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1 Background 

Drilling relief wells, accessing reservoir drainage points from a central location, avoiding zones 

and formations where drilling would be difficult, and increasing production by drilling long 

horizontal sections in payzones are just some of the reasons for drilling directional oil and gas 

wells on a regular basis [1, 2].  

Drilling in a certain direction has two major ideas. These ideas are known as "push the bit" and 

"point the bit," respectively. The bit is pushed to the desired place by applying pressure to the 

directional drilling tool. On the push the bit, the tool bends due to the formation's reaction force. 

This first action of pressing the formation may be accomplished via the use of pads or other 

actuators. Additionally, the directed drilling tool bends the bit in order to reach the same target 

place as the point the bit idea. On the point the bit, the tool bends the bit from the inside of its 

shaft. The rotary steerable system (RSS) and positive displacement mud motor (PDM) are 

instances of the notion of pushing the bit and pointing the bit [3].  

PDM represented a significant advancement in the technique of directional drilling. The direction 

of the wellbore is regulated by bending the motor housing (Figures 1 and 2) in the appropriate 

direction. Mud motors rotate the bit without rotating the drillstring from the surface. They work 

by pumping mud through a rotor and stator assembly. By adjusting the quantity of hole drilled in 

sliding vs rotating modes. The directional driller regulates the wellbore trajectory and guides it in 

the desired direction by switching between rotating and sliding modes. The rotary table or top 

drive spins the whole drillstring to deliver power to the bit while in rotating mode. In sliding mode, 

the bend and bit are initially positioned in the desired direction, and the bit is powered only by the 

downhole mud motor, with no rotation of the drillstring above the bit. Sliding mode ROP is 

hampered by frictional effects, which reduce penetration rates to as low as one-third of rotational 

speeds [4].  

The introduction of rotary steerable technology alleviated these challenges by allowing for 

simultaneous rotation and steering in a single direction. Figure 3 depicts an RSS assembly sketch. 

Continuous rotation more effectively transfers weight to the bit, increasing the ROP. RSS enhances 

three-dimensional direction control, produces a smoother, cleaner, and longer wellbore, and drills 

faster and with fewer issues [5]. RSS is a semi-automated tool that operates in conjunction with 
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sensors and a downhole control unit and is activated by mud moving via a valve system (Figure 

3b) [6]. This work is limited to the push-the-bit RSS family of tools. They are installed between 

the bit and the first stabiliser and employ a series of extendable pads to provide lateral force on the 

borehole's side (Figure 3c) [1]. 

 

Figure 1: PDM schematic [5] 

 

Figure 2: Directional drilling assembly [5] 

The drillstring, as illustrated in Figure 3a, is a hollow thin tube that may be many kilometres long. 

It is hung at the rig, which applies the rotational speed and the axial force (the hookload). The 

bottomhole assembly (BHA), which is typically a few hundred metres long, is located at the bottom 

of the drillstring. It is made up of heavy pipes known as drill collars and small parts of bigger 

diameter known as stabilisers that centre the BHA in the borehole (Figure 4a). The BHA is often 

outfitted with stabilisers. While the majority of the drillstring is under tension owing to its own 

weight, the BHA is in compression to impose adequate weight on bit, the axial force delivered to 

the drill bit. The two primary bit groups are roller-cone bits (Like tungestan carbide insert (TCI) 

bit Figure 4b) and fixed cutter bits (Like polycrystalline diamond compact (PDC) bit, Figure 4c). 

PDC bits are often preferred for directional applications. Drilling mud is pumped into the 

drillstring at the rig. It then exits the bit and returns to the surface through the annular area between 

the string and the borehole [6]. 
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Figure 3: Sketch of a typical directional drilling apparatus equipped with a push-the-bit RSS [1] 

 

Figure 4: Stabilizer and drill bits [1] 

However, the level of uncertainty involved with directional drilling makes it difficult to effectively 

forecast and anticipate the outcomes of drilling activities, which have a direct impact on the cost 

of drilling and the overall economics of well building. Today, the success of a directional drilling 

operation is primarily dependent on the directional driller's experience and expertise. The 

availability of an automatic tool for directional drilling operation would be desirable in order to 

reduce the impact of uncertainties on directional drilling, to reduce the reliance on directional 

drilling expertise, to minimise the variation introduced by changing directional drillers, and to 

improve the overall efficiency of the drilling process. Path planning is an important aspect of 

directional drilling automation. An optimization approach for path planning and associated 
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optimization may considerably enhance both drilling performance and related economics when 

making directional drilling choices [2].  
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2 DIRECTIONAL DRILLING PARAMETERS CALCULATIONS 

 

2.1 Directional Drilling Concepts 
 

Drilling in a certain direction has two major ideas. These ideas are known as "push the bit" and 

"point the bit," respectively. The bit is pushed to the desired place by applying pressure to the 

directional drilling tool. On the push the bit, the tool bends due to the formation's reaction force. 

This first action of pressing the formation may be accomplished via the use of pads or other 

actuators. Additionally, the directed drilling tool bends the bit in order to reach the same target 

place as the point the bit idea. On the point the bit, the tool bends the bit from the inside of its 

shaft. The RSS and mud motor are instances of the notion of pushing the bit and pointing the bit. 

 

2.2 RSS Modelling Approach 

 

The mathematical model's primary objective is to calculate the forces acting on the bit as a result 

of the bit's weight and the RSS system's bending. The forces acting on the bit will create one ROP 

along the tool's axial direction and a second ROP along the tool's normal direction. This is 

accomplished by the well planner, and the target point needs three parameters: the inclination and 

azimuth at each point along the trajectory, as well as the position of the kickoff point in relation to 

the measured depth. Once the kickoff point is reached, the RSS system's offset is computed and 

dynamically updated. The bit's resulting forces will be computed, and each resulting force will 

generate its own ROP in each direction. The system outputs are computed based on the ROPs 

composition, including horizontal displacement (HD), true vertical depth (TVD), azimuth, 

inclination, dogleg severity (DLS), and North and East coordinates. 

 

 

Figure 5: Bit force trajectory [3] 
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On the two-dimensional model, the ROPNormal may be referred to as ROPInc, as the inclination will 

be the sole angular variable influencing DLS fluctuations. As the azimuth remained constant in a 

2D model, there was no need to specify a ROP to control the azimuth. In addition to the ROPAxial, 

a 3D model will include two ROPs that are perpendicular to the tool's axis. The ROPInc which 

regulates the inclination, whereas the ROPAzi which controls azimuth. When it comes to the 

ROPAxial's force generation, the bit's weight is the primary factor. Using the modified ROPNormal 

function, the force on the bit induced by the RSS system's pads offset (FbitOffset) will be the primary 

driver of the force on the bit (Fbit). The offset model generates both the azimuth and inclination 

movement at the same time. North and East are used to determine the offsetAzi, whereas actual 

vertical depth and horizontal displacement is used to determine offsetInc. The OffsetAzi calculates 

the forces (FbitOffset′) in the North and East quadrants (right-left side of the bit). On the other hand, 

the OffsetInc evaluates the forces (FbitOffset′′) existent in the TVD and horizontal coordinate 

displacement planes (upper-downside of the bit). Keep in mind that each RSS tool has a maximum 

offset that it can provide. As a result, the percentage offset and the maximum RSS tool offset are 

provided. The FbitOffset is defined using beam bending formulae once the offset has been 

established. The consequence of FbitOffset creates the force on the bit (Fbit) that will be utilised to 

compute the ROPNormal. The ROPNormal function calculates the ROPNormal to the axial body of the 

tool, 90 degrees from the preceding ROPAxial, after the beam bending function creates the Fbit. The 

planner of the well must bear in mind that the instrument requires several metres of measured 

depth to reach the desired inclination. This consideration is critical since, in numerous simulations, 

the second target inclination was established prior to the bit hitting the first target inclination, 

resulting in the well missing the first target inclination. Estimating the number of metres of 

measured depth required to attain a desired inclination may be done using the RSS system's 

definition of dogleg severity. The last point relates to the fact that the system is determined 

incrementally. Each timestep is computed in relation to the preceding point.  

 

 
Figure 6: ROP normal and axial [3] 



University of Calgary 
 

10 

 

 

2.3 Dynamic Mathematical Model 

 

The first little circle represents the needed well design that is carried out by the well planner on 

each separate well; it is not depicted mathematically. The offset function takes the bit location and 

the inclination of the target and returns the current offset. Beam bending is used to compute the 

forces acting on the bit. Each ROP function takes the ROP model's inputs and produces the current 

ROP composition. Finally, the trajectory is adjusted and a simulation of the bit's new location is 

performed. 

 
Figure 7: 3D Functions of the model [3] 

 

2.4 Maximum Usable Steering Forces (Amax)  

The static pad has a maximum or minimum support force for a particular hydraulic pressure (Fmax 

or Fmin). Because the three pads are 120° apart (assume RSS with three pads), the steering force is 

distributed in a hexagonal pattern, as seen in Figure 8a,b. As illustrated in Figure 8c, the hexagon 

should have an inner circle and an outside circle. If the maximum useable amplitude of steering 

force (Amax) is inside the inner circle and outer circle contacting the hexagon for a given location 

of the three pads, it can only be achieved at a point on the hexagon, as illustrated in Figure 9. If 

the steering force is contained inside the inner circle, it may be applied to any location. To obtain 

steering force in all directions at all moments during operation, the steering force must be 

changeable in 360°. As a result, the steering force should be restricted to the inner circle. Thus, the 

largest amount of steering force that may be used is not Fmax, but Amax, as seen in Figure 9. The 

highest magnitude of steerable force that may be used is as follows: 
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Figure 8: Pad force [7] 

 

 
Figure 9: maximum usable steering force [7] 

 

𝐴𝑚𝑎𝑥 =
√3

2
× (𝐹𝑚𝑎𝑥 − 𝐹𝑚𝑖𝑛) 

Amax (N) – maximum usable magnitude of steering force 

Fmax (N) – maximum support force of the pad 

Fmin (N) – minimum support force of the pad 

 

2.5 Amplitude and Direction of the Required Steering Force in RSS 

 

Assume that the current drill bit is placed at point A (XA, YA, ZA) and that the actual hole 

inclination and azimuth angles are αA and βA. C (XC, YC, ZC) represents the target location, 

whereas αC and βC are the projected inclination and azimuth angles, respectively. As seen above, 

the tangent lines of points A and C overlap at point D, but their normal lines intersect at position 

O [7]. 

 

 
Figure 10: direction trajectory [7] 
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Assume that the changes in inclination and azimuth angle are ΔαAC and ΔβAC, respectively, and 

that the average inclination angle of points A and C is α0. The following formula may be used to 

compute the dogleg (γ) between locations A and C [7]: 

 

 

𝛾 =

30 × 360 |sin
√∆𝛼𝐴𝐶

2 + ∆𝛽𝐴𝐶
2 × sin 𝛼𝑂

2

2 |

𝜋 × √(𝑋𝐶 − 𝑋𝐴)2 + (𝑌𝐶 − 𝑌𝐴)2 + (𝑍𝐶 − 𝑍𝐴)2
 

 

 

ΔαAC = αC − αA 

ΔβAC = βC − βA 

αO = (αA+ αC)/2. 

αC (°) – Inclination angle at point C 

αA (°) – Inclination angle at point A 

αO (°) – average inclination angle of points A and C 

 γ (°/30m) – dogleg 

A (XA, YA, ZA) (m) – (point A location) 

C (XA, YA, ZA) (m) – (point C location) 

 

The maximum RSS value is often recognised and offered by manufacturers under the name γmax. 

RSS's work efficiency (Ak) is defined as follows [7]: 

𝐴𝑘 =
𝛾

𝛾𝑚𝑎𝑥
× 100% 

 

Ak (-) – work efficiency of RSS 

𝛾𝑚𝑎𝑥 (°/30m) – dogleg when working under Amax (Supplied by manufactures) 

γ (°/30m) – dogleg 

 

If Ak is larger than 100%, the target point will not be drilled. In this case, the well trajectory must 

be redesigned and the target point redetermined until Ak is less than 100%. Additionally, it may 

be written as the ratio of the amplitudes of the steering forces to their maximum useable magnitude 

[7]: 
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𝐴𝑘 =
𝐹

𝐴𝑚𝑎𝑥
× 100% 

 

Ak (-) – work efficiency of RSS 

F (N) – Amplitude of Steering force 

Amax (N) – maximum usable magnitude of steering force 

 

RSS direction of steering force (αk) 

 

The steering force direction angle (αk) is defined as the clockwise rotation angle from the high side 

to the steering force direction in the bottomhole plane. As seen below, the steering force may be 

divided into two components: build force (inclination force) and walk force (azimuth force). 

 
Figure 11: Steering force direction [7] 

 

The "+" indicates that the "build force" or "walk force" has increased, while the "-" indicates that 

the "build force" or "walk force" has decreased. The steering force and the direction angle of the 

steering force (αk) both affect the build and walk rates. With the present position (A) and the 

predicted point (C) in mind, the expected build rate (Δα) and walk rate (Δβ) may be calculated 

using the following formulas: 

 

∆𝛼 = 30 ×
𝛼𝐶 − 𝛼𝐴
∆𝑀𝐷

 

 

∆𝛽 = 30 ×
𝛽𝐶 − 𝛽𝐴
∆𝑀𝐷

 

 

Δα (°/m) - Expected build rate 

Δβ (°/m) - Expected walk rate 

𝛽𝐶 (°) - Azimuthal angle of point C 

𝛽𝐴 (°) - Azimuthal angle of point A  

αC (°) – Inclination angle at point C 
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αA (°) – Inclination angle at point A 

ΔMD (m) – measure depth interval difference between points A and C 

Figure 8 illustrates the visual connection between αK, Δβ, αO, and Δα. αK may be classified into 

the following nine situations based on variations in inclination and azimuth: 

 

 
Figure 12: The relations between dogleg γ and αK, Δα and Δβ [7] 

 

 

 

𝛼𝑘 =

{
 
 
 
 
 
 

 
 
 
 
 
 

0, (∆𝛼 > 0, ∆𝛽 = 0), (1)

tan−1 (
∆𝛽 × sin 𝛼𝑜

∆𝛼
) , (∆𝛼 > 0, ∆𝛽 > 0), (2)

90, (∆𝛼 = 0, ∆𝛽 > 0), (3)

tan−1 (
∆𝛽 × sin 𝛼𝑜

∆𝛼
) + 180, (∆𝛼 < 0, ∆𝛽 > 0), (4)

180, (∆𝛼 < 0, ∆𝛽 = 0), (5)

tan−1 (
∆𝛽 × sin 𝛼𝑜

∆𝛼
) + 180, (∆𝛼 < 0, ∆𝛽 < 0), (6)

270, (∆𝛼 = 0, ∆𝛽 < 0), (7)

tan−1 (
∆𝛽 × sin 𝛼𝑜

∆𝛼
) + 360, (∆𝛼 < 0, ∆𝛽 < 0), (8)

𝑁𝑜𝑛𝑒, (9) }
 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

 

1. Complete working to advance the inclination while maintaining the azimuth.  

2. The azimuth and inclination angles are both advanced.  

3. Complete working to raise azimuth while maintaining the inclination.  

4. The angle of inclination dropped as the angle of azimuth rose.  

5. Complete operation to lower the inclination angle while maintaining the azimuth angle.  

6. Both the inclination and azimuth angles decreased.  

7. Complete operation to lower azimuth while maintaining the inclination.  

8. Both the inclination and azimuth angles decreased.  
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9. There is no functioning. BHA was used to regulate the inclination and azimuth. 

 

2.6 Amplitude and Direction of the Required Steering Force in PDM 

 

Using the previously indicated present position (A) and predicted point (C), the expected change 

in inclination (Δα) and azimuth (Δβ) may be calculated [8]: 

 

∆𝛽 = tan−1
tan∅ × sin 𝛼𝑘

sin 𝛼𝐴 + tan∅ × cos 𝛼𝐴 × cos 𝛼𝑘
 

 

𝛾 =
∅

ΔMD
 

 

∆𝛼 = 𝛼𝐶 − 𝛼𝐴 

 

𝛼𝐶 = cos
−1(cos 𝛼𝐴 × cos∅ − sin 𝛼𝐴 ×sin∅ × cos𝛼𝑘) 

 

 

∅ (°) – Total angle change 

γ (°/30m) – dogleg 

𝛼𝑘 (°) – tool-face angle 

Δα (°) - expected inclination change 

Δβ (°) - expected azimuth change 

𝛽𝐶 (°) - azimuthal angle of point C 

𝛽𝐴 (°) - zzimuthal angle of point A  

αC (°) – inclination angle at point C 

αA (°) – inclination angle at point A 

ΔMD (m) – measure depth interval difference between points A and C 

 

 

𝛼𝑘 = cos
−1 (

cos 𝛼𝐴× cos ∅ − cos 𝛼𝐶
sin 𝛼𝐴 sin ∅

) 

 

 

𝛼𝑘 = sin
−1 (

sin 𝛼𝐶 sin ∆𝛽

sin∅
) 

 

∅ = cos−1(cos ∆𝛽 × sin 𝛼𝐶 × sin 𝛼𝐴 + cos𝛼𝐴 × cos 𝛼𝐶) 
 

cos ∅ =  cos ∆𝛽 × sin 𝛼𝐶 × sin 𝛼𝐴 + ∆𝛼𝐴𝐶 − sin𝛼𝐴 × sin 𝛼𝐶 

 

∅ (°) – Total angle change 
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𝛼𝑘 (°) – Toolface angle 

αC (°) – Inclination angle at point C 

αA (°) – Inclination angle at point A 

Δβ (°) - Expected walk rate.   ΔβAC = βC − βA 

𝛽𝐶 (°) - Azimuthal angle of point C 

𝛽𝐴 (°) - Azimuthal angle of point A  

Δα (°) - Expected build rate   Δ𝛼AC = 𝛼C − 𝛼A 

 

The desired deflection would be either right or left on the desired plane. The equations below 

determine how the tool face was oriented to achieve a turn [9].  

Turn = Azimuth − Initial Azimuth  

Build = Final Inclination − Initial Inclination  

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑇𝑢𝑟𝑛 = (𝑇𝑢𝑟𝑛) × sin (
𝐹𝑖𝑛𝑎𝑙 𝑖𝑛𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑐𝑙𝑖𝑛𝑎𝑡𝑖𝑜𝑛

2
) 

𝑇𝐹 = tan−1(
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑇𝑢𝑟𝑛

Build
) 

 

 

 
Figure 13: Tool face dial 

 
2.7 Calculation of ROP  

Three ROPs comprise the system: ROPaxial, which is driven by the weight on the bit, ROPAzi, which 

is driven by the predicted force on the bit in the North and East Cartesian planes, and ROPInc. This 

last one is in charge of simulating velocity in the Cartesian plane using TVD × horizontal 

displacement. Each ROP on the 3D model is defined by the following equations [3].  

2.8  Axial Rate of Penetration 
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𝑅𝑂𝑃𝑎𝑥𝑖𝑎𝑙 = 
13.33 ×  𝜇 ×  𝑁

𝐷 × (
𝐸𝑆
𝑊𝑂𝐵 −

1
𝐴𝑏
)
 

 

ROPaxial (ft/h) – axial rate of penetration 

N (rev/min) – Rotary speed 

µ (-) – Coefficient of sliding friction  

D (in2) – Bit diameter 

ES (psi) – Specific energy of the rock 

WOB (lbs) – Weight on bit 

Ab (in
2) - borehole area 

 

2.9 Normal Rate of Penetration 

 

𝑅𝑂𝑃𝐼𝑛𝑐 = 
13.33 ×  𝜇 ×  𝑁

𝐷𝑏 × (
𝐸𝑆

𝐹𝑏𝑖𝑡 𝑜𝑓𝑓𝑠𝑒𝑡
"  

−
1
𝐴𝑏
)

×∝ 

 

 

𝑅𝑂𝑃𝐴𝑧𝑖 = 
13.33 ×  𝜇 ×  𝑁

𝐷𝑏 × (
𝐸𝑆

𝐹𝑏𝑖𝑡 𝑜𝑓𝑓𝑠𝑒𝑡
′  

−
1
𝐴𝑏
)

×∝ 

 

ROPinc (ft/h) – inclination rate of penetration 

ROPazi (ft/h) – azimuth rate of penetration 

N (rev/min) – Rotary speed 

µ (-) – Coefficient of sliding friction  

Db (in
2) – diameter of the bit 

ES (psi) – Specific energy of the rock 

WOB (lbs) – Weight on bit 

Ab (in
2) - borehole area 

𝐹𝑏𝑖𝑡 𝑜𝑓𝑓𝑠𝑒𝑡
"  (lbf) – force on the bit caused by the offset displacement on the horizontal 

displacement (HD) and true vertical depth (TVD) plane of coordinates 

𝐹𝑏𝑖𝑡 𝑜𝑓𝑓𝑠𝑒𝑡
′  (lbf) – force on the bit caused by the offset displacement on the North and East plane 

of coordinates 

∝ (-) – alfa factor, steerability of the tool 

 

The coefficient of sliding friction (µ) can be calculated if torque data is available as can be noted 

on the below equation. If torque data is not available, the value of 0.7-1.3 is assumed. The idea is 

to take into account real values from the dogleg severity limitations of the tool and resonable 

observations from field data to regulate this alfa factor. This alfa describes the steerability of the 

tool. A high value of alfa and DLS will be faced if a tool has high steerability [3] 
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𝜇 =
36𝑇

𝐷𝑏 ×𝑊𝑂𝐵
 

 

µ (-) – coefficient of sliding friction  

T (ft-lbs) – surface torque 

Db (in
2) – diameter of the bit 

WOB (lbs) – weight on bit 

 

According to pessier [10] the specific energy of the rock [3]: 

 

𝐸𝑠 =
𝐸𝑠𝑚𝑖𝑛
𝐸𝐹𝐹

 

 

Esmin (psi) – rock compressibility 

ES (psi) – Specific energy of the rock 

EFF (-) – efficiency of rock compressibility 

 

2.10 Minimal Curvature Method 

 

It is the most exact approach since it applies the theory of total curve reduction to the specified 

interval of well increments. This is shown in the computation of the circular arc that has been 

flattened. A ratio factor is provided to smooth the well path between two measurement places. The 

curvature degree of the well section determines the ratio factor [11]: 

 

 
Figure 14: Minimal curvature method 

 

𝑅𝐹 =
2

𝐷𝐿𝑆
× tan (

𝐷𝐿𝑆

2
) 

DLS – dogleg severity (for small angles of curvature (DL<0.25) ratio factor RF = 1 is usually 

introduced) [11]. 
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𝐷𝐿𝑆 = cos−1[cos(𝛼2 − 𝛼1) − sin 𝛼1 × sin 𝛼2 × (1 − cos(𝛽2 − 𝛽1))] 

 

 

Equations derived with minimal curvature method are similar to equations of tangential method. 

Besides these curvature values multiplied by ratio factor RF represent drop-off. Hence [11]:  

 

ΔVD =
∆𝑀𝐷

2
× cos(𝛼1 + 𝛼2) × 𝑅𝐹 

 

ΔN =
∆𝑀𝐷

2
× (sin 𝛼1 × cos 𝛽1 + sin 𝛼2 × cos𝛽2) × 𝑅𝐹 

 

ΔE =
∆𝑀𝐷

2
× (sin 𝛼1 × sin𝛽1 + sin 𝛼2 × sin 𝛽2) × 𝑅𝐹 

 

 

ΔVD (m) - Vertical depth difference 

ΔN (m) - Difference of displacement coordinates to North 

ΔE (m) - Difference of displacement coordinates to East 

MD (m) – well increment (measured depth interval) 

𝛼2 (°) – Inclination of lower survey 

𝛼1 (°) – Inclination of upper survey 

𝛽1 (°) – Azimuth direction of upper survey 

𝛽2 (°) – Azimuth direction of upper survey  

RF (-) – Ratio factor 

DLS (°/30m) – Dogleg severity  

 

2.11 Angle Change Intensity 

 

Angle change intensity is calculated with following formulas [11]:  

 

• By zenith (°/m) 

 

𝐽𝑧 =
𝛼2 − 𝛼1
∆𝑀𝐷

 

 

• By azimuth (°/m) 

𝐽𝑎 =
𝛽2 − 𝛽1
∆𝑀𝐷

 

 

• By dogleg (°/m) 
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𝐷𝐿𝑆 =
1

∆𝑀𝐷
cos−1[cos(𝛼2 − 𝛼1) − sin 𝛼1 × sin 𝛼2 × (1 − cos(𝛽2 − 𝛽1))] 

 

𝛼2 (°) – Inclination of lower survey 

𝛼1 (°) – Inclination of upper survey 

𝛽1 (°) – Azimuth direction of upper survey 

𝛽2 (°) – Azimuth direction of upper survey  

MD (m) – well increment (measured depth interval) 

 

2.12  Inclination 

𝐼𝑛𝑐(𝑇) = 𝐼𝑛𝑐(𝑇−1) + tan
−1 (

𝑅𝑂𝑃𝑖𝑛𝑐(𝑇)
𝑅𝑂𝑃𝑎𝑥𝑖𝑎𝑙(𝑇)

) ×
∆𝑇

3600
 

Inc (T) (°) – Inclination at time T 

Inc (T-1) (°) – Inclination at previous time step (T-∆T) 

∆T(s) – time step duration 

ROPInc (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

 

2.13  Measure depth 

 

𝑀𝐷2𝐷(𝑇) = 𝑀𝐷2𝐷(𝑇−1) + √𝑅𝑂𝑃𝐼𝑛𝑐(𝑇)
2 + 𝑅𝑂𝑃𝐴𝑥𝑖𝑎𝑙(𝑇)

22
×

∆𝑇

3600
 

 

MD2D(T) (m) Measure depth at time T 

MD2D(T-1) (m) Measure depth at previous time step (T-∆T) 

∆T(s) – time step duration 

ROPInc (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

 

𝑀𝐷3𝐷(𝑇) = 𝑀𝐷3𝐷(𝑇−1) + √𝑅𝑂𝑃𝐴𝑧𝑖(𝑇)
2 + 𝑅𝑂𝑃𝐼𝑛𝑐(𝑇)

2 + 𝑅𝑂𝑃𝐴𝑥𝑖𝑎𝑙(𝑇)
22

×
∆𝑇

3600
 

 

MD2D(T) (m) Measure depth at time T 

MD2D(T-1) (m) Measure depth at previous time step (T-∆T) 

∆T(s) – time step duration 

ROPInc (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

ROPazi (T) (m/h) – azimuth ROP 

 

2.14  True Vertical Depth 

 

𝑇𝑉𝐷(𝑇) = 𝑇𝑉𝐷(𝑇−1) + cos(𝐼𝑛𝑐(𝑇)) × √𝑅𝑂𝑃𝐼𝑛𝑐(𝑇)
2 + 𝑅𝑂𝑃𝐴𝑥𝑖𝑎𝑙(𝑇)

22
×

∆𝑇

3600
 



University of Calgary 
 

21 

 

 

TVD(T) (m) - True vertical depth at time T 

TVD(T-1) (m) - True vertical depth at previous time step (T-∆T) 

Inc (T) (°) – Inclination at time T (Inclination represents the angle between the TVD and MD. 

∆T(s) – time step duration 

ROPInc (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

 

2.15  Horizontal Displacement 

 

𝐻𝐷(𝑇) = 𝐻𝐷(𝑇−1) + sin(𝐼𝑛𝑐(𝑇)) × √𝑅𝑂𝑃𝐼𝑛𝑐(𝑇)
2 + 𝑅𝑂𝑃𝐴𝑥𝑖𝑎𝑙(𝑇)

22
×

∆𝑇

3600
 

 

HD(T) (m) - Horizontal displacement at time T 

HD(T-1) (m) - Horizontal displacement at previous time step (T-∆T) 

Inc (T) (°) – Inclination at time T (Inclination represents the angle between the TVD and MD. 

∆T(s) – time step duration 

ROPInc (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

 

2.16  Dogleg Severity 

𝐷𝐿𝑆 =
(𝐼𝑛𝑐𝑇 − 𝐼𝑛𝑐(𝑇−1)) × 180

(𝑀𝐷𝑇 −𝑀𝐷(𝑇−1)) × 𝜋
× 30 

 

Inc (T) (rad) – Inclination at time T 

Inc (T-1) (rad) – Inclination at previous time step (T-∆T)  

MD(T) (m) Measure depth at time T 

MD(T-1) (m) Measure depth at previous time step (T-∆T) 

3D 

 

𝐷𝐿𝑆𝑇 =
cos−1[(cos(𝐼𝑛𝑐𝑇) × cos(𝐼𝑛𝑐(𝑇−1))) + (sin(𝐼𝑛𝑐𝑇) × sin(𝐼𝑛𝑐(𝑇−1)) × cos((𝐴𝑧𝑖𝑇 − 𝐴𝑧𝑖𝑇−1)]

(𝑀𝐷𝑇 −𝑀𝐷(𝑇−1)) × 𝜋
× 30 

 

Inc (T) (rad) – Inclination at time T 

Inc (T-1) (rad) – Inclination at previous time step (T-∆T)  

MD(T) (m) Measure depth at time T 

MD(T-1) (m) Measure depth at previous time step (T-∆T) 

Azi (T) (°) – Azimuth at time T 

Azi (T-1) (°) – Azimuth at previous time step (T-∆T) 

 

2.17  Azimuth 
 

The main difference is that whenever a change on the azimuth is defined, the initial value of azimuth 

does not need to start from zero. Whenever a well increases its inclination from its kickoff point, it 

starts from zero until the desired inclination. With azimuth, it is possible to start the drilling with the 
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desired azimuth from the kickoff point. Another difference between azimuth and inclination are the 

projection coordinates. Azimuth is projected on the North and East quadrant while inclination is 

projected on the TVD and horizontal displacement quadrant [11] 

 

𝐴𝑧𝑖(𝑇) = 𝐴𝑧𝑖(𝑇−1) + tan
−1 (

𝑅𝑂𝑃𝑎𝑧𝑖(𝑇)
𝑅𝑂𝑃𝑎𝑥𝑖𝑎𝑙(𝑇)

) ×
∆𝑇

3600
 

Azi (T) (°) – Azimuth at time T 

Azi (T-1) (°) – Azimuth at previous time step (T-∆T) 

∆T(s) – time step duration 

ROPAzi (T) (m/h) – normal ROP 

ROPaxial (T) (m/h) – axial ROP 

 

On a 3D modelling, there will be two ROPs normal to the axis of the tool in addition to the 𝑅𝑂𝑃𝐴𝑥𝑖𝑎𝑙. 

One of the two ROPs normal is the same from the 2D model, called 𝑅𝑂𝑃Inc that controls the inclination 

and the second ROP normal to the axis of the RSS tool is the 𝑅𝑂𝑃Azi that controls the azimuth.  

 

2.18  North – East Location 

 

𝑁𝑜𝑟𝑡ℎ(𝑇) = 𝑁𝑜𝑟𝑡ℎ(𝑇−1) + cos(𝐴𝑧𝑖(𝑇)) × (𝐻𝐷(𝑇) − 𝐻𝐷(𝑇−1))  

 

𝐸𝑎𝑠𝑡(𝑇) = 𝐸𝑎𝑠𝑡(𝑇−1) + sin(𝐴𝑧𝑖(𝑇)) × (𝐻𝐷(𝑇) − 𝐻𝐷(𝑇−1)) 

 

North(T) (m) – Location of the bit on the north (+) or South (-) direction at the time T 

North(T-1) (m) – Location of the bit on the north (+) or South (-) direction at previous time step 

(T-∆T) 
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3 Bit Model 

The bit model is based on [10] and [12]. 

 

3.1 Axial Rate of Penetration 

 

𝑅𝑂𝑃𝑎𝑥𝑖𝑎𝑙 = 
13.33 ×  𝜇 ×  𝑁 × 𝐸𝑓𝑓

𝐷𝑏 × 𝐶𝐶𝑆
 

 

ROPaxial (ft/hr) – axial rate of penetration 

N (rev/min) – Rotary speed 

µ (-) – coefficient of sliding friction = formation aggressiveness × bit aggressiveness factor (0.7 

for unaggressive bits, 1.3 for aggressive bits)  

Db (in
2) – Bit diameter 

CCS (psi) – Confined compressive strength of the rock 

WOB (lbs) – Weight on bit 

Eff (-) – Drilling efficiency (0.3 – 0.4) 

 

3.2 Lateral Rate of Penetration 

 

𝑅𝑂𝑃𝑙𝑎𝑡𝑒𝑟𝑎𝑙 = 
𝑠𝑖𝑑𝑒 𝑐𝑢𝑡𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑠𝑖𝑑𝑒 𝑓𝑜𝑟𝑐𝑒 ×  𝑁

𝐷𝑏 × 𝐶𝐶𝑆
 

 

 

ROPlateral (ft/hr) – lateral rate of penetration 

N (rev/min) – Rotary speed 

µ (-) – coefficient of sliding friction = formation aggressiveness × bit aggressiveness factor (0.7 

for unaggressive bits, 1.3 for aggressive bits)  

Db (in
2) – diameter of the bit 

CCS (psi) – Confined compressive strength of the rock 

Side cutting factor (-) – scaling factor for side cutting aggressiveness 

Ab (in
2) - borehole area 

Side force (lbf) – side force on the bit 

 

3.3 Bit Torque 

 

𝑇 =
𝐷𝑏 ×𝑊𝑂𝐵 × 𝜇

36
 

 

µ (-) – coefficient of sliding friction = formation aggressiveness × bit aggressiveness factor (0.7 

for unaggressive bits, 1.3 for aggressive bits)  

T (ft-lbs) – surface torque 

Db (in
2) – diameter of the bit 

WOB (lbs) – weight on bit 
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4 DRILLING PARAMETERS 

 

The parameters that follow are calculated on the basis of the required source data obtained in the 

process of well construction and rig operations. 

 

4.1 Pump Output 

 

Pump output is computed on the basis of “Pump Data” according to the pump type:  

 

• One pump stroke (Triplex) – the pump has three chambers producing 1 mud volume per 1 

pump stroke [11]. 

1004

2 ef

linerstrokestroke

C
DLNQ 








=


 

 

Qstk (m
3) – pump output 

Lstroke (m) – pump stroke length 

Dliner (m) – liner inner diameter 

Cef (%) – operating efficiency of a chamber 

N – number of chambers: 3 

 

• Double pump stroke (Duplex) – the pump has two chambers producing 2 mud volumes 

per 1 pump stroke [11].  

( )
100

2
4

22 ef

rodlinerstrokestroke

C
DDLNQ 








−=


 

 

Qstk (m
3) – pump output per 1 stroke 

Lstroke (m) – pump stroke length 

Dliner (m) – liner inner diameter  

Drod (m) – pump rod diameter  

Cef (%) – operating efficiency of a chamber 

N – number of chambers: 2 

 

4.2 Mud Flow 

 

In the absence of the specified sensor, mudflow is calculated on the basis of the output of 

circulating pumps engaged in mud circulation and on “Strokes Per Minute” sensor readings. 

Calculations are made from the next methods [11]: 

• On SPM sensor readings: 

SPMQMF stroke =   
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MF (m3/min) – mud flow rate 

Qstroke (m
3) – pump output per 1 stroke 

SPM (str/min) – pump strokes per minute 

 

4.3 Rotary Speed 

 

The parameter determines actual bit revolutions value with various drilling techniques [11]:  

 

• Rotary drilling 

RPMRPM bit =  (rev/min) 

 

RPM (rev/min) – “drill string revolutions per minute” top drive or rotary table sensor 

readings  

 

• mud motor rotor RPM (slide mode) 

turb

in
bit

Q

MF
RPM =  (rev/min) 

 

RPMbit (rev/min) – “bit (rotor) revolutions per minute”  

MFin (m
3/min) – mud flow in 

Qturb (m
3) – mud volume required per one rotor revolution (company specification). 

 

• Rotary mud motor-drilling (rotation mode) 

 

turb

in
bit

Q

MF
RPMRPM +=  

 

RPMbit (rev/min) – “bit revolutions per minute” 

RPM (rev/min) – “drill string revolutions per minute” top drive or rotary table sensor 

readings  

MFin (m
3/min) – mud flow in 

Qturb (m
3) – mud volume required per one one rotor revolution. 

 

4.4 Drill String Weight 

 

Calculations are done by one of the methods presented below: 

 

• On drill string geometry data (total length of drill string equals bit depth) [11]. 

 

( )kellyhook HHBDTL −+=   
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( ) kelly

TL

TL

pipepipebit
in WLWW

MW
SW +








+








−= 

=0

7856
1   

 

SW (kg) – drill string weight 

TL (m) – total length 

BD (m) – bit depth 

Hhook (m) – hook position 

Hkelly (m) – kelly length 

MWin (kg/m3) – mud weight in 

Wbit (kg) – bit weight 

Wpipe (kg/m)– weight of 1 running meter of pipe 

Lpipe (m) – pipe length 

Wkelly (kg) – kelly weight 

 

• Adding stand weight after connection 

 

𝑆𝑊𝑖+1 = 𝑆𝑊𝑖 + (Δ𝐻𝑘𝑒𝑙𝑙𝑦 ×𝑊𝑠𝑡𝑎𝑛𝑑) 

 

                  SWi+1 (kg) – new drill string weight after adding drill pipe  

                  SWi (kg) – drill string weight 

ΔHkelly (m) – kelly position difference after connection 

Wstand (kg/m) – weight of 1 running meter of pipe with buoyancy factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



University of Calgary 
 

27 

 

5 Control System  

 

5.1 Control System Introduction 

 

Control systems have played a crucial part in our technological advancement in recent years. 

Automation is required in many industries as the technology and process have been modernized. 

A control system can be depicted as a system that regulates the behaviour of processes or machines 

to achieve desired results. This is achieved by a control closed loop that controls a variable to be 

at a certain desired set point. The system equation will be controlled using mathematical models 

developed from physical laws or experimental data [13]. 

 

5.2 Dynamic Systems 

 

Dynamic systems are systems that change over time following a rule. It is usually represented as 

first order differential equations as follow: 

�̇� =  
𝑑𝑥

𝑑𝑡
= 𝑓(𝑥(𝑡), 𝑢(𝑡), 𝑡)         

x(t): State vector at time t 

u(t): Vector of external inputs at time t 

dx/dt: Rate of change of the state vector at time t 

 

Some assumptions are usually made to solve this equation. It is safe to assume that function f does 

not directly depend on time t, which means that it is time-invariant. The second assumption is that 

the system act as a linear system. During a short enough time, the governed equation of systems 

can indeed be approximated as linear equations. With these 2 assumptions, the dynamic systems 

are considered linear time-invariant (LTI). Even with this assumption, LTI systems prove to be 

quite effective to solve control engineering problems. 

 

5.3 Transfer Function  

 

LTI systems will be used for most control systems. It has a very important property in which if the 

input is a sinusoidal function, then the output will also be sinusoidal function of the same 

frequency. The difference between the magnitude and phase angle represents the frequency 

response of the system. The governing equation of the dynamic system is in form of differential 

equation. Using Laplace transform the governing equation can be converted into frequency 

domain. Those equations are called transfer function. The Laplace transform of a time domain 

function f(t) is represented as below: 

𝐹(𝑠) =  ℒ{𝑓(𝑡)} =  ∫ 𝑒−𝑠𝑡𝑓(𝑡)𝑑𝑡
∞

0

 

The Laplace transform of nth derivative governed equation: 

ℒ {
𝑑𝑛𝑓

𝑑𝑡𝑛
} =  𝑠𝑛𝐹(𝑠) − 𝑠𝑛−1𝑓(0) − 𝑠𝑛−2𝑓̇(0) − ⋯− 𝑓(𝑛−1)(0) 

Frequency-domain method is used: 

𝑎𝑛
𝑑𝑛𝑦

𝑑𝑡𝑛
+⋯+ 𝑎1

𝑑𝑦

𝑑𝑡
+ 𝑎0𝑦(𝑡) =  𝑏𝑚

𝑑𝑚𝑢

𝑑𝑡𝑚
+⋯+ 𝑏1

𝑑𝑢

𝑑𝑡
+ 𝑏0𝑢(𝑡) 

Laplace transform of the equation above: 
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𝑎𝑛𝑠
𝑛𝑌(𝑠) + ⋯+ 𝑎1𝑠𝑌(𝑠) + 𝑎0𝑌(𝑠) =  𝑏𝑚𝑠

𝑚𝑈(𝑠) + ⋯+ 𝑏1𝑠𝑈(𝑠) + 𝑏0𝑈(𝑠) 
Y(s): Laplace transform of output y(t) 

U(s): Laplace transform of input u(t) 

 

The transfer function of this governing equation is: 

𝐺(𝑠) =  
𝑌(𝑠)

𝑈(𝑠)
=  
𝑏𝑚𝑠

𝑚 + 𝑏𝑚−1𝑠
𝑚−1 +⋯+ 𝑏1𝑠 + 𝑏0

𝑎𝑛𝑠𝑛 + 𝑎𝑛−1𝑠𝑛−1 +⋯+ 𝑎1𝑠 + 𝑎0
 

Factor the numerator and denominator we have zero-pole-gain form: 

𝐺(𝑠) =  𝐾
(𝑠 − 𝑧1)(𝑠 − 𝑧1)… (𝑠 − 𝑧1)(𝑠 − 𝑧1)

(𝑠 − 𝑝1)(𝑠 − 𝑝2)… (𝑠 − 𝑝𝑛−1)(𝑠 − 𝑝𝑛)
 

The zeros are the roots of the numerator and poles are the roots of the denominator. The gain is K. 

 

5.4 PID Controller 

 

In the control system, a controller is a method that reduces the difference between the real value 

and the desired value of the system. It plays a crucial part in every control system. The 

Proportional-Integral-Derivative controller is ubiquitous in control systems due to its simplicity 

and effectiveness. Although the design of the controller is relatively simple, It is yet quite powerful 

as it can predict the future behaviour of the system through differentiation, past behaviour through 

integration, and the current reaction through proportion. 

 
Figure 15: Unity-feedback system [13] 

 

The input u(t) of the plant is as follow: 

𝑢(𝑡) =  𝐾𝑝𝑒(𝑡) + 𝐾𝑖∫𝑒(𝑡)𝑑𝑡 + 𝐾𝑑
𝑑𝑒

𝑑𝑡
 

Kp: Proportional Gain 

Ki: Integral Gain 

Kd: Derivative Gain 

 

In this closed-loop control, the error e, which is the difference between reference r and output y is 

fed into the controller an. The controller calculates the control signal u, which is equal to the sum 

of Kp time the error, Ki multiplies by the integral of the error and Ki time the derivative of the 

error. The plant will then take the controller output u from the controller and output y. The 
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difference between this output and the reference signal will be found and fed back into the 

controller. This process keeps repeating until the desired output is reached. 

 

The Laplace transform of the PID controller is found as follow: 

𝐾𝑝 +
𝐾𝑖
𝑠
+ 𝐾𝑑𝑠 =  

𝐾𝑑𝑠
2 + 𝐾𝑝𝑠 + 𝐾𝑝

𝑠
 

 

 

5.5 The Effects of P, I, D Terms 

 

Kp: with the increase of proportional gain (Kp), the control signal u will also increase by the same 

proportion. This leads to the fact that the controller will react more quickly to the error the larger 

the proportional gain becomes. However, increasing the proportional gain too much and it can 

cause the system to overshoot and oscillate. Another effect of proportional gain is that it cannot 

eliminate the steady-state error instead it can only reduce the error. 

 

Kd : unlike the proportional gain, which reacts based on the current error, the derivative term (Kd) 

reacts with the rate of change of the error. The controller output increases as the rate of change of 

error increases. It attempts to reduce the oscillation of the error and help the system to converge 

more quickly. The derivative gain will generally reduce the error, however, at a certain point, it 

will create more oscillations. It can be interpreted as the prediction of future errors. 

 

KI: the integral term (KI) records the sum of the error over time, hence it has the memory of the 

system behaviour in the past. As long as there is an error even if the error is steady, the integrator 

will keep increasing the controller output. 

 

Tuning of PID parameter can be done by experimentally adjust each of the controller parameter 

(Kp, Kd, Ki).  

Parameter 

Increase 

Rise Time Overshoot Settling Time Steady-State 

Error 

KP Decrease Increase Small Change Decrease 

Kd Decrease Increase Increase Decrease 

KI Small Change Decrese Decrease No Change 

     PID Tuning [13] 

 

5.6 Inputs and Outputs for RPM and WOB Controllers 

 

PID controller will be used to control the Revolution per Minute (RPM) and Weight on Bit (WOB) 

of the system. The input of the plant is the error e(t) between the current process variable y(t) and 
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the setpoint r(t). After going through the PID controller, the controller output u(t) will be outputted 

and fed back into the plant again for the next iteration. 

 

 
Figure 16: The block diagram of process control using PID [14] 

 

5.7 Transfer Function for RPM and WOB 

 

WOB Controller: The hoisting servo motor will regulate the WOB while drilling and moving of 

the drill string. The drill string can be represented as a simple mass-spring-damper system. 

 
Figure 17: Mass – spring – damper diagram 
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Assume the direction pointing down is the positive x-direction. The spring force apply on mass m 

is proportional to the displacement of the mass 𝑥 and the damping force is proportional to the 

velocity of the �̇�. Say we apply a force F downward into mass M and apply Newton’s second law, 

we have 

Σ𝐹𝑥 = −𝐻𝐿 +𝑊 − 𝑏�̇�(𝑡) − 𝑘𝑥(𝑡) = 𝑚�̈�(𝑡) 
 

𝑚�̈�(𝑡) + 𝑏�̇�(𝑡) − 𝑘𝑥(𝑡) = 𝑊𝑜𝐵 

 

Change into the frequency domain using Laplace transform assuming initial condition is equal to 

zero: 

𝑚𝑠2𝑋(𝑠) +  𝑏𝑠𝑋(𝑠) + 𝑘𝑋(𝑠) = 𝑊𝑜𝐵(𝑠) 
 

The Transfer function with the force input and displacement output is: 

 
𝑋(𝑠)

𝑊𝑜𝐵(𝑠)
=  

1

𝑚𝑠2 + 𝑏𝑠 + 𝑘
 

m: Mass of the drill string (Kg) 

b: Damping constant of the drill string (Ns/m) 

k: Spring constant of the drill string (N/m)  

x: is the vertical displacement 

 

The WOB is controlled with the RPM input from the top drive motor and the ROP in the axial 

direction as shown below: 

𝑅𝑂𝑃𝑎𝑥𝑖𝑎𝑙 = 
13.33 ×  𝜇 ×  𝑅𝑃𝑀

𝐷 × (
𝐸𝑆
𝑊𝑂𝐵 −

1
𝐴𝑏
)

 

 

 

 
Figure 18: WOB control system (top) and Spring-mass-damper subsystem (bottom) 

 

RPM Controller: it transmits rotational energy to the drill string and the drill bit. The motor 

control the WOB of the drill bit. The top drive will be represented as an AC motor. An induction 

motor with inner flux vector controller is represented as follow [15]: 
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Θ(s)

𝑇(𝑠)
=

1

𝐽𝑠2 + 𝐵𝑠
 

ϴ(s): Position of the rotor 

T(s): Motor torque 

J: Moment of inertia of the rotor and the load (kg-m2) 

B: Damping coefficient of the bearing (kg.m2/sec) 

 
Figure 19: Block Diagram of RPM Controller 

 
Figure 20: Top-drive motor subsystem 

 

The top-drive motor relates the torque (𝑇) and the motor RPM as follows: 

 

𝑇 =
7120𝑃

𝑁
 

Where, 𝑇 is the motor torque in 𝑁𝑚 

 𝑃 is the supplied power in 𝐻𝑃 

 𝑁 is the motor rotational speed in 𝑅𝑃𝑀 
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Figure 21: RPM and WOB Control system 

Mud flowrate control: The pump flowrates are regulated similar to the WOB and RPM as shown 

above. 

 

 
Figure 22: Mud flowrate control 
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6 Basic App Structure 

 

The goal of the app is to represent a virtual rig, including drill string/BHA and wellbore interaction, 

and to demonstrate the model using a control model. The goal can be summarized in the figure 

below. 

 

 
Figure 23: Goal of Virtual Drilling App 

 

The app would be built on depth steps. The change in depth would be based on the original well 

path design. The original well path design is derived from the selected surface location and the 

target points provided by Drillbotics committee.  

 

6.1 Input Data  

 
1. Target Northing, Easting and TVD 

2. Selected Initial Northing, Easting, and TVD 

3. Steering type: Mud Motor or RSS (push the bit) 

4. BHA selection (automated choice) 

 

6.2 Output Data 

 
1. Original well path design 

2. Inclination, Azimuth, and YVD for each depth step 

3. Time elapsed 

4. Operations Parameters (Side Force, ROP, WOB (surface and downhole), RPM (surface 

and downhole), Torque (surface and downhole), differential pressure, and mud flow rate 

 

6.3 Plots 

 
1. North vs East vs TVD 

2. MD vs Torque 

3. MD vs [Inclination and Azimuth] 

4. MD vs RPM [surface and downhole] 

5. MD vs ROP vs Torque vs RPM vs WOB 

6. ROP vs WOB 
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7. TVD vs Vertical section 

 

6.4 Simulation Tables 

 
1. Input data table (North, East, TVD from surface to all target points) 

2. Original Well Path (MD, Inclination, Azimuth, TVD, North, East, Build, Walk, Dogleg 

Severity) 

3. Real Time Operations Table (MD, RPM, WOB, Torque, Differential Pressure, Flow Rate, 

Side Force) 

 

6.5 Simulation Flowchart 

 
The output from the control system is automated since no human interaction is allowed in this 

autonomous drilling process. The constants from the control system will be tuned as needed 

throughout the process. The app will display proportion, differential, and integral constants for 

each simulation loop. Two plots will be shown: RPM setpoints vs surface RPM; WOB setpoints 

vs surface WOB.  
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Figure 24: The Drilling Simulation Flowchart 



University of Calgary 
 

37 

 

7  Project Completion Plan 

 

1. Reza Lashkari will complete the simulation of all the drill string model on MATLAB and 

provide the script to Anh Le. 

 

2. Ray Hulog will perform the simulation of the control system in MATLAB and provide the 

script to Anh Le. 

 

3. Anh Le will integrate the drill string simulation and control system simulation in MATLAB 

and send the complete script to Darlington Etaje. 

 

4. The implementation of the integrated simulation will be completed by Darlington Etaje on 

MATLAB App designer. 

 

5. The team will test the app with actual field data to confirm results. 
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9 Appendix 

Table 1: Team members and roles 

Team Member Current Degree Contribution 

Reza Lashkari PhD. Petroleum Engineering 5th year Modeling and Simulation. 

Darlington Etaje PhD. Petroleum Engineering 4th year App Development and Simulation. 

Anh Le BSc. Mechanical Engineering 4th year Controls Lead and Project Management. 

Ray Hulog BSc. Mechanical Engineering 4th year Control System and Project Management. 

 

 


