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钴基合金鄄不锈钢梯度强化材料低应力多碰塑变分析

赵晔婷, 石世宏, 傅戈雁

(苏州大学 机电工程学院, 江苏 苏州 215021)

摘摇 要: 目的摇 研究钴基合金鄄不锈钢梯度强化材料抵抗低应力多碰塑性变形的能力,以改善单一涂层应

力集中问题。 方法摇 制备指数梯度和线性梯度涂层试样,与 304 不锈钢基体试样一起进行低应力多碰实

验,比较分析 3 种材料的塑性变形量、硬度变化量与金相组织变化。 结果摇 线性梯度涂层试样的累积塑

性变形量约为 304 不锈钢的 1 / 2,指数梯度涂层试样的累积塑性变形量约为 304 不锈钢的 1 / 3;两种涂层

试样均存在循环硬化及软化现象,硬度值由表及里逐渐减小,多碰后塑性变形符合“趋表效应冶。 结论

两种梯度涂层强化材料的抗低应力多碰塑变能力均明显优于未强化材料,且指数梯度强化材料性能优于

线性梯度强化材料。
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Low鄄stress Multi鄄touch Plastic Deformation Analysis of
Cobalt鄄based Alloy鄄Stainless Steel Gradient Reinforcement Materials

ZHAO Ye鄄ting, SHI Shi鄄hong, FU Ge鄄yan

(School of Mechanical and Electric Engineering, Soochow University, Suzhou 215021, China)

ABSTRACT: Objective To study the resistance of Cobalt鄄based alloy鄄 stainless steel gradient reinforcement materials against low鄄
stress multi鄄touch plastic deformation, in order to improve the stress concentration problem of single coating. Methods The samples
were prepared by laser cladding Cobalt鄄based alloy powder with exponential and linear weight fraction on substrates. Low鄄stress
multi鄄touch experiment was conducted against the 304 stainless steel substrate. The plastic deformation, hardness and microstruc鄄
ture of all coatings were analyzed and compared in details. Results The cumulative plastic deformation of the sample with addition
of linear gradient weight fraction Cobalt鄄based alloy powder was reduced by about 50% compared to the 304 stainless steel sub鄄
strate, while the cumulative plastic deformation of the sample with addition of exponential gradient weight fraction Cobalt鄄based al鄄
loy powder was reduced by about 67% compared to the 304 stainless steel substrate. Although cyclic hardening and cyclic softening
phenomena existed in both Cobalt鄄based gradient reinforced samples, the overall variation trend of the micro鄄hardness was that mi鄄
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cro鄄hardness values gradually decreased from the surface to the substrate. Besides, the plastic deformation of reinforced materials
conformed to " skin effect" after multi鄄touch. Conclusion The resistance of both gradient reinforced coatings against low鄄stress
multi鄄touch plastic deformation was much better than that of the substrate without reinforcement, and the properties of exponential
gradient reinforced samples were better than those of the linear reinforced samples.
KEY WORDS: low鄄stress multi鄄touch; plastic deformation; gradient reinforced; skin effect

摇 摇 工程中许多零部件,如凹凸模、控制阀、活塞等,
因多次承受低于屈服极限的碰撞应力而产生累积塑

性变形,继而发生尺寸失稳、裂纹、磨损等多种形式的

失效。 研究表明,材料承受多次低应力碰撞后,累积塑

性变形存在“趋表效应冶 [1—3]。 目前,常通过涂层表面

强化的方法改善材料抵抗低应力塑性变形的能力,使
材料保持外强内韧的良好综合力学性能[4—6]。 但是单

一涂层强化的材料也有不足,涂层和基体的结合区由

于热膨胀系数不匹配等原因,存在明显的应力集中[7]。
本文在 304 不锈钢基体材料上制备成分呈梯度

变化的钴基涂层[8—12],改善单一涂层强化中应力集中

的现象。 前期研究表明,材料在低应力多碰载荷作用

下,形变由表及里近似于指数递减分布[13],本文设计

一种钴基材料成分由表及里呈指数梯度递减的强化

涂层试样,通过低应力多碰试验,研究其在低应力多

碰载荷作用下的形变规律,同时制备钴基成分呈线性

梯度分布的试样及无涂层 304 不锈钢试样进行对比

试验。

1摇 试验

本文两种钴基梯度强化材料按照表 1 和表 2 的

粉末成分,以激光先进制造手段,按图 1 所示熔覆在

304 不锈钢基体上。 钴基合金粉末成分与钴基合金

材料力学性能见表 3 和表 4。

表 1摇 指数梯度强化材料成分(以质量分数计)
Tab. 1 Composition of exponential gradient reinforced

materials

层级 Co 粉比例 / % 基体比例 / %

基体层 0 100

1 8. 75 91. 25

2 36. 88 63. 12

3 58. 22 41. 78

4 91. 71 8. 29

5 100 0

表 2摇 线性梯度强化材料成分(以质量分数计)
Tab. 2 Composition of linear gradient reinforced materi鄄

als

层级 Co 粉比例 / % 基体比例 / %
基体层 0 100

1 20 80
2 40 60
3 60 40
4 80 20
5 100 0

图 1摇 梯度涂层示意

Fig. 1 Gradient coating schematic

表 3摇 钴基合金粉末组成

Tab. 3 Composition of Cobalt鄄based alloy powder

元素 C Cr Si W Fe Mo Ni Mn Co

质量分数 / % 1. 2 29 1. 1 4 3 1 3 0. 5 余量

表 4摇 钴基合金材料力学性能

Tab. 4 Mechanical performance of Cobalt鄄based alloy
material

b / MPa 0. 2 / MPa 硬度(HRC)

1077 1661 42 ~ 45

将制备好的两种梯度强化材料与 304 不锈钢材

料用电火花线切割机切成 5 mm伊10 mm伊45 mm 的长

方体试样,并进行打磨。 采用激光刻线方式,在试样

侧面紧靠多碰表面的 5 mm伊10 mm 范围内(如图 2 所

示)刻划 0. 5 mm 的网格。
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