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Abstract 

 
This work deals with the influence of the grinding parameters on the forces when grinding maraging steel X3NiCoMo 18 
9 5 using SiC grinding wheels. This steel is used for mechanically stressed tools, for which it is necessary to select a 
material with a high strength limit and yield strength and which must also be toughness and have low sensitivity to any 
notching at elevated temperatures. The aim of this work is to measure the grinding forces which arise when grinding the 
steel which can influence the surface and the size of wear of the grinding wheel.  
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1. Introduction 

 

The size of the grinding force can change during grinding. The change of the grinding force depends on the grinding 

parameters and other variables such as the kind of grinding wheels used, the type of cooling liquid, the material which is 

to be ground, and so on. The size of the grinding forces can be influenced by the surface quality, the residual stress and 

the grinding tool. [1], [2], [3] 

The grinding conditions can influence the grinding forces which can increase and be dangerous for the future 

component, or can be lower and be safe. In addition, they affect all these variables. Therefore, setting up the correct 

grinding parameters is very important. These parameters are the grinding speed, feed rate, axial feed rate, radial feed rate 

and the amount of material taken per unit of time. Their influences are shown in  

Fig. 1, which describes the influence of the grinding parameters on the forces. Changing the grinding parameters can 

have a positive influence. [4], [5], [6] 

The aim of this work is to investigate the influence of the grinding conditions on the forces when grinding maraging 

steel X3NiCoMo 18 9 5. The changes and values of the forces are very important for the grinding process because they 

can influence the resulting component and the amount of wear on the grinding wheel. [7], [8] 
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Fig. 1. Influence of grinding conditions on the values of forces [1] 

 

2. Material 

 

The maraging steel which was ground is DIN X3NiCoMo 18 9 5. It is a high strength martensitic curable steel with 

an optimal combination of very high tensile strength and toughness. The chemical composition of this material is shown 

in Table 1. The material is supplied in the annealed state with a hardness of 350 HV. This material is used in mechanically 

stressed tools. Typically, it is used in forms for cold forming, pressure die-casting, separators, and so on. Its mechanical 

properties are shown in Table 2. [9] 

 

C Co Mo Ni Ti Other 

<0.03% 9.0% 5.0% 18.5% 0.75% Al, B, Zr 

 

Table 1. Chemical composition of maraging steel X3NiCoMo 18 9 5 [9] 

 

Yield strength 
Tensile 

strength 
Ductility Contraction 

Notch 

toughness 
Hardness 

640 MPa 930 – 1130 MPa 12 % 60 % 55 J 350 HV 

 

Table 2. Mechanical properties of maraging steel X3NiCoMo 18 9 5 in annealed condition [9] 

 

3. Experiment 

 

The experiment measured the forces when grinding with variable grinding conditions. The experiment was done on a 

CNC tool grinding machine, the ANCA MX7, with two different conventional grinding wheels. The first grinding wheel 

used is labelled SiC-01 and the second grinding wheel is SiC-02. Their specifications are shown in Table 3. Before each 

experiment the grinding wheels were recovering with corundum grinding stones. 

 

Designation Specification Shape Dimension Type of grain 
Grain size 

[FEPA] 
Bonding Hardness 

SiC-01 
49C 220 K 9 

V 40 
1A1 100x6 

Silicon 

carbide green 
220 (very soft) Ceramic Medium 

SiC-02 SC 80-8-V 1A1 117x10 
Silicon 

carbide green 
80 (soft) Ceramic Hard 

 

Table 3. Specification of Grinding wheels 

 

The test specimens are a flat stick shape, which must be clamped in a special clamping rig, which has a cylindrical 

part for clamping to the machine, as shown in Fig. 2. The basic dimensions of the test specimens are 36 x 5.2 x 180 mm 

(height x width x length). 
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Fig. 2. The clamping rig with the test specimen 

The experiments measure the changing forces as the grinding parameters are changed. Grinding speed vc and depth of 

cut ae were selected as the grinding parameter variables. The third variable was the type of grinding wheel. The feed rate 

of 200 mm.min-1 is constant for all the experiments. All variables of the grinding conditions are shown in Table 4. with 

the designation of each experiment. Each experiment was done three times under the same conditions. The designation 

for the experiments in the results is always the designation of the grinding wheel plus the designation of the variables of 

the grinding conditions.  

 

Designation vc[m.s-1] ae[mm] Designation vc[m.s-1] ae[mm] Designation vc[m.s-1] ae[mm] 

Exp01 10 0.05 Exp04 10 0.1 Exp07 10 0.2 

Exp02 15 0.05 Exp05 15 0.1 Exp08 15 0.2 

Exp03 20 0.05 Exp06 20 0.1 Exp09 20 0.2 

 

Table 4. Variables from grinding conditions 

 

4. Results 

 

As mentioned in the introduction, this work is focused on the measurement of the forces when changing grinding 

wheels and grinding parameters. Because the machine can only measure spindle load, it is necessary to recalculate the 

measured values from percent spindle load to forces. Equation (1) is used to recalculate the values. 

 

𝑃 = 𝑀 ∙ 𝜔; 𝑀 = 𝐹 ∙ 𝑟;  𝜔 = 2 ∙ 𝜋 ∙ 𝑛 => 𝐹 =
𝑃 ∙ 𝑝𝑝

2 ∙ 100 ∙ 𝜋 ∙ 𝑛 ∙ 𝑟
 [𝑁] (1) 

Where:    

P … Spindle performance [W]               Anca MX7 have P = 20 kW 

pp … Percentage of spindle load [%] 

F … Grinding force [N] 

M … Torque [Nm] 

r … Grinding wheel radius [m] 

n … Revolutions [rpm] 

ω … Angular speed [rad.sec-1] 

    
 

Also, it is necessary to subtract the load from the grinding wheel which originates from centrifugal force. This centrifugal 

force is different for each grinding wheel and grinding speed. The values of these forces are shown in Table 5. The 

recalculated values are shown in Graph 1. 

 

Grinding Wheel 
Exp01, Exp04, Exp07 Exp02, Exp05, Exp08 Exp03, Exp06, Exp09 

Load [%] Load [%] Load [%] 

SiC-01 2.00 2.80 3.55 

SiC-02 1.90 2.55 3.15 

 

Table 5. Values of the load on grinding wheel without grinding 
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Graph 1. Values of forces on grinding 

Only the values of experiments marked 01 – 06 are shown in the graph because in these experiments the grinding was 

satisfactory without any damage to the surface. The changes in these experiments are very similar because the changes 

are linear. The linear change is shown in Fig. 3. Sometimes there are peaks when the force increases but in a moment 

drops back to a stable value, as seen in Fig. 4. These peaks are caused when the grinding wheel is recoated, because they 

appear only at the start of each new experiment. 

 

 
 

Fig. 3. The linear course of load 

 
 

Fig. 4. The course of the load with start peak 

As can be seen on the graph, the values of the grinding forces decrease when the grinding speed increases. But when the 

depth of the cut increases, the forces increase too. This factor can be very dangerous, because if the depth of the cut 

increases too much, then the surface of the material can be burned or damaged the grinding wheel. These values can be 

seen in these four figures. Fig. 5. shows the change of the load when the grinding wheel SiC-01 is damaged. The value of 

the forces was 160 N at a grinding speed of 10 m.s-1 and the depth of the cut was 0.2 mm. In Fig. 6. you can see the course 

of the load when the grinding wheel Sic-02 was loosened by forces and stopped rotating. The force was 186 N under the 

same grinding parameters as the grinding wheel SiC-01 and was damaged. In the last two figures, you can see the course 

of the load when the surface was burned. Fig. 7. shows the load for the grinding wheel SiC-01 with value of force 108.5 

N, and Fig. 8. shows the load for SiC-02 with value of force 144.5 N. Grinding parameters for both grinding wheels were 

the same and the value of the grinding speed was 20 m.s-1 and depth of cut 0.2 mm.  Because the results of experiments 

7 and 9 were wrong, experiment 8 was not done, as a similar result was expected. 

 

 
 

Fig. 5. SiC-01-Exp07 

 
 

Fig. 6. SiC-02-Exp07 
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Fig. 7. SiC-01-Exp09 

 
 

Fig. 8. SiC-02-Exp09 

 

5. Conclusion 

 

The issues of grinding forces are very complicated because there are many variables, which can be influenced by, or 

can influence, the other values. Therefore, it is necessary to monitor the changing forces because they can predict some 

characteristics and they can influence the future life of the components or the grinding wheels. These include for example 

the integrity of the surface, the residual stress, the wear on the grinding wheel, and so on. 

This article shows only the basic results of the experiments when the variables were the grinding speed and depth of 

cut on two different grinding wheels with SiC abrasives. The results of these experiments show the basic changes to the 

forces on the grinding wheel which can influence the wear and the surface quality. In experiments 1 - 6 the changing 

forces were normal but for experiments 7 and 9 the forces showed extremes. These extremes predict some damage to the 

surface or the grinding wheel. These extremes have a very similar pattern, where the value of the force increases very fast 

and then the size of the forces either decreases very rapidly or increases slowly. 

This experiment provides the basis for future research of the grindability of maraging steel X3NiCoMo 18 9 5 using 

grinding wheels with SiC abrasives. This article focuses only on the forces which arise from grinding, but from the results 

it is evident that it is necessary to focus and observe the changes to the grinding forces because they can predict some 

states which can influence the future life of components and the grinding wheel. 
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