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Abstract: To analyze the dark-field microscopy imaging characteristics of wear debris for direct-
reflection online visual ferrograph (OLVF), a new dark-field microscopy imaging model was
proposed. By taking Lambert’ s cosine law and light backscattering theory as references, a
reflection light irradiance superposition model was presented for direct-reflection OLVF
microscopy system to quantitatively evaluate the dark-field microscopy imaging sharpness of wear
debris. On the basis of Matlab simulation and calculation of contrast transmittance on CMOS
image plane, how the changes in optical magnification, oil attenuation coefficient, and
backscattering angle affect the contrast transmittance of dark-field microscopy imaging sharpness
of wear debris were investigated, by which the numerical optimum of optical magnification can be
calculated and ascertained correctly to be 2. 2 and the oil attenuation coefficient for direct-

reflection OLVF debris detection was determined to be more than 2. 0. It was definite that the
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contrast transmittance on CMOS image plane fluctuated within the range of 0. 210 to 0. 846.
Moreover, the high-resolution wear debris images can be obtained by using the dark-field
microscopy imaging detection of direct-reflection OLVF, whose detecting accuracy was about 10
pm. Finally, an experimental test of debris image acquisition was carried out. The results show
that not only the visual information of wear debris can be reliably obtained from the diesel engine
oil and crude oil with more than 2. 28 oil attenuation coefficient by using the dark-field microscopy
imaging of direct-reflection OLVF, but also the reflected ferrograms of wear debris can be
effectively captured from the hydraulic oil and gearbox oil with less than 2. 0 oil attenuation
coefficient. In this way, metal wear debris in different oils can be detected, and the wear of oil
extraction equipment can be monitored online.

Keywords: direct-reflection online visual ferrograph; dark-field microscopy imaging; contrast

transmittance; crude oil; wear debris
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Fig. 1 Direct-reflection OLVF microscopic imaging system
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Fig. 6 Schematic diagram of Experimental system of wear

debris detection based on direct-reflection OLVF
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Table 2 The sampling parameters of direct-reflection OLVF
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