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Abstract: The difference between the double donkey head beam pumping unit and the traditional beam pumping unit lies in
the latter's utilization of a four-link transmission system with varying parameters, and the characteristics of multiple constraints
should be considered when establishing the mathematical model to reduce energy consumption. Artificial fish swarm algorithm
has global search ability. It simulates the behaviors of fish in the natural environment, such as foraging, clustering, rear-end
pursuit and obstacle avoidance, and maps these behaviors into optimization strategies in the search space, so as to find the optimal
solution of the objective function. In this paper, the rear donkey head surface of CYJS6-3-18HB double donkey head pumping
unit is optimized and designed. The dynamics and energy consumption of the double donkey head pumping unit are studied by
artificial fish school algorithm, and the final optimization results are compared with other optimization algorithms. The results
show that the maximum net torque of the reducer decreases by 18.6% compared with the original data. Torque balance increased
by 23%. It can be seen that the artificial fish swarm algorithm is effective for the energy saving and consumption reduction of
the double donkey head pumping unit, and provides an effective reference for the optimization of the double donkey head
pumping unit.

Keywords: Double donkey head pumping unit; artificial fish swarm algorithm; hind donkey head; energy saving and
consumption reduction; optimal design.

. . Through the study of the double horsehead beam pumpin
L. ESta.bh_ShH_lent of Energy. SaVlng unit, it cagn be foundythat the curve of the Horsehead ﬁehiﬁd 1%’[
Optimization Mathematical Model will have a significant impact on its suspension point load,
balance load and the net torque of the reducer. In order to
realize the effective operation of the pumping unit, a perfect
mathematical model must be built to determine the effective
optimization strategy, carry out accurate evaluation and
adjustment, in order to realize the effective operation of the
pumping unit and realize the purpose of cost saving.

With the progress of technology, a variety of new types of
pumping units are emerging, especially the double donkey
head beam pumping unit. The difference between the beam
type double horsehead pumping unit and the conventional
unit is that the original connecting rod is replaced by a flexible
rope, and a rear horsehead is added on the rear arm of the
beam. The key reform of the double horsehead pumping unit 1.1. Design Variable
is to change the "four-bar linkage" of the general beam
pumping unit into a "variable parameter four-bar linkage" 1],
so that the rear arm of the beam is turned into a variable

diameter arc to generate a new motion relationship, which o
overcomes the conventional "dead angle" constraint, selected: eccentricity 1 , Affect the movement track and

In this paper, the influence of energy consumption on
double horsehead pumping unit with double horsehead curve
is analyzed, so the following relevant design variables are

increases the Horsehead swing angle, increases the stroke by energy loss of the rear donkey head; Curve arc radius
34% -52%, and improves the system efficiency by more than
30% 31, Without changing the structure, the double o ) ) ]
horsehead pumping unit has the following advantages: long Eccentrlclty aI_ld 1pcluded angle of t.ravellng beam « , it
stroke and low impact times, ensuring efficient pumping affect§ the inclination angle and working performance of the
effect; Its balance performance is better than other types of traveling beam™ 2.
pumping units, reducing vibration and failure rate; The
required matching power is low and the operation cost is
reduced; At the same time, it has two working modes of
forward and reverse, which can meet the viscosity
requirements of crude oil in different regions*..

In this paper, the double arc is selected to analyze the rear [X ] =
horsehead surface of double horsehead pumping unit, and the
mathematical model of energy consumption of the surface
and pumping system is established®!. Then, the artificial fish
swarm algorithm is used to optimize the parameters of the rear
horsehead curve to obtain the best parameters of the double
horsehead pumping unit. The purpose is to reduce the energy
consumption of the pumping unit system, and then improve
the overall efficiency of the pumping system!(®-8],

lC ,determines the smoothness and efficiency of motion;
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1.2. Constructing an Optimization Objective
Function
The root mean square value of the net torque of the reducer
refers to the effective output torque at the crank shaft of the

reducer of the pumping unit ['*!4], and its calculation formula
is as follows:

2
M - )
In the formula: M, —Net torque of reducer.
M, =TF(W -B)-0R_.sin(0-1) 3)

In the formula:

TF —Torque Factor;

W —Suspension Point Load, N ;

B —Weight of Structural Unbalanced Load, N ;
O —Weight of Crank Counterbalance, N ;

7T —Balancing Phase Angle, ° .

The root mean square (RMS) torque is positively correlated
with the effective output power of the motor. A larger torque
value indicates a higher output power, which reflects better
overall dynamic performance of the beam pumping unit 131,
This leads to reduced energy consumption in the pumping
system. The RMS torque is one of the most important
comprehensive dynamic performance indicators for beam
pumping units. Reducing the RMS torque is a crucial way to
achieve energy saving, consumption reduction, and enhanced
overall performance of the pumping unit.

1.3. Constraint Conditions

(1) Maximum Stroke Constraint S :

Smax = (¢xl + x2)la (4)

In the formula:
la —Length of the Front Arm of the Beam Pumping Unit;

@, —The angle between the beam and the X-axis when
the pumping unit is at the top dead center,®;

@, —The angle between the beam and the X-axis when
the pumping unit is at the bottom dead center,®.

(2) Extreme Position Angle A greater than 6°less than
10°;

6°<A<10° )

(3) When the beam swings to the top and bottom dead
center positions of the pumping unit, the swing angle of the
beam is equal to the angle between the beam and the
horizontal line of the crossbeam.;

¢xl = ¢x2 (6)

(4) The balance ratio of the torque of the reducer should be
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between 70% and 105%, with the constraint expressed as:

M

nlmax

M

_Manax < 105

nlmax

0.7<1-

(7

In the formula:

M, ... —Maximum Net Torque of the Reducer During
the Upstroke;
M, .. —Maximum Net Torque of the Reducer During

the Downstroke.

2. Algorithm Principles
2.1. Artificial Fish Swarm Algorithm

The state of each fish is represented as a vector.
X =(x,, X,,"+-x,), Wherein i=1, 2, ..,

the optimization variable in the algorithm; the food
concentration in the water area where the artificial fish are

n, represents

currently located is expressed as ¥ = f(X);The distance
between each artificial fish is set
d, =l X;— X, || :perception distance, Visual

as
;the
maximum step length for each artificial fish to move,
step ;congestion factor, § #RFRAINER:

The position of the next state for each artificial fish
individual is defined as:

step * rand

(X' _Xi)
”Xj_X,‘” !

®)

next — “%i

In the formula 7and is a random number between 0 and

1, X is a position within the current artificial fish's visual
J
range.

2.2. Flowchart of Artificial Fish Swarm

Algorithm

The flowchart for implementing the Artificial Fish Swarm
Algorithm is shown in Figure 1:

1) Set initial parameters: perception distance
Visual . Maximum moving step length
Step . Population Size or Scale of Population
N - Dimension Dim . Iteration Count

Try —number . Congestion Factor O ;

2) Initialize the artificial fish swarm and select the optimal
state;

3) Execute typical behaviors of the artificial fish swarm,
including foraging, schooling, following, and random
movement;

4) The algorithm terminates when the optimal solution
reaches a result within the error range or when the maximum
number of iterations is reached; otherwise, proceed to step 3.
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Figure 1. Flowchart of artificial fish swarm algorithm

3. Analysis of Optimization Results

When setting parameters, it is necessary to configure them
accurately based on the unique roles and requirements of each
parameter: Increasing the perception distance of artificial fish

Visual , increasing the perception distance of artificial fish
helps enhance their exploration capability, making it easier
for them to discover and capture the global optimal solution
and accelerate the convergence process; optimizing the step

length Step  can

convergence speed of the artificial fish swarm and ensure
search efficiency; increasing the number of artificial fish N
not only enhances the ability to escape from local optimal
traps but also achieves the purpose of accelerating
convergence speed. However, this will also be accompanied
by a significant increase in computational burden. The
foraging behavior ability and convergence efficiency of
artificial fish increase as the number of iterations increases.
The allowed degree of congestion is inversely proportional to
the congestion factor and directly proportional to the ability
of artificial fish to escape from local optimal solutions. The
parameters set for the Artificial Fish Swarm Algorithm are
shown in Table 1.

effectively improve the overall

Table 1. Parameters of artificial fish swarm algorithm

Perception Maximum Movement Number of Artificial Dimension of Iteration Crowding factor maximum iteration
Distance Step Length Fish Artificial Fish count g count
25 3 50 50 27 500

The variation of the reducer's net torque during the
optimization process of the Artificial Fish Swarm Algorithm
is illustrated in Figure 2. Throughout the entire optimization
process, as the number of iterations increases, the maximum

the reducer

Maimum net torgque of
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Mumber of

Optirmzation process of an

“ilerations

net torque of the reducer gradually decreases. When the
number of iterations reaches 276, the maximum net torque of
the reducer is 17.03 kN-m, and this value remains constant as
the number of iterations continues to increase.

ificial fish swarm algorithm
. . : "
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Figure 2. Optimization process of artificial fish swarm algorithm

The torque of the suspension point load and the torque of
the balanced load for the reducer optimized by the Artficial
Fish Swarm Algorithm are shown in Figure 3.
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Figure 3. Torque diagram of reducer after optimization by
artificial fish swarm algorithm

Figures 4 and 5 present the comparison of suspension point
load torque and balanced load torque optimized by three
different algorithms. As can be seen from the figures, the
curve optimized by the Artificial Fish Swarm Algorithm
exhibits higher symmetry compared to the other two
algorithms, which allows the reducer to achieve better
balancing effects.
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Figure 4. Comparison diagram of suspension load torque

AFSA
BA
- IT™

Balanced Load Torgue (kN « m)

i T T T T T 1
0 i 120 150 240

Crank Angle (

Figure 5. Balance load torque comparison diagram

The comparison chart of the reducer's net torque optimized
by three algorithms and the original data is shown in Figure
6. The maximum net torque of the reducer optimized by the
Artificial Fish Swarm Algorithm is 17.03 kN-m, and the
minimum is 1.48 kN-m. It can be concluded that, the
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fluctuation amplitude of the reducer's net torque curve is
smaller after optimization using the Artificial Fish Swarm
Algorithm.
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Figure 6. Comparison of net torque of reducer

The optimization scheme for the CYJS6-3-18HB double-
horsehead pumping unit using the Artificial Fish Swarm
Algorithm selected in this paper is compared with the data
from Domestic Factory A and the data optimized using the
Iterative Method and Bat Algorithm, as shown in Table 3. The
data in the table is based on the double-arc rear horsehead
curve, comparing the design parameters and dynamic
performance of domestic beam pumping units with the same
or similar stroke lengths.

Compared to the original data from Factory A, the results
optimized by the Artificial Fish Swarm Algorithm show a
decrease in the maximum net torque of the reducer by 3.9
kN-m. Compared to the Iterative Method and Bat Algorithm,
the maximum net torque of the reducer decreases by 2.8 kN'm
and 0.77 kN-m, respectively, which implies a reduction in the
maximum starting torque of the electric motor. Additionally,
the root mean square torque decreases by 0.62 kN-m,
indicating a reduction in energy consumption of the pumping
system; simultaneously, the torque balance rate improves by
23%.

As can be seen from Table 2, the performance parameters
of the double-horsehead pumping unit optimized by the
Artificial Fish Swarm Algorithm are reduced, and the torque
balance rate is increased. Furthermore, the data optimized by
the Artificial Fish Swarm Algorithm is superior to that of the
other two algorithms.

4. Conclusion

(1) The Artificial Fish Swarm Algorithm proposed in this
paper optimizes the rear horsehead surface of the CYJS6-3-
18HB double-horsehead pumping unit by establishing a
mathematical model. With the net torque of the reducer as the
objective function, the dynamics and energy consumption
issues are optimized, resulting in a reduction of 18.6% in the
maximum net torque of the reducer compared to the original
factory data, and an increase in the balance rate by 23%.

(2) After optimization using the Artificial Fish Swarm
Algorithm, the symmetry of the suspension point load torque
and balanced load torque is significantly improved, enabling
the double-horsehead pumping unit to achieve better
balancing effects.

(3) The net torque curve of the reducer exhibits smaller
fluctuations after optimization using the Artificial Fish
Swarm Algorithm.



In summary, the optimization goal is to minimize the root

mean square value of the reducer's net torque. Through
optimization, the performance of the pumping unit is

improved, energy consumption is reduced, and pumping
efficiency is increased, achieving the goal of energy saving
and consumption reduction.

Table 2. Comparison of parameters before and after optimization of a double arc pumping unit with rear donkey head

. Artificial
Parameters Factory Iterative Bat Fish Swarm
A's Data Method Algorithm S SW
Algorithm

R /m 0.835 0.835 0.835 0.835
[,/m 2.4 2.4 24 2.4

. [, /m 3.71 3.71 3.71 3.71

=

é [ /m 3.00 3.00 3.00 3.00

g [,/m 1.86 1.84 1.90 1.88

(a9

E [,/m 1.56 1.55 1.54 1.57

‘?é [, /m 0.612 0.602 0.595 0.6

2 [,,/m 0.672 0.674 0.678 0.675
a l° 110 111 113 112
a, /l® 136.5 136.4 136.1 136.2

8 M 20.93 19.83 17.80 17.03

g /kN-m

5 M

& min 3.15 2.13 1.89 1.48

ot /kN-m

=i

<

g M, 13.15 12.92 12.65 12.53

S /kN-m

& n. 0.76 0.91 0.98 0.99
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