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Introduction

An incremental wear model is developed using COMSOL Multiphysics 4.3 and
LiveLink™ for MATLAB® to predict the evolution of contact surfaces due to the

AISI 440C Steel Ball AISI 440C Steel Ball

phenomenon of wear. Whilst Archard’s wear law is a well-known empirical model
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for the prediction of wear volume, the design engineer is interested in changes in - : = [y
X

tolerance, related directly to wear depth, which vary according to the component DLC Coating (2 um) C(s,t) Kramister. Layer
geometry. The wear model presented uses the solid mechanics interface to solve a

4 )
quasi-static linear elastic contact problem subject to Coulomb friction, and uses a AISI 440C Steel Substrate The polynomials h(s,) and C(s,t) are interpo-

lated from points calculated in MATLAB®
finite difference discretisation controlled in MATLAB® to integrate forward in time | based on wear calculations. |

: Fi : (a) The finite element model try, and (b) a sketch of the acti ion of the ball, where the contact surface and th
and evaluate wear [1]. Wear calculations apply a local form of Archard’s wear law igure 3: (a) The finite element model geometry, and (b) a sketch of the active region of the ball, where the contact surface and the

transfer layer height are defined by polynomials C(s, t) and h(s, t), respectively.
[2] to calculate wear depth during each time step based on the contact pressure dis-

tribution. Th del try 1 dated at h ti tep.
HIDHHOR. She MOCEL gEUMEILY 15 Upratet dt tacil tihe SKEb Preston [2] suggested that the rate of change of wear depth should vary proportion-

Of interest is the ball-on-flat reci ti tact of an AISI 440C steel ball and . .
HIRETESL 15 The batl-on=tiat tetiptotdtiig COntact ot aul 440% steel balland a ally to the contact pressure P and sliding velocity v.

Diamond-Like Carbon coating in deionised water. The model predictions for the Juw

: : 2 = kPv (1)
wear depth of each surface are validated by experiments. At

The specific wear rate k is postulated to decrease from ko, to kr as the normalised

' T transfer layer thickness h increases from 0 to 1 according to a logistic function.
F e k =k, +(k, —k)h (2)
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rs Wear depth is evaluated at each interpolation point by integration of (1-3) using the

Forward Euler method. The finite element model is solved during each time-step to

obtain the contact pressure distribution. To minimise solution time and numerical

) errors, a diffusion equation is solved to artificially smooth the contact pair whilst

| Carbonaceous transfer
* | layer, acting to lower
the rate of wear
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Figure 1: A colour map of the wear scar of a DLC coating aftera Figure 2: A typical image of the wear scar of an AISI 440C steel

conserving the macroscopic geometric shape.

reciprocating sliding test against an AISI 440C steel ball. A wear Dball after a reciprocating sliding test against a DLC coating. A wear
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scar is 2 mm in length and typically 0.2 - 0.4 mm wide. scar typically has a 0.2 - 0.4 mm diameter. a DLC Coating >
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Figure 5: The elastically deformed final geometry after 3600 sec-
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than their uncoated counte parts Time [s] onds of sliding between a DLC coating and an AISI 440C steel
Figure 1 shows a typical wear scar of a DLC coating after reciprocating wear Figure 4: The model predictions for wear depth of a DLC coating  ball. The steel surface (solid line), transfer layer / steel ball

(top) and an AIST 440C steel ball (bottom) at 5 N and 5 Hz com-  boundary (dotted line), DLC coating surface (dashed line), and

pared to the experimental data. Error bars represent the error in  DLC coating / steel boundary (dot-dashed line) are as marked.

against a 6 mm diameter AISI 440C steel ball. Figure 2 shows the wear scar of
the AISI 440C ball. A transfer layer covers the contact region, composed of wear experimental measurements.

debris from the DLC coating, which acts to lower the specific wear rate (SWR) of

. . . Results and Conclusion
each surface as it develops in the contact region throughout the test.

The finite element model comprises a quasistatic point contact of an AISI 440C The model is shown to reproduce faithfully the wear depth of a DLC coating and AI-

steel ball and a flat 2 um thick DLC coating deposited on an AISI 440C steel flat SI 440C steel ball as they slide relative to each other (Figure 4). The final elastically

(see Figure 3a). The model uses a two-dimensional plane strain approximation, deformed model geometry is given in Figure 5.

and the contact boundaries are interpolated from a set of coordinates calculated in The formulated wear model allows for prediction of wear depth of a generalised

geometry based on an experimentally determined wear rate. A diffusion equation

MATLAB®. The active region (see Figure 3b) has its elastic properties defined by

a polynomial which bisects the region and describes the current thickness of a is used to minimise the magnitude of numerical error.

transfer layer across the contact. In this manner, a quasistatic analysis accounting The model presented for a Diamond-Like Carbon coating can be extended to three

for the transfer layer growth is provided -dimensions, or to include plastic deformation of the transter layer.
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