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Abstract 
The production of optimum surfaces for piston cylinder surfaces of combustion engines is an important requirement for influencing 
the engine properties, such as the oil consumption. Final machining of piston cylinder surfaces is carried out with the finishing 
process honing. In the industrial production process, various honing steps are necessary in order to achieve the required surface 
quality. Usually honing stones with grains, e.g. silicon carbide or diamond are used, whose grain size is adapted to the respective 
honing step. The topography of the honing stones changes during processing by the wear of the grains and the bond. For this rea-
son, tool life is limited. Furthermore, the honing process demands a high amount of cooling lubricant, which is required in order to 
remove the chips from the contact zone between the honing stone and the cylinder wall. This paper presents a new honing tool 
that has geometrically defined cutting edges. This results in defined chip spaces, which can be adjusted in such a way that their size 
is adapted to the occurring specific material removal rate of the respective honing step. Thus, an improved chip removal with a 
simultaneous lower cooling lubricant use is enabled. By means of a homogeneously designed cutting geometry of the honing tool, 
reproducible workpiece surfaces can be achieved. A coating with CVD diamond applied to the defined cutting edges lead to low 
wear due to the high hardness of diamond. In this case, the crystallite tips of the diamond coating take over an additional machin-
ing task as so-called secondary cutting edges. In the following, both the machining of the defined structures on the base body and 
the first research results in the external cylindrical honing of grey cast iron (EN-GJL-250) are presented. 
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1. Introduction   

The finishing process honing is one of the machining methods 
with geometrically undefined cutting edges and is character-
ized by a continuous contact of the honing tool with the work-
piece surface [1]. The composition of the honing stones has a 
decisive influence on the processing result in honing. The to-
pography of the honing stones is characterized by the size, 
shape, position and number of the cutting grains [2]. It changes 
during processing by wear. For this reason, the lifetime of the 
honing stones is limited. 

Due to the required shape deviation and surface topography, 
several successive honing steps are generally necessary since 
not all quality requirements can be achieved with one honing 
step. Gray cast iron cylinder crankcases can be honed with a 
minimum of three honing steps; some car manufacturers also 
use five honing steps. In the present paper, a novel tool con-
cept with defined cutting edges is presented which, depending 
on the honing step, has structures which allow adapted remov-
al rates and surface characteristics. 

2. Tooling concept with defined cutting edges      

The basic idea for the production of defined honing stones is 
to grind structures into the basic body according to the respec-
tive honing steps. In this case, honed surfaces are to be pro-
duced, with honing grooves whose shape, depth and distance 
from each other is defined. Through the process-adapted de-
sign of the macroscopic surface structure, the "grain size" and 
thus the resulting roughness of the surface can be defined. 

The variations in the heights and angles of the structures are 
chosen in such a way that different cutting behaviors can be 
investigated. Thus, for example, sharp pyramids should have 
good cutting abilities, whereas flat pyramids are planned for 
finishing with low roughness depths and high carrying behavior 
of the honed surface (Fig. 1). 

 
Figure 1. Possible explanations of macro geometry 

 
2.1. Machining of the defined structures on the base body    
Silicon nitride (SN-GP from the producer FCT Inge-
nieurskeramik) is used as the material for the honing stone 
base bodies to be structured. This high-performance ceramic is 
characterized in particular by its high strength, damage toler-
ance and corrosion resistance. The structuring of the honing 
stone base bodies is carried out with abrasive wheels in an 
external round grinding process on a precision grinding ma-
chine (Primacon PFM 24) using the contouring control. Dia-
mond grains in metallic bonding are used as cutting tools. The 
grinding wheels lead to corresponding flank heights and angles 
of the structures by their profile shape and their profile angle Θ 
as well as by their width bS. 
 
2.2. New machined and structured honing stones      
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Structures were machined in the form of pyramids. In this 
case, the tip angle δ of the pyramids as well as the pyramid 
width (grinding wheel offset V) were varied so that honing 
stones with different tip densities and tip heights h were pro-
duced (Fig. 2). 

 
 

Figure 2. Structural variations of the honing stones 
 

In addition, pyramids with point-shaped (Fig. 3, left), linear and 
flat tips (Fig. 3, right) were produced by adjusting the infeed 
depth and the grinding wheel offset. 

 
 

 Figure 3. Depictions of the pyramid tips 
 

The structured honing stones were subsequently coated with 
CVD diamond at the Fraunhofer Institute for Surface Engineer-
ing and Thin Films. In this case, the crystallite tips of the poly-
crystalline diamond coating take on an additional machining 
task as secondary cutting edges [3] and are intended to lead to 
a longer lifetime due to the high hardness of diamond. 

3. External cylindrical honing of grey cast iron     

Ring-shaped workpieces of grey-cast iron (EN-GJL-250) were 
machined for the research studies. The rings were 39 mm in 
diameter and 25 mm in length. Before honing they were pre-
pared by turning to a similar initial roughness of about Rz = 8 
µm to 10 µm. 

The experiments were carried out on a test rig for external 
cylindrical honing. The workpiece rotates and is pressed in feed 
motion against the oscillating honing stone. With the machine 
pressure the contact pressure is adjusted.  

At first grey-cast iron rings were machined with conventional 
honing stones. Tab. 1 shows the process parameters. 

 
Table 1. Process parameters of the honing experiments with conven-
tional honing stones 

Grain size  D151-D76-D54-D15 

Cutting time [s] 15 

Rotational speed [1/min] 810  

Oscillating speed [m/min] 4,8 to 21,6 

Contact pressure [N/mm²] 1 to 2 

Cutting fluid Honilo 980 

Cutting fluid flow rate [l/min] 8  

 
Subsequently, the structured and coated honing stones were 

tested under a contact pressure of 1 N / mm
2
 and the maxi-

mum oscillation speed va = 21.6 m / min. It could be shown that 
comparable workpiece roughness is achieved (Fig. 4).  

 
 
Figure 4. Comparison of the achieved workpiece roughness between 
conventional honing stones (D151 - D15) and the novel CVD diamond 
honing stones 
 

The novel honing stones thus enable results comparable to 
conventional grains. This also applies for the material removal 
rates QW. Some cases are even characterized by the fact that a 
lower roughness can be achieved at comparable material re-
moval rates. Only minimal wear on the diamond layer could be 
detected in the form of flattening of the crystallite tips as well 
as negligibly small adhesions. The resulting honing grooves, on 
the other hand, were defined and regular and lead to very 
uniform surface textures. 

4. Summary      

In the present paper, a new tool concept for honing with de-
fined cutting edges was presented. For this purpose, base 
bodies made of silicon nitride were structured by grinding and 
defined pyramids were produced. After coating with CVD dia-
mond, the honing stones were tested in relation to conven-
tional honing stones. It could be shown that with the novel, 
defined honing stones, very uniform and reproducible surface 
textures are honed in grey cast iron. An other advantage is the 
great chip removal rate by a low workpiece roughness. It is 
assumed therefore that in conjunction with the low wear this 
innovative honing stones lead to a reduction of the machining 
time and the number of honing steps, and also to a longer 
lifetime of the honing stones.  
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