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ABSTRACT: The work aims to analyze the evolution rule and mechanism of lapping process on the surface residual stress of
HR-2 hydrogen steel based on the micro cutting model. A mathematical model of single-grain micro-cutting residual stress of
abrasive particles was established. Orthogonal experiments were conducted to obtain the regression equations of lapping process
parameters and surface residual stress, micro-cutting depth of abrasive particles and tangential force. Single-factor experiments

were conducted to verify the lapping process. The influence of the lapping process parameters on the surface residual stress, the
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cut depth of the abrasive particles and the tangential force was obtained. And a comparative study between the experimental

results and the mathematical model calculation results was carried out. The residual stress changed from —130 MPa to —345 MPa

when the abrasive particle size was changed from 10 um to 50 pum, and the residual stress changed from —135 MPa to —253 MPa

when the lapping pressure was changed from 10 N to 50 N. The change of the rotation speed had no significant effect on the

residual stress result. In the test of different process parameters, the error between the calculated value and the experimental

value of the model was basically within 10%. Based on test results, it is concluded that the significant degree of influence of the

lapping process on the residual stress from high to low is: abrasive particle size, lapping pressure, lapping speed; abrasive

particle depth and tangential force have significant relationships with residual stress. The single particle lapping model can

predict the law of residual stress under different lapping process parameters.

KEY WORDS: residual stress; surface integrity; hydrogen resistant stainless steel; lapping process; micro cutting model;

prediction model of residual stress; single abrasive
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Fig.1 Schematic diagram of machining of surface material: (a) schematic diagram of residual stress in single abrasive lapping,

(b) abrasive particle removal surface
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Tab.1 Mechanical property of hydrogen resistant stainless steel

7/MPa Reduction of area/%  Impact ductility/% E/GPa
715 51 54 193

R F] UNIPOL-1200S [ 2% 77 BF S 4l '
RIS, REREEWME 3 i, 1R HLT fbkG 3

Peristaltic
pump P
) ressure
Clamping (]
device
Abrasive

Machined
surface

B3 BRG]

Fig.3 Schematic diagram of the lapping experiment
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Tab.2 Parameter of XRD residual stress gauge

X-ray tube Tube voltage/kV Tube current/mA Measuring diameter/mm  Diffraction plane Diffraction 6/(°) Incidence angle/(°)

Cr 30 1.5 2

211 156 35
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Fig.4 Residual stress distribution point diagram: (a) the
picture of grain, (b) residual stress distribution point
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Tab.3 Parameters and levels of lapping orthogonal test

. Levels
Variable factor
1 2 3
Lapping pressure/N 15 30 45
Abrasive particle size/pm 10 20 40
Speed/(r-min”") 30 50 70
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Fig.6 Force test of the lapping experimental piece: (a) control group, (b) measurement result of 45 N, (c) measurement result of

40 pm, (d) measurement result of 50 r/min
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Tab.4 Single factor process parameters of lapping test

Group Abrasive size/um  Pressure/N  Speed/(r'min™")

1 10~50 30 30
2 20 10~50 30
3 20 30 30~90
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Fig.8 Change of residual stress with time: (a) abrasive particle size test, (b) abrasive particle pressure test
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Tab.5 Orthogonal test results

Variable factor Test results

No. Lapping Abrgsive peed Residual Lapping Tangential
pressure partlcle /(r-min ") stress depth/nm force
/N size/um /MPa /N
1 15 10 30 -112 101 2.1
2 15 20 50 -134 134 3
3 15 40 70 —-183 393 4.5
4 30 10 30 —145 165 6.2
5 30 20 50 -208 232 8.6
6 30 40 70 —289 473 12.3
7 45 10 30 -195 197 10.3
8 45 20 50 -233 257 15.4
9 45 40 70 -321 537 20.7
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Tab.6 Linear regression analysisresults

Dependent Goodness of Correction Saliency p
variable fit R%/% factor Ry, /% Lapping pressure ' Abrasive particle size R~ Rotating speed v
Residual stress & 97.3 94.6 0.55x10°° 0.34x10°° 0.838
Abrasive cut ¢ 94.6 91.4 0.047 0.2x107° 0.614
Tangential force F, 94.2 92.3 0.11x107 0.4x1072 0.364
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Fig.10 Effect of different abrasive size on residual stress in
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