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The friction and wear properties of milled surfaces directly affect the stability and reliability of mechanical equipment, and
its friction and wear mechanism are not clear enough because it is affected by many factors. In this paper, the friction and
properties of milled surfaces of the metallic material HT300 at the micro-nano scale were investigated. First, milling
experiments were carried out on HT300 metallic materials to obtain milled surfaces on the micro-nano scale with machined
textures. Then, the friction and wear experiments on the milled surface were carried out under different normal loads and
displacement amplitudes. Next, the friction coefficient curves during frictional wear were analyzed, and the effects of normal
load and displacement amplitude on the average friction coefficient were investigated. Finally, the wear profiles in the friction
and wear process were analyzed and the relationship between normal load, displacement amplitude and maximum wear depth
were revealed. In this paper, the friction and wear laws of milling surfaces at micro-nano scales under different loading
conditions are investigated, which provides theoretical support for the study of friction and wear on machined surfaces.

NOMENCLATURE

ve = Cutting speed
f2=Feed per tooth

ae = Radial depth of cut

ap = Axial depth of cut

Fun=Normal load

D = Displacement amplitude
f=Frequency

N =Number of cycles

T = Temperature

1. Introduction

Mechanical equipment contains a large number of mechanical
bonding surfaces, which are usually machined by turning, milling and
grinding. On the micro-nano scale, these machined surfaces are not
smooth planar surfaces, but rather rough surfaces consisting of
numerous rough peaks !. Therefore, under vibration, load and other
factors, friction will be generated between the machined surfaces,
which will lead to wear and tear of the machined surfaces, and
ultimately affect the normal operation of mechanical equipment 2.

In terms of friction, the friction coefficient reflects the intensity of
friction between machined surfaces. However, in the actual friction
process, the friction coefficient is not a constant value, but a curve. Due
to its complexity, researchers often simplify and fit the friction
coefficient. Cai et al. used a single and constant friction coefficient for
modeling the micromotional wear of CuNiAl alloy 3. Zhang et al. used
the average value of the steady-state friction coefficient for different
working conditions as a reference and input it into the friction and wear
model for studying the friction and wear characteristics of AgNil0
alloy * To take the effect of operating conditions on the friction
coefficient into account in the friction and wear study, later, Zhang et
al. obtained the curves of the friction coefficient for different operating
conditions and established a functional relationship between different
operating conditions and the steady-state friction coefficient °. While,
Poon et al. directly used all the friction coefficient curves for friction
wear modeling after obtaining the friction coefficients under different
operating conditions .

In terms of wear, researchers have also established different
criteria to evaluate wear. Li et al. studied the wear of Ti60 titanium
alloy with APS YAG coating and found that the wear width increased
with the increase in the number of cycles 7. Wei et al. investigated the
effect of wear on M50 bearing steel and explored the pattern of normal
load, displacement amplitude and wear depth 8. Similarly, Hu et al.
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carried out a study on high temperature micromotional wear of
IN738LC alloy and found that the wear area increased with increasing
load °. Song et al. considered the wear volume as the wear volume and
investigated the effect of displacement amplitude and frequency on the
wear volume '°,

In conclusion, the friction and wear properties of machined
surfaces vary under different loading conditions and evaluation
methods. Therefore, this paper investigates the friction and wear
characteristics of milled metal surfaces on the micro-nano scale and
analyzes the effects of normal load and displacement amplitude on the
friction coefficient and wear depth. The paper is organized as follows:
The milling experiments on the metal material HT300 are carried out,
and further, friction and wear experiments on the specimens of this
metal material are carried in Section 2. The trends of the friction
coefficient curves are analyzed and the effect of normal load and
displacement amplitude on the initial average friction coefficient are
investigated in Section 3. Wear profiles are analyzed and the effects of
normal load and displacement amplitude on the maximum wear depth
are investigated in Section 4. Conclusions are given in Section 5.

2. Experimental procedure

The material required in the study was HT300 metal. The milling
experiments are carried out on EU5 700 vertical machining center (US
Wheeler, China), the required tool type is JH970100-TRIBON (Seco
tools, Sweden) and the process parameters are shown in Table 1. The
wear experiments on the machined surfaces were carried out on the
MFT-5000 micro-motion friction and wear experimental machine
(Rtec Instruments, USA). Carbide balls of material GCrl5 were
selected for the wear parts. The working conditions of the micro-
motion friction and wear experiment are shown in Table 2.

Table 1 Cutting parameters

Parameters | ve(m/min) | fmm/tooth) | a«(mm) | ap(mm)

Values 260 0.28 0.36 0.3
Table 2 Loading parameters

Parameters Values

Fa(N) 40,120,200

D (um) 40,80,120

f(Hz) 30

N (Number) 18000

T (°C) 33

3. Friction properties analysis of milled surfaces

Fig. 1(a)-(c) illustrate the friction coefficient plots for different
normal load and displacement amplitudes. As shown in Fig. 1-(a), the
friction coefficient increases and then decreases and then stabilizes
with the increase of the number of cycles when the displacement
amplitude is 40 um. However, when the displacement amplitude is 80
um and 120 pm, the friction coefficient increases and then stabilizes
with the increase in the number of cycles. Similarly, the friction
coefficient increases and then decreases and then stabilizes with the
increase in the number of cycles for a displacement amplitude of 40
um, as shown in Fig. 1-(b). However, when the displacement amplitude

is 80um, the friction coefficient increases and then decreases slowly
with the increase in the number of cycles. When the displacement
amplitude is 120um, the friction coefficient increases and then
increases slowly with the increase of the number of cycles, and it
fluctuates greatly. As shown in Fig. 1-(c), the friction coefficient
increases and then decreases with the increase of the numberof cycles,
and then tends to stabilize.
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Fig. 1 Friction coefficient curves of different normal load and
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displacement amplitudes. (a) Normal load Fyv=40 N. (b) Normal load
Fr=120 N. (c) Normal load F»=200 N.
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Fig. 2 Average friction coefficient of different normal load and
displacement amplitudes.

As shown in Fig. 2, the average friction coefficient decreases with
increasing normal load, however, it increases with increasing
displacement amplitude. In addition, the higher the friction coefficient,
the higher the friction force on the machined surfaces, then the contact
performance between the machined surfaces can be ensured. Therefore,
the friction coefficient of the machined surfaces can be increased by
increasing the displacement amplitude and decreasing the normal load.

4. Wear properties analysis of milled surfaces

The wear profile of the milled surfaces under different loading
conditions are demonstrated by Fig. 3(a)-(c). As shown in Fig. 3(a),
when the displacement amplitude is 80-120 um, the wear profile width
is much larger than the wear profile width when the displacement
amplitude is 40 um. As shown in Fig. 3(b), the width of the wear profile
becomes larger with increasing displacement amplitude. As shown in
Fig. 3(c), although the pattern is similar to the former, the wear profile
ratio exhibits a certain circular shape when the normal load is 200N.
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Fig. 4 Maximum wear depth of different normal load and displacement
amplitudes.
As shown in Fig. 4, the maximum wear depth of the machined
surface decreases with the increase of normal load, but it increases with
the increase of displacement amplitude. Moreover, the maximum wear
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depth does not change much when the displacement amplitude is 40-
80 um, while the maximum wear depth increases sharply when the
displacement amplitude reaches 120 um. So, to make the machined
surface more wear-resistant, measures should be taken to reduce the
displacement amplitude and increase the normal load.

5. Conclusions

In this paper, surfaces with machined textures were obtained
through milling experiments and friction and wear experiments were
conducted under different normal loads and displacement amplitudes
in order to investigate the effects of normal loads and displacement
amplitudes on the friction and wear characteristics of machined
surfaces. The main conclusions are as follows:

(1) The friction coefficient curve of machined surfaces increases
and decreases, and then stabilizes as the number of cycles increases.

(2) The average friction coefficient of machined surfaces decreases
with increasing normal load, but it increases with increasing
displacement amplitude.

(3) The width and shape of the wear profile of the machined surface
are influenced by the normal load and displacement amplitude.

(4) The maximum wear depth of machined surfaces decreases with
increasing normal load, but it increases with increasing displacement
amplitude.

(5) The average friction coefficient and maximum wear depth have
similar trends under normal load and displacement amplitude.
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