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Abstract: The MRR and surface roughness play an important role in productivity improvement. Surface finish increases as 
well as MRR increases. Gray cast iron (BHN 150) as selected a work piece material. 
 In this paper input parameter are selected like feed pressure and spindle speed and output parameters are MRR and 
surface roughness respectively. Also three factors and their levels are selected. In this paper Taguchi orthogonal Lg array is 
selected. In this method silicon carbide material is used for honing stick. This paper is related with the optimization process 
parameters which are carried out on hydraulic vertical honing machine. 
 The speed selection depends upon hardness of crank case material as well as diameter of the bore to be finished. 
The spindle speed range between 150rpm - 700rpm. The coolant is used as servo park-2 or honing oil is used. In this method 
regression analysis and Anova technique is implementation. S/N ratio larger is better for MRR and S/N ratio smaller is better 
for surface roughness. 
 The results revealed that using MRR gets as stroke pressure increases. From response table and graph has the rank 
indicates stroke pressure has greatest effect on MRR and the rank indicates the feed pressure has a greatest effect on surface 
roughness. The objectives of research summarized that feed pressure increases as its surface roughness decreases. 
 
 
I. INTRODUCTION 
 
Honing is a low velocity abrading process in which 
stock is removed from metallic or non-metallic 
surfaces by bonded abrasive sticks. It is a finishing 
operation employed not only to produce high finish 
but also to correct out-of-roundness, taper and axial 
distortion in work piece. In honing, since a 
simultaneous rotating and reciprocating motion is 
given to the stick, the surface produced will have a 
characteristic cross-hatch lay pattern. Depending on 
size and shape of work pieces honing can be 
performed by following two methods. 
1)  Manual Stroking: - Manual stroking may be used 
in preference to power stroking for large verities 
when tolerances are extremely close and when the 
size and shape of the work piece permit the operation. 
The main advantage of manual stroking is that the 
work pieces need not be fixture and this reduces 
tooling investment and permits immediate 
changeover from one job to another. The techniques 
used to obtain the required accuracy during manual 
stroking include end to end reversal of work-pieces, 
change of stroke length and quick 'hone and try'. 
Also, when various areas of a given part require 
differing degrees of correction because of bell mouth, 
taper or other irregularities, the operator can make the 
necessary corrections as stroking proceeds. 
Sometimes, manual stroking is employed as a 'final 
touch' for tolerance and finish, after power stroking is 
employed. 
 
2)   Power Stroking: - Power stroking can be used for 
honing virtually all types and sizes of work-pieces. In 
mass production power stroking is better than manual 
stroking. In power stroking, fixturing is required for 
work pieces that exceed the size or weight that can be 
handled manually. A typical example of this category 
is the long bore hydraulic cylinder. 
1.2 Honing stone:- 

 
Honing stones sometimes known as honing stick 
consist of particles of aluminum oxide, silicon 
carbide and diamond bounded together with play, 
resinoid, corn, carbon etc. 
The porosity of the structure of the stick, depending 
on the mixture of grit and bound, methods and 
pressure used in the forming the sticks, facility cheap 
clearance, thereby minimizing the generation of heat. 
1) Grit size:- the size of grit may rage from 36 
to 600, but the size raging 120 to 320 is most widely 
used. 
The selection of particular grit size depends mainly 
on the desired rate of material removal and required 
finish. 
Course grit removes metal faster but results in 
rougher finish. 
2)     Abrasive 
1) Selection of the abrasive depends mainly on the 
composition, hardness of the metal being honed, 
finish required and the cost 
2) Normally aluminum oxides for the steel and silicon 
carbide for CI and non ferrous materials are used as 
abrasives. 
3) Diamond is used for honing extremely hard and 
wear resistant materials such as tungsten, carbide or 
ceramics. 
3)   Designation of honing stones:- 
1) The marking system employed for designation of 
grinding wheels is also applicable for honing stones. 
2) The marking normally specifies types of abrasive, 
grit size, hardness and type of bond. 
1.3   Honing Methods:- 
1) Honing tools differ in design based on their use in 
manual or power stroking. 
a)  Manual stroking 
It consists of one or more abrasive stones, a mandrel, 
wedge and guiding shoes. 

b) power stroking:- 
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1) Tools for power stroking usually have 
stones at equal distances around the circumference 
and may or may not include guide elements. 

2) The honing stones are incased to prevent 
wear on the tool body and to permit quick change out 
warn out stones. 
1.4 Honing Condition- 
A   Spindle Speed - The spindle speed depends 
mainly on the diameter of the bore to be honed. The 
choice of spindle speed is influenced by the following 
factors: 
1) Material being honed: - Higher speeds are used 

for metals that shear easily such as cast iron and 
non-ferrous metals. 

2) Hardness: - The harder the work piece, the lower 
is honing speed. 

3) Surface finish: Rough surfaces that dress the 
stone mechanically allow higher speeds. 

4) Number and width of stones in a tool: - Speed 
should be decreased as the area of abrasive per 
unit area of bore increases. 

5) Finish requirement: - Higher speeds usually 
result in finer finish. Excessive speeds contribute 
to decreased dimensional accuracy, overheating 
of the work piece and glazing or dulling of the 
abrasive. 

B.  Reciprocating Speed:- The reciprocating speed, 
which depends mainly on the length of the 
honing tool and the depth of the bore, is 
expressed in meters per minute as the product of 
number of strokes per minute and twice the 
stroke length. Since reciprocating speed, rotary 
speed and cross-hatch angle are related functions, 
the cross-hatch angle can be controlled by 
varying the reciprocation speed when rotation is 
constant. Reciprocation speed has considerable 
influence on the finish of the job. If the 
reciprocating speed is high, the dressing action is 
greater and consequently results in a rougher 
finish on the job. 

C. Cross-hatch- Abrasive grains are bonded in the 
Form of sticks by a vitreous or resin material and 
sticks are presented to the work. So that their full 
cutting forces are in contact with the work 
surfaces. Since a large number of abrasive grains 
are presented to the work surface simultaneously, 
substantial material removal takes place. 

 
For cylindrical surfaces the abrasive grains are given 
a combination of two motion-rotation and 
reciprocation. The resultant motion of the grains is a 
crosshatch lay pattern as shown in fig. with included 
angle between 20 and 60. This angle is denoted by  
and it is determined by two component of speed. 
1)  vr. - Reciprocating speed it varies between 15 and 
40 m/min. 
 
2) vp - Peripheral speed it varies between 1.5 and 20 
m/min. 

tan r

p

v
v

   

Cross hatch angle = 2  
The stroke length should be such that the abrasive 
sticks come out 1/4 to 1/3 of their length on either 
side so that the wear is uniform. 
D. Honing Pressure: - A wide range of pressure is 
used to obtain higher rates of material overall and 
better results. In some of the equipment the hydraulic 
force for feed-out varied from 10 to 32 kg/cm2. 
However, honing is more often controlled by the rate 
f feed-out than by gauge pressure.  Insufficient 
pressure leads to a low rate of material removal. 
When the pressure is excessive, a rougher finish will 
result as the abrasive breaks down very fast. This 
increases the tooling cost as well as the machine 
down time for frequent interchange of the stones. 
The trial and error method is usually employed for 
determining the optimum pressure for honing. To 
start with, a low pressure is used and then gradually 
using work piece finish as the reference, the pressure 
can be increased. 
E.  Cutting Fluids: - The cutting fluid used in honing 
performs the following important functions: 
1) It promotes cutting action by flushing work piece 
metal and particles from the honing stone and thus 
prevents the stone from loading and glazing. 
2) It carries away heat caused by cutting action. 
3) It provides a lubricating action. 
Mineral oils similar to those used for other machining 
operations have also proved very satisfactory when 
one part of oil is diluted with four parts of kerosene. 
Buffers like animal oils, lanolin and lard oil are often 
added as honing fluids. Buffer oils minimize or 
prevent chatter of honing stones and hence promote 
the tool life. 
 
1.3 Tool material selection :- 
The abrasive element is usually composed of grains 
of silicon carbide or aluminum oxide. They are 
particulars size & bounded together to form honing 
stick. 
For present productivity specification of honing stick 
is XIC320NVAS. 
Where, 
C - Abrasive grid in silicon carbide 
Grit size   –    320 
Type of bond – Vitrified 
Type of abrasive grit    –    Silicon carbide 
N - Hardness of abrasive bond 
V - Bond is verified i.e. feldspar or clay bond 
A – Softness 
S – Manufacturing coding in this case sulphur       
treatment 

Hence for present experimental work silicon 
carbide honing stick is utilized as a tool. 
Material selection:- 
Depending upon the literature survey. I come to know 
very little work has been done on gray cast iron 
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(BHN 150) material. Hence I have selected the above 
materials as a work piece for experimental work. 
The work piece materials are used in form of hollow 
cylindrical shape. To produce internal honing 
operation. 
Gray cast iron material:- 
This material is used for thread rolling dies cold 
extrusion tools & dies, punches draw plates & dies. 
Pressure costing mold, blanking reamer & engine 
cylinder blocks & air compressor cylinder blocks etc. 
This material has dimensional stability with added 
resistance coupled with excellent edge holding 
qualities. 
Chemical composition 

Elements %Composition 
Carbon 2.5 to 4.0 
Silicon 1.0 to 3.0 
Manganese 0.1 to 0.5 
Magnesium 0.03 to 0.05 
Phosphorous 0.005 to 0.04 
Sulfur 0.005 to 0.02 

 
Filtration system selection:- 
Micro disc filtration system used for to carry out 
experiments. This filtration system gives less residue 
level after filtration. 
Working of Micro Pure Disc Filtration System 
The system is very effective for high purity of micron 
participate filtration and can be used for oils such as 
neat cutting oil, honing oil, kerosene, diesel, EDM oil 
'Micro Pure' Filtering Mode 

 
Fig.4.6 Micro Pure disc filtering system 

 
Operational Sequence 
1. Dirty oil from the machine storage tank is 
pumped to the MICROPURE filter 
vessel. The oils enters radial trough the discs to the 
core of the candle and leaves axially to the top dome. 
2. All particles larger than 3 micron are trapped 
on the outer diameter of the filtering element. Clean 
oil then passes to the clean oil storage tank and is 
delivered to the machine. 
 
FUTURE SCOPE 
Future research will investigate the following issue 

1) Investigate the effect of other variables such 
as work piece hardness, honing stick 

composition, honing stick specification (grit 
size) etc. 

2) Estimate the impact of coolants on the MRR 
and surface roughness. 

3) Estimate the impact of coolants on the stick 
wear. 

4) Investigate the effect of vibration and 
foundation on MRR and surface roughness 
which not considered in present work. 

5) Investigate the effect of vibration and 
foundation honing stick wear which is not 
considered in present work. 

6) In order to find the significant factors for 
MRR and surface roughness. We need to 
consider more factors and their interactions. 

7) A non linear regression model may be 
developed to obtain more accurate 
mathematical equations. 

8) Signal to noise ratio will help to observe the 
behavior of quality characteristics of work 
piece. 

9) To determine the MRR and surface 
roughness for other work piece materials. 

10) Determine MRR and surface roughness for 
other factors hardness, type of grit, type of 
bond, specific gravity, residue level, type of 
coolant, PH value are considered. Present 
work it is not considered.   

 Experimental observations 
Following table gives the values for MRR and surface 
roughness obtained for gray cast iron. 
Sr.
no
. 

Feed 
pressure 
(kg/cm2

) 
(F) 

Stroke 
pressure 
(kg/cm2) 
(D) 
 

Spindl
e 
speed 
(rpm) 
(S) 

MR
R 
gm/ 
s 

Surface 
roughne
ss 
(Ra) 
µm 

S/N Ratio 
for MRR 

S/N ratio 
for  
Ra 

1 80 20 150 0.2 6.3 -13.9794 -15.9868 

2 80 40 500 0.4 6.1 -7.9588 -15.7065 

3 80 60 700 5.0 5.5 13.9794 -14.8072 

4 150 20 500 0.2 6.1 -13.9794 -15.7065 

5 150 40 700 0.4 4.5 -7.9588 -13.0642 

6 150 60 150 0.2 6.3 -13.9794 -15.9868 

7 200 20 700 0.2 0.8 -13.9794 1.9382 

8 200 40 150 0.5 5.0 -6.0205 -13.9794 

9 200 60 500 0.6 1.2 -4.4369 -1.5836 

 
Table 5.1 experimental observations for gray 
C.I. 
 
RESULT AND DISCUSSION 

Following graphs are plotted by using minitab15 
software  
RESULTS FOR MRR 
Response table for S/N ratios for MRR 
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Table 6.1 Response table for S/N for MRR 
  

Graph   6.1 Main effect plot for S/N ratios for MRR 
b. Response table for means for MRR 
Table 6.2 Response table for means for MRR 

Graph 6.2 Main effects for means for MRR 
RESULTS FOR SURFACE ROUGHNESS 

LEVEL F D S 
1 -15.500 -9.918 -15.318 

2 -14.919 -14.250 -10.999 

3 -4.542 -10.703 -8.644 

DELTA 10.959 4.332 6.673 

RANK 1 3 2 

Table 6.3 Response table for S/N for Surface 
roughness

Graph 6.3 Main effect plot for S/N ratios for surface 
roughness 
b. Response table for means for Ra 

LEVEL F D S 

1 5.967 4.400 5.867 

2 5.633 5.200 4.467 

3 2.333 4.333 3.600 

DELTA 3.633 0.867 2.267 
RANK 1 3 2 

Table 6.4 Response table for means for Ra

 
Graph 6.4 Main effect plot for means for surface 
roughness  
 
CONCLUSION 
 
1) Taguchi is technique is the latest optimization 

technique which is being applied successfully in 
industrial for optimal selection of process 
variables in area of machining. 

2) Factors like feed pressure, stroke pressure and 
spindle speed found to play of significant role on 
parameters like MRR and surface roughness. 

3) In this work has made to determine the important 
machining parameters performance measure like 
MRR and surface roughness in vertical hydraulic 
honing machine. 

4) Through experimentation it is found that stroke 
pressure major   role. 

5) The effects of the pressure parameters such as 
feed pressure, stroke pressure and spindle speed 
and responses characteristics v/s MRR and Ra 

LEVEL F D S 

1 -2.653 -13.979 -11.326 

2 -11.973 -7.313 -8.792 

3 -8.146 -1.479 -2.653 

DELTA 9.320 12.500 8.674 

RANK 2 1 3 

LEVEL F D S 

1 1.8667 0.2000 0.3000 
2 0.2667 0.4333 0.4000 

3 0.4333 1.9333 1.8667 

DELTA 1.6000 1.7333 1.5667 
RANK 2 1 3 
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were studied on gray cast iron in vertical honing 
machine. 

6) For MRR means graph we can concluded MRR 
gets increases as stroke pressure increases. 

7) From above response table and graph MRR as 
rank indicates has stroke pressure has greatest 
effect on MRR. 

8) From response table and graph as the rank 
indicates the feed pressure has the greatest effect 
on surface roughness. 

9) From graph it is concluded that feed pressure 
increases as its surface roughness decreases. 

10)The stroke pressure affect more significantly 
than the feed pressure. 

11)The micro pure disc filtration system gives less 
residue level than other filtration system. 

 
Welcome to Minitab, press F1 for help. 
Executing from file: C:\Program Files (x86)\Minitab 
15\English\Macros\Startup.mac 
 
 This Software was purchased for academic use only. 
 Commercial use of the Software is prohibited. 
 
Regression Analysis: MRR versus F, D, S  
 
The regression equation is 
MRR = - 0.22 - 0.0126 F + 0.0433 D + 0.00256 S 
 
Predictor       Coef   SE Coef      T      P 
Constant      -0.217     1.910  -0.11  0.914 
F          -0.012645  0.008812  -1.43  0.211 
D            0.04333   0.02656   1.63  0.164 
S           0.002559  0.001908   1.34  0.238 
 
S = 1.30110   R-Sq = 56.6%   R-Sq(adj) = 30.6% 
 
Analysis of Variance 
 
Source          DF      SS     MS     F      P 
Regression       3  11.038  3.679  2.17  0.210 
Residual Error   5   8.464  1.693 
Total            8  19.502 
Source  DFSeq SS 
F        1   3.486 
D        1   4.507 
S        1   3.045 
 
Unusual Observations 
Obs   F    MRR    Fit SE Fit Residual St Resid 
3  80  5.000  3.163   1.005     1.837      2.22R 
R denotes an observation with a large standardized 
residual. 
Regression Analysis: Ra versus F, D, S  
The regression equation is 
Ra = 10.7 - 0.0286 F - 0.0017 D - 0.00411 S 
Predictor       Coef   SE Coef      T      P 
Constant      10.664     2.228   4.79  0.005 
F           -0.02864   0.01028  -2.79  0.039 
D           -0.00167   0.03097  -0.05  0.959 

S         -0.004108  0.002225  -1.85  0.124 
 
S = 1.51722   R-Sq = 69.1%   R-Sq(adj) = 50.6% 
 
Analysis of Variance 
Source          DF      SS     MS     F      P 
Regression       3  25.732  8.577  3.73  0.095 
Residual Error   5  11.510  2.302 
Total            8 37.242 
 
Regression Analysis: MRR versus F, D, S  
 
The regression equation is 
MRR = - 0.22 - 0.0126 F + 0.0433 D + 0.00256 S 
Predictor       Coef   SE Coef      T      P 
Constant      -0.217     1.910  -0.11  0.914 
F          -0.012645  0.008812  -1.43  0.211 
D            0.04333   0.02656   1.63  0.164 
S           0.002559  0.001908   1.34  0.238 
 
S = 1.30110   R-Sq = 56.6%   R-Sq(adj) = 30.6% 
Analysis of Variance 
Source DF      SS     MS     F      P 
Regression 3 11.038 3.679 2.17 0.210 
Residual Error 5 8.464 1.693 
Total            8 19.502 
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