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ABSTRACT

The Anti-Collision System to prevent accidents between moving drilling equipment is an import-
ant component of the drilling control system. The system consists of communication module,
anti-collision algorithms, override functions and visualization module. To check the validity of the
anti-collision algorithm, all systems associated with the system must be activated, which results in
a number of inconveniences in the development process. This paper presents a simulator to facili-
tate the work related to the development of Anti-Collision System. The functions of the drilling
equipment related to the pipe connecting and tripping process and the systems linked to the Anti-
Collision System in the drilling control system are analyzed to derive the requirements of the
simulator. Based on this analysis, the framework of the simulator is constructed and motion of
equipment is produced using external input devices. The GUI is used to view the current status
of the equipment, and the operation of the Anti-Collision System is verified using commercial
visualization S/W. The validity of the developed simulator is verified with several collision sce-
narios.

Key Words: Anti-collision system, Drilling control network, Human-machine interface, Pipe han-
dling process, Smart machine integrator
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Table 1 Scheme for simulator design

Element Component Drilling Control System in the field Realization in the simulator
. HW+SW PLC + Equipment Emulator design
Machines —
Identification |IP address + Port nos. Port nos.
HW Ring type topology, Fiber optic ethernet ~ |None (internal communication within PC)
DCN Protocol UDP (ACS<Cyberbase, ACS—PLCs, etc) |Same as on the left
rotoco.
Profibus DP etc. (PLC—Equipment) None (combined in the emulators)
HW Cyber chair + touch screen Input modules (Joystick + touch screen)
Cyberbase - - -
SwW Machine operating SW Manual operation only
HW PLC PC for simulator
SW ACS core Same as on the left
ACS External
M);Z:;:s ACS logic, Bypass modules Same as on the left
Viewer 3D visualization SW Same as on the left
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Table 2 Names and basic functions of the drilling
equipment in the research

Basic functions

Equipment

top drive
- carrying pipes up/down
- connecting pipes

racker
- transporting pipes
- picking up pipes

iron roughneck
- connecting pipes
- breaking down pipes

catwalk
- transporting pipes
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Table 3 Summary of moving directions for subsystems

Equipment | Subsystems | Movement (direction)
Top Drive |Top Drive | Vertical
Spinner Translational (y), Vertical
Roulgl)lrrlleck Tool Frame |Translational(y), Vertical
Base Frame |Translational (y),
Upper Arm | Translational (local x)
Main Arm | Translational (local x)
Racker |Tail Arm Translational (local x)
Column Rotational
Trolley Translational (x)
Catwalk  |Skate Translational (x)
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Table 4 Data types and quantities for drilling equipment
generated by the simulator and sent to ACS core

Equipment Data Types (quantities)
Top Drive Bool (2), Float (1)
Iron Roughneck Bool (2), Float (9)
Racker Bool (2), Float (11)
Catwalk Bool (2), Float (1)
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Table 5 Test procedure

No. Operation Simulator check point
1 |Generating JSON file |Machine emulators
2 |Joystick connection  |Operation modules
3 |Check communication |ACS Core, UDP
4 |M1 moves to M2 Emulators, Input modules
5 | Check collision ACS logic, Viewer
6 |M2 Ignore switch ON |ACS Bypass module
7 |M2 moves to M1 Emulators, Input modules
8 |Check collision ACS logic, Viewer
9 ](\)/[131 Release switch ACS Bypass module
10 Change M1 and M2 and repeat No. 4 to 9
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Table 6 Specification of simulator H/W and viewer

CPU Intel Xeon E5-2670 @ 2.6GHz
RAM Samsung 32G

GPU NVIDIA Quadro K4000
Thrustermaster T 16000M
Unreal 4.23.3

Joystick

Viewer

(a) Original arrangement

(c¢) Racker-roughneck collision

(d) Top drive-racker collision

(e) Racker-roughneck -catwalk collision

Fig. 8 Collision check simulation
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