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Abstract: In oil and gas exploitation, the derrick is used to place the crane, hanging carriages, as well as carrying a variety of heavy equipment.The
derrick mainly contains the body of the derrick, the crossheam, and the tension bar, which are connected together by the pin shaft.After drilling
operations, the derrick pin needs to be removed manually.However, due to the high operational risk and high cost of pin removal. Therefore, there is
an urgent need to find a safer method for pin removal.In this paper, a new method of safe pin disassembly is proposed.After lifting the robotic arm
and the pin ejector mechanism to a specified position by using a lifting device, the robotic arm is connected to the pin ejector mechanism by
quick-change and arrives at the specified operating position, and the pin ejector mechanism is activated to eject the pin.Since the robotic arm and
lifting device are standardized products, their reliability meets the requirements.However, the C-frame in the ejector mechanism is mainly used to
counteract the reaction force of the pin on the ejector mechanism, and the reliability of this structure has a direct impact on the entire
workflow. Therefore, In this paper, the reliability of C type is verified from two aspects of stress and deformation by static analysis.Then, the
C-frame structure is topologically optimized, and the optimized structure not only meets the reliability requirements but also achieves the weight
reduction of the mechanism.This research further promotes the construction of smart oilfields and can also provide reference value for other

engineering fields.
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1. Introduction

As one of the major sources of energy in the world, the
efficient and reliable development of oil and gas is
crucial to maintaining the economic development and
energy security of all countries. In the process of oil
and gas development, the oil rig derrick, as a device
for placing the overhead crane, hanging rover, big
hook and carrying all kinds of heavy loads in the
drilling operation. It undertakes the task of ensuring
the drill bit to smoothly dig the hole underground to
obtain oil and gas.The derrick mainly contains the
derrick body, crossbeam, and tension bar, which are
reliably connected by pins. Before and after the
drilling operation, it is necessary to install and remove
the derrick pins manually, so as to realize the
installation and removal of the derrick.In the past few
decades, the disassembly and assembly of oil rig
derricks has been dependent on a large amount of
manual input, and involves the operation of heavy
machinery and high-altitude operations, which not
only increases operating costs, but also limits
operating efficiency and safety.Moreover, human
operation is susceptible to the influence of the external
environment, such as bad weather and complex terrain,
which further increases the risk and difficulty of the
operation.Therefore, there is an urgent need to find a
safer pin removal method in order to improve the
efficiency, safety and reliability of oil rig derrick
removal.

With the development of material, computer and
electronic technologies, electromagnetic actuators
have been widely used in new energy vehicles,
aerospace and intelligent robots.However, due to its
insufficient dynamic stiffness, its application in
high-precision ~ servo  control ~ systems  is
limited[1-4]. Therefore, it cannot be used in the
complex environment of the oil field. The linear
actuator is also known as the electric push rod. The
linear actuator converts the rotational motion of the
motor into a linear reciprocating motion of the screw
through the screw mechanism, and has a certain
thrust.Using the thrust generated by the linear actuator
to eject the derrick pin has the advantages of simple
operation, low noise and stable ejecting process
compared with using the traditional impact force to
eject the pin.At present, linear actuators are mainly
used in the medical field and office field. It is a great
innovation to use linear actuators in the disassembly of
derrick pins.However, the use of linear actuators in
engineering fields with complex environments
requires higher demands on the control performance
of linear actuators.For example, during the ejection of
the derrick pin shaft, the thrust of the linear actuator
needs to be adjusted adaptively according to the actual
state of the pin shaft.The linear actuator is initially
only open and closed in two states, unable to speed
and control the thrust.Recently, more and more linear
actuators use PWM technology for speed regulation,
but this method has low control accuracy and can only
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meet the requirements of low field, which is not
conducive to the field application of petroleum
engineering[5].Song et al[6].studied the logic control
of multiple linear actuators by using PLC as the
controller, and realized the independent control of
each linear actuator.Zhou et al[7].designed a linear
actuator control system by using PID control
technology. Under the action of the control system, the
linear actuator can achieve the effect of precise control
and simple control.Han et al[8].designed and
fabricated a linear actuator control system by using
DSP control technology, which further promoted the
development of linear actuators.

Structural topology optimization is an advanced
engineering design method, which is mainly used in
the field of structural design to achieve the purpose of
reducing structural quality and improving structural
performance.By optimizing the distribution of
materials in a given design space, this method
minimizes the structural weight and material cost
while achieving the predetermined performance
objectives.In the process of structural topology
optimization, the working environment and load
conditions of the structure should be set first, as well
as the performance indicators that need to be met, such
as strength, stiffness, frequency response, etc.Then, by
setting the optimization objectives and constraints,
such as the amount of material, and then using the
optimization algorithm to find the best distribution of
materials.In addition, structural topology optimization
is also closely related to modern manufacturing
technology, especially additive manufacturing ( 3D
printing ). Additive manufacturing can produce
complex geometric shapes that are difficult to achieve
by traditional methods, which makes the structure
after topology optimization easier to
manufacture[9].In  general, structural topology
optimization is a cutting-edge and efficient design
method, which achieves performance optimization
and cost minimization by precisely controlling the use
and distribution of materials[10].In this paper, the
topology optimization of the existing C-frame is
carried out to obtain a C-frame with better
performance and lighter weight, so as to reduce the
load of the manipulator and improve the reliability of
the operation.

In this paper, a new method of automatic pin
disassembly based on linear actuator is proposed: after
lifting the robotic arm and the pin ejector mechanism
to the specified position by using the lifting device, the
robotic arm is connected to the ejector mechanism and
reaches the specified operation position by means of
quick-change to activate the linear actuator in the
ejector mechanism to eject the pin. Then, the C-frame
structural member in the method was numerically
analyzed statically to guarantee the reliability of the
structure.  Finally, the C-frame structure is
topologically optimized, and the optimized structure
not only meets the reliability of use but also achieves
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the purpose of weight reduction of the mechanism.The
method can not only significantly improve the derrick
removal efficiency, thus shortening the drilling cycle,
but also reduce the operational risk and protect the life
safety and health of the operating personnel. This
research further promotes the construction of smart
oilfield while improving the derrick disassembly
efficiency, reducing the operation cost, and
safeguarding the safety of personnel, and can also
provide reference value for other engineering fields.

2. Automatic disassembly process of derrick pin
shaft

The overall process of automated derrick pin
dismantling operation is as follows: 1) Lifting device
is used to lift the robotic arm and pin ejector to the
specified position; 2) The robotic arm is connected to
the ejector by quick-change and arrives at the
specified operation position; 3) The ejector is
activated so as to eject the pin.

3

-
'. collaborative robot
: 1

lifting system

Fig 1. Automatic disassembly of pin shaft

Fig.2 is a schematic diagram of the pin ejection
mechanism, including C-frame, linear actuator and
linear actuator protection shell. Among them, the
linear actuator is used to generate sufficient jacking
force to achieve the purpose of ejecting the pin shaft ;
the C type frame is used to counteract the reaction
force of the pin shaft on the ejection mechanism when
the linear actuator is working. The linear actuator
protection shell separates the linear actuator from the
external environment to prevent the linear actuator
from being damaged.

Fig 2. Pin shaft ejection mechanism

As shown in Fig.3,when the pin shaft is ejected, the
C-type frame in the pin shaft ejecting mechanism is
first stuck at the upper and lower ends of the pin shaft,
and the pin shaft axis is collinear with the push rod
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axis of the ejecting mechanism, and then the lower end

| Tab 1. material parameters of 45 steel
of the C-type frame is attached to the lower end of the

binaural plate. Start the linear actuator, and the linear Density Young’s Poisson’s Bulk
actuator ejector rod is slowly pushed out and the pin (kg/m® Modulus(Pa) Ratio Modulus(Pa)
shaft is pushed out from the ear plate. During the

actuation, the reaction force generated by the pin shaft 7890 212e+11 0269 1.5296e+11

to the ejecting mechanism is transmitted to the ear
plate through the C-type frame, which avoids the
ejecting mechanism from bearing a large reaction
force.

Tab 2. material parameters of 7075 aluminum alloy

Density Young’s Poisson”  Bulk
(kg/m*) Modulus(Pa) s Ratio Modulus(Pa)
2800 7.1e+10 0.33 6.9608e+10

Double ear plate **seases®”

Single ear plate

Fig3. Pin disassembly schematic diagram

3. Numerical analysis of mechanical properties of
C-frame

It can be seen from Section 2 that in the pin ejection
operation, the C-type frame is the key structure of the
reaction force transmission, and its mechanical
properties are directly related to the reliability of the
entire ejection operation. Therefore, this section will
conduct a numerical analysis of the mechanical
properties of an existing C-frame, and the analysis
results will provide a basis for the performance
evaluation, structural optimization and experimental
verification of the existing C-frame.

3.1 The establishment of numerical analysis model
of C-frame

The actual geometric structure of the C-type frame is
shown in Fig.4.After the geometric model is imported
into the finite element analysis software, the material
parameters are set. There are two types of C-type
frame, one is 45 steel material C-type frame and the
other is 7075 aluminum alloy material C-type frame.
The specific material parameters of these two
materials are shown in Table 1 and Table 2.

190,00
REOOD [~ -

210,00

Fig 4. C-frame geometric model
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To mesh the C-frame, a tetrahedral mesh is used in this
paper, and the mesh parameters of the non-critical
region are set larger and the mesh of the critical region
is set denser to reduce the total number of meshes
without affecting the calculation results. As shown in
Fig.5, this meshing is divided into 281048 cells and
398849 nodes.

Fig 5. Model meshing results

After the meshing is completed, the boundary
conditions of the model are set, and the boundary
conditions of the fixed support ( full constraint ) are
applied to the four bolt holes on the upper surface and
the upper surface of the C-type frame. Since the linear
actuator of this type can produce a maximum jacking
force of 10000 N, a 10000 N force boundary condition
is applied to the lower surface of the C-frame, as
shown in Fig 6.

Fig 6. boundary condition setting
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3.2 Results and discussion
Solve the appeal model, in which the deformation and
stress solution results of 45 steel C-frame are shown in

Fig 7. 45 steel C-frame solution results

According to the solution results, the maximum
deformation of the 45 steel C-frame is 0.287 mm,
which occurs at the lower end of the C-frame. The
maximum equivalent stress appears at the bending
part of the lower end of the C-frame. The maximum
equivalent stress is about 48 MPa, which is less than
the yield limit of 45 steel material 355 MPa. The
results show that the maximum deformation of the
structure meets the requirements, the maximum stress
is less than the limit allowable stress, and the structure
is safe and reliable.

The results of deformation and stress of 7075
aluminum alloy C frame are shown in 8 :

— 1t hon Mises s
o : E
n 24625 Min

Fig 8. 7075 Aluminum Alloy C-Frame Solution
Results

According to the solution results, the maximum
deformation of the 7075 series aluminum alloy
C-frame is 0.853 mm, which occurs at the lower end
of the C-frame. The maximum equivalent stress
occurs at the bending part of the lower end of the
C-frame, which is about 48 MPa, which is less than
the yield limit of the 7 series aluminum alloy material
455 MPa. The results show that the maximum
deformation of the structure meets the requirements,
the maximum stress is less than the limit allowable
stress, and the structure is safe and reliable.

In summary, the maximum stress of 45 steel C-shaped
frame and 7075 series aluminum alloy C-shaped
frame is about 48 MPa under the action of maximum
top force, which is less than the yield limit of its
corresponding material. The maximum deformation of
45 steel C-shaped frame is 0.287 mm, the maximum
deformation of 7075 series aluminum alloy C-shaped
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frame is 0.853 mm, and the maximum deformation of
7075 series aluminum alloy C-shaped frame is about 3
times that of 45 steel C-shaped frame. Although the
maximum deformation of 7075 series aluminum alloy
C-frame is about 3 times that of 45 steel C-frame.
However, since the maximum deformation of 0.853
mm does not affect the reliability of the C-type frame,
and considering that the quality of the 7075 series
aluminum alloy C-type frame is 64.5 % lighter than
that of the 45 steel C-type frame. Therefore, it is
suggested that 7075 series aluminum alloy should be
selected as the processing material of C-frame.

4. Research on structural optimization of C-type
frame

The topology optimization of the C-type frame
structure in the 3 summary is studied, and the quality
is used as the corresponding constraint of the
optimization, and 50 % of the quality is retained. As
shown in Fig 9, after 14 iterations, the convergence
condition is reached and the iteration is completed.

——#—— Mass Response Convergence

0w §

moss

578

895

Mass Constraint

= =

Fig 9. Iterative information

Considering the processing, practicability and
installation of the structure, the optimized structure is
further processed, and the final optimization model is
obtained as shown in Figure 10. Since the structure
volume before optimization is 0.003127 m3, and the
final model volume is only 0.00246 m3, the optimized
structure mass is reduced by 22.4 %.

Fig 10. Optimized C-frame structure

Numerical analysis of the optimized structure is
carried out to ensure the reliability of the structure,
and the material parameters, boundary conditions and
other settings are the same as in Section 3.1. The
optimized model is meshed with tetrahedral mesh. The
mesh is divided into 296211 cells and 425568 nodes,
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as shown in Fig. 11.

Fig 11. Optimized C-frame meshing.

The deformation and stress solution results of the
optimized 45 steel C-frame are shown in Figure 12 :

Fig 12. Optimized 45 steel C-frame solution results

According to the solution results, the maximum
deformation of the optimized 45 steel C-frame is
0.197 mm, which occurs at the lower end of the
C-frame. The maximum equivalent stress appears at
the bending part of the lower end of the C-frame. The
maximum equivalent stress is about 40.2 MPa, which

is less than the yield limit of 45 steel material 355 MPa.

The results show that the maximum deformation of the
optimized C-type frame meets the requirements, the
maximum stress is less than the limit allowable stress,
and the structure is safe and reliable.

The deformation and stress solution results of the
optimized 7075 series aluminum alloy C-frame are
shown in Fig 13 .

Fig 13. The results of the optimized 7075 series
aluminum alloy C-frame are solved

According to the solution results, the maximum
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deformation of the optimized 7075 series aluminum
alloy C-frame is 0.586 mm, which occurs at the lower
end of the C-frame. The maximum equivalent stress
occurs at the rounded corner of the lower end of the
C-frame, which is about 39.7 MPa, which is less than
the yield limit of the 7 series aluminum alloy material
455 MPa. The results show that the maximum
deformation of the structure meets the requirements,
the maximum stress is less than the limit allowable
stress, and the structure is safe and reliable.

In summary, under the action of 10000 N force, the
maximum stress of the optimized 45 steel C-frame
and 7075 series aluminum alloy C-frame is about 40
MPa, which is less than the vyield limit of the
corresponding material. The maximum deformation of
45 steel C-shaped frame is 0.197 mm, the maximum
deformation of 7075 series aluminum alloy C-shaped
frame is 0.586 mm, and the maximum deformation of
7075 series aluminum alloy C-shaped frame is about 3
times that of 45 steel C-shaped frame. Under the
condition of full load, the maximum stress and
deformation of the optimized C-type frame meet the
requirements, and the mass is reduced by 22.4%,
which achieves the purpose of structural weight
reduction.

5. Conclusion

In this paper, for the derrick pin disassembly problem,
firstly, an automated derrick pin disassembly program
is proposed instead of manual operation. Then a static
numerical analysis is carried out for the C-frame in the
automatic pin dismantling mechanism, and the stress
and deformation of the C-frame are analyzed under
full load. Finally, the structural topology of the
C-frame was optimized to reduce the mass of the
structure. The main conclusions drawn in this paper
are as follows:

(1) The stress and deformation of 45 steel C-shaped
frame and 7075 series aluminum alloy C-shaped
frame under ultimate load are analyzed by establishing
the static analysis model of C-shaped frame. The
results show that the maximum stress of both is less
than the allowable stress of the material, and the
maximum deformation of both is within the allowable
range.

(2) The maximum deformation of 7075 series
aluminum alloy C-frame is three times that of 45 steel
C-frame. Considering various factors, it is
recommended to use 7075 series aluminum alloy as
the processing material of C-frame.

(3) The topology optimization of the existing C-frame
model is carried out, and the static numerical analysis
of the optimized structure is carried out. The results
show that the maximum stress and deformation of the
optimized C-type frame meet the requirements under
the condition of full load, and the mass is reduced by
22.4 %, which achieves the purpose of structural
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weight reduction.

Reference

1.

http://www.ijSciences.com

X.Tian; Y.Liu; J.Deng; L.Wang; W.Chen.A review on
piezoelectric ultrasonic motors for the past decade:
Classification, operating principle, performance, and future
work  perspectives[J].Sensors  and  Actuators  A:
Physical,2020,V01.306:111971.DOI:10.1016/j.sna.2020.1119
71.

C.Wang; S.Lu; X.Liu;  WMo; B.Zhang; K.Li;
L.Sun.Theoretical modeling and performance analysis on the
linear electromagnetic actuator with high nonlinear dynamic
negative  stiffness[J].Mechanical Systems and Signal
Processing,2024,\ol.221:
111706.DOl:https://doi.org/10.1016/j.ymssp.2024.111706
J.Lu; B.Li; W.Ge; C.Tan;B.Sun.Analysis and experimental
study on servo dynamic stiffness of electromagnetic linear
actuator[J].Mechanical Systems and Signal
Processing,2021,Vol.169:
108587.DOI:https://doi.org/10.1016/j.ymssp.2021.108587
C. Tan; B. Li; Y. Liu; W. Ge; B. Sun.Multiphysics
methodology for thermal modelling and quantitative analysis
of electromagnetic linear actuator[J].Smart Materials and
Structures,2019,Vol.28(8):087001.DOI:10.1088/1361-665X/a
b2d39

5.

10.
11

12.

J.Zhang.Research on synchronous control system of DC
electric push rod [D].China University of Mining and
Technology, 2021.DOI : 10.27623/d.

X.Song; Z.Zhao. Design of electric pushrod seismic
simulation platform control system [J]. Journal of Changzhou
Institute of Technology, 2012,25 (02):
10-13.DOI:10.3969/j.issn.1671-0436.2012.02.003

P.Zhou . Design of push rod motor control system based on
embedded type [D]. Xi 'an: Chang' an University, 2015.DOI:
10.7666/d.D749404

S.Han . Design of multi-degrees of freedom motion platform
control system [D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2014.DOI:
CNKI:CDMD:2.1015.951875

X.Gu; Q.Yu; Y.Dong; S.He; J.Qu.Structural topology
optimization for additive manufacturing with free choice of
self-supporting and infill-supporting structures[J].Computer
Methods in Applied Mechanics and
Engineering,2024,\0l.421:116788.D0I:10.1016/j.cma.2024.1
16788

[10] Y.Luo; Q.Li; S.Liu.Topology optimization of structures
with infill-supported enclosed voids for additive
manufacturing[J].Additive
Manufacturing,2022,Vol.55:102795.DOI:https://doi.org/10.1
016/j.addma.2022.102795

Volume 13 — September 2024 (09)


https://doi.org/10.1016/j.ymssp.2024.111706
https://doi.org/10.1016/j.ymssp.2021.108587
https://doi.org/10.1016/j.addma.2022.102795
https://doi.org/10.1016/j.addma.2022.102795

