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Abstract. 22MnB5 boron steel is a new material with a high hardness that is
classified as Ultra High Strength Steel. The goal of this paper was to characterize
tool wear when machining 22MnB5 boron steel with aluminum alloy (AA 6061).
Machining tests were performed in wet condition within 200–350 m/min cutting
speeds, 0.1 mm/rev feed rate and 0.5 mm depth of cut. The results reveal that
22MnB5 boron steel can machine AA 6061 smoothly with uniform wear was
developed at the lower cutting speed of 200 m/min. Maximum tool life of 861 s
was recorded for 200 m/min cutting speed whilst minimum tool wear of 255 s was
recorded for 350 m/min cutting speed. Wear mechanisms initiated by uniform
abrasive wear at the early machining period and formation of built up edge at the
end of tool life.
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1 Introduction

Machining is a process to shear the material into required shape. One of the most widely
cutting tool used in machining operation is High Speed Steel (HSS). HSS normally
prepared from casting or powder metallurgy processes before grinded into required
shape. HSS provided the opportunity to machine medium strength components such
as aluminum alloys or plastics with significant hardness and enhanced toughness. HSS
commonly used for a variety of machining applications such as milling and turning
inserts. Furthermore, HSS is used in a variety of other high-wear applications such as
drill bits and power saw blades [1–3].
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One of the primary issues with making HSS cutting tools is their low hot hardness,
which causes complications during machining. Such difficulties invite tremendous wear
or edge melting when HSS operated beyond their melting temperature [4]. To address
these issues, a new form of steel known as Boron Steel (22MnB5) may be viable alter-
natives to HSS. 22MnB5 was formed using a hot stamping forming process in which the
sheet metal of 22MnB5 being stamped and simultaneously quenched in the die enclo-
sure. Consequently, these steels have achieved high hot hardness and tensile strength,
which gives them an advantage when used at aggressive operation such as metal cutting
[5, 6].

The proposed research focuses on the investigation of 22MnB5 cutting tool in
machining with Al 6061 Aluminium Alloy. The raw material of 22MnB5 obtained
from industry, being cut with laser in the form of round shape insert. The machining
trials were held at various cutting speeds to evaluate tool life and observe wear forma-
tion at different cutting condition. The appropriate use of machining parameters enables
22MnB5 cutting tool to be applied with longest tool life and controlled failure modes.

2 Methodology

Boron steel raw material derived from one of the industries that employs the Hot Press
Forming (HPF) process. This part was cut to fit the desired insert shape of the RNGN
120300 tool insert by using laser cutter (Fig. 1(a)). Machining tests were performed
by turning Aluminium Alloy 6061 (Al 6061) with a CNC turning machine (Fig. 1(b)).
Table 1 shows the specification of cutting tools and machining parameters employed.

(a)

(b) 

Fig. 1. (a) 22MnB5 Boron steel prepared in the form of RNGN 120300 inserts. (b) CNC turning
machine used in this study
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Table 1. Specification of cutting tools and machining parameters

Specification

22MnB5 cutting tool properties Diameter: 12 mm

Thickness: 3 mm

Tensile strength: 1600 MPa

Hardness: 70 Hrc

Machining parameters Cutting speed: 200–350 m/min

Feed rate: 0.1 mm/rev

Depth of cut: 0.5 mm

3 Results and Discussion

Figure 2 depicts the effect of cutting speed on tool life when machining 22MnB5 boron
steel with Al 6061 aluminum alloy. Wear development for all cutting speeds presented
linear trend, reflected smoothmachining process.Maximum tool life recorded for the cut-
ting speed of 200 m/min with 861 s. Machining with highest cutting speed of 350 m/min
recorded minimum tool life of 255 s.

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0 200 400 600 800 1000

To
ol

W
ea

r(
m
m
)

200 mm/ min 250 mm/ min 300 mm/ min 350 mm/ min

861 s 255 s 686 s 610 s 

Fig. 2. Effects cutting speeds on wear development for 22MnB5 cutting tool at the feed rate of
0.1 mm/rev and depth of cut of 0.5 mm

Figure 3 shows the comparison of wear characteristics when machining 22MnB5
boron steel at low (100 m/min) and high (350 m/min) cutting speeds. Machining with
low cutting speed demonstrated clean edge of cutting tool with minor abarasive wear
formation developed uniformly at the contact region (Fig. 3(a)). Formation of built-up
edge significantly appeared when machining with high cutting speed (Fig. 3(b)). This is
due to the more rotational contacts at higher cutting speed resulting cutting temperature
development which generate thermal softening to workpiece [7]. Built up edge that
attached at the nose radius affected the shape, contact area and preventing the tool-edge
from directly contacting the workpiece. Consequently, the cutting force and friction will
be larger to accumulate higher cutting temperature [8].
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Minor abrasive wear Formation of built up edge 

(a) (b) 

Fig. 3. Comparison of wear characteristics between (a) low cutting speed (200 m/min) and (b)
high cutting speed (350 m/min)

4 Conclussion

This paper investigates the wear performance of 22MnB5 boron steel when machining
Al 6061 aluminum alloy. Based on the experimental results, several conclusions can be
drawn as follow:

1. Machining at low cutting speed of 200 m/min demonstrated maximum tool life of
861 s with clean edge surface.

2. Machining at highest cutting speed of 350 m/min recorded lowest tool life of 255 s
with wear mechanism dominated by built up edge formation.

3. Overall, cutting tool made from 22MnB5 Boron Steel capable to machine al 6061
with acceptable tool life and controlled failure modes.
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