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Abstract: Two-layer diamond-hard alloy plate is the cutting element of the drill bit and consists of a layer of polycrystalline diamond 
compact (PDC) binded with the superhard alloy substrate (WC-Co). PDC tools are now actively used in the drilling of mineral resources for 
the search and production of hydrocarbons. 

Full-scale tests of PDC cutters in PDC bits have shown that their strength, wearability, and especially heat resistance, are determined 

by the quality of the contact layer (interface)  between the PDC and the substrate. In the work, the interface of the diamond layer and the 

substrate of two-layer diamond plates made on the installation based on a multi-punch press GY850 was investigated by laser-ultrasonic 

flaw detection. 
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1. Introduction

Superhard materials [1] are widely used in processing tools, 

among them the most well-known are Polycrystalline Diamond 

Compact (PDC) and Polycrystalline cubic Boron Nitride (PcBN). 

PcBN tools are mainly used for the treatment of iron-based hard 

alloys, while PDC are more commonly used for the treatment of 

highly abrasive non-ferrous alloys and composites. 

PDC tools are now actively used in the drilling of mineral 

resources for the search and production of hydrocarbons [2]. The 

basic tool of drilling equipment is the milling bit of rotary 

drilling (Fig. 1, a), the cutting elements (Fig. 1, b) of which move 

along the bottom of the well and cut the rock.  

(a)   (b) 

Figure 1. The working part of the milling drill bit (a) and 

PDC cutters (b). 

Although the cost of bits equipped with PDC-cutters is a 

few percent of the total cost of the well,   the drilling speed, the 

number of flights and the maximum length of well penetration, 

which determine the economic indicators of well development, 

depend on the quality of the cutting arms of the bits and their 

wear resistance. The improvement of the cutting elements of drill 

bits and service mechanisms improve stabilization of motion and 

reduce the vibration of the drill bit to facilitate rapid and efficient 

drilling. 

Development of two-layer diamond plates is one of the 

tasks of creating in Russia a modern competitive on the world 

market of domestic production of tools for the manufacturing 

industry, oil and gas production and construction. 

2. PDC-cutters made in FSBI TISNCM

PDC drill bit is a modern high-performance drilling tool for 

rotary drilling. PDC bits are drilled faster by cutting and consume 

less energy than rock chisels. The body of the diamond drill bit is 

equipped with PDC cutters, which destroy the rock cutting 

action, which is most effective when drilling hard stone. PDC 

cutters are developed and manufactured using the latest 

technology for drilling water, oil and gas wells or geothermal 

wells. They are a multi-component system, which includes: a) the 

diamond grains themselves, b) the binding phases used in the 

sintering process of the cutting PDC-elements and c) the method 

of connecting the diamond elements with the tool body. All 

elements require high-quality performance.  Cutting elements are 

subject to severe abrasive-erosion wear conditions, causing 

heating to a high temperature. Not only the wear resistance of the 

PDC composite is crucial for the functional quality of the tool, 

but its thermal stability, thermal conductivity, impact resistance, 

thermal fatigue, strength and fracture toughness are equally 

important [3]. These properties determine the suitability of the 

diamond composite tool for the mining industry. 

 PDC cutter consist of diamond crystal grains, fused 

together with the participation of a metal "catalyst", which is 

usually cobalt. It also binds the PDC plate to the tungsten carbide 

substrate. Without cobalt, much higher pressures and 

temperatures would have to be applied to form a PDC compact, 

which today can not be applied in the field of mass production. 

However, the presence of cobalt in PDC cutters creates a problem 

when they are heated by intense abrasive friction during bit 

operation. First, the cobalt expands much more than the diamond, 

and destroys the PDC. Secondly, when heated, cobalt graphitizes 

diamond [4]. 

In PDC cutters developed in FSBI TISNCM the plate of 

PDC, 2-3 mm thick and up to 18 mm in diameter, is bonded with 

a substrate of hard alloy, forming the working element of the drill 

bit. PDC consists of a diamond frame with grains of 20-10 

microns impregnated with a binder metal. The ratio of the 

diamond fraction and the binder metal, as well as the size of the 

diamond grains vary, depending on the specifications.  

Figure 2. Installations for the manufacture of PDC cutters 

based on the GY850 multi-punch press. 
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PDC cutters are manufactured by the method of high 

pressure and high temperature using an installation based on the 

GY850 multi-punch press (Fig.2). Up to 12 PDC cutters are 

synthesized/sintered in one working cycle in a high-pressure 

chamber. After sintering, the surfaces of the PDC plates are 

ground and polished to the required values. 

Full-scale tests of PDC cutters in PDC bits have shown that 

their strength, wearability, and especially heat resistance, are 

determined by the quality of the contact layer (interface) 

between the PDC and the substrate [5]. 

The paper presents the results of the study of the 

mechanical characteristics of PDC cutters, as well as the 

microstructure, element and phase composition and defects of the 

contact layer of PDC. 

3. Studies of the interface characteristics of

PDC cutters

In the previous work [5], we conducted a detailed study 

of the profiled interface on two samples of PDC incisors by non-

destructive acoustic microscopy (AM) and on plates 4 mm thick 

cut from the central part of the PDC incisors. The study of the 

interface of a two-layer PDC/WC-Co plate revealed the presence 

of defects in the PDC layer. These defects, as a rule, in the form 

of pores up to 50 µm in size, are visible both on the AM images 

of the whole interface and the slice, and on the images of 

profilometry.  AM flaw detection interface of the whole PDC 

cutter will reject the PDC cutters before connecting them to the 

bit. 

In this work, we have made an attempt to evaluate the 

quality of the element interface by the non-destructive method of 

laser-ultrasonic flaw detection [6,7]. To assess the quality of the 

element interface, a laser-ultrasonic flaw detector UDL-2M was 

used (Fig.3.). 

Figure 3. Laser-ultrasonic flaw detector UDL-2M. 

The laser-ultrasonic flaw detector UDL-2M consists of 

the following main parts: 1 - optoelectronic unit, 2- fiber optic 

cable, 5 - information and measurement complex, 3- USB 2.0 

connection cable, 4- OA generator. 

The ultrasonic pulse generated by the laser is reflected 

from the interface of the diamond layer with the substrate (Pulse 

1) and from the free boundary of the diamond layer (Pulse 2)

(Fig.4.). The ratio of the amplitudes of these reflected signals can

be used to judge the quality of the interface. In a sample with a

good quality interface, the ultrasonic pulse passes completely

through the interface and is reflected from the free boundary of

the diamond layer of the PDC. Only the signal reflected from the

free boundary is observed on the UDL-2M screen (Pulse 2).

Figure 4. Screenshot of the UDL-2M screen. Testing a 

sample PDC with a bad interface. 

With the full passage of the ultrasonic signal through 

the boundary, the reflected signal (Pulse 1) is minimal, and the 

interface quality is good (Fig.5.). 

Figure 5. Screenshot of the UDL-2M screen. Testing a 

sample PDC with a good interface. 

4. Conclusion

We tested 12 samples of the PDC cutters using the proposed 

non-destructive express method of laser-ultrasonic flaw 

detection. In the subsequent work, it is assumed that the data 

obtained will be compared with the results of mechanical tests of 

the quality of the interface of the PDC cutters. 
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