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Abstract: 3D microscopic cutting simulation of CFRP is very important for revealing material removal mechanism and 
damage suppression, wherein mass scaling is usually adopted for solving the problem of extremely low calculating 
efficiency. For the simulation with very low cutting speed, a quasi-static criterion is usually adopted for an appropriate 
mass scaling factor. However, to get closer to real machining processes, there is tendency of simulation with higher 
cutting speed considering more complicated factors, and the selection of mass scaling factor in this situation is difficult 
and computationally intensive. To solve this problem, this study aims to propose an efficient method of appropriately 
selecting mass scaling factor, which is upon the kinetic-to-internal energy ratio in the beginning stage of simulation. 
Through direct relationship between kinetic energy and cutting speed, the selection method applies under different 
cutting speeds; with the focus on the beginning stage of calculation, the proposed method requires little calculating work. 
By verification, such advantages are clearly presented with obviously improved calculating efficiency and limited error. 
What’s more, a set of empirical values of mass scaling factor suitable for different cutting speeds are provided for 
reference. The findings of this study could make great contributions in facilitating the development of 3D microscopic 
cutting simulation method of CFRP. 
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1. INTRODUCTION 

Carbon Fiber Reinforced Polymer/Plastic (CFRP) is 
regarded as a kind of high-performance structural 
material in aviation industry for its excellent properties 
such as high specific strength and strong designability 
[1-3]. The components made from CFRP are usually 
near-net shaped, but for meeting the engineering 
requirements of assembly, processes such as drilling 
and edge trimming are always inevitable and in great 
demand. However, due to the inherent characteristics 
of anisotropy and heterogeneity of CFRP which are 
totally different from the metal, the CFRP components 
are very vulnerable to undesirable machining damages 
like delamination, burrs and fiber pull-out in such 
processes [4-6], which severely affects the overall 
performances of the components and further hinders 
the engineering application of CFRP. Hence, effectively 
suppressing these damages in machining of CFRP has 
become one of the key issues remaining to be solved 
in the worldwide industry. 

For seeking the way of suppressing such damages 
from the source, a lot of studies have been conducted 
on the material removal process of the anisotropic and 
heterogeneous CFRP. To date, the simulation method, 
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especially 3D microscopic cutting simulation of CFRP 
[1, 7-9] draws more and more attention for its 
outstanding advantages in intuitively and also 
conveniently calculating dynamic removal processes of 
multiple fibers and matrix, which is always regarded as 
the material removal essence of CFRP. However, since 
such simulation is based on a model which is very 
difficult to calculate for its rather small elements of each 
constituent phase and the rather complicated contacts 
between the phases, the calculating efficiency is 
always extremely low, considerably slowing down the 
research process [10]. Therefore, how to markedly 
improve the calculating efficiency has been a focus and 
also an important problem in the field of 3D 
microscopic cutting simulation of CFRP. 

Generally speaking, careful mesh generation and 
mass scaling are two main methods for improving 
calculating efficiency of the cutting simulation. In terms 
of CFRP 3D microscopic cutting simulation, due to the 
limitation of small geometric dimension and 
requirements of computational precision, the former 
method is hard to work. On the other hand, without 
such limitations, the mass scaling can be expected as 
an appropriate method for this issue. However, due to 
its basic principle of artificially modifying the element 
density, the calculating precision would be affected 
undoubtedly, particularly in the situation when the 
cutting speed is very high. In other words, the 
successful application of such method must be 
premised on the appropriate selection of mass scaling 
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factor, under which the calculating precision can be 
guaranteed as much as possible. 

On this point, some studies have been conducted 
for seeking an effective method of selecting appropriate 
mass scaling factor. To date, the selection is always 
made based on a quasi-static criterion [11-13]. It 
considers that for a quasi-static process, with 
appropriate mass scaling, the inertial effect should be 
limited. Specifically, it requires that the kinetic energy 
should remain a small part of the internal energy, 
typically less than 10%. By this method, some studies 
introduced mass scaling into the cutting simulation of 
composites. Rao [14] used mass scaling in two-
dimensional microscopic cutting simulation of GFRP on 
the basis of this quasi-static criterion. Agarwal [15] also 
used the same criterion in 3D microscopic cutting 
simulation of CFRP.  

Nevertheless, with the quasi-static prerequisite, the 
cutting speeds used in the above-mentioned studies 
are very low (about 0.5m/min), far less than the one 
actually adopted in practical drilling and edge trimming 
processes of CFRP. In fact, in order to make the model 
closer to real machining process, there is a trend in 
simulation with higher cutting speed considering more 
complicated factors. However, with the increase of 
cutting speed, the kinetic energy would also increase, 
and it becomes more and more difficult to satisfy the 
quasi-static criterion. In a word, for 3D microscopic 
cutting simulation of CFRP, the quasi-static method 
only applies to the model with extremely low cutting 
speed. With a higher cutting speed, for a reliable 
calculation result, the appropriate mass scaling factor 
can only be determined through a set of fully calculated 
models including the one without mass scaling, which 
usually requires enormous calculation. Hence, it is very 
necessary to develop a new selection method of mass 
scaling factor, which is efficient for determining an 
appropriate mass scaling factor and can be suitable 
under different cutting speeds in 3D microscopic cutting 
simulation of CFRP to improve the calculating 
efficiency and ensuring the calculating precision at the 
same time. Unfortunately, relevant study is still in 
infancy. 

The objective of this paper is to propose such an 
efficient selection method of mass scaling factor. 
According to the basic principles of mass scaling, the 
overall thinking of the selection method is presented, 
which mainly contains two steps: the one is to 
determine a selection criterion, under which the 
appropriate mass scaling factor could be determined 
efficiently; the other one is to determine the appropriate 

mass scaling factor meeting the selection criterion. The 
core of this paper lies in the first step with two key 
problems. Firstly, the effect of mass scaling on the 
calculating precision in 3D microscopic cutting 
simulation of CFRP is studied through the calculation of 
a set of models with different mass scaling factors, 
wherein an appropriate mass scaling factor is obtained. 
Secondly, for quick determination and clear 
identification, the ratio of kinetic energy to internal 
energy in the beginning stage of calculation is 
analyzed. Based on these analyses, the relationship 
between the energy ratio in the beginning stage and 
the calculating precision is revealed, upon which the 
selection criterion is concluded and verified. With this 
criterion, for the second step, through calculating the 
models with different mass scaling factors for a short 
amount of time, the appropriate mass scaling factor 
under given cutting speed could be determined. The 
method proposed in this paper applies under different 
cutting speeds without enormous trial work, which 
would reduce calculation load to a great extent and 
make great contributions in facilitating the development 
of CFRP 3D microscopic cutting simulation method. 

2. RESEARCH SCHEME OF SELECTING MASS 
SCALING FACTOR BASED ON ITS PRINCIPLES 

In CFRP cutting simulations, explicit solution 
method is usually adopted for its advantages in solving 
nonlinear problems, for instance, the robust contact 
analyses [16]. The explicit solution uses the central 
difference method to explicitly integrate the motion 
equation over the time domain through many small 
increments, as shown in Eqs. (1-2) [17]. 
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where uN represents displacement or rotation 
components, i represents increment number and t!  is 
the time increment. The method uses the values of 
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acceleration at the beginning of each increment is 
calculated as follow: 
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Where MNJ represents mass matrix, PJ represents 
applied load and IJ represents internal force. 
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When the time increment  !t  is larger, the total 
number of increments required for the full calculation is 
smaller, and the calculating efficiency is higher. 
However, there is a limitation for the time increment 
 !t , namely stability limit  !tstable  to ensure that the 
acceleration is as close as possible to a constant in 
each increment. That is to say, the time increment  !t  
could only be enlarged at the premise of the increase 
of the stable time increment  !tstable . 

Due to the fact that the stable time increment is 
related to the highest frequency of the model which is 
hard to acquire, an approximate and conservative 
stability limit is always used which could be depicted as 
the smallest transit time of a dilatational wave across 
any elements in the model. The expression for this 
stable limit is shown as follow: 

 
!tstable = Le "

E
           (4) 

where Le is the characteristic element dimension 
related to the element size, ρ represents material 
density and E represents the elastic modulus. 

Based on Eqn. (4), the methods for improving 
calculating efficiency are analyzed. Above all, the 
stable limit would increase with the increase of element 
size. However, for 3D microscopic model of CFRP, 
there exist extremely small geometric features. With 
such kind of geometric structure, the element size and 
the stability limit are limited, and thus the improvement 
of calculating efficiency through optimizing mesh 
generation is also limited. Another method is increasing 
the stable time limit through modifying the density 
artificially, namely mass scaling. In this situation, 
without the limitation of geometric features or other 
limitations related to further development of the model 
such as the rate-dependent material properties, mass 
scaling provides a solution. 

However, the introduction of mass scaling would 
definitely introduce errors which must be controlled for 
a precise calculating result. The commonly used 
method for selecting appropriate mass scaling factor is 
based on the quasi-static criterion. It requires that in 
terms of the quasi-static process, the effect of 
introduced mass scaling on the kinetic energy should 
be small, accounting for a small part of internal energy. 
While with the increase of cutting speed, the kinetic 
energy also increases and the quasi-static criterion no 
longer applies. In this situation, it is difficult to select the 
appropriate mass scaling factor for the reason that 
enormous calculation is needed to determine whether 

the calculating precision is affected obviously, and the 
factor should be determined again when some related 
parameters of the model for instance the cutting speed 
are changed, which hinders the development and 
improvement of the microscopic model to a great 
extent. 

To this end, for a reliable selection criterion based 
on which the appropriate mass scaling factor could be 
determined efficiently, there are several key problems 
remaining to be solved. Firstly, the effect of mass 
scaling factor on the calculating precision should be 
studied based on a 3D microscopic cutting simulation 
of CFRP through which the appropriate mass scaling 
factor can be obtained. Secondly, for quick 
determination and clear identification purpose, a 
representative variable which could reflect the effect 
degree of mass scaling is needed. On referring to the 
quasi-static criterion, it is found that the kinetic energy 
is directly affected by mass and velocity while internal 
energy is almost not and the response of energy is 
quick with less fluctuation compared with other 
variables such as the cutting force. Thus the ratio of 
kinetic energy to internal energy might well be 
appropriate for the representative variable. Besides, to 
judge the appropriateness efficiently and reduce trial 
work, the ratio in the beginning stage of calculation is 
focused. What’s more, the relationship between the 
representative variable and the calculating precision 
should be revealed, based on which the selection 
criterion and thus the selection method for the mass 
scaling factor are proposed. The above research 
scheme is concluded as Figure 1. 

 

Figure 1: Research scheme. 
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3. EFFECTS OF MASS SCALING ON CALCULATING 
PRECISION AND THE APPROPRIATE FACTOR 

In this section, a 3D microscopic cutting model is 
developed and verified firstly based on finite element 
software ABAQUS. Then, through the calculation of a 
set of models with different mass scaling factors, the 
effect of mass scaling factor on the calculating 
precision is analyzed and the appropriate mass scaling 
factor corresponding to the current model is 
determined. 

3.1. Establishment of 3D Microscopic Model and 
the Verification 

3.1.1. Geometry Modeling and other Settings 

The geometry of the microscopic model is shown as 
Figure 2. The workpiece is mainly composed of 
microscopic part which consists of fibers, interfaces 
and resins (marked as A, B and C respectively in 
Figure 2) and Equivalent Homogeneous Method (EHM) 
part (marked as D in Figure 2) which mainly provides 
support for microscopic part. To study the effect of 
mass scaling on the calculating precision, this paper is 
based on a model which originally has very low 
calculating efficiency with the size of  300 ! 78 !13µμm 
and around 600 thousand elements. As for the tool, the 
rake angle and the clearance angle are 25o and 5o 
respectively, and the cutting edge radius is 10µm. 

The element type adopted in each part is 8-node 
linear brick, reduced integration and hourglass control 
(C3D8R). The interaction between the tool and 
workpiece is set as surface-to-surface contact based 
on penalty contact method. Meanwhile, to prevent the 
elements from penetrating with each other, the general 
contact is set. To simulate the clamping state in 

experiment, the back and the bottom of the workpiece 
are fixed. 

 

Figure 2: Schematic diagram of geometric model. 

3.1.2. Material Modeling 

In this paper, the constitutive model of carbon fiber 
is simplified as linearly elastic and transversely 
isotropic [18]. The failure criterion used is the maximum 
stress criterion which is achieved by the user 
subroutine VUMAT. The resin is simplified into isotropic 
elastoplastic material, and the shear failure criterion is 
adopted. When the equivalent plastic strain reaches 
the failure strain, the material fails and enters the 
damage evolution stage, and linear damage evolution 
is adopted. The interface is the material between the 
resin phase and the fiber phase, which could connect 
the two phases and transfer the load. Some literatures 
[19-20] used cohesive element to simulate the cracking 
of the interface while the cohesive element has the 
problem of excessive distortion for compressive failure 
[21]. This paper uses continuum element to simulate 
the interface, with the material model similar to that of 
resin, but the strengths are slightly reduced [22-23]. 
The material properties used in this paper are shown in 
Table 1. 

Table 1: Material Properties used in the Simulation 

Carbon Fiber    

Elastic modulus E1 (Gpa) 295 Elastic modulus E2=E3 (Mpa) 14 

Poisson's ratio ν12=ν13 0.2 Poisson's ratio ν23 0.07 

Tensile strength along fiber direction XT (Mpa) 5880 Shear strength Sij (Mpa) 380 

Density (T/mm3)  1.7 !10"9    

Resin    

Elastic modulus E (Mpa) 3400 Poisson's ratio ν 0.34 

Density (T/mm3)  9.8 !10"10  Yield strength (Mpa) 85 

Failure strain 0.02   
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3.1.3. Verification of the Model 

For the verification of the model, mass scaling is not 
introduced in this section. The model is verified 
according to reference [10] and the average cutting 
forces during the fracture of the first fiber are 
compared. The average force in reference [10] is 
0.008096N, and that in this paper is 0.00792, with an 
error of 2.17% which is rather small. Besides, the 
cutting phenomena of both the verification model and 
reference [10] are shown in Figure 3. In this way the 
model is verified. 

3.2. Effects of Mass Scaling on the Calculating 
Precision and the Appropriate Factor 

In this section, the effects of mass scaling on the 
calculating precision based on the developed 3D 
microscopic cutting model with cutting speed Vc = 1 
m/s are investigated. The model without mass scaling 
is taken as reference in this section for the analyses of 
calculating precision. The selected mass scaling 
factors are 1, 2000, 4000, 6000 and 10000 and the 
CPU times when the cutting length is 11.1 µμm are listed 
in Table 2. The calculating results and analyses are as 
follows. 

Table 2:  CPU Times with Different Mass Scaling 
Factors 

Mass Scaling 
Factor 

CPU Time 
(h) 

Normalized Computational 
Efficiency 

1 50.61 1 

2000 1.753 28.87 

4000 1.288 39.29 

6000 1.078 46.95 

10000 0.87125 58.09 

The cutting forces with mass scaling factor 1 and 
2000 are shown in Figure 4 as an example. 

 

Figure 4: Cutting force with mass scaling factor 1 and 2000. 

In order to compare the difference of cutting force 
quantitatively under different mass scaling factors, the 
average cutting forces in the same stable stage are 
compared, which is stage A as shown in Figure 4. As 
for stage B, there is obvious increase for mass scaling 
2000 and it is found that the failure front has already 
reached the back constraint at this moment. The 
hindrance to deformation and failure from the boundary 
condition may as well lead to the increase of the cutting 
force. For this reason, this paper only focuses on stage 
A. The average value during this stage and the errors 
of cutting force under different mass scaling factors are 
shown in Table 3. 

As shown in Table 3, the average cutting force 
would increase with the increase of mass scaling factor 
generally and so would the errors. Among them, the 

   
     (a) Model in this research      (b) Reference model [10] 

Figure 3: Cutting phenomena of the verification and reference [10]. 
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errors of average cutting force with the mass scaling 
factor of 2000 and 4000 are both within 20%, and 
especially that of 2000 is very small, only 3.2%. 

Table 3: Average Values and Errors of the Cutting Force 
with Different Mass Scaling Factors  

Mass Scaling 
Factor 

Average Value of Cutting 
force (N) Error (%) 

1 0.042167 - 

2000 0.040797 3.2 

4000 0.047171 11.9 

6000 0.052089 23.5 

10000 0.072002 70.8 

 
Due to the reason that the material removal 

mechanism of CFRP has much to do with the 
deformation and breakage process of fiber, the effect of 

mass scaling on the calculating precisions concerned 
with these processes are analyzed as follows. 

To start with, the intuitive fiber fracture processes 
are analyzed, as shown in Figure 5. It is shown that 
excessive mass scaling would change the fiber fracture 
process. When the mass scaling factor is 1, the 
elements near the contact area of the tool and 
workpiece first fail due to shear stress and then the 
fiber would break along the fracture plane, as shown in 
Figure 5 (a). When mass scaling factor is 2000, the 
process is similar to that with mass scaling factor 1 and 
there is no obvious difference. While when the mass 
scaling factor is further increased, the elements near 
the contact area of the tool and workpiece wouldn’t fail 
and the fiber breaks directly. Besides, the stress 
distributions have obvious difference. Therefore, 
excessive mass scaling would alter the fiber fracture 
process. 

 
          (a) Mass scaling factor 1 

 
    (b) Mass scaling factor 2000  (c) Mass scaling factor 4000 

 
    (d) Mass scaling factor 6000  (e) Mass scaling factor 10000 

Figure 5: Fiber fracture process of the fiber with different mass scaling factors. 
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Apart from the phenomena, to evaluate the errors 
quantitatively in terms of fiber deformation and 
breakage, the relevant variables are measured and 
analyzed. For the former one, as the fiber would 
deform continuously with the feed of the tool before 
fracture, the times when each fiber breaks are 
analyzed to characterize the deformation of fibers. For 
the latter one, namely fiber breakage, the lengths from 
the fracture position to the free end of the fiber are 
compared. The results are shown as follows. 

There are two fibers in each column as shown in 
Figure 2, and the fracture times might be different. 
Figure 6 shows the fiber fracture times with different 
mass scaling factors. When mass scaling factor is 
2000, the fracture time of each fiber is generally close 
to that with mass scaling factor 1. When mass scaling 
factors are 4000 and 6000, the errors are always larger 
than that with mass scaling 2000, and the fracture 
times are relatively close to that with mass scaling 
factor 1 except for the second fiber with rather large 
errors. However, for the result of mass scaling factor 
10000, the error is always the largest, and fracture 
times of all the fibers are significantly earlier than 
others, which implies that the fibers would tend to 
fracture under little bending when excessive mass 
scaling is introduced. 

 

Figure 6: Fiber fracture times with different mass scaling 
factors. 

Figure 7 shows the fiber fracture lengths with 
different mass scaling factors. The fiber fracture length 
of mass scaling 2000 is always closest to that of mass 
scaling factor 1 among those results. With the increase 
of mass scaling factor, the error of fiber fracture length 
tends to increase. Besides, the fiber fracture length 

increases with the column number of fibers under small 
mass scaling factors, but that tends to level off for the 
result with mass scaling 10000. 

 

Figure 7: Fiber fracture lengths with different mass scaling 
factors. 

Through the above analyses, it is concluded that 
mass scaling factor 2000 is appropriate for the current 
model with cutting speed 1m/s. 

4. SELECTION METHOD OF MASS SCALING 
FACTOR AND VERIFICATION 

Combining the analyses of effects of mass scaling 
on the calculating precision above, this section 
concludes the efficient selection method of mass 
scaling factor based on the analyses of the energy ratio 
in the beginning stage, as depicted in Section 2. Then, 
the proposed method is verified through another 
example. Besides, a set of empirical values of mass 
scaling factors under different cutting speeds are 
provided based on the proposed method for further 
improvement of 3D microscopic cutting simulation for 
long-fiber composite material. 

4.1. Analyses of Energy Ratio and Selection 
Method of Mass Scaling Factor 

The ratio of kinetic energy to internal energy at the 
beginning stage of the workpiece with different mass 
scaling factors is analyzed firstly, as shown in Figure 8. 
The beginning stage mentioned here refers to the 
period from 0 to  3!10"6  second, corresponding to the 
time when the fibers in the first column break. 

There are always some fluctuations which might be 
due to the numerical instability at the very beginning of 
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the calculation. According to previous analyses, mass 
scaling factor 2000 is an acceptable value for the 
current model, thus mass scaling 1 and 2000 are 
grouped together and compared with others. In this 
way, it might be appropriate that the ratio of kinetic 
energy to internal energy remains below 1 in the 
beginning stage. Thus the selection criterion of mass 
scaling factor could be depicted as follows: Ignoring 
obviously unstable fluctuations, the ratio of kinetic 
energy to internal energy of workpiece remains below 1 
at the beginning stage of calculation. With this criterion, 

the appropriate mass scaling factor could be 
determined efficiently through calculating the model 
with different mass scaling factors for only a few steps. 

4.2. Verification of the Selection Method of Mass 
Scaling Factor 

In this section, an example is provided for 
verification purpose. As mentioned before, due to the 
direct relationship between cutting speed and kinetic 
energy, the proposed method should be able to apply 
under different cutting speeds. Thus, the model with 

 
       (a) Mass scaling factor 1 

 
    (b) Mass scaling factor 2000  (c) Mass scaling factor 4000 

 
    (d) Mass scaling factor 6000  (e) Mass scaling factor 10000 

Figure 8: Ratio of kinetic energy to internal energy of workpiece with different mass scaling factors in the beginning stage. 
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different cutting speed is used for verification of the 
method. The cutting speed chosen is 5m/s. 

With the method proposed above, the chosen mass 
scaling factor is 70 after several attempts and its ratio 
of kinetic energy to internal energy is shown as follow. 

 

Figure 9: Ratio of kinetic energy to internal energy with mass 
scaling factor 70 under cutting speed 5m/s. 

As shown in Figure 9, the peak value of the ratio is 
0.965. Thus the factor 70 is chosen and its calculating 
precision is analyzed. 

The cutting forces under mass scaling factor 1 and 
70 are shown in Figure 10. The average cutting forces 
in stable stage A are 0.0470 and 0.0455 respectively, 
and the error is 3.3%, which is kept in a small range. 

The time and length of fiber fracture are shown in 
Figure 11. Both results are close to that with mass 
scaling factor 1, which implies that mass scaling factor 

70 is appropriate for the current model with cutting 
speed 5m/s, and this proves the rationality of the mass 
scaling selection method proposed in Section 4.1. 

 

Figure 10: Cutting forces with mass scaling factor 1 and 70. 

4.3. Empirical Values of Mass Scaling Factors with 
Different Cutting Speeds 

As mentioned above, the appropriate mass scaling 
factors with different cutting speed are different due to 
the direct influence of cutting speed on the kinetic 
energy. Thus, for giving further references, based on 
the proposed selection method, a set of mass scaling 
factors corresponding to a wide range of cutting speeds 
(from 0.5 m/s to 10 m/s) are determined, as shown in 
Table 4. With a lower cutting speed, a larger mass 
scaling factor could be used with little effect on the 
calculating result. With the increase of cutting speed, 
the appropriate mass scaling factor drops rapidly. For 
example, when the cutting speed is 1m/s, the 

 
    (a) Fiber fracture times            (b) Fiber fracture lengths 

Figure 11: The fracture times and lengths of fiber with mass scaling factor 1 and 70. 
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appropriate mass scaling factor is 2000; when the 
cutting speed increases to 5 m/s, the appropriate factor 
is only 70. Such empirical values could further reduce 
trial work and provide references on CFRP 3D 
microscopic cutting simulation. 

Table 4: A Set of Mass Scaling Factors with Different 
Cutting Velocities 

Cutting Velocity Vc (m/s) Mass Scaling Factor 

0.5 8000 

1 2000 

2.5 300 

5 70 

10 20 

 
5. CONCLUSINS 

This paper firstly develops a 3D microscopic cutting 
model of CFRP and studies the effects of different 
mass scaling factors on the calculating precision. 
What’s more, the ratio of kinetic energy to internal 
energy in the beginning stage of calculation is 
analyzed. Based on these analyses, an efficient 
selection method of mass scaling factor with higher 
cutting speed is proposed. Besides, a set of empirical 
values are given for a wide range of cutting speed. The 
conclusions are as follows. 

1) Mass scaling would affect calculating precision 
undoubtedly. As the mass scaling increases, the 
cutting force generally increases and so would the 
errors. Excessive mass scaling would affect the 
process of fiber fracture, causing fiber to fracture with 
little bending. Besides, the fracture positions of 
subsequent fibers tend to level off. 

2) Based on the analyses of calculating precision 
and energy ratio, this paper proposes an efficient 
selection method of mass scaling factor, wherein the 
selection criterion is depicted as follow: Ignoring 
obviously unstable fluctuations, the ratio of kinetic 
energy to internal energy of workpiece remains below 1 
at the beginning stage of calculation. 

Through the proposed method, the appropriate 
mass scaling factor could be determined rapidly on the 
premise of ensuring the calculating precision under 
different cutting speeds, which could avoid enormous 
calculation load and greatly facilitate subsequent 
research for 3D microscopic cutting simulation of 
CFRP. 
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