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The subject of oil as a source of energy occupies the main priority all over 

the world. Facts and statistics indicate that the average consumption of 

oil product exhausts half the world oil reserve in the last 150 years. The 

consumption average reaches 1300 billion barrel yearly. 

In the beginning of the nineteenth century exploring and getting the oil 

was not a main challenge as it is now. 

Since the main goal is still finding new oil traps even at deep depths 

where it reaches sometimes thousands of meters. This requires developing 

the well drilling techniques and huge equipments to increase the rate of 

penetration and decrease the digging cost. 

In the last years, the efforts of professionals and those who are concerned 

in oil industry concentrate mainly in digging bit. While increasing the 

drills efficiency through developing the classic ways of drilling (the most 

popular all over the world is rotary drilling method) may be the most 

suitable way to achieve the mentioned goals. 

This paper represents the results of practical study to determine the 

penetration rate using vibration. A group of cement samples with various 

compressive strengths were deducted. The results show that the 

penetration rate for these samples is higher than the values achieved by 

the rotary drilling method.  

Also the study shows that we can achieve a good penetration rate (more 

than 15m/h) with low level frequency. 
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INTRODUCTION 

Oil as a main source of energy still occupies the most important issue for the decision 

makers all over the word. Because of the increase in demand and the accelerated 

depletion and consequently the unusual high prices, the world becomes under high 

level of tension. 

Studies show that the world market needs of oil reaches the highest levels 

(1300) billion barrel yearly. Also the consumption rate exhausted half of the world oil 

reserve in the last 150 years.[1] 

From that comes the importance and necessity to develop the well drilling 

techniques and huge equipments.  
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This paper represents a differ thinking in the mechanisms of wells drilling to 

increase the ability to reach more depths where the oil is collected since the world 

reserve has been changed in the light of exploring oil at the most depths we can reach. 

 

BRIEF REVIEW 

Ways of drilling through the earth have varied and developed since the first well drilled 

in Pennsylvania by the colonel Edwin Drake in the year 1860 using churn method. This 

method remains used until rig rotary drilling method appears in France in the 

beginning of the twentieth century. [2, 3]  

Rotary method depends on putting the bit at the end of a digging column with 

a rotation motion from equipments lies at the top of the well. [4].  

When the depth is equal one drilling pipe length (usually 6m), the drilling process must 

stop to add a new drilling pipe. This process repeated until reaching the projected depth 

of well [5] 

Although this method is efficient, the time loosed is very high because of the 

need to replace the bit at any depth you reach which requires pulling the drilling 

column (fig.1).  

 

Fig.1: Diagram of a plant for rotary drilling 

 1-Bit    2- Drilling column        3-Drill motor rotor 

 

As wells drilling increased all over the world the use of drilling equipment 

increased (21% was the increase in drilled wells in the year 2005 than that in 2002) 

which means the used rigs will increase also. i.e. (the United States used 1250 rigs) [6, 

7] .The number of drilled wells all over the world in the year 2005, are listed in table 

1[6]. 
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Table 1: drilled well all over the world in the year 2005 

Country or continent 
Number of drilled wells 

2004              2005 

Increase percentage 

in 2005 than 2004 

United states of America 34963              39958 12.5 

North America 22691             23810 4.7 

South America 557 624 10.8 

Africa 1104 1179 6.4 

Middle east 163 175 6.8 

Far east 1255 1256 0.1 

South pacific 294 299 1.7 

 

Figures in the table indicate the need of continuously developing oil industry to 

be suited with the increasing in number of drilled wells all over the world which need 

to develop drilling techniques and their equipments. All that is to respond at the 

increasing in oil demand. 

But drilling ways seem to be not in the agenda of most of the oil companies 

since the rotary drilling method still the most dependent way, regardless of its foibles 

which agreed upon all those who are working in well drilling. 

Here appears a question: can we drill wells by vibration? If it is possible, how 

can we supply the frequency needed to fragment the rocks? What are the equipments 

needed for these purposes? What if we look at the rig from another point of view 

(fig.2) so that the bit could be fixed with loads and transfer the vibration for it through 

cable or any device from equipments lies at the top of the well. 

 Mathematically we can express this system by equation: 

Fg = Fr + mX" + cX' + kX                           (1) 

Where: 

Fg: force generated from power supply. 

Fr: force affects the rocks. 

m: mass of the bit. 

X: amplitude (penetration) 

X': velocity. 

X": acceleration. 

C: viscous damping coefficient. 

K: elasticity constant. 

 

EXPERIMENTAL PROGRAM 

To determine the frequency needed to destroy the rocks, penetration rate for cement 

samples was calculated using special device designed for this purpose. 

This device (fig.3) contains non- centrically disc fixed on electrical motor with 

different frequency to give forced displacement transferred to the bit through the rod. 

The experiment was done according to the following: 

1. Standard cement samples (Fig.4) with dimensions in mm (50, 50, 50) 

2. Compressive strength of cement samples, 15, 20 and 30 Mpa. 
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3. Dimension of bit according to the results achieved by prof. L. churner. The 

diameter of the bit must exceed 6.7 times the diameter of the rocks grains. 

Then the diameter of the bit must be not less than 1.6 to 3 mm. this depends at 

the type of the rocks.[8] 

4. The penetration rate (m/s) was used to express the efficiency of drilling by 

determining the mass of displaced cement from the sample in a time unit. 

  

 

Fig.2:  vibration drilling system 

1- Electrical motor           2- Elasticity column      3- Drilling bit 

 

 

Fig.3: Vibration drilling device  
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Fig.4: Cement samples 

 

RESULT AND DISCUSSIONS 

Theoretical analysis 

Equation (1) was solved by Laplace transformations. It was found that: 

X(S) =(Fg –Fr)/[S(mS
2
+cS+k)]                              (2) 

By substitution of the values used in designing the device ( Fg = 237 N; Fr =   

127 N; m = 1.07 kg ; C = 5 N.sec/m ; K= 8160 N/m) In equation (2) we find that: 

X(S) = 110/ (1.07S
3
+5S

2
+8160S)                                       (3)        

Where: X(S) - transfer function 

From equation (3) we can get the response of the system as displacement 

function of time (Fig. 5). 

 Figure 5 shows that the investigated amplitude of vibration is good to penetrate 

the rocks (about 3 mm) 

 

Fig.5: The response of the system 
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EXPERIMENT RESULTS 

Tables 2, 3, 4 and 5 show the displaced masses from cement samples in one minute at 

various frequencies. 

                   

Table 2: cement sample with ultimate strength 15 Mpa (bit diameter =3 mm) 

Penetration rate m/h Displaced mass gram/min Frequency rad/s 

30.51 9 10.57 

36.64 11 14.13 

44.30 12.5 15.7 

49.22 14.9 17.27 

53.91 15.8 20.9 

 

Table 3: cement sample with ultimate strength 20 Mpa (bit diameter =3 mm) 

Penetration rate m/h Displaced mass gram/min Frequency rad/sec 

24.41 7.2 10.99 

30.51 9 14.3 

37.63 11.1 16.43 

44.75 13.2 18.11 

48.85 14.8 20.9 

 

Table 4: cement sample with ultimate strength 30 Mpa (bit diameter =3 mm) 

Penetration rate m/h Displaced mass gram/min Frequency rad/sec 

17.8 5.4 10.99 

23.9 7.2 14.33 

33.5 9.6 15.18 

40.68 11.7 18.31 

42.71 12.6 20.9 

 

Table 5: cement sample with ultimate strength 30 Mpa (bit diameter =2.5 mm) 

Frequency rad/sec Displaced mass gram/min Penetration rate m/h 

10.99 8.1 39.5 

13.61 9.9 48.3 

16.22 12 58.5 

18.42 14.7 71.7 

21.25 15.6 76.1 
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Fig (6): The relation between penetration rate and frequency. 

 

CONCLUSIONS 

1- When using the vibrations to fragment the rocks layers, the penetration rate is 

too higher than that in rotary drilling method (15 m/hr [8]). 

2- When comparing the penetration rate for the cement sample of compressive 

strength closed to marble strength, we find that the increase of penetration rate 

for the cement sample was more than 50%. 

3- Changing the diameter of the bit affects the penetration rate. It was observed 

that at bit diameter of 2.5 mm the penetration rate increases about 30% than it 

is for the bit with diameter 3mm. 

4- The relation that controls the penetration rate is a linear one. But it begins to 

deviate at the high frequencies values (above 17 rad/sec) because the contact 

time becomes less between the bit and the grain. 

5- Drilling by vibration may be used at low frequencies and get higher 

penetration rate that it is in the case of rotary digging rig. At the same time 

supplying low frequency does not make any complexes for the digging process 

and the equipments used. 
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 عند استخدام التردد لحفر آبار النفطتحديد معدلات الاختراق 

 

يحتللموضوعللونوط للصدروأضالل لوطاقاللوو يرققللىوطو ويللىوقاللواوميللحوط اللري وط رللق ضو وحيلل وت لليلوط ح للق  و
وخضاللليعوالللصىوووىفوصالللفوطيحتيلللقرووط رلللق ضوو لللووط ضق لللوطلألقلللقنومعوضرللل موطالللتلسلوةلللتنوط اللليرىوطالللتص و

 ضييقلوبلضيمواصويق.و0011طلأخيلةوو يتجقو و

 لووب طيللىوط  لللعوط تقاللوم لللو للنوتألعوضاللق ىوطاتأ للقفووطالتخلط وط للصدروضللعوطمضلق وطلأل وت للأموتحلل يقو
يقتوغيلللوأضللقوةللووطمع. ضلللوت طيلل وط ريللاوميللحوةللتنوط الليرىواووطلتدللقنوط اللرلوط صللقجنومللعوت لللوط للحوضاللتوو

ربيرتللقووعط صظلو ووتأصو وجيقوحدلوطمبلقلاوبضل وط صظللوملولإمق ةضيحهووعلولةةصقلووطابحتوضابوقى
ط للل فوط للل يمويأضللعو للووط بحللل ومللعوضاللق  ووضأللقضعوصدريلللىوومعطووصوملللقوطووط ضقيللىوضللعوحدلةللقورق ضلللقو

وةلتطوبل ولنويتريلاووج ي ةوطغيبلقويتوطج وميحوطمضق وأبيلةو)تامو ووبر وطلأحيلقعوم لحوفيفوطلأضتلقل .
و.ضصخدعىميحوأيدىوحدلووطلإب قءضر موطيختلط وضلووضترولةو  يق ةتأصو وجيقو

وقللفومضييللىووم للحاللوفوتوطجللهوض للقأمو صيللىوأبيلللن وضللقويلل   وووضلللوط  يللق ومضلل وط ب لللو للقعوضرلل طتوط حدلللو
الباوطوومخللو نصصلقواووةتطوي ي و ووأيدىوطلإصتق .و ضللاسومصل وتلألمو  ضلىوط حدللو روييىط حدلو دتلطتو ضصيهو

صعللرلوط للحول لللومللقضو وط حدلللوبق أقضللمووط للت ويبيلل ورو للهورللوموط جلل ءوط ضحدللولوضللعوطجللموتضيلةللق.وةللتنو
وحااوروموط رض وط ضحدولوضعوط ب ل.وروييىتترياوتوقدقتو ضصيهووط رضييى

بأيضقتوطخلاوأيضقوط  ط ومض وطمبلقلوط  ط وميلنوحدللوطمبلقلوتر يل طووطالب وطضلقنوط خبللطءو لووضجلقموط لصدرو
تح يقتوطأبلووطم  . تطو قعوبتموط وجل وح ي ووبقتجقنوط بح ومعوبل ط موت صيلهوتالقةنو لووط والومووم لحو

وطمضق ورب قتوطلأل وبالمىووأيدىوطقمويرتبلوطصجق طوضلضقوأقعوبايرق.

http://www.lonestarsecurities.com,dated19/9/2007
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باللللصقمىوط للللصدرو للللووط اللللصوطتوطلأخيلللللةوميللللحوتحالللليعوط ضللللوط ووعاللللاووجللللل وط خبلللللطءووط ضرصيلللليوقلللل وطص
مضلةقاوميضقوطعو يق ةو قمييىوط حدقلطتوول لوأدقءةوطج ط للقوضلعوولإرق ىط ضاتخ ضىو وواصقمىو  نوط حدلوو

و.ط صدريىق وت أموط حموطلأضلامو ترويلوط اصقمقتووىرل وط حدلوط أسايأيووخسموممق ةوط صظلو 
طجليتوبل فوتح ي وضر موطيختللط وبوطالرىوط تبلتبقتاوحيل وو  لطاىتاترل وةتنوط ولقىوط صتق جوط رضييىو

تللنو حللموضجضومللهوضللعوط ريصللقتوطياللضصتيهوتختيللفو يضللقوبيصلللقووضللعوحيلل واللسبتلقووقلل وبيصللتوط صتللق جوطعو
بق رلي ىوط لحويهووطمبقلوضر موطيختلط و لتنوط ريصقتوطميحوضعوط  ينوط صظليىوط توويضأعوتح ي لقومص وحدل

%ووطألاللوملعوميصلهوالخليهو للقوصدلموط السبى.و01طصت قلط ووب يلق ةوبيضلتووط أسايأيىرل وط حدلووطألال)
و5.0ن/م وبتللل  وقييللم)ويويترلل اوو00أضللقوبيصللتوط  لطاللىومضأقصيللىوتح يلل وضرلل موطختلللط وجيلل و)طألالللوضللعو

  ت صيهوأبيلن.وواروبىلط يقع/  واط ت ويوي أموتأضيصهو

 


