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Abstract: Rapid diagnosis of the pumping unit should ensure 

the identification of the main classes of malfunctions and, if 

possible, a quantitative assessment of the degree of malfunction in 

order to implement a short-term prediction of the technical 

condition. 

 
Keywords: adaptive control, pumping unit, dynacard, 

wattmetrogram.  

I. RAPID DIAGNOSIS OF A PUMP UNIT USING A 

DYNAMOGRAM 

The figure of theoretical dynacard, which takes into 

account the influence of semi-fluid and hydrodynamic friction 

forces, as well as the inertia forces, differs from the 

parallelogram. The difference between the theoretical 

dynamogram and the practical one is the oscillatory process 

that occurs in the column of rods as a result of the uneven 

movement of the rod suspension point [1],[2]. Oscillations 

arise as a result from a combination of forced and natural 

vibrations of the rod string. These oscillations can be 

considered as additive interferences overlaid on the 

informative signal, and digital filtering techniques can be used 

to suppress them [3]. 

The following processing options exist: 

Stage 1 - section of the dynacard during the course of the 

boom upwards undergoes a discrete Fourier transform and the 

parameters of the parasitic oscillatory process are determined. 

Stage 2 - filtration the dynacard from vibrations by a digital 

filter. 

Consequently, the resulting dynacard of the standard 

operation of the plant, obtained during all processing and 

filtering, has a symmetry, which is characteristic for the ideal 

dynacard [4]. 

The method of identification of dynacards is based on the 

calculation of difference curves - subtracting the curve of the 

section of the dynacard when the boom moves upwards from 

the inverted curve of the plot of the dynacard when the boom 

moves down, and the starting points of the sections are taken 

as zero levels. Replacing the dynamograms with their 

difference curves makes it easier to organize diagnostics of 
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the pumping unit. When the difference curve deviates from 

the zero value segment, the place and direction of this change 

is a sign of the qualitative state of the object under 

consideration. It is convenient to form this sign as a code of a 

sequence of sections of a difference curve having a constant 

sign [5]. 

For a simple assessment of the quantitative indicator of the 

state of the pump, the coefficient Kc is introduced, which 

characterizes the symmetry of the dynacard and is the ratio of 

the length of the first sign portion of the difference curve to 

the length of the entire difference curve [6]. The linear 

relationship between the coefficient Kc and the coefficient of 

filling Kn allows to determine the degree of filling of the 

pump with a sufficient degree of accuracy. 

There are following advantages of the method: 

- it is non-critical to the scale of dynamograms and does not 

require zero level marks; 

- it does not require knowledge and storage of additional 

information about the well; 

- the method is invariant to the form of the original 

parameter - a dynacard or wattmetrogram; 

- it allows you to quantify the status of the pumping system. 

II.  RAPID DIAGNOSIS OF A PUMP INSTALLATION 

USING A WATTMETROGRAM 

Under some conditions (complete balanced pumping unit 

system, engine operation at standard characteristic values) 

wattmeter card is a dynacard, which has been launched on a 

time scale [7].And thus, for one period of the swing cycle, the 

wattmeter card has all the properties of the dynacard. The 

difference curve is formed by subtracting the first half-period 

of the wattmeter from the second without inverting the last, 

since it already contains the signs of the inverted curve of the 

second half-period of the dynacard [8]. 

The sequence code of sections of the difference curve of 

the dynacard and the wattmeter card with the fully balanced 

state of the pumping unit is the same for most states of the 

pumping unit. When the pumping unit is not fully balanced, 

the amplitude of one half-cycle will decrease, the other will 

increase, which may affect the code of the sequence of 

sections of the difference curve [9]. In this case, the ambiguity 

of the conformity of the shape of the difference curve to a 

certain state of the pumping unit is excluded by calculating the 

quasi-balanced wattmetrogram, based on the crank balancing. 

III. MULTIPARAMETER OPERATIONAL 

DIAGNOSTICS 

Simultaneous monitoring of a number of parameters allows 

increasing the reliability and accuracy of diagnosing a 

pumping unit.  
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Adding to dynamometry a wattmetry allows revealing the 

complex of mechanical failures of the pumping unit, the state 

of the electric motor and calculating the parameters of the 

balance of the pumping unit. The leaks in the pipe and waxing 

can also be detected by measuring the instantaneous oil 

production, which is an additional advantage. The most 

effective, based on the requirement of a minimum of 

additional capital costs attributable to each additional 

recognition of the state of the pumping unit, is biparametric 

diagnostics (dynamometry and wattmetry). 

Table 1 presents examples of recognizable states with 

three-parameter diagnostics (4 examples of operating modes, 

17 versions of the mode in the full version). 

 

 

 

Table- I: Examples of recognizable conditions in three-parameter diagnostics 

Dynamometry Wattmetry 
Measurement of 

the flow rate 

Diagnostic 

output 
Engine control signal 

Norm Norm Norm Norm - 

Sucker rod breakage Imbalance Pump starvation 
Sucker rod 

breakage 

Work in s1 mode (with a 

given number of swings) 

Plunger jamming Imbalance 
Production rate 

decline 
Plunger jamming 

Stop the engine, sending a 

message about the need for 

repair 

Norm Lack of balance Norm Lack of balance Reduced swing speed 

 

IV. PROCESSING OF CONTROL RESULTS 

To determine the state of the object, the difference curve is 

calculated, processed and filtered, then the code of the 

sequence of sections of the difference curve is determined and 

compared with the reference set [10]. If there is no match, the 

corresponding filter parameters are changed and the filtering 

step is repeated. In this construction of the algorithm, the 

digital filter parameters should be selected taking into account 

the larger range of the oscillation frequency of the difference 

curve, due to the position of the oscillation process curves 

during the plunger up and down [11]. 

The algorithm consists in a sequential expansion of the 

region of zero values of the difference curve by equating to 

zero at each step of the sign sections whose length does not 

exceed a certain part of the length. 

After each step, a code of a sequence of sections of the 

difference curve is formed [12]. The iteration steps continue 

until the sequence code of sections of the difference curve 

coincides with one of the model codes corresponding to the 

recognizable states of the pump installation. 

An important task, the solution of which depends on the 

efficiency of the developed algorithm, is to determine the 

optimal parameters of a digital filter [13]. To determine these 

parameters, it is necessary to identify the dependence of the 

period of oscillations suppressed by the digital filter in the 

portions of the dynacard corresponding to the displacement of 

the plunger on the parameters of the pump-layer. 

V. THE ALGORITHM FOR CONTROL OF THE 

PUMP UNIT 

The algorithm for monitoring the efficiency of the pumping 

unit must ensure the identification of emergency and 

pre-emergency conditions. Emergency conditions are 

considered to be discontinuous (instantaneous) faults, - rod 

breaks, plunger jamming, reducer, connecting rod breakage, 

etc. 

Malfunctions that cause a decrease in production by more 

than 50% are called pre-emergency (the so-called 

malfunctions with changes in parameters over time, with 

accumulation), they can include non-filling, leaks and others 

[14],[15]. A reasonable form of initial information for 

monitoring the efficiency of the pumping unit is the power 

consumed by the engine of the pumping unit. 

A necessary criterion is how the area has changed in one 

swing period compared to the reference area of the wattmeter 

card. This criterion allows us to quantify the accumulating 

fault, thus separating the pre-emergency and emergency 

states. 

 

Change of wattmetry area: 
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where S1 is the initial area; 

S2 - the area at the moment. 

The coefficient characterizing the change in area: 
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Approximately ks = 0.25 corresponds to the pump filling ratio 

kn = 0.6 ÷ 0.4, which can be characterized as a pre-emergency 

condition;  ks = 0.5 corresponds to kn≈0 or disruption of the 

supply as a result of failure of the discharge or receiving 

valve. 

VI. CONCLUSION 

Thus, the types of operational diagnostics considered in the 

article, as part of an adaptive control station, make it possible 

to work more effectively with a pumping unit. 

The algorithm for diagnostics by wattmeter cards and 

dynacards has been developed, a table of control signals for 

malfunctions and a method for processing the information 

obtained are presented. 
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