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Surface Quality Analysis and Measurement of Repaired and Remanufactured

Mechanical Parts
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100072)

Abstract: The restorative maintenance of failure parts by surface engineering technologies is an important
means of repair and remanufacturing of mechanical products. Usually, a new surface coating is obtained on the
surface of repaired parts, so it is of great significance to ensure the quality of repaired and remanufactured
parts by identifying the surface quality of the coating and assessing the surface properties of the parts. In this
paper, surface quality analysis and measurement of the repaired and remanufactured parts were presented from
different aspects of the surface composition and structure analysis, surface morphology and structure analysis,
surface residual stress testing, surface mechanical properties testing and surface corrosion resistance testing.
The test methods and equipment commonly used and their characteristics were introduced. It is focused that
the surface quality analysis and measurement of coatings prepared by vacuum coating, brush plating, laser
cladding and the supersonic plasma spraying and other advanced surface engineering technology. And several
application examples were given.
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Table 1 Characteristics of different analysis of composition

) ) Depth of the
Analysis technics i
analysis/nm

Element

/ Atomic number(Z)

Accuracy of .
) Analysis mode
analysis/ %

5(B)-92(U)

EDS 500-2000 1-5 Multielement
7Z<.11 Muting sensibility
4(Be) -92(U)
WDS 500-2000 ) o 1-5 Single element
7Z< 11 Muting sensibility
Multielement
XPS 2-3 7=3 0.1-1
Chemical valence
AES 0.5-2 7>=3 0.1-1 Multielement
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Fig. 1 Composition analysis of CrAIN coating by XPS'
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Fig. 2 Depth distribution of composition of multi - layer
films analyzed by AES
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Fig. 3 XRD pattern of Ni—P coating plated in sulfate

elctrolytet™

P 4 g oK H R B O T2 ) L AT S

Fig. 4 Electron diffraction patterns of nano electro—brush

plating coating
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Table 2 Characteristics of optical microscope and electron microscope

TEM SEM

Ttem Optical microscope
Radiographic source Visible light
Wavelength 390-760 nm
Medium Atmosphere
Lens Glass lens
Resolution 200 nm( Visible light)

Magnification Several =2000

Electron beam

0.038 8-0. 000 87 nm

Electromagnetic lens

0.1-0.3 nm

Electron beam
0.038 8-0.000 87 nm
Vacuum Vacuum

Electromagnetic lens

1-3 nm

Depth of field

Focus mode

Applicable situation

Decades—Millions

Thin Middle

Electromagnetic control,

Mechanical manipulation .
Computer control

Porosity measurement Microstructure analysis

Decades—Millions

Thick

Electromagnetic control,

Computer control

Surface topography
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Fig. 5 Surface morphologies of fast—speed nickel electro—plating
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Fig. 6 Cross section microstructure of the Fe-based amorphous alloy coatings prepared at different plasma power
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Table 3 Characteristics of several stress analysis methods

Methods Principle Analysis object Applicable situation
] ] ] ) Thick coatings like electroplated layer,
X-ray Distortion of crystal lattice  Crystal materials )
spray coating, overlay, etc.
Warping Macro distortion Unconstrained Thin coatings by PVD,CVD, ect.

Metal magnetic memory testing Changing magnetic fields Ferromagnetic metal

Stress concentration position
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Fig. 7 Vertical stresses distribution of coating prepared

by laser cladding'®
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Table 4 Hardness testing methods commonly used and their characters

Methods Brinell hardness Rockwell hardness Vickers—gardness Microhardness Nano—hardness
Steel ball/ Steel ball/ Rectangular Rectangular Rectangular
Indenter
Sintered carbide ball Brale diamond pyramid diamond pyramid diamond pyramid
Load 15.6-3 000 kg 60-150 kg 50-100 kg 0.1-500 g 0.1-500 mg
60-85 HRA
8-450 HBS
Test specification 25-100 HRB 10-9 000 HV 10-9 000 HV 10-9 000 HV
450-650 HBW
20-67 HRC
Applicable situation =10 mm 5-10 mm 1-5 mm 10-1 000 pm <10 pm
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850 | Fitted curves N o s . "
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Fig. 10 Cross section microhardness of Fe90 alloy coat-

ings prepared by laser cladding™®
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Table 5 Corrosion potential and corrosion current density

of coatings

Corrosion Corrosion current

Coatings
potential /V  density/(puA *+ cm™?)
Ni —0.772 34.19
CNT/Ni (1 g/1L» —0.47 3.43
CNT/Ni (2 g/1» —0.428 1.42
CNT/Ni (3 g/L) —0.448 2.09
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