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ABSTRACT: Chromium plating is widely used for surface strengthening of high-strength steel, but it will damage the fatigue
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strength of the matrix. This paper attempted to improve the fatigue resistance of chromium plating by using a new micro-crack
chromium technique or introducing buffer layer. 30CrMnSiA high-strength steel was treated with standard hard chromium and
self-developed micro-crack chromium techniques respectively. The effects of two chromium plating technique on fatigue
properties of 30CrMnSiA high-strength steel were evaluated by rotary bending fatigue test. Meanwhile, the effect of copper
plating pretreatment was compared, and the fracture morphology was analyzed by FESEM. The results showed that compared
with the hard chromium coating, the surface micro-cracks of self-developed micro-crack chromium plating were shallow and
fine, and had more numbers, with the density of micro-cracks was up to 1020 lines/cm, and the cracks did not penetrate the
plating and were distributed in layers. Under the stress of 850 MPa, hard chromium plating of 30 pm would reduce the median
fatigue life of 30CrMnSiA high-strength steel by about 48%, and the fatigue fracture is characterized by multi-sources.
However, the self-developed micro-crack chromium plating with the same thickness only reduced the fatigue life of the substrate
by 23%. After the fatigue test, no obvious cracks were found on the micro-cracked Cr-plating, and the cracks propagated in
multi-direction. The fatigue resistance of 30CrMnSiA treated by self-developed micro-crack chromium technique was
significantly better than that of hard chromium plating. In addition, if the copper-plated transition layer was introduced between the
substrate/chromium plating, the number of cracks reaching the substrate could be effectively reduced, the fatigue performance of
30CrMnSiA high-strength steel was obviously improved, and the median fatigue life was almost close to the matrix.

KEY WORDS: 30CrMnSiA high-strength steel; hard chromium plating; micro-crack chromium plating; copper plating; fatigue
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parameters plating chrome plating
CrO,/(g'L™h 250 220
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Tab.2 Fatigue life of 30CrMnSiA high-strength steel with different surface treatments at 850 M Pa

Sample number Surface treatment process Cycle times () logN logNsy  Median fatigue life (Nsg)

104 093 5.0174
) 102 885 5.0123

A 30CrMnSiA steel 5.1105 128 973
153 537 5.1862
168 271 5.2260
64 971 4.5978
) 39614 4.8127

B Hard Cr-plating (~30 pm) 4.8191 65932
80 247 4.9044
91 540 4.9616
91 226 4.9601
) ) 69 576 4.8424

C Microcracked Cr-plating(~30 pm) 4.9939 98 605
119 276 5.0765
124 920 5.0966
133 797 5.1264
-plating(~ i 105 758 5.0243

D Cu plat'mg( 15 pm) + microcracked 50829 121 031
Cr-plating (~30 pm) 83 702 4.9227
181 366 5.2585
109 163 5.0381
-plating(~ _plati 70 524 4.8483

E Cu-plating(~15 pum) + hard Cr-plating 50496 112 098
(~30 pm) 139 012 5.1431
147 650 5.1692
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Fig.3 The median fatigue life of 30CrMnSiA with different
surface treatments at 850 MPa
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Fig.5 Fatigue fracture morphology of C sample and D sample: (a) microcracked Cr-plated (~30 um) sample; (b) Cu-plated (~15

um) + microcracked Cr-plated (~30 pm) sample
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