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Fig.2 Process curve of the vacuum brazing diamond coating
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Fig. 3 Geometric model of the diamond coating
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Fig.4 Local mesh partitioning in finite element models
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Fig. 5 Variation curves of material parameters of each component
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Fig. 9 Post welding residual stress of coatings at different brazing

temperatures (cooling rate 8 °C/min, holding time 10 min)
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Fig. 14 Simulation and measurement values of the residual stress

faw\

after welding

/ &R\
- Diamond

Diamond > 4
Coating Coating
ERA
Di d ,
iamon o
; TR ;
Y%E Broken 7’%)%
Coating Coating
/ wonis |
(/\Diamond / é\\/\/ I
B2 Broken BE
Coating Drop Coating

(b) xR B e

(b) Process of the diamond

(a) 2RI WivE L
(a) Process of the diamond

detachment crushing

E15 £RIARERIWERE
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Numerical simulation and test research on residual stress of diamond coated
by vacuum brazing

LI Aiguo'? ZHU Hongtao> ZHAO He’
(1. China Academy of Machinery Science and Technology Group Co., Ltd., Beijing 100044, China)

(2. China Academy of Machinery Zhengzhou Research Institute of Mechanical Engineering Co., Ltd., Zhengzhou 450001, China)

Abstract: Residual stress is the main factor affecting the machining performance and service life of brazed diamond
tools. At present, in simulations, diamond is often simplified as a spherical shape, which leads to changes in the degree of
structural constraint at the joint, resulting in significant differences between the calculated results and the actual situation. The
evolution law and distribution characteristics of residual stress in vacuum-brazed diamonds, as well as the influence of residual
stress on wear resistance, were investigated. Firstly, the geometric model of the diamond coating was optimized based on
macroscopic morphology. Then, a finite element model of the stress field of vacuum brazed diamond coating was established
using thermal elastoplastic mechanics, and the stress field distribution law of the diamond coating was obtained. Subsequently,
residual stress measurement experiments were conducted on diamond and nickel based coatings to verify the reliability of the
model. Finally, the influence of residual stress on the wear resistance of diamond coatings was explored through wear-resistant
weight loss experiments. The main form of wear failure of diamond tools is diamond detachment caused by insufficient grip of
the coating on diamond abrasive particles. The diamond wrapped by the brazing material layer is mainly affected by residual
compressive stress, which increases the coating’s grip on the diamond. The higher residual stress inside the nickel based
coating can also effectively suppress the wear-resistant failure mode of coating peeling.

Key words: Vacuum brazing coating; Diamond coating; Residual stress; Numerical simulation, Raman spectroscopy;
Wear resistance
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