low and high ranges of these parameters have taken 

from firm catalogue. The amount of depth of cut is 

determined based on a typical finishing operation for which 

roughing operation is let to leave about 0.1-0.3 mm material 

on the surface. Ranges of step over parameter are function 

of tool diameter. The tool decided has 10 mm of diameter, 

therefore step over values, smaller than the half of tool 

diameter, here step over is constant(4.9 mm) decided. 

Table. 2:Selected range of parameter 

IV. RESULTS AND ANALYSIS 

 Taguchi Design  

 Taguchi Orthogonal Array Design 

 L27 

 Factors:  3 

 Runs:    27 

Table. 3: Data analysis sheet 

Experiment No Factors 

Cutting Path Feed Rate 

(mm/min) 

Depth Of 

Cut (mm) 

Spindle 

Speed (rpm) 

Surface 

Roughness (µm) 

1 X 500 0.1 2000 0.49 

2 X 500 0.2 4000 0.45 

3 X 500 0.3 6000 0.43 

4 X 1000 0.1 4000 0.53 

5 X 1000 0.2 6000 0.4 

6 X 1000 0.3 2000 0.34 

7 X 1500 0.1 6000 0.59 

8 X 1500 0.2 2000 0.55 

9 X 1500 0.3 4000 0.51 

10 Y 500 0.1 2000 0.34 

11 Y 500 0.2 4000 0.36 

12 Y 500 0.3 6000 0.32 

13 Y 1000 0.1 4000 0.48 

14 Y 1000 0.2 6000 0.39 

15 Y 1000 0.3 2000 0.36 

16 Y 1500 0.1 6000 0.54 

17 Y 1500 0.2 2000 0.47 

18 Z 1500 0.3 4000 0.43 

19 Z 500 0.1 2000 0.32 

20 Z 500 0.2 4000 0.31 

21 Z 500 0.3 6000 0.25 

22 Z 1000 0.1 4000 0.47 

23 Z 1000 0.2 6000 0.39 

24 Z 1000 0.3 2000 0.35 

25 Z 1500 0.1 6000 0.5 

26 Z 1500 0.2 2000 0.49 

27 Z 1500 0.3 4000 0.4 

Where, 

X= One directional cutting path 

Y= Back & forth cutting path 

Z= Spiral cutting path 

 

 

 

 

 

 

Table.  4: ANOVA for one directional cutting path 

Source DF Seq SS       Adj 

MS           

F           P % 

Feed 2 0.0118 0.0059 14.38 0.065 51.94 

Depth 2 0.0064 0.0032 7.89 0.112 37.34 

Speed 2 0.0022 0.0011 2.70 0.270 4.15 

Error 2 0.0008 0.0004    

Total 8 0.0213     

 

FACTORS/ 

LEVELS 

Cutting 

Paths 

 

Feed Rate 

mm/min 

Depth 

Of Cut 

mm 

Spindle 

Speed 

rpm 
LEVEL1 One 

Directi

onal 

500 0.1 2000 

LEVEL2 Back 

& 

Forth 

Directi

onal 

1000 0.2 4000 

LEVEL 3 Spiral 1500 0.3 6000 
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Table. 5: ANOVA for back & forth path 

Source DF Seq 

SS 

Adj 

MS 

F P % 

 

Feed 2 0.0294 0.01470 11.92 0.07 66.15 

Depth 2 0.0105 0.00523 4.24 0.191 23.52 

Speed 2 0.0019 0.00093 0.76 0.569 4.24 

Error 2 0.0025 0.00123    

Total 8 0.0442     

       

 

Table. 6: ANOVA for spiral cutting path 

Source DF Seq 

SS 

Adj 

MS 

F P % 

 

Feed 2 0.0446 0.0223 26.76 0.036 73.15 

Depth 2 0.0144 0.0072 8.68 0.103 23.70 

Speed 2 0.0002 0.16 0.862 0.0001 2.70 

Error 2 0.0017 0.0008    

Total 8 0.0610     

 

 

 

Fig. 2: Main effects plot for Surface Roughness for one 

directional cutting path 

 

Fig.7.4: Interaction plot for Surface Roughness for one 

directional cutting path 

 

Fig. 3: Main effects plot for Surface Roughness for back & 

forth cutting path 

 

Fig. 4: Interaction plot for Surface Roughness for back & 

forth cutting path 

 

Fig. 5: Main effects plot for Surface Roughness for Spiral 

cutting path 

 

Fig. 6: Interaction plot for Surface Roughness for Spiral 

cutting path 

V. DISCUSSION 

Balanced ANOVA and general linear model (GLM) are 

ANOVA procedures for analyzing data collected with many 

different experimental designs. Your choice between these 

procedures depends upon the experimental design and the 

available options. The experimental design refers to the 

selection of units or subjects to measure, the assignment of 

treatments to these units or subjects, and the sequence of 

measurements taken on the units or subjects. 

The F value of 7.92 for the feed rate of one 

direction cutter path strategy is greater among the 

parameters (see Table 7.11). Therefore, the most influential 

parameter was the feed rate (51.94%) and the depth of cut 

(37.34%) was effective parameter. Spindle speed (4.15%) 

was having physical and statistical influences.  

The F value of 11.92 for the feed rate of back and 

forth cutter path strategy is the most influential control 

factor (Table 7.12). Since, it contributes a greater percentage 

than all the other control factors. Percentage contribution of 

the feed rate (66.15%) was the highest influence and then 

the depth of cut (23.52%) was two times of depth of cut 

parameter. The spindle speed (4.24%) was having small 

influences on surface roughness. 
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The F value of 26.72 for the feed rate of spiral 

cutter path strategy is the most significant control factor 

(Table 7.13). Therefore, the most influential parameter in 

spiral cutter path strategy was the feed rate (73.15%). The 

others the depth of cut (23.7%) was the also effective 

parameter same effects. The spindle speed (2.7%) was 

having small influences on surface roughness. 

VI. CONCLUSION 

 The surface roughness in end milling process with 

different cutter path strategies was measured along with 

orthogonal array in experiments. The conclusions 

drawn from the results were as follows: 

 The most influential effects within the range of 

specified cutting conditions are feed rate for one 

direction, spiral cutter path strategies, and back & forth 

cutter path strategy. 

 The surface roughness increases with increasing the 

feed rate and decreasing with depth of cut. 

 The spindle speed does not produce significant effects 

on surface roughness as compared to the feed rate and 

depth of cut. 

 The spiral cutting path gives less surface roughness 

compared to one directional and back & forth cutting 

path. 

 The outcomes for spiral cutting path was better than one 

directional and back & forth cutting path results. 

VII. FUTURE SCOPE 

The work can be expected in the following directions: 

 The further work can be done by changing the hardness 

of the work piece material by using heat treatment. 

 In this work different cutting path has most influential 

for surface roughness. So different cutting path with its 

orientations will be also affected the surface roughness 

of work piece. 

 In this work surface roughness of work piece is 

investigated. So further work can be done by 

investigated the flank wear of the cutting tool. 

 In this work same coolant is used during performing all 

experiments. So different types of coolant are used for 

getting the different effects of coolants on surface 

roughness. 

 The further work can be done by employing different 

types of work pieces for finding the surface roughness. 

 Different types of surfaces like inclined, zig zag, 

straight etc. of same material are employed for different 

cutting paths. Here all other parameters are constant. 
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