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Intrinsic Specific Energy, has always been one of the primary concerns of researchers in this field. The

Cutter Diameter,
Grain Size,
Marble

present study, employing an analytical model based on the limiting equilibrium
of forces and using a drilling rig equipped with a Measurement While Drilling
(MWD) system developed by the same research team, calculated the intrinsic
specific energy of rock during drilling. Based on the theoretical framework, the
specific energy of drilling (¢) and the drilling resistance ({) are not independent
quantities, and a linear relationship exists between them. According to the
conducted studies, upon plotting the curves derived from the aforementioned parameters for a fixed-diameter bit under
both sharp and dull conditions, an intersection point is observed between the two curves. This point represents the cutting
threshold in drilling operations. In this study, the effect of bit diameter — evaluated at three different sizes — on the
intrinsic specific energy of drilling was assessed using three marble specimens with varying grain sizes. The findings
indicate that intrinsic specific energy is not solely a function of the inherent rock properties, but also depends on drilling
parameters. The results demonstrate that with increasing bit diameter, the specific energy of drilling decreased by 20%
for maroon marble, 13.6% for Baghat marble, and 12.5% for Neyriz marble. These results reveal the necessity of
reconsidering the assumption that intrinsic specific energy is independent of drilling variables.

Summary

This study investigates energy consumption in the rotary drilling process by evaluating the intrinsic specific energy of
rock. Utilizing a custom analytical model based on the limit equilibrium of forces and a dedicated measurement device,
the research analyzes the relationship between drilling specific energy and drilling resistance. By testing three crystalline
marble samples of varying grain sizes with three different cutter bit diameters, the study demonstrates that intrinsic
specific energy is not solely an inherent rock property. Instead, it depends significantly on drilling parameters, notably
decreasing as cutter diameter increases, which challenges traditional assumptions in the field.

Introduction

Rock drilling is a critical stage in identifying ground characteristics and performing excavation and geotechnological
operations in mining, oil and gas engineering, and civil engineering projects. Therefore, optimization of the drilling
process directly affects project economics and operational efficiency. Intrinsic specific energy is defined as a measure of
the energy required to cut a unit volume of rock. Studies have shown that this parameter is closely related to the uniaxial
compressive strength of the rock. It can be regarded as a fundamental parameter for evaluating drilling performance in
rotary and rotary-percussive drilling systems and as an important indicator for identifying inefficient drilling conditions.
Previous studies have demonstrated that the use of intrinsic specific drilling energy optimization methods can
significantly reduce drilling costs. However, the effect of bit diameter on intrinsic specific drilling energy has not yet
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been investigated or reported, and this issue constitutes the main objective of the present study. In this research, the effect
of three bit sizes on intrinsic specific drilling energy were investigated using three crystalline marble samples with
different grain sizes, and the results were compared.

Methodology and Approaches

To experimentally evaluate the proposed method, operational drilling parameters—such as torque, weight on bit,
rotational speed, penetration rate, and drilling depth—must be applied and measured under controlled conditions.
Consequently, a portable drilling device was designed and fabricated, capable of conducting tests on various rocks both
in-situ and on laboratory samples while precisely controlling and recording drilling data. The device applies the
operational drilling parameters as inputs and logs the resulting torque and thrust force required for drilling under
regulated conditions. Utilizing the outputs of this device and established analytical relationships, the values for drilling
specific energy and drilling resistance can be calculated. The drilling experiments were conducted using bits with
diameters of 5, 7, and 10 millimeters. These tests utilized both sharp and blunt bits featuring a 20-degree rake angle and
were performed on all three crystalline marble samples of varying grain sizes.

Results and Conclusions

The intrinsic specific energy was evaluated for each rock sample using 5, 7, and 10mm bits. Results indicate a distinct
inverse relationship between intrinsic specific energy and bit size; as the bit diameter increases, the energy required to
excavate a unit volume of rock decreases. This demonstrates that intrinsic specific energy is fundamentally dependent
on bit dimensions, directly refuting the conventional assumption that specific energy remains independent of drilling
parameters.
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