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Abstract  

The closed vector contour method is used to determin the kinematic of reverse schematic pumping units. 
The computer program written in Mathcad 2001 having this mathematic model as base is flexible, allows 
any input parameter and throws exact outputs that can be used by pumping unit designers. 
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General Considerations 

The vectorial closed contour method for conventional schematic pumping units, used in [1], can 
easily be adapted to the reverse schematic pumping unit (as seen in Fig.1) whose kinematical 
schematic is illustrated in fig.2. For the inverse schematic’s vectorial contour we must choose an 
anti-clockwise sense. We attach a xOy coordinate system and we obtain the angles between the 
normal Ox sense and the sense of each contour vector. We measure the angles in a 
trigonometrycal sense. The vectorial equation has the same expression as in [1] 

0l3l2l1l =++       (1) 
The constructive components are depicted in the same fig. 2. These are OA=l1, AB=l2, BC=l3, 
CD=l4, OC=l0. 

 
Fig. 1. Reverse schematic pumping unit 
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Fig. 2. Kinematical schematic for the reverse schematic pumping unit – notations for the closed vectorial 

contour method. 
 

The closed vectorial contour method has the advantage that the only change that must be done is 

to replace the angle 
u

arctg v
=0ϕ  from [1] with 

u
arctg v

−= πϕ0 , where u and v are 

illustrated in fig. 2. We obtain for 2ϕ  and 3ϕ  the expressions: 
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where:  0)( 1 =ϕk and 3)( 1 =ϕt  
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for the angular velocity of the crank and beam the relations: 
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and for the angular accelerations of the crank and beam the relations: 
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where:  
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⋅−⋅==Δ3    (9.a) 

2sin2 ϕlA =        (9.b) 

33 sinϕlB =        (9.c) 

2cos2 ϕlC =       (9.d) 

3cos3 ϕlD =       (9.e) 
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 Calculus Examples 

We will now present the graphics of kinematical parameters variation that we calculated before, 
for a reverse schematic beam pumping unit (API Spec. 11E, IIIrd class - VULCAN) with the 
following constructive characteristics: 

OA=1,381m, AB=4.2m, BC=6.57m, CD=7.92m, OC=6.27m, ω1=0.94 s-1, u=4.74m, v=4.1m,. 
s=3.66m. 

The stroke is considered to start at the lower position D, so for the angle φ1=4.05 rad = 232 
degrees. For φ2 and φ3 we obtain a variation illustrated in the fig 3 graphic, for angular speeds 
ω2 and ω3 the graphics in fig 4 and for the angular accelerations ε2 and ε3, the graphic in fig 5. 
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Fig.3. Graphic of the crank and beam position variation 
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Fig. 4. Graphic for the crank and beam angular velocity variation 
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Fig.5. Graphic for the crank and beam angular acceleration variation  

 

The stroke is determined with the relation:    ( )πϕ −= 34lsd      (10) 

The velocity of the point D is calculated according to:     34d ωlv ⋅=     (11) 

The acceleration of point D, with the relation:    34d εla ⋅=      (12) 

The graphic in figure 6 allows the simultaneous analysis of the 3 parameters, strokee, speed and 
acceleration of the polished rod 

4.05 4.75 5.45 6.14 6.84 7.54 8.24 8.93 9.63 10.33

3
2.22
1.44
0.67
0.11
0.89
1.67
2.44
3.22

4

sd φ1( )

vd φ1( )

ad φ1( )

φ1  

Fig. 6. Curves of variation for stroke, speed and acceleration of the polished rod 

We can observe that: 

o the upstroke takes longer than the downstroke (as seen in fig 3), the crank’s handle rotates 
200.2   degrees during the ascendent stroke and 159.8 degrees during the descendent one, 
thus improving the work regime of the gear reducer. Ascension begins at the crank angle 

rad05.41 =ϕ and ends at rad54.71 =ϕ - then  descending starts, ending at 
.33.101 rad=ϕ  



Kinetic Exact Analysis of an Inverse Schematic Pumping Unit                               77 

o velocity and acceleration for the ascending curve (when the load is maximal) are reduced 
compared to the conventional units, as shown by fig. 4 and 5. Therefore, the maximum load 
for the polished rod is reduced. For the descending stroke (when load is minimal) velocity 
and acceleration increase, but their impact is less harmful. 

A comparison will be made between two units, with a conventional and reverse schematic, 
having the same angular crank velocity ω1=0.94 s-1 and the same polished rod stroke s=3.66m. 
Using the p and t reports for velocity , r and q for acceleration we get: 
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Graphics in fig 7-10 underline these conclusions. 
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              Fig. 7. Variation curve of  stroke depending on polished rod velocity for conventional schematic 
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                  Fig. 8. Variation curve of  stroke depending on polished rod velocity for reverse schematic 
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        Fig.9 Variation curve of stroke depending on polished rod acceleration for conventional schematic 
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               Fig.10. Variation curve of stroke depending on polished rod acceleration for reverse schematic 

 Conclusions 

The method proposed leads to a quick way of calculating kinematical parameters for pumping 
units. Both for conventional and reversed schematics, sizes can be determined for any chosen 
geometry and charts for all parameters, angles, velocities and angular accelerations of any point 
on the kinematical schematic can be drawn.The computer program written in Mathcad 2001 
having this mathematic model as base is flexible, allows any input parameter and throws exact 
outputs that can be used by pumping unit designers. 
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Analiza cinematică exactă a unei unităţi de pompare 
 cu schemă inversă 

Rezumat 

Este utilizată metoda conturului vectorial închis,, pentru determinarea cinematicii unităţilor de pompare 
cu schemă inversă. Programul de calculator conceput în Mathcad 2001, pe baza modelului matematic  
prezentat este flexibil, permite utilizarea pentru orice variabilă de intrare şi duce la rezultate exacte ce 
pot fi utilizate de proiectanţii unităţilor de pompare 


