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Abstract. The paper outlines the methodology of kinematic and kineto-static analysis of the converting 

mechanism of sucker-rod pump power units (SPPU). The key point of stated technique is that the research is 

based on an analytic approach followed by obtaining of accurate results. Numerical results of the kinematic and 

kineto-static analysis are given. Computerzed modeling is made based on the research performed, which will 

allow to investigate the modes of optimal dynamic balancing of the converting mechanism of SPPU in the 

future. 
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Introduction 

Development of mechanical engineering in the oil and gas industry is one of the priorities [1]. The 

problem of produced oil cost reduction is particularly acute. The most common of the existing 

mechanized methods of oil production is the sucker-rod deep-well with balanced individual pump 

power units of mechanical action [2]. Power units are designed to actuate the deep-well pump plunger 

into a reciprocating motion using rods. Balanced pumping jacks have a simple, well-studied diagram 

and cost effective construction design maintainability and reliability compared with other power units. 

Approximate formulas were used for modeling the construction of the existing standard sizes of 

pumping jacks at the design development phase [3-4]. The lack of a reliable and effective tool for their 

modeling and optimal design are one of the main reasons that the existing units are poorly balanced 

[5]. Analysis of two-drive group of Assur was used to analyze the positions, velocities and 

accelerations of pivot joints, force application points (centers of links and element masses) of the 

converting mechanism of the power unit (SPPU), which is based on an analytic approach followed by 

obtaining of accurate results [6-11]. 

Materials and Methods  

Kinematics diagram of the converting mechanism of SPPU power unit with a rocker double-arm 

(see Fig. 1) is a crank-and-rocker articulation linkage mechanism with a crank OA, connecting rod AВ 

and rocker arm СВ. The rocker arm has an arched horse-head for converting the rocking motion of the 

rocker arm part into the reciprocating motion of rods to be connected to the horse-head using flexible 

(wire-line) link DE. Absolute coordinates of the pivot joints C and Ai, i = 1, …, N are considered as 

known at the given crank angles φi = (φOA), i = 1, …, N, and the length of the links AB = lb and BC, 

where the last was determined through the specified sizes k, bδ, bB (see Fig. 1): 

 ( )( ) 2/122 bBbkBC −+= δ . 

When leaving the sub-program, we have angular positions of the rocker arm and walking beam, 

absolute coordinates of the pivot joint B. Crank angles φbot and φtop, corresponding to the end positions 

of the rod suspension point, were determined using the same sub-program. Below the determination of 

absolute coordinates of all points of interest to us is given: pivot joints, points of forces applications 

(centers of links and element masses). Coordinate of the pivot joint A  of the crank arm: 
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Coordinates XB, YB of the pivot joint B: 

 22 sin,cos ϕϕ ⋅+=⋅+= ABYYABXX ABAB . (2) 

Angle φ2 is determined by formula: 
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Fig. 1. Converting mechanism of sucker-rod pump power unit 

Coordinates of the center of masses of the equalizer beam:  
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where 
locCy – local coordinate: 
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 22 sin,cos ϕϕ ABYYABXX ABAB +=+=  . (8) 

Coordinates of the connection point of the walking beam and swinging horse-head: 
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Coordinates of the center of masses of the arched folding horse-head:  
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Coordinates of the center of masses of the walking beam (without horse-head and equalizer 

beam): 
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Coordinates of the rod suspension point: 

 300
, ϕ⋅−== CDYYXX EEEE  . (12) 

It represents graphical copies of mean and critical configurations of the converting mechanism of 

the SPPU power unit. After differentiation of Eq. (7) with respect to generalized coordinate φ1, we 

obtain: 
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Projections of velocity of the pivot joint A on the coordinate axes: 

 ( ) ( )OA

Y

AOA

X

A YYVXXV −=−−= 11 , ωω .  (14) 

Projections of velocity of the center of masses of the crank arm: 
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Projections of velocity of the counter balance location point: 
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Velocity of the pivot joint B  in projections: 

 ( ) ( )CB

Y

BCB

X

B YYVXXV −=−−= 33 , ωω .  (17) 

Velocity of the center of masses of the equalizer beam: 
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Velocity of the center of masses of the connecting rod: 
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Velocity of the center of masses of the horse-head and arched horse-head: 
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Velocities of the rod suspension point: 
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Kineto-statics of the converting mechanism of SPPU power unit 

Loads in the well casing-head stuffing box and gravity forces of the links and weights have an 

impact on the mechanism (see Fig. 1). In the mechanism under consideration (kinematic diagram with 

the walking beam representing the lever of the second kind) there is an impact of the load in the well 

casing-head stuffing box and gravity forces of the links and the following weights. 

Gca – weight of the crank arm (shall be doubled); G21 = 2·Gbr, where Gca – weight of the bottom 

connecting rod end; G22 = 2·Gr, where Gr – weight of the connecting rod; G21 = 2·Gbr – weight of the 

equalizer beam; G31 = GT – weight of the equalizer beam support on the walking beam; G32 = Gbal – 

weight of the walking beam; G33 = Gh – weight of the horse-head; Gb – buoyant weight; Gcou – weight 

of the counter balance.  

Link 2 is effected by forces:  
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2222222 SamGF
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−= , 

2232323 TamGF
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−=  in points A, S2, T2.  

Link 3 is effected by forces: 

 
3`313131 TamGF
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−= , 
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−= , 
HamGF
rrr

333333 −= , in points B, S3, H.  

A in point E of string suspension – the load on down stroke:  

 
Ebot amPF
rrr

3434 −= , on upstroke 
Etop amPF
rrr

3434 −= . 

Let us formulate equilibrium equation to determine the reaction of the two-drive group, which is 

given for the solution of the following system: 

 bRA
rr

=⋅ , (24) 

where  
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Let us determine the reactions 

 
x

AR ,
y

AR ,
x

R32 , 
y

R32 , 
x

CR , 
y

CR   

using known methods as well as normal, tangential component reactions (see Fig. 3, 5). Then, let 

us calculate the crank arm power. The crank arm is effected by forces 

 21R
r

, 112 SKK amGF
rrr

−= , Lbb amGF
rrr

−=13 , dGF Re14

rr
=  and in points A , 1S , L .  

Also let us determine M
r

, 
x

R01 , 
y

R01 . The results of the kineto-statics research are reflected in  

Fig. 2-5. 

Results and discussion 

A proper kinematic model has been developed within Visual Basic program to provide 

information on the feasibility of the proposed design solution. Simulation tests have been carried out 

and the results are discussed for validating the proposed design and characterizing its operation. 
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a)

 

b)

Fig. 2. Behavior of reactions (kN) on output shaft of gear (а) projections on fixed axes and in 

pivot joints A and B of connecting rod (b) projection along connecting rod at initial data:  
n = 6.8 vol·min

-1
; r = 1.195 m; PВ = 80 kN; PН = 53 kN 

a) b)

 

Fig. 3. Behavior of reaction forces (kN) in walking beam support C (а) and equalizer beam 

support B (b) at initial data: n = 6.8 vol·min
-1

; r = 1.195 m; PВ = 80 kN; PН = 53 kN 

a) b)

Fig. 4. Behavior of reactions (kN) at initial data (а) – in pivot joint О (component parts in 

absolute system of coordinates); (b) – in pivot joints of piston rod (component parts along piston 
rod axis): n = 6.9 vol·min

-1
; r = 1.000 m; PВ = 60 kN; PН = 40 kN  

a)

 

b)

Fig. 5. Behavior of reactions (kN) in pivot joint of equalizer beam B (а) and in support of 

walking beam C; (b) at initial data: n = 6.9 vol·min
-1

; r = 1.000 m; PВ = 60 kN; PН = 40 kN 
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Conclusions 

Thus, the results of the research being performed are as follows. 

1. Analysis of the converting mechanism positions is made. 

2. Graphical copies of mean and critical configurations of the converting mechanism of the SPPU 

power unit are represented. 

3. Values of velocities and accelerations of all pivot joints of the mechanism under consideration are 

obtained. 

4. Values of reactions in pivot joints and supports are analytically determined at various values of 

input parameters, where the power calculations are made individually for each link. 

5. In general, the stated material represents the methodology of computerized modeling of 

kinematics and kineto-statics of sucker-rod pump power units, which allows to investigate the 

modes of optimal dynamic balancing of the converting mechanism of the SPPU power unit in the 

future. 
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