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Abstract: The cutting force and cutting temperature were measured and evaluated 

by multi-factor horizontal orthogonal test to improve the surface quality. The influence 

of boring process parameters on the change of evaluation indexes was studied. 

According to the cutting force, the curve diagram made by the simulation data is 

observed first, and then the influence degree of the three parameters on the cutting 

force is sorted by the range analysis method to optimize the actual machining 

parameters. The significance of three kinds of cutting parameters on the order of their 

influences was sorted by intuitionistic analysis and empirical model analysis 

respectively, and the same results were obtained. The purpose of this paper is to 

select the optimal parameters for research and production workers when they boring 

300M ultra-high strength steel material. The test results show that the cutting force is 

influenced more deeply by the feed than other factors, the cutting temperature is 

influenced more deeply by the feed, the cutting depth is the second, and the spindle 

speed is the least. 

 

Keywords: 300M ultra-high strength steel, Boring, Cutting force, Cutting temperature, 

Processing parameters. 

 

1. Introduction 

As one of the key components of aircraft landing gear, the processing technology, 
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processing quality and selection of manufacturing materials also play a decisive role 

in the performance and safety performance of aircraft landing gear[1]. 300M 

(40CrNi2Si2MoVA) steel is a kind of medium-carbon and low-alloy ultra-high strength 

steel with high strength, high hardness and good comprehensive performance[2]. It 

is widely used in aerospace and other fields. However, due to its large transverse 

plasticity and high fracture toughness, it is a typical aviation difficult to process 

material[3].In order to reduce the weight of aircraft and remove the material in the 

process of tool wear quickly, so the processing process parameters and tool selection 

has higher requirements[4], so the research on the processing process parameters of 

300M steel, a difficult material to be processed[5], can affect the level of aircraft 

landing gear production technology and safety performance to a certain extent[6].  

Boring, as the main way of hole machining, is an important means of aircraft landing 

gear manufacture and machining[7]. However, due to the vibration of cutting tool, 

the quality of machining surface is poor, the tool wear is faster[8]. It is shown that 

the cutting force is larger and the cutting temperature is higher[9]. With the 

development of computer technology and software simulation technology, the 

application of finite element simulation analysis software to the simulation and 

simulation test of cutting process is more and more extensive[10]. Advantedge 

simulation software is a specialized software developed by Third Wave Systems 

Company of USA, which is specially used in metal cutting analysis[11]. In this paper, 

AdvantEdge FEM software is used to simulate the variation of cutting force and cutting 

temperature with time in the process of boring and finishing machining of 300M steel, 

and then the thermal deformation of the cutting tool under different cutting 

parameters is analyzed by the method of factor level. The effect of wear and other 

phenomena on the quality and precision of machined surface. 

 

2. Test material 

The material used in boring simulation test is 300M steel (550Bhn). The chemical 

composition and mechanical properties at room temperature are shown in tables 1 

and 2. Because the cutting parameters are small, the strength and hardness of the 

workpiece are high, and the precision and roughness of the critical machining surface 

are high, the cutting tool material used is cubic boron nitride (CBN). Not only the 

machining accuracy of the workpiece is higher, the surface quality is better, but also 

the production efficiency is high, the tool life is longer. 

The selection of cutting tool angle also has a great influence on cutting force and 

cutting heat to a certain extent. There are many literatures about the research and 

analysis of cutting tool angle at home and abroad. In this paper, cutting process 

parameters are taken as the main influencing factors to be analyzed and studied. 



Volume 5 Issue 11 2018 

   89 

However, the influence of cutting tool angle is not considered, and the uniform value 

is chosen for simulation test, in which the Side Rake Angle is -5°, Back Rake Angle 

and -5°, Lead Angle is -5°. 

 

Table 1. Chemical composition(%) 

C Mn Si Cr Ni 

0.4-0.46 0.65-0.9 1.45-1.8 0.7-0.95 1.65-2.0 

Mo V P S Fe 

0.3-0.45 ≥0.05 ≤0.035 ≤0.04 Bal 

 

Table 2. Mechanical properties 

Tensile 

Strength 

σb/MPa 

Yield strength 

σ0.2/MPa 

Percentage 

reduction of area 

ψ/% 

Elongation 

δ/% 

Elastic 

modulus 

E/GPa 

1960 1689 34% 9.5% 199 

 

3. Simulation test 

 3.1 Simulation conditions 

The parameters of boring process and the selection range of machining dosage are 

determined from the literature and the books of machining theory. The three 

processing parameters are spindle rotational speed n (r/min). The feed f (mm/r) and 

the back cutting depth quantity ap (mm), are selected and set by multi-factor analysis 

method, and the factor level test table is shown in Table 3. The trend of influence of 

different process parameters on cutting force and cutting temperature was compared. 

 

Table 3. Factor level orthogonal test table 

Level 

Factor A 

Spindle speed 

n/(r·min-1) 

Factor B 

Feed 

f/(mm·r-1) 

Factor C 

Back cutting depth 

ap/mm 

(1) 800 0.3 0.4 

(2) 1000 0.4 0.6 

(3) 1200 0.5 0.8 

 

3.2  Simulation results 

Through the simulation test of the scheme shown in Table 4, the simulation result 

curve is made into a statistical table of the scheme result by selecting the maximum 

value of the data. 
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Table 4. Design scheme and result statistical table of boring process parameters 

No. 
Spindlespeed 

n/(r·min-1) 

Feed 

f/(mm·r-

1) 

Back cutting 

depth 

ap/mm 

Fx/N Fy/N Fz/N 
Temperature 

T/℃ 

1 800(1) 0.3(1) 0.4(1) 2.68 1.65 243.62 712.43 

2 800(1) 0.4(2) 0.6(2) 17.80 6.67 396.37 788.48 

3 800(1) 0.5(3) 0.8(3) 8.97 14.14 552.19 864.08 

4 1000(2) 0.3(1) 0.6(2) 5.36 7.98 351.69 758.72 

5 1000(2) 0.4(2) 0.8(3) 1.63 4.98 525.22 848.85 

6 1000(2) 0.5(3) 0.4(1) 9.78 10.43 282.78 859.35 

7 1200(3) 0.3(1) 0.8(3) 2.45 2.49 449.99 817.73 

8 1200(3) 0.4(2) 0.4(1) 8.67 5.52 268.77 818.61 

9 1200(3) 0.5(3) 0.6(2) 13.57 13.78 397.13 893.23 

Note: the level of each parameter is shown in parentheses. 

The results obtained are made from the relationship between the factor A、B、C and 

cutting force data as shown in Figs. 1、2 and 3, and the relationship between each 

factor and cutting temperature is shown in Figs. 4、5 and 6 respectively. The values 

in the Fig. are obtained by taking the average values of three horizontal measurements 

of each factor in order to more clearly observe the trend of cutting force changing 

with each factor and analyze the influence law. 

 

Fig. 1Relation between spindle speed and cutting force 

 

Fig. 2Relation between feed quantity and cutting force 
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Fig.3 Relation between back cutting depth and cutting force 

 

Fig.4 Relation between spindle speed and temperature 

 

Fig.5 relation between feed and temperature 

 

Fig.6 relation betweenback cutting depth and temperature 
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4. Post-processing data analysis 

4.1 Analysis of cutting force results 

4.1.1 Intuitive analysis 

The statistical tables and curves show that the cutting force in the X direction and the 

cutting force in the Y direction are almost negligible, while the cutting force in the Z 

direction is the axial thrust force. Therefore, when analyzing the results, axial thrust 

force Fz is the main reference object. 

For the analysis of Fig.1, with the increase of spindle speed, the axial thrust force Fz 

decreases gradually, and the downward trend remains roughly the same. Therefore, 

if the spindle speed is taken as the main reference object, the cutting force is analyzed. 

It is necessary to select higher spindle speed for machining, which can make the 

cutting force lower. 

From Fig.2, the relation between feed and cutting force is obtained. When the feed 

increases from 0.3mm·r-1 to 0.5mm·r-1, the cutting force increases gradually, and 

when the feed increases from 0.3mm·r-1 to 0.4mm·r-1, The increasing slope of cutting 

force is higher than the trend of cutting force change from 0.4mm·r-1 to 0.5mm·r-1. 

Therefore, if the feed is taken as the main research object, The smaller feed should 

be selected as much as possible to be processed by a smaller cutting force. 

From Fig.3, it can be seen that the cutting force increases gradually with the increase 

of the amount of back cutting depth. When the amount of back cutting depth increases 

from 0.4mm to 0.6mm, the increasing slope of the cutting force is lower than that of 

the increase from 0.6mm to 0.8mm, so, In order to improve the quality of machined 

surface, we should choose the smaller amount of back cutting depth as the processing 

parameter to make the cutting force lower to improve the quality of the machined 

surface if the amount of the back cutting depth is taken as the main research object 

for the analysis. 

4.1.2 Range analysis 

This paper analyzes the order of influence of each parameter on cutting force, 

arranges the axial thrust force Fz obtained by simulation according to the level and 

factor and takes the average value, and makes the range analysis table as shown in 

Table 5. The cutting force obtained is analyzed and studied by the range analysis 

method. 

Table 5.Range analysis table 

Level and factors Factor A Factor B Factor C 

Level 1 397.39 348.43 307.84 

Level 2 386.56 396.79 381.73 

Level 3 371.96 410.70 509.13 

Range result 25.43 62.27 201.29 
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Range comparison 201.29(C) ＞62.27(B) ＞25.43(A) 

The degree of influence of three processing parameters on cutting force can be 

obtained by comparing the range obtained from the range analysis table. The order 

of comparison is as follows: back cutting depth ap> feed f > spindle speed n. 

Considering three cutting parameters, increasing spindle speed can reduce cutting 

force, improve surface quality and improve production efficiency. At the same time of 

the constant cutting speed, increasing the feed is better than increasing the amount 

of the back cutting depth, which can reduce the cutting force while reasonable 

processing, thus obtain better surface quality and improve the production efficiency. 

 

4.2 Analysis of cutting heat results 

4.2.1  Intuitive analysis 

By analyzing the results of Fig. 4 curve, we know that with the increase of spindle 

speed, the cutting temperature rises gradually. When the spindle speed was increased 

from 800 (r·min-1) to 1000 (r·min-1), the ascending slope was higher than that at 1000 

(r·min-1) to 1200 (r·min-1). Most of the squeezing friction heat between the cutting 

tool and the workpiece is taken away by chip, and with the increase of cutting speed, 

the heat transfer time between cutting tool and chip is shortened, so the deformation 

of boring hole can be reduced. 

The analysis Fig. 5 shows that with the increasing of feed, the cutting temperature is 

rising, and the rising trend of the two sections is roughly the same. Through theoretical 

analysis, can see that with the increase of feed, the work done by the boring tool to 

overcome the shape deformation of the workpiece increases. The heat of cutting is 

increasing, so the feed should be reduced due to the requirement of machining quality. 

By analyzing Fig. 6, the cutting temperature decreases first and then increases 

gradually as the amount of back cutting depth increases from 0.4mm to 0.8mm, which 

may be due to the oversize span in the process of selecting parameters, or the reason 

why the chip in the simulation prevents the cutting tool from moving. According to the 

theoretical analysis, when the machining allowance is certain, increasing the back 

cutting depth can shorten the feed time, but the friction between the chip and the 

workpiece and the tool also increases gradually.Not conducive to the heat dissipation 

of the tool, affect the quality of the machining surface, so the processing should 

choose a smaller back cutting depth to prevent cutting temperature is too high. 

4.2.2 Empirical model regression analysis 

The exponential empirical model is used to analyze the results, and the least square 

regression analysis method is used to calculate the indexes and coefficients, and the 

empirical model is obtained. 

2.523 0.172 0.264 0.08410 pT n f a
                                    (1) 
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Among them, R2 is 0.984,and F value is 100.731. according to the principle of F test, 

the significance and curve fitting degree are very high. In addition, the corresponding 

t value of each parameter is 7.457，14.408，6.245 respectively. According to the t 

test method, the corresponding t value of feed f is larger, and has higher significance 

and fitting degree, which is significantly higher than the other two factors, namely, 

feed f has the largest influence on temperature change, spindle speed, and back 

cutting depth has the least influence. 

 

5. Conclusion 

This simulation experiment is used to boring 300M ultra-high strength steel material. 

The horizontal factor orthogonal test method is used to study the relationship between 

cutting force and cutting heat of each parameter. The cutting force and the cutting 

heat are analyzed by using the range analysis method and the exponential empirical 

model analysis method respectively. The conclusions are as follows: 

 1) By using range difference analysis method, the influence of the three processing 

parameters on the cutting force of 300M steel boring is the most significant, followed 

by the feed, and the spindle speed has the least influence on the cutting force. 

2) Through the establishment of exponential empirical model and the use of least 

square regression analysis method to analyze the results of simulation data, the 

empirical model of temperature data is obtained, which can be used for prediction and 

analysis, and the curve fitting degree and significance are higher. The influence of the 

parameters on the cutting temperature is in turn feed, spindle speed, back cutting 

depth. 
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