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ABSTRACT 

Aiming at the problem of fast wear of machining tools in the special powder metallurgy valve guide rod hole and 

gasket seat of a certain engine cylinder head, in order to solve the technical problems in the cutting force (CF) of this kind 

of powder metallurgy materials, different tools are used and the analysis is carried out under different cutting test 

conditions. The cutting force law and surface roughness change law of similar powder metallurgy materials are 

determined to determine the appropriate tool materials and processing parameters. The experimental results show that 

under the same processing conditions, ceramic tools will suffer less than cemented carbide tools and cutting force can 

obtain a smaller surface roughness. In addition, the mass production process of valve seat, the blade material is ceramic 

knife. 
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1. Introduction 

Powder metallurgy parts are widely used in automobiles and other 

industries, but powder forming equipment basically depends on 

imports, which greatly restricts the development of my country’s 

powder metallurgy industry. Automobile engine valve seats, valve 

guides and other products have already used the powder metallurgy 

molding process in large quantities, which is a mature process 

technology[1]. Powder metallurgy (PM)[2] is to mix metal powder and 

metal powder or metal powder and non-metal powder according to the 

required ratio and then press into a mold cavity[3], and then undergo 

high temperature sintering[4–6] becomes a process of mechanical parts. 

It is a manufacturing process that saves materials, is efficient, has less 

pollution, and is suitable for mass production with little or no cutting. 

James[7] studied the effect of copper infiltration on the properties of 

sintered steel, and pointed out that the material after copper infiltration 

showed excellent wear resistance. In particular, its residual porous 

structure makes it have good self-lubrication and sound insulation, 

making it widely used in many industries, especially the engine valve 

seat made of powder metallurgy has good overall performance and can 

meet its resistance requirements for wear, corrosion resistance and 

impact resistance. The material of the engine valve guide rod hole and 

valve seat ring of a certain equipment is powder metallurgy[8]. Londhe[9] 

found that the hardness and tensile strength of iron-based powder 

metallurgy materials after copper infiltration were significantly 

improved, and the wear resistance was increased by 2.5 to 3.3 times 
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compared with the base material. In addition, proportional valves, servo valves, and the application of 

electronic control system can greatly improve the performance of hydraulic powder metallurgy press[10]. 

This paper is focused on fast tool wear in the machining of the cylinder head valve guide rod hole and 

gasket seat of a certain equipment. The detail studies of cutting special powder metallurgy materials 

problems[11]. The law of CF and surface roughness analyzes during the cutting Laws, determine the appropriate 

tool material, and lay the foundation for the later design of a composite tool for deep hole machining. 

2. Material and Experimental protocol  

2.1. Experimental setup 

Machine tool: C620-3 horizontal lathe; dynamometer: three-way piezoelectric crystal dynamometer 

9257B. Cutting tools: Cermet blade FD22 and cemented carbide blade YT726. The main performance 

indicators of the selected tool materials are shown in Table 1, and the working angle is shown in Table 2. 

Cutting fluid: The experiment adopts dry cutting form. Cutting amount and requirements: The feed rate is 

respectively 0.05 mm/r, 0.1 mm/r, 0.16 mm/r, 0.2 mm/r, 0.25 mm/r; the cutting depth is 0.1 mm, 0.2 mm; the 

cutting speed (CS): each type of cutting Under the conditions, the CS of YT726 and FD22 are 62 m/min, 75 

m/min, 106 m/min, 125 m/min, 150 m/min. 

Table 1. Performance indicators of tool materials. 

Tool material Density (g/cm3) Hardness (HRA) Bending strength (MPa) 

FD22 4.75 94.5 850 

YT726 13.6–14.5 92.0 1370 

Table 2. Tool working angle index. 

Tool material Front angle γ0 Back angle α0 Blade inclination λs Entering angle κr Secondary declination κr' 

FD22 −6° 6° −6° 90° 10° 

YT726 10° 11° −3° 90° 8° 

2.2. Principle of cutting force measurement system 

The measuring method is to fix the tool on the dynamometer, and fix the dynamometer on the workbench 

of the lathe. As shown in Figure 1, the dynamometer used in the system is the three-way piezoelectric crystal 

dynamometer Kistler9257B, and the charge amplifier is Kistler5017B (The performance parameters are shown 

in Table 3). 

 
Figure 1. The turning force measurement system. 

Table 3. Performance parameters of three-way piezoelectric crystal force gauge and charge amplifier. 

Three-way piezoelectric crystal force  Power amplifier 5017B 

Range Fx, Fy, Fz = −5–5 KN Range  ± 10–999000 pC 

Sensitivity Fx, Fy ≈ 7.5 pC/N; Fz ≈ 3.5 pC/N Linearity error ≤ ± 5% 
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Natural frequency f0 ≈ 3.5kHz Bandwidth 0–200 kHz 

Insulation resistance > 1013 Drift < ± 0.03 pC/s 

Stiffness Cx, Cy > 1 kN/μm; Cz > 2 kN/μm Time impedance Long > 1014 Ω; Mid ≈ 1011 Ω; short ≈ 1019 Ω 

Linearity  ≤ ± 1% FSO Low pass filter  10 Hz–300 kHz 

The measurement system has the advantages of large measuring range, good rigidity, high sensitivity, 

good dynamic response characteristics, wide frequency response range, good linearity, small drift, and good 

low-pass filtering performance. It can meet the requirements of milling force measurement. The CF signals in 

the three directions of X, Y, and Z are respectively input to the corresponding channels of the charge amplifier 

through high-impedance wires. The input signal is amplified by the charge amplifier, and the analog signal 

output from the charge amplifier is amplified by the A/D conversion board. Converted to digital signal. The 

force signal generated in the cutting process is first transformed into a charge signal through a force gauge, 

and then transformed into a voltage signal through a charge amplifier, and then sampled under computer 

control through a sampling board. The sampling frequency and time can be set by software. In order to 

accurately measure the dynamic changes of the milling force, a higher sampling frequency is adopted, namely 

fs = 20 kHz, and the sampling time is 2 s. 

3. Experimental results 

3.1. Cutting force 

The cutting conditions of Figure 2 are: cutting speed vc = 62 m/min, in the case of cutting depth ap = 0.1 

mm and 0.2 mm, the influence of changing the feed amount on the main CF. The cutting conditions of Figure 

3 are: cutting depth ap = 0.2 mm, in the case of feed f = 0.1 mm and 0.2 mm, the effect of changing the CS on 

the main CF. When the cutting depth ap and the feed amount f are constant, the main CF Fz decreases as the 

CS vc increases. When the CS vc and the cutting depth ap are constant, the main cutting force Fz increases with 

the increase of the feed amount f. 

 
Figure 2. The influence of feed on the main cutting force. 

 
Figure 3. The influence of cutting speed on the main CF. 
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Figure 4 cutting conditions are: cutting depth ap = 0.2 mm, in the case of feed f = 0.1 mm and 0.2 mm, 

the effect of changing the CS on the main CF. Figures 2 and 4 show that the main CF Fz increases as the 

cutting depth ap increases when the CS vc and the feed amount f are constant. The cutting conditions of Figure 

5 are: cutting depth ap = 0.2 mm, in the case of feed f = 0.1 mm, the influence of changing the CS on the main 

CF. Since the cutting edge of the ceramic tool has a negative chamfer, compared with the cemented carbide 

tool with a positive rake angle, the metal of the cut layer deforms more when cutting, so a relatively large CF 

should be generated. Figure 5 shows that under the same cutting conditions, the main cutting force Fz of the 

selected two types of tool materials is similar. This is because Ti (C, N)-based cermets have higher cutting 

forces than cemented carbides. The red hardness, wear resistance, heat resistance and low coefficient of friction 

reduce the bonding between the chip and the tool, and the unit CF is small, so the main CF is reduced. 

 
Figure 4. The influence of CS on the main cutting force. 

 
Figure 5. The influence of feed on the main cutting force. 

3.2. Surface roughness 

The cutting conditions of Figure 6 are cutting depth ap = 0.2 mm, in the case of feed f = 0.1 mm, the 

effect of changing the CS on the main CF. Figure 7 are: The cutting conditions of cutting depth ap = 0.2 mm, 

under the condition of CS vc = 106 m/min, changing the influence of CS on the main CF. 

Figures 6 and 7 show that under the same conditions, the surface roughness Ra value of the workpiece 

processed with the ceramic knife FD22 is smaller than the surface roughness Ra value of the workpiece 

processed with the cemented carbide knife YT726, so it is necessary to obtain a smaller value for roughness, 

ceramic blades should be used as much as possible. The roughness measurement results show that the feed 

rate has a greater impact on the surface roughness of the machined surface. The larger the feed rate, the higher 

the roughness value, while the CS has a small effect on the surface roughness. The surface roughness of the 

cermet tool is significantly lower than that of YT cemented carbide tools. 

There are two main reasons: the first because the cermet cutter adopts negative rake angle cutting, it has 

a strong squeezing effect on the machined surface and changes the porous structure of the powder metallurgy 



5 

material itself. The structure reduces the roughness of the machined surface; the second reason it is because 

the friction coefficient between the cermet tool and the machined part is small; it is not easy for the chips to 

form a stagnant layer on the rake surface, which is also conducive to reducing the surface roughness. 

 
Figure 6. The effect of CS on surface roughness. 

 
Figure 7. The influence of feed on surface roughness. 

4. Conclusions 

This paper investigates the CF and surface roughness, the main conclusions can be: When using cermet 

cutter blades and cemented carbide blades to cut powder metallurgical materials for engine valve seats of 

certain equipment, the main CF will increase with the feed rate. In addition, the depth of cut increases, but 

decreases with the increase of CS; the surface roughness value will increase with the increase of the feed, and 

the CS has little effect on the surface roughness; Under the same processing conditions, ceramic knives will 

receive a smaller CF than cemented carbide knives and obtain a smaller surface roughness.  
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