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Abstract A blank dimension is not only a premise of blank
design and manufacture, but also plays a significant role to
decide the machining process and the energy consumption of
the machining process. The design of an appropriate blank
dimension is important to ensure efficient energy usage.
However, consideration of a workpiece machining process
and energy consumption during the machining process in
the blank dimension design phase is often neglected. To de-
sign a blank dimension scientifically and effectively, this pa-
per proposes an optimization approach for blank dimension
design, by considering energy consumption, machine cost,
and process time. The three objectives are affected by three
variables, cutting depth, feed rate, and cutting speed. The non-
dominated sorting genetic algorithm-II (NSGA-II) algorithm
was used to solve multi-objective optimization problem, and
blank dimensions could be calculated from the cutting depth
of minimum energy consumption and workpiece dimension.
The results indicated that the proposed approach is effective in
realizing energy savings due to the appropriate blank dimen-
sion design. The optimization approach not only offers some
insights for designing a new blank dimension, but also pro-
vides a theoretical basis for existing blank dimension
selection.
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Abbreviations
E Energy consumption of machining

(in kilojoules)
R Surface roughness of workpiece

(in micrometers)
p0 The machine modules consumed power

(in kilowatts)
vc Cutting speed (in meters per minute)
asp Cutting depth (in millimeters)
f Feed rate (in millimeters per revolution)
kFc Correcting coefficient of cutting

tool’s parameters
x The cutting speed affect of T
y The feed rate affect of T
z The cutting depth affect of T
CFc, xFc, yFc, nFc Coefficients of cutting parameters

to main cutting force
L The cutting length of the workpiece

(in millimeters)
D Diameters of the blank

(in millimeters)
d Diameters of the workpiece

(in millimeters)
n The rotating speed of main spindle

(in revolutions per minute)
a1, a2 Additional load loss coefficients
kr' Secondary cutting edge angle of cutter
rε Corner radius of cutting tool
kr Main cutting edge angle of cutter
λs Inclination angle of cutter
T Cutting tool life (in seconds)
x The machine cost rate
yc The tooling cost per cutting edge
k Specific energy requirement in cutting

operations (ws/mm3)
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ye The energy footprint per tool cutting
edge (in kilojoules)

v˙ Material removal rate (mm3/s)
t1 Machine setup time (in seconds)
t2 Time taken for cutting (in seconds)
t3 Tool change time (in seconds)

1 Introduction

In the twenty-first century, the blank design process is receiv-
ing increasing attention from the viewpoint of energy usage
and associated environmental issues. The National Bureau of
Statistics reported that 59.5 % of the total energy produced
was consumed in the manufacturing industry [1]. The
methods employed for reducing energy consumption in
manufacturing have become a subject of intensive discussion
both in the academia and industry. Manufacturing is a process
which transformsmaterial, energy, and information into goods
for the satisfaction of human needs. During this process, ma-
terial is removed as per requirements. Since it is inherently a
process of removing material by machining, it can be wasteful
both in material and energy [2].

In order to economize material and energy usage in the
machining process, increasing attention is being given to per-
form sustainable manufacturing. The sustainable manufactur-
ing practices concept provides a continuous improvement pro-
gram structure which is focused on the improvement of risk,
cost, waste, material, and energy efficiency, and environmen-
tally friendly products and services [3]. In order to establish
sustainable manufacturing, both the researchers and manufac-
turers carried out intensive researches [4]. The researchers fo-
cused on the sustainable assessment of the machining process
[5].The manufacturers paid increased attention to make their
operations and manufacturing processes highly sustainable [6].

Product design is the most decisive phase for realizing the
objectives of sustainable manufacturing. A blank is designed
for a machining workpiece. After the workpiece design, the
next important step is blank design. Blank design is not only a
premise of blank manufacture, but also a basic precondition in
the decision-making of machining the workpiece. It is widely
acknowledged that blank design is an important task of me-
chanical design and manufacturing. During the machining op-
eration, the blank provides information about difficulties in-
volved in the removal of materials as well as amount of ma-
terial that needs to be removed. This information is the pre-
condition of deciding the process energy consumption.

The blank dimension is an embodiment of geometry and
elements of blank. Blank dimension design is a challenging
issue in the design and development of products and also
critical for the success and competitiveness of manufacturing
operations. A number of methods for blank shape design and
optimization have been previously proposed. Liu and

Sowerby [7] used experimental and numerical methods based
on a solution to Laplace’s equation to optimize the blank
shape for deep drawing prismatic cups. Park et al. [8] pro-
posed a geometrical shape error method to determine optimal
blank shape. Naceur et al. [9] used evolutionary algorithm to
optimize blank shape. Vafaeesefat [10] employed an iterative
finite element sheet metal mode to form simulations of the
optimum blank shape. Chamekh et al. [11] applied an artificial
neural network to predict the shape of the initial blank. Liu
et al. [12] used a support vector regression technique to opti-
mize the blank polygonal shape. Kitayama et al. [13] used a
sequential approximate optimization approach with a radial
basis function network to determine the optimal blank shape.

The blank dimension is not only a key parameter in blank
design phase, but also affects the entire machining process
stretching from the blank to the workpiece. Blank dimension
is the sum of cutting depth and workpiece dimension. Cutting
depth is one of the main machining parameters and it signif-
icantly affects energy consumption [14]. Although a relation-
ship between the blank dimension and energy consumption
cannot be directly established, it is feasible to formulate such a
relationship with cutting depth.

Attempts to investigate the relationship between machin-
ing parameters and energy consumption for the purpose of
energy savings have received significant attention. Such ap-
proaches lead to the development of energy-consumption
models and methods for the optimization of parameters for
minimizing energy usage. The reviews of research published
on the optimization of parameters for energy savings are as
follows: Chapman [15] suggested that energy usage in a
machining process can be evaluated and reduced by concen-
trating on a particular process in detail. Ippolito and De [16]
wrote one of the first papers to recognize the need to con-
sider and measure energy usage in the machining process.
Jain et al. [17] described the optimization of parameters for
the machining processes using genetic algorithms and gave
the details of formulation about optimization models, solu-
tion methodology, and optimization of results. Diaz et al.
[18] analyzed the impact of workpiece material and its re-
moval rate on energy consumption. Bi and Wang [19] ana-
lyzed the energy models based on the explicit relationships
between the machining parameters and energy consumption,
and chose machine tools on such basis for saving energy.
Bhushan [14] demonstrated that feed is the most significant
machining parameter, followed by the cutting depth and
speed, for reducing power consumption and surface rough-
ness. Mativenga and Rajemi [20] searched parameters for
minimum energy consumption on the basis of tool life.
Mori et al. [21] developed an acceleration control method
to reduce energy consumption. Kant and Sangwan [22] pro-
vided a multi-objective predictive model for the minimiza-
tion of power consumption and surface roughness in ma-
chining operation. Wang et al. [23] used non-dominated

1230 Int J Adv Manuf Technol (2016) 87:1229–1235



sorting genetic algorithm-II optimization machining param-
eters for energy saving, cost reduction, and quality improve-
ment. Li et al. [24] carried out optimization and experimen-
tal methods optimization machining parameters for energy
saving. Li et al. [25] established multi-objective empirical
models and used non-dominated sorting genetic algorithm-
II (NSGA-II) algorithm optimization machining parameters.
Camposeco-Negrete1 et al. [26] used robust design optimi-
zation machining parameters to minimize energy consump-
tion during the turning operation of AISI 1018 steel.

In conclusion, in recent years, researches on blank di-
mension optimization and machining parameters optimi-
zation for energy saving have made a marked progress. In
the traditional blank design phase, blank dimension de-
sign mainly depends on blank manufacturing processing
properties. After blank design and manufacture, different
methods are used to optimize the energy consumption
starting from blank to workpiece. An inappropriate blank
dimension cannot ensure minimum energy consumption.
Conserving energy is one of the main targets of sustain-
able manufacturing. Green design is a key technology of
implementation to ensure sustainable manufacturing. The
aim of blank design is for machining a workpiece.
However, so far, no efforts have been made toward con-
sidering machining energy consumption as a target of
blank dimension design. In the work presented in this
paper, an attempt was made to choose the most appropri-
ate blank dimension based on minimum energy consump-
tion. The influence of the blank dimension on energy
consumption was analyzed. A multi-objective optimiza-
tion model was set up in which the objective energy, cost,
and time were considered. These objectives are affected
by three variables, namely cutting depth, feed rate, and
cutting speed. NSGA-II algorithm was used to optimize
machining parameters and compute energy consumption.
Blank dimensions could be calculated by using the cutting
depth of minimum energy consumption and workpiece
dimension.

2 Impacts of the blank dimension on energy
consumption

The blank dimension is typically considered as a premise of
determining the process plan. The process plan is implemented
to produce the features and characteristics of the workpiece.
Manufacturing requirements which include the manufacturing
equipment, tools, and operating conditions for each process are
usually prescribed by means of process planning. The consid-
eration of energy consumption as an additional objective in the
process plan formulation may have its results to be significantly
different from the one based solely on traditional objectives.
Notably, both specific operations and blank dimensions impact
the total energy consumption in the planning process starting
from blank to workpiece manufacture.

2.1 Impacts of the blank dimension on process planning

The blank dimension is not only the basis and premise of pro-
cess planning, but also a necessary condition for determining
machining parameters. Different blank dimensions have differ-
ent allowances, process routes and machining parameters. The
process routes are determined by the manufacturing equipment,
tools, operating conditions and the blank dimension.

To explain basic concepts and in the context following
discussion, the component shown in Fig. 1 will be used.
The dimensions mentioned in this paper are in millimeters
and the surface tolerance unit is in micrometers. The
workpiece, which is 300 mm in length and 50 mm in
diameter, is made from a 45# carbon steel cylindrical
bar. Its surface roughness requirement is 6.4 μm. Two
alternative blank dimensions are available for producing
the workpiece: (1) To prepare a blank having dimensions
of 55 mm in diameter and 5 mm in cutting depth accord-
ing to the lathe and process manuals, only one path is
required to complete process [27]; (2) To prepare a blank
having dimensions of 60 mm in diameter and 10 mm in
cutting depth according to the lathe and process manuals,

(a) Blank dimension 1 Blank dimension 2

(c)

(b)

Workpiece dimension 

Fig. 1 Blank dimension and
workpiece dimension. a blank
dimension 1, b blank dimension
2, and c workpiece dimension
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two paths are needed to complete process. The above
example shows that the blank dimension can determine
the process planning.

2.2 Impacts of process planning on energy consumption

Industrial process planning intends to perform the optimal
resource allocation [28]. The selection of required operations
that would produce the features for a given component design
is a fundamental task of process planning. With increasing
energy consumption and environmental degradation, manu-
facturers are more concerned about energy consumption espe-
cially in the process planning phase [29]. Process planning
concentrates on specifying conditions that are required to pro-
duce a given component, such as the machines, operations,
operation sequence, machining conditions, and tools/fixtures
[30]. Machines, operation sequence, machining conditions,
and tools are all parts of the process planning selected objects.
Each of the above factors can affect energy consumption.
Optimization of different factors for minimum energy con-
sumption has been carried out.

Machining is a key factor deciding process planning
and affecting energy consumption. There are two kinds
of methods that can save machining energy consumption.
One is optimization and improvement of mechanical
equipment and the other is optimization machining pa-
rameters. Optimization and improvement of mechanical
equipment require equipment adjustments and replace-
ment, both of which are time and energy consuming. It
also causes extra costs, which is not a favorable outcome.
The optimization of machining parameters only sets up all
types of models and uses arithmetic to seek the minimum
energy consumption. In this paper, the optimization of
machining parameters is studied.

3 Energy consumption optimization model based
on the blank dimension

The impact of the blank dimension on energy consumption is
important. In order to ensure minimum energy consumption, it
is essential to build an energy consumption model based on
the blank dimension.

3.1 Variables

For the formulation of the objective function, the three deci-
sion variables selected were cutting depth, feed rate, and cut-
ting speed. These variables include all the machining param-
eters employed in the actual machining.

3.2 Objectives

Three different, mutually conflicting objective functions were
optimized in this model. The first objective function is the
energy consumption, which is shown by Eq. (1). It was stud-
ied by Rajemi et al. [31],

E ¼ p0t1 þ p0 þ k �vð Þt2 þ p0t3
t2
T

� �
þ yE

t2
T

� �
ð1Þ

According to Liu et al. [32], the calculation of energy con-
sumption in the turning operation can be rearranged as Eq. (2),
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Blank dimension is the sum of the workpiece dimension
and depth of cutting. The relationship between the blank di-
mension and energy consumption can be written as shown by
Eq. (3),
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The second objective function for the machining cost is as
shown by Eq. (4). It was studied by Kalpakjian and Schmid
[33],

C ¼ x t1 þ t2 þ t3
t2
T

� �
þ t3

T
yc ð4Þ

The third objective function for the process time is shown
by Eq. (5). It was studied by Yi et al. [34].

TP ¼ t1 þ t2 þ t3
t2

T
ð5Þ

3.3 Constraints

There were several limiting conditions for the optimization of
constraints which were all taken into account. In the first
place, they were the permitted values for the machining pa-
rameters, specified for the machine, tools, and processing
quality limits:

amin≤a≤amax ð6Þ

f min≤ f ≤ f max ð7Þ

πd0nmin

1000
≤v≤

πd0nmax

1000
ð8Þ
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The constraints related to machine features are as follows:
The cutting force F must not be greater than a certain maxi-
mum value Fmax.

F ≤ Fmax ð9Þ

The maximum allowable value for the cutting power P
must be less than the motor output power.

P≤ηPmax ð10Þ

Finally, for the finishing operations, the surface roughness
obtained R must be smaller than the specified value Rmax

given by technological criteria. This condition is expressed
by Eq. (11).

R≤Rmax ð11Þ

4 Case studies

4.1 Background of the optimization problem

The turning operation was taken into consideration to study
the effect of the blank dimension on energy consumption. The
workpiece made from 45#carbon steel was 300 mm in length
and 50 mm in diameter, and its surface roughness was 6.4 um.
The workpiece was machined on a CNC lathe, which has a 5.5
Kw motor having an efficiency of 80 %. A maximum cutting
force of 5000 N was allowed by the machine system.

According to the specifications of the CNC lathe, the
allowed machining parameters for the rough turning processes
were subjected to following limits:

amin ¼ 0:05 mm ; amax ¼ 5 mm ;

nmin ¼ 80 r
.
min; nmax ¼ 3000 r

.
min

f min ¼ 0:05 mm
.
r; f max ¼ 1:12 mm

.
r

The parameters of cutting tool used in optimization are
shown in Table 1.

It is necessary to determine some parameters and data
ahead of optimization.

Firstly, the coefficients x, y, z, CFc, KFc, xFc, yFc, and nFc
should be confirmed in the optimization model. They were
obtained from a mechanical engineering manual and shown
in Table 2.

Secondly, referring to the mechanical engineering manual,
the coefficients contained in the optimization model, includ-
ing the tool change time tc, the auxiliary time to, additional
load loss coefficients a1, additional load loss coefficients a2,
and the no-load minimum power puo, were determined. The
detailed parameters are shown in Table 3.

Finally, the production and material costs were resolved.
The production cost was estimated as 0.051 dollars/s, which
included the direct machine tool depreciation cost, salary for
the worker, and indirect management cost. The purchase price
of the carbide tool was 8.33 dollars/piece and the cost of the
pure emulsifier was 18.75 dollars/L.

4.2 Simulation for the optimization model

A lot of approaches were proposed to solve multi-objective
optimization problems, among which NSGA-II is widely ap-
plied. Hence, NSGA-II was used to solve the problem.

In fact, population dimension and generation number are
chosen according to trial as no standardized mathematical for-
mula was available. The population dimension generally
ranges from dozens to hundreds. After several trials, a popu-
lation dimension of 50 was selected. The generation number
generally ranges from 100 to 1000. After several trials, 100
was selected as the generation number. In addition, the cross-
over probability was Pc=1, and the number of individuals was
100. NSGA-II algorithm was implemented in Matlab 2009
and the trade-off parameter optimization was accomplished.
For the NSGA-II algorithm, the initial and final points were
determined ahead of time. The assumed blank dimension in-
terval was from 51 to 61 mm.

4.3 Simulation result

Three-dimensional view of energy consumption, machining
cost and process time obtained by NSGA-II algorithm for
the machining parameter optimization is similar to a parabolic
surface. The typical points are distributed near the surface.
The projection on energy consumption-machining cost plane

Table 1 Parameters of cutting tools

Parameters Main cutting
edge angle kγ

Seconding cutting
edge angle kγ

,
Inclination
angle λs

Corner
radius rε

Values 45° 20° 5° 0.8 mm

Table 2 The tool life and the cutting force coefficients

Parameters x y z CFc KFc xFc yFc nFc

Values 5 1.75 0.75 2795 1 1 0.75 −0.15

Table 3 Values of coefficients in the optimization model

Parameters a tool
change
time(tc)

the
auxiliary
time(to)

additional
load loss
coefficient
a1

additional
load loss
coefficient
a2

the no-load
minimum
power(puo)

Values 1.5 s 0.75 s 0.227 −0.667×10-6 40.6 Kw
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is similar to the image of index, around which typical points
are distributed. The projection on the energy consumption-
process time plane is similar to the image of index, around
which typical points are distributed. The projection on the
machining cost-process time plane is similar to a straight line,
around which these points are distributed. From the simula-
tion, the optimal machining parameters obtained were 2.1,
0.74, and 45, and the optimal values of objective functions
were 95.22, 3.73, and 9.30. The blank dimension was
54.2 mm.

5 Discussions

The present work provides an approach through optimization
machining parameter to obtain minimum energy consump-
tion, according to the cutting depth of minimum energy con-
sumption and workpiece dimension design blank dimension.
The designed blank dimension can ensure processing of min-
imum energy consumption. A few issues observed in this
study require further discussion.

5.1 Comparison to traditional blank dimension’s energy
consumption

The typical optimization machining parameters and results are
shown in Table 4. The energy-saving effect of the model is
clearly evident. There is no doubt that the first group of pa-
rameters in Table 4 is the most energy-efficient. The energy
consumption of the second and fourth scheme is 1.244 and
2.787 times that of the first scheme, respectively. The cutting
depth of scheme 1 is recommended for computing the blank
design dimension. According to the cutting depth and work-
piece dimension, the blank dimension is 54.2 mm. This di-
mension is recommended as the dimension for the blank de-
sign as it can realize minimum processing energy consump-
tion. By querying the national standard of blank dimensions,
56 and 60mm are found as the closest design dimensions [27].
Compared to the standard blank dimension of 56 mm, the
designed blank dimension energy consumption is only
80.3 % of the original; the material use is only 93.6 % of the
original. Compared to the standard blank dimension of

60 mm, the designed blank dimension energy consumption
is only 35.8 % of the original; the material use is only
81.6 % of the original. The blank dimension designed through
this approach reduces energy consumption and saves raw
material.

5.2 Comparative benefits between our approach
and literature’s approach

Some multi-objective methods have been reported in the op-
timization of machining parameters for reducing energy con-
sumption [17, 19, 21–26], those methods and algorithms were
effective for energy saving. However, those researches con-
sidering the optimization of machining parameters on the ba-
sis of the blank have been produced. In that case, it is very
difficult to guarantee the minimum energy consumption due
to the inappropriate blank dimension. Whether a product is
sustainable is largely determined in the design phase. In this
paper, the blank dimension is designed based on the cutting
depth of minimum energy consumption.

5.3 Practical implications and future steps

An approach was proposed for blank dimension design
and it was verified. It was useful for reducing energy
consumption during machining. This study will assist ac-
ademicians and practitioners in enhancing their knowl-
edge and comprehension of blank dimensions. It will also
assist the manufacturing industry in improving raw mate-
rial and energy utilization. Above all, this research ex-
tends to explore the area of manufacturing especially the
traditional processing region. Therefore, not only from the
theoretical standpoint but also from a practical application
standpoint, this research demonstrated an approach to de-
sign blank dimension that guarantees the minimum energy
consumpt ion in mach in ing ope ra t ion p roces s .
Nevertheless, in this paper, only the influence of the blank
diameter dimension on energy consumption was consid-
ered. The future studies should include a comprehensive
evaluation of the effect of the blank diameter and length
on the workpiece, and also new methods for optimization
machining parameters.

Table 4 Comparative experiments of parameter selection

Scheme Cutting
depth (mm)

Feed
rate (mm/r)

Cutting
speed (m/m)

Energy
consumption (kj)

Machining
cost ($)

Process
time (s)

1 2.1 0.74 45 95.22 3.73 9.30

2 3.00 0.74 54.16 118.52 3.07 7.59

3 3.51 0.74 66.21 145.29 2.59 6.32

4 5.00 0.75 114.61 265.47 1.58 3.65
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6 Conclusions

An approach of the blank dimension optimum design for min-
imum energy consumption during machining has been pre-
sented. Minimum energy consumption is optimized based
on existing processing conditions, equipment, and process
characteristics. Blank dimension design on the basis of mini-
mum energy consumption can guarantee minimum energy
consumption.

This approach, which designs blank dimensions on the
basis of minimum energy consumption, is expected to be
helpful to the manufacturing industry for saving energy. The
design of an appropriate blank dimension is the basis in real-
izing a sustainable development for the manufacturing
industry.
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