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Abstract 
 
Roller–cone drill bits are widely used in excavating oil wells nowadays.  

Anticipating drill bit dullness is crucially important to pull out worn bits and 
consequently reduce any loss in time and money might occur. Historically, 

this dilemma is treated by assessing the so-called specific energy produced 

by hydrocarbon rotary bits when penetrating rock formations along with 
geological, geophysical approaches and well logs. However, these techniques 

are providing good indications of the bit tooth wear, the congregation of 

shale phenomena and strong vibration of the string could produce 

misinterpretations which reduce the creditability of such approaches.The 
current study deals with the bluntness anticipation of roller-cone bits by 

involving the rock and drill bit parameters in one equation. Previous 

approaches for determining the bit tooth bluntness are based initially on 
empirical equations involving the criteria of two body abrasive wear, while 

the presented new work is primarily based on tribology conception of the 

wear called three body abrasive. The postulated derived equation for 

quantifying the bit bluntness was compared with the real-time cutter dullness 
index. The trends of the new approach were encouraging and closely 

matching the actual bit insert wear index. 
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1 Introduction 
 

Nowadays, hydrocarbon drilling operations require using durable and 
high wear resistance roller-cone and/or poly-crystalline diamond compact 

(PDC). Roller-cone or so called tri-cone bits with conical- shaped tooth are 

used currently, because of their high durability and low production cost if 
compared to PDC bits, however the formations of rocks  to be excavated has 

a vital role for the selection the bit type being used for drilling.  

Manufacturing processes are developed significantly to produce high 

durable drill bits to stand for harsh drilling circumstances.  
Approaches are performed to develop the micro-structural coatings that 

cover various types of substrates of PDC bits. Brands of WokaDur NiA, HR-

6750, HR-6750 with sublayer Rock Dur 47. The research focused on the 
micro-structural properties and using scanning electron microscopy to 

examine the enhanced shield against wear caused by the abrasiveness of the 

excavated rock. The study targeted to extend the life of the drill bits used in 

oil drilling operations due to the high costs of the drilling equipments 
including drill bits [1], [2]. 

As drilling continues, hydrocarbon drill bits become dull and accordingly 

the penetration rate is decreased causing loss in time and money. The most 
famous approach used for monitoring the condition the bit dullness is by the 

surveillance of the specific energy (SE) produced by the drill bit with depth.  

The specific energy technique was used previously by many researchers 
which gave a logical and reasonable interpretation of drill bit status against 

wear. Teale [3] used specific energy for preliminary evaluation of rock 

drillability. Teale [3] introduced the concept of specific energy (SE) or 

mechanical specific energy (MSE) as the energy required to remove a unit of 
rock volume, as follows:                                                                                                   
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                                                                      (1) 

Where  W , is the weight exerted on the  bit (lb) , Abit is the surface  area of 
the drill bit (in

2
) , N is the rotational speed  (RPM) , T is the bit torque (lb-ft) , 

PR is the rate of penetration (ft/hr) and SE is expressed in psi or  lb/in
2
 .  

Rabia et al. [4] and Farrelly and Rabia [5] mentioned that during the 
excavation f a rock formation, the specific energy starts to show a slow 

escalation of SE, which indicates rising the bit dullness or wear.  

However, sharp rise of the specific energy could be due to bit dullness, 
rock change in the lithology, vibration in the drill string or might referred to 

bit balling attributed to the congregation of shale at the head of the drill bit 

producing misleading interpretation of specific energy as illustrated by  
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Dupriest and Koederitz [6]. Crucial rise in the specific energy in cases of non 

bit balling situations means that typically refers to bit dullness [7],[8].    

Abbas [9], [10] showed the use of specific energy to predict the bit tooth 
wear depending on drilling parameters. 

Mostafa et al. [11] manifested that mechanical properties such as 

abrasiveness, hardness and compressive strength have a significant influence 

on the microscopic and microscopic wear of drill bits, therefore studying 
these properties is crucially important to shorten the cost consumed on drill 

bits by improving the quality and durability of drill bits. 

The wear features of  low carbon steel was evaluated , where testing the 
sample for wear was carried out by using  pin-on-disc according to ASTM 

G99 by applying various loads and different sliding time. Hardness is 

measured by  using Vickers indenter according to ASTM 384. The samples 
being used were treated to temperature reached 850° C and accordingly, the 

wear resistance was improved as well as the hardness of the samples. Micro-

structure microscopy approved the experimental results of wear and hardness 

of the samples tested in the research [12]. 
The new suggested formula in the present research took into account the 

effect of the lithology of the rock formation as well as the materials that the 

drill bits are manufactured from. Drilling parameters also have very 
important role on the predicted wear and therefore, they have to be involved 

in the anticipation of the drill bit tooth dullness. 

  

2 Objectives  
 

The current research overcomes the previous deficiencies of bit wear 
anticipation by involving the formation  rock and the hardness of the bit, king  

of the drill bit, drilling parameters as well as the mechanical properties of the 

minerals that the roller-cone drill bits contain in a new formula based on 

Rabinowicz equation of wear. The reliability of the new method depends 
mainly on the comparison with the actual field bit cutter dullness taken from 

bit records. 

  

3 Data Source and IADC Dull Bit Grading  
 

According to the sort of the tri-cone drill bit drilling a specific well, the 
hardness of the materials forming these bits could be derived from hardness 

tables available in the literature, while the hardness of the rock formation 

being penetrated was obtained from tables depending on the type of the 
formation being excavated. Rock formation being drilled is determined from 

the bit records of five excavated wells in Zubair and Rumaila fields in south 

of Iraq region. In addition, the litholgy of the studied wells are collected from 
the research performed  on Zubair and Rumaila fields as exhibited in figure 1 

[13].  
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Depending on the theory of three body abrasive wear [14], the volume of 

the rock being excavated or removed is calculated along with the volumes of 

the bit wear. Rashidi et al. [15] illustrated the cutter dullness of the roller-
cone  bits based on IADC classification The dullness is expressed as a ratio 

of eight shown in figure 2. 

 
 

 

 
 

 

 

 
 

Figure 1: Lithological stratigraphy of rock formation southern Iraq [13] 

 

 

 
Figure 2:  IADC grading system for drill bits [15] 
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4 Theory 
 

Hutchings [16] illustrated the mechanisms of wear for many materials 

according hard particles activity. Hutchings [16] divided the abrasive wear 
into different two modes: two-body and three body abrasive wear. Two body 

abrasive wear is produced by rough and hard particles fixed to one of the 

surfaces and eradicate the materials forming the opposing surface, whereas 
the type of wear called three-body abrasion, is due to solid particles reserved 

between two opposing surfaces but are free to slide and roll in between. The 

present study focuses on developing the three-body abrasive wear model 
found by Rabinowicz [14] that relies on the mechanical property of hardness 

of the abraded and abrasive material. Rabinowicz [14] defined a  special 

formula shown in Equation (2) for quantification of the volume of the 

abraded materials. 

                          (2) 

Where Vw , is the material volume being destroyed (m
3
), F is load being 

exerted by drill bit , X is the sliding distance (m), Ha  is the hardness of the 
abrasive material (N/m

2
) ,  θ is the abrasion angle (degrees), and Hw is the 

hardness of the material being abraded (N/m
2
). 

Although, as mentioned by Rabinowicz [14], n=2.5 , the present research 
uses different power indices for further computations. Since the highest 

hardness expected of the rock in our case study is nearly not more than 10 

GPa and just in specific rock intervals consisting of cemented sandstone 
having hardness more than 10 GPa  (Table 1). The hardness of the roller cone 

bit cutter is within (12.95-15) GPa [17], [18]. In general, he hardness of the 

bit cutter is higher than that of the rock formation. Hence, the rock is 

considered the abrasive material, whereas the bit cutter is the material being 
abraded. 

 
Table 1:   Hardness of the main rocks being penetrated in the present research [17], 

[19] 
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Equation (2) can be modified and written as follows: 

                       (3) 
Where, Hb  and HR are the hardness of the bit and the rock (N/m

2
), 

respectively, and Vb is the material volume being destructed from the bit 

cutter (m
3
).  After series of equations and substitutions, drilling parameters 

are included in the formula of Rabinowicz to emerge an equation applicable 

to oil field conditions. Therefore, Equation (3) could be re-written in new 

formula as shown in Equation (4):  

                                                                            (4) 

It is worth mentioning, that the length of milled roller-cone bit tooth is 

almost (1.5 ˝), whereas the length of the tungsten-carbide insert bits is near 

(3/4˝) [20]. The worn length of the insert or cutter (hb) could be obtained 

from Equation (5) as shown below:  

                              (5) 

Where, hb is the length or height of the worn (removed) insert or cutter (m) 
and θ is the angle of abrasion. The anticipated tooth wear as a grade ranged 

(0-8) is determined from Equation (6): 

                                (6) 
In Equation (4), the exponent (2.5) is applied when the ratio of the 

abraded material hardness (Hb) to the hardness of the rock (HR) is below 

1.25.  However, in cases when the ratio is exceeds 1.25 for softer rocks, it is 
anticipated that the power exponent could be more than 2.5. 

   

5 Results and Discussion 
 

From the collected data and information of the oil wells in Zubair and 

Ruamaila fields, the bit material being destroyed (wear) is obtained from 
Equation (4), while the length or height of the abraded volume of the bit 

tooth is determined from Equation (5). The anticipated bit tooth wear index is 

calculated from Equation (6). When applying Equation (4) at exponent 2.5, 
the obtained results were overestimated due to the effect of the abrasion 

angle which is assumed to be constant, but the major reason attributed for the 

overestimated results is the exponent (2.5) in Equation (4) that was 
approximately determined empirically without any further interpretation 

[14]. The overestimated results are not crucially important when compared 

with the actual in-situ bit tooth bluntness, therefore, rising the power (2.5) in 

Equation (4) should be applied, especially that when increasing this exponent 
will reduce the volume of wear of the tooth (Vb) in Equation (4). Stepwise 

exponent modifications were conducted by selecting higher exponents of the 

power (2.5).  
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Exponents of 4.5, 5.5, 6 and 6.5 are selected to monitor the results. The 

obtained new results at different exponents make it easier to be compared to 

the actual derived bit insert bluntness. The new suggested equation applied 
on five selected drilled wells in Basrah province in Zubair and Rumaila 

fields.  Figures 3, 4, 5, 6 and 7 show the implication of Equation (4) on the 

five oil wells 1 , 2, 3, 4 and 5 respectively with various exponent indices 

from 4.5 up to 6.5. The overestimation was still seen in well no.1 for powers 
4.5 and 5.5 as shown in figure 3 nevertheless the results show good 

improvement when exponent of 5.5 was used. 

 

 
Figure 3: Forecasted tooth wear index obtained from different powers of the new 

developed equation compared to the field bit cutter dullness for well no.1 
 

The observed overestimation is still correct for the rest of the wells being 

studied. The overestimation is might attributed to encountering shale causing 

bit balling that leads to misleading interpretations. Figures 4 and 5 and 6 
illustrate the bit tooth bluntness obtained from different exponents with the 

actual bit tooth dullness versus depth for well 2, 3 and 4 respectively. The 

results display good and acceptable matching with the actual qualitative bit 

cutter (tooth) wear. 
 

 

 
 

 

 



                                                                                                                  
 

 

 
 

 

 
4992 Rafid K.Abbas et.al 

 

 
Figure 4: Behaviour of the predicted cutter dullness with the in-situ qualitative bit 

tooth dullness for well 2 

 
Figure 5: Bit tooth bluntness produced from different exponents of the new formula 

for well no.3 in south of Iraq 

 
Figure 6: Predicted bit tooth bluntness of the new developed approach for well no.4. 
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Figure 7 illustrates the comparison between the actual tooth dullness of 

the bit at various exponent indices. The results shows good accepted 

agreement with the actual bit tooth wear for most exponents specifically at 
exponent 5.5 as all previous wells.It is worth mentioning, that the exponent 

5.5 showed the most optimum representation of Equation (4) when compared 

to the actual qualitative bit dullness.  

Statistical analysis was used to verify the optimum power used in 
Equation (4). Mean Absolute Error (MAE) was used for this purpose. Figure 

8 demonstrates the histograms of the results: 

 
Figure 7: Anticipated bit cutter wear of the new developed formula for well no.5 

southern Iraq 

 
Figure 8: Statistical results of Mean Absolute Error (MAE) method for different 

exponent indices 
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The results of MAE confirmed that the optimum exponent used for the 

applying Equation (4) is 5.5, therefore Equation (4) could be re-written 

finally as follows:  

                                                                    (7)  

 

6 Conclusions 
 

It is clearly shown, that applying the new formula which primarily 
developed from the previous equation found by Rabinowicz [14] on five oil 

wells excavated by roller  cone bits in southern  of Iraq shows good 

encouraging matching with the actual in-situ bluntness at different exponent 

indices, rather than using the original equation of Rabinowicz [14] . 
The new approach gives the best results when choosing power 5.5 in the 

developed equation according to the analysis of the Mean Absolute Error 

(MAE) results. 
At some certain depths, the new developed approach showed an 

overestimation compared to the actual real-time tooth bluntness due to the 

occurrence of shale that cause bit balling which gives misleading 

interpretation. 
In order to validate the new approach widely, it is recommended be applied 

in more oil wells in various fields to verify its reliability.  
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