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Abstract - Friction surfacing is an advanced manufacturing process for depositing many materials to improve performance 
of underlying metallic surfaces and extend the life of components. This process is most suitable for getting some special 
properties for the surfaced deposits. Raw material costs can be decreased by using expensive material only where necessary and 
replacing the rest with low–cost materials. This process is easily controllable, repeatable, reliable, and is a simple machine tool 
technology which is having similar benefits like other solid phase welding processes. Heat affected zone is less and hence post 
weld treatment is not normally required to relieve internal stresses. Bond strength is very good and these deposits are expected 
to serve better during service life. This paper is concerned with coating of AISI M2 tool steel on low carbon steel by using 23    
factorial designs with 3 factors at two levels each of total eight treatment combinations. The present work focus on the effect 
of process parameters on surface roughness of AISI M2 tool steel coating on low carbon steel by using friction surfacing 
process.  Calculation of Surface roughness is essential which will decide additional surface operations required or not before 
using it. 
The regression equation determined based on the 23 factorial designs and ANOVA table is constructed to test the 
significance of the parameters. The results shows that surface roughness is directly proportional to friction pressure, welding 
speed and combined effect of  friction pressure  and welding speed  and  inversely proportional to combined effect of 
rotational speed of mechtrode and welding speed. It is also concluded that the value of surface roughness is not the same for 
all treatment combinations and it primarily depends on the process parameters used. 
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I. INTRODUCTION 
 
The increasing demand of the customer need to 
modify the surface properties of full components or in 
selected areas, in order to meet the functional and 
design requirements of customer satisfaction, due to 
above factors, surface engineering has dragged 
forcibly for development and which is prominently 
recognized as a very important field in material 
science. An important form of surface engineering is 
the friction surfacing technique. Friction surfacing, 
which is derived from the friction welding, intense 
friction heat is  generated due to rubbing action 
between the surface of the substrate and coating rod. 
After certain time, the end of the coating rod becomes 
plasticized. Without the need for external heat source, 
the layer of plasticized metal being deposited as a 
coating on the substrate[1]. The plasticized metal 
from the tip of the rotating consumable rod is 
transferred in discrete layers in the form of elliptical 
in shape and each layer with small offset gets 
deposited one after the other as the substrate traverses 
in horizontal position [2]. Being a solid state process, 
friction surfacing is free from problems such as 
solidification cracking and dilution [3]. Friction 
surfacing is introduces machine tool technology to 
surfacing engineering field.  
This process is automatic and highly repeatable and 
reliable and produces coatings to the substrate 
without the problems of dilution, porosity and slag 

inclusions. The friction surfacing was first patented in 
1941, by Klopstock as a metal coating process [4]. 
The scale of friction surfacing process has been 
expanded from a laboratory experimental technique 
to a large scale commercial process [5, 6] previous 
work on friction surfacing dealt with tool steel, 
inconel [7], stainless steel [8], and aluminum [9] 
coatings on mild steel substrates. By using wear 
resistance hard facing and corrosion coatings on 
cutting tools for extension of service life and 
rehabilitation of damaged and worn out parts like 
agricultural machinery , turbine blades and railway 
points.[10]. The tool steel M2 is deposited on low 
carbon steel by using eight treatment combinations. 
 
II. INFLUENCE AND SELECTION OF 
PROCESS PARAMETERS 
 
Coatings are evaluated mainly on width, thickness 
and bond strength which are closely related to process 
parameters i.e.  Friction pressure, consumable rod 
rotational speed and mechtrode traverse speed. These 
are primary process parameters contributing to the 
generation of frictional heat and subsequently 
influencing the friction surfaced coatings. Process 
parameters such as traverse speed, axial force and 
rotational speed which controls the process 
characteristics of the coatings produced by friction 
surfacing [11]. The levels of process parameter 
selection depends on the metallurgical considerations 
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like intermetallic compounds formation due to 
phenomena of diffusion between substrate and 
consumable rod and the physical properties like 
diameter, thermal conductivity and density and 
specific heat. In the present work, selection of process 
parameters are friction pressure(P) in the range of:5 
KN (Min level ) to10KN ( Max level), rotation of 
consumable rod range: 100 RPM to 300 RPM and 
substrate traverse speed range : 40 mm/min to 60 
mm/min.( Max. to Min). 
 
III. MATERIALS AND EXPERIMENTAL 
WORK: 
 
A. Materials and processing:  
Low carbon steel plate was taken as the substrate. 
The substrate dimensions were 310 mm x 220 mm x 
11 mm shown in fig 1. The substrate was milled and 
ground the surface to obtain an even and flat surface, 
free from grease, dust and oxide scales. The 
consumable rod and substrate were cleaned 
thoroughly with acetone just before the friction 
surfacing to minimize contamination.  
Tool steel AISI M2 was taken as consumable rod 
with dimensions of 10.5 mm diameter and 290 mm 
length which are shown in fig.2. 
 

Table 1: chemical composition of Tool steel M2 
and Low carbon steel (% in weight) 

 
 

 
Fig.1: substrate before friction surfacing 

 

 
Fig.2: Mechtrode before friction surfacing 

 
B. Gun Metal Bush 
The selected mechtrode diameter is 10.5 mm, but 
mechtrode holder can holds 15mm diameter rods 
firmly fixed in it. Hence gunmetal bush is designed 

and manufactured with external diameter 15 mm and 
internal diameter10.5 mm as shown in fig.3 
  

 
Fig 3. Gun metal bush 

 
C. Equipment  
Friction surfacing experiments were carried out using 
indigenously developed friction surfacing machine, 
which is capable of applying axial force up to 50 KN 
and spindle speed up to 2500 rpm. Machine 
specifications are: Motor capacity: 30 KW and table 
size: 330 X 450 mm. 
 
D. Experimental work: 
The identified range of friction pressure (5-10 KN), 
mechtrode rotational speed (100-300 rpm) and 
substrate traverse speed (40-60 mm/min).  These 
primary parameters with 23 factorial designs are 
selected for experimental work and used for tool steel 
M2 is deposited on low carbon steel [12]. The 
coatings obtained based on these eight treatment 
combinations are shown in table 2. After each trial, 
primary tests are performed to the deposit whether the 
tool steel is having bond with low carbon steel or not.  

 
Table 2:Tool steel deposits over low carbon steel 

for eight treatment combinations. 

 
 
IV. TESTING  
 
A. PRIMARY INSPECTIONS 
The quality of the deposit is evaluated at the shop 
floor after deposition. These are for the qualitative 
analysis, to give status of the deposit, whether it is 
acceptable or not. The NDT techniques such as 
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appearance and adhesion tests such as lifting test, 
impact test and chisel and hammer test are performed 
for evaluation of bonding and quality of friction 
surfaced deposits.   
 
B. Visual Inspection   
The deposit is inspected for the physical appearance 
and damage. It is also inspected by visual inspection 
using magnifying glass for visible defects such as 
blisters, pits, roughness, and cracks or undercut areas.  
 
C. Adhesion test 
These tests are conducted in the shop floor after 
deposition by each treatment combination. At room 
temperature the weld is checked for quality for its 
bond by lifting with knife edge tool. The deposit is 
inspected for surface defects like voids, undercuts, 
pores and cracks and found it is satisfactory. Surface 
of the deposit consists of semi- circular ripples and 
they indicate deposit having bond with substrate. 
Each deposit is indicated by it’s the treatment 
combination number for identification.  
 
D. Liquid Penetration Test (LPT)    
Penetrant testing is a simple non destructive testing 
method for detecting discontinuities that are open to 
surface such as cracks, seams, laps, cold shuts 
laminations, porosity and shrinkage. Dye penetrant 
test is conducted on the tool steel friction surfaced 
deposit according to the standard ASME Sec V SE 
165. When developer is applied over the surfaces, no 
color indication is observed.  
 
E. Measurement of surface roughness of the deposit  
Surface roughness is measured with surface 
roughness tester made by Mitutoyo Corporation, 
Japan which is shown in figure 4. The deposited 
substrate plate is cleaned thoroughly on both sides 
and placed on the surface plate with deposit at upper 
side. Total length of the deposit is divided in to three 
parts. 
Surface roughness is measured at three positions 
along with the length of the deposit by selecting 
sample length of 0.8 mm and mean value is 
calculated. The average value is taken as surface 
roughness of the deposit. Repeated the same for the 
remaining deposits and these values are tabulated in 
table 2 
 

 
Fig.4: surface roughness tester made by Mitutoyo Corporation 

 
F. Regression Equation for the roughness of the 
deposit  
The values obtained for the response function y 
(surface response) in each of these 23 experiments are 
to be analyzed statistically for estimating the 
regression coefficients and then fitting a prediction 
equation for the optimization. ANOVA table is 
constructed to test the significance of the parameters 
and to find the coefficients. Test of significance is 
carried out and the regression equation arrived at after 
identifying appropriate coefficients for various 
responses as shown in table 3. The table 3 shows the 
procedure for determination of the regression 
equations for the width. Where, TSS indicates Total 
Sum of Squares and T.C. is the Treatment 
Combinations. Mean Sum of Squares, MSS= (sum of 
responses)2/8 and y0   = Mean of the response (surface 
roughness)  
After substituting coefficients of significant factors (β 
coefficients) .The regression equation obtained for 
the surface roughness is  
Y= 2.02+ 0.828 X1 + 0.258 X2+ 0.6112X 3– 0.121 X1 
X2 + 0.326 X1 X3 – 0.473 X2 X3-0.328 X1 X2 X3 
After significant test, delete the least important (less 
significant) terms, the regression equation can be re-
written as  
Y= 2.02+ 0.828 X1 ++ 0.6112X 3 + 0.326 X1 X3 – 
0.473 X2 X3-0.328 X1 X2 X3. 
 
V. RESULTS AND DISCUSSION 
 
When the deposit was observed under microscope 
and in dye penetration test it is found that the surface 
of the deposit is free of cracks, blisters, pits, 
roughness, or undercut problems, which are generally 
encountered in fusion welding process as in some 
magnitude or other. These are also indicating, the 
friction surfacing process is the solid state welding 
[13]. 
 The primary adhesion test such as rubbing with hand, 
lifting test, Impact test, grinding wheel test, chisel 
and hammer test results are indicating the deposit had 
sufficient bond. These results revealed that the 
friction surfacing is one of the best metal joining 
processes, which can be used to surface this 
dissimilar metal combination conveniently. 
The value of the surface roughness is not constant for 
all treatment combinations and it depends on the 
selection of the levels process parameters. Surface 
roughness is important which will decide further 
surface operations if required or not before using it, 
or for producing required equipment. From the 
regression it is found that 
Surface roughness is inversely proportional to 
frictional pressure, directly proportional to welding 
speed, combined effect of (i) frictional pressure and 
rotational speed and, (ii) inversely proportional to 
rotational speed and welding speed.
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Table 3: Coefficients for regression equation for surface roughness (response) 

 
 
CONCLUSIONS 
 
The coating was produced by friction surfacing, when 
observed carefully revealed regularly spaced ripples 
can be seen on the coating top surface. The ripple 
formation is associated to nature of material transfer 
from mechtrode to substrate. The surface roughness 
on tool steel M2 coating ranges between 0.38 to 
4.45µm as shown in table 2, The evaluation of 
roughness or smoothness of coating surface depends 
upon the frequency of material transfer in layers [14]. 
Tool steel coating is made on low cost material like 
low carbon steel by using friction surfacing process, 
in such a way that raw material cost and machining 
process time can be reduced.  
 
Friction surfacing can be used in critical areas 
application include hard facing materials can be 
depositing on cutting edges on knifes of several 
categories, dies, punches and blades required for food 
processing , chemical and medical industries. 
Friction surfacing is easily automated, controllable, 
reliable and repeatable process and it is considered as 
simple machine tool technology. 
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