
Maraging Steel
Maraging   steel   is a   special   class   of   high-strength   
steel   which   differs   from conventional  steels  in  the  
way  that  they  are  hardened  by metallurgical  reaction  
that  does  not  involve  carbon.  Maraging  steels  are  
strengthened by  the  precipitation  of  inter-metallic  
compound  at  temperatures  of  about  4800C   (9000 
F).  The distinguishing feature of this steel is superior 
toughness compared to other hardened steels. These 
steels typically have very high nickel, cobalt and molyb-
denum contents, small amounts of titanium and very 
low carbon contents. Carbon, in fact, is an impurity in 
these steels  and  is  kept  as  low  as  commercially  fea-
sible  in  order to  minimize  the  formation  of  titanium  
carbide  (TiC),  which can  adversely  affect  strength,  
ductility  and  toughness.  The nomenclature  that  has  
become  established  for  these  steels is  nominal  yield  
strength  (ksi  units)  in  parentheses.  Thus, for  an  ex-
ample,  18Ni(350)  steel  is  normally  age  hardened  to a  
yield  strength  of  2415 MPa  (350 ksi).  The most widely 
used and commonly available grades are 18Ni(250), 
18Ni(300) and 18Ni(350). Maraging steels have been 
used in a wide variety of applications, including mis-
sile cases, aircraft forging, structural parts, cannon re-
coil, springs, bellaville springs, bearings, transmission 
shafts, fan shafts in commercial jet engines, couplings, 
hydraulic hoses, bolts, punches and dies.

Table 1-Composition of MDN350 steel

Source: Selection: Irons, Steels, and High-perfor-
mance Alloys of ASM Handbook
Response Surface Methodology
Response surface methodology is a collection of sta-
tistical and mathematical methods that are useful for 
the modelling and analyzing engineering problems. In 
this technique, the main objective is to optimize the 
response surface that is influenced by various process 
parameters. Response surface methodology also quan-
tifies the relationship between the controllable input
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Design of Experiments (DOE):
A Design of Experiment (DOE) is a structured, organized 
method for determining the relationship between fac-
tors affecting a process and the output of that process. 
Conducting and analyzing controlled tests to evalu-
ate the factors that control the value of a parameter 
or group of parameters. Design of Experiments (DOE) 
refers to experimental methods used to quantify in-
determinate measurements of factors and interac-
tions between factors statistically through observance 
of forced changes made methodically as directed by 
mathematically systematic tables.
Design of Experiment Techniques

Factorial Design•	
Response Surface methodology•	
Mixture Design•	
Taguchi Design•	

Among these, Response Surface methodology is used 
for optimizing the Surface Roughness in Turning Op-
eration.
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parameters and the obtained response surfaces.
The design procedure of response surface methodol-
ogy is as follows:
(i) Designing of a series of experiments for adequate 
and reliable measurement of the response of interest.
(ii) Developing a mathematical model of the second or-
der response surface with the best fittings.
(iii) Finding the optimal set of experimental param-
eters that produce a maximum or minimum value of 
response.
(iv) Representing the direct and interactive effects of 
process parameters through two and three dimension-
al plots.
RSM Design Points Needed:
Table 2–Design point

Central Composite Design:
The most popular response surface method (RSM) de-
sign is the central composite design (CCD). A CCD has 
three groups of design points:
(a)   Three-level factorial or fractional factorial design 
points
(b)  Axial points (sometimes called “star” points)
(c)  Center points

Figure 1: Central Composite Design (CCD)
Format :

Ra = C Vn fm dp e•	
lnRa = lnC + n lnV + m lnf + p lnd + lne •	
yˆ = y – e = b0x0 +b1x1+ b2x2 + b3x3 •	
yˆ =b0 x0+b1x1+b2x2+b3x3 +b11x12+b22x22+b33x32 •	

+b12x1x2+b13x1x3+b23x2x3 
Surface roughness model:
The relationship between the surface roughness and 
machining independent variables (speed, feed and 
depth of cut) by the following:
Ra = C Vn fm dp e  
Cutting force model: 
Force is given by the following equation
F = C Vn fm dp e
Experimental Plan Procedure
Specification of the lathe machine
Made                                     :  GEDEE WEILER
Swing over bed                      :   300mm
Admit between centers          :   800mm
Spindle variable speed            :   45-2500 rpm
Feed range			   :   0.019-0.528 mm/rev
Cutting conditions:
Table 3-Cutting Parameters and Their Level

Cutting forces measurement

It   was   necessary   to   design   a   fixture   to   mount   
a   force dynamometer  on  the  lathe  in  such  a  way  
that  tool  tip  will lie at the exact center of lathe axis. 
The cutting forces will be measure using    Kistler type 
9272A Quartz 4-component   dynamometer   mounted 
on specially designed fixture. Software used for mea-
suring the values of different forces is Dynoware type 
2825A.
Surface roughness measurements:
The measurements of average surface roughness (Ra) 
were made on TAYLOR HOBSON PRECISION SURTRON-
IC 3+ . Three measurements of surface roughness were 
taken at different locations and the average value is 
used in the analysis. It directly gives the value in digital 
format.
Results and Discussion
Table 4-Cutting forces vs. cutting speed at 
various feed rate and constant depth of cut 
0.1mm.
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Figure 2 : Cutting forces vs. cutting speed at 
various feed rate and constant depth of cut     
0.1mm.

ANOVA Output
This section is intended to provide definitions for each 
statistic in the analysis of variance. Some statistics are 
only given under certain conditions or for certain de-
signs. The ANOVA is built entirely on the premise that 
the factors are fixed, not random and the design is 
crossed, not nested. 
Feed force (Fx):Table 5-Model Summary Sta-
tistics for Fx

Thrust Force (Fy):Table 6-Model Summary 
Statistics for Fy

Table 7-Model Summary Statistics for Fz

Surface roughness:
Table 8-Model Summary Statistics for Surface 
Roughness

Surface Roughness equation
Ra = +612.61 + 157.06*B + 38.94 * B * C + 93.64*B2 
- 126.36* C2 ± ε

Figure 3: Surface roughness 3D surface in cutting speed and 

feed rate plane at depth of cut of 0.15mm 

Figure 4 : Surface roughness 3D surface in cutting speed and 

feed rate plane at depth of cut of 0.2mm
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Figure 5: Surface roughness contour in feed 
and depth of cut plane at cutting speed of 
26.30 m/min

Conclusion :

The effect of cutting speed, feed rate and depth of cut 
on the feed force, thrust force, cutting force and sur-
face roughness in finish hard turning of MDN350 (58 
HRC) steel. 
1.Thrust force model: the feed rate and depth of cut are 
significant factor with 47.76% and 48.35% 
2.Cutting force model: the feed rate and depth of cut 
are the most significant factors affecting cutting force 
and account for 53.49% and 42.11% 
3.Surface roughness model: The interaction between 
feed rate and depth of cut, quadratic effect of feed 
rate and quadratic effect depth of cut provide second-
ary contribution to the model.
Good surface roughness can be achieved when depth 
of cut is set nearer to high level of the experimental 
range (0.2mm) and feed rate is at low level of the ex-
perimental range (0.03mm/rev).
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