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Abstract: This paper presents a method of kinetostatic calculus for pumping units with reverse scheme which
determines the bearings reactions and also the motor moment that the reducer applies on the crank. The
computer program written in Mathcad 2001 having this mathematic model , as base, is flexible, allows any input
parameter and throws exact outputs .

1.Theoretical premises

The elements of the quadrangle mechanism that drives the rod pumping unit with
reverse scheme, are the ones described in Fig. 1:
- counter balanced crank adjusted by an angle« , 1;
- connecting rod, 2;
- walking beam, 3.

Fig.1 The mechanism of the reverse scheme pumping unit

The following steps have to be performed:
e Reduction of massic forces in the fixed point of the axes
The mentioned elements are being insulated and they are charged with massic forces (Fig. 2).
The direction of forces and moments are given, considering their values as being positive for the
chosen direction.
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Fig. 2 Calculus schema for the reduction of massic forces

The relations of calculus for these forces and moments are provided in Tab. 1.

Tab 1
ltem Weight Regular inertia Tangential Inertia
force inertia force moment
Crank G G
" Er="teoc
Rotating Gr . G.
balance Fi =—a -04,
Rod connectin G M. =J -
d ? F; :&a)zz AC, thz :igz -AC, =2
g
Gs G, , G, M;=J; &

Walking beam Fj = 2 CCy | Fy = P -CC,

The components of the torsor of the massic forces in point O of the crank, in
point A of the connecting rod and in point C of the walking beam are calculated using the

relations:
_eh_en B :
Rx1_Fi1 FiGrcosa (G1+GR)5|ngo1

n .
To Ry1 = —(G1 + GR):OS¢1 —FiGRsma (1)

M1 = (— G1cos ?4 ) OC1 + [GRcos((p1 + cx)bA1
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e
Ryo =Fip ~Gysing,

__gt _
Ts Ry2_ Fi2 GZCOS(DZ (2)

_ t )
M2 = —Mi2 - (FI2 + Gzcosq)2 -A02

=FN

Ry3 =Fiz ~G3singy
et
Tc Ry3 = FI G3COS¢3O (3)
_ t )
Mg =-Mg - (FiB +G3c08p3 |- CC4

e Kinetostatic equilibrium equation
After presenting the kinetostatic equilibrium equations for the three elements, we
will solve the bearing reactions and also the motor moment applied by the reducer to the
crank. In Fig. 3, there are presented, besides the reducing massic forces components, the
reactions in joints O, A, B and C drew in the positive direction of local axes and the
technological force F.

Fig. 3 Kinetostatic calculus schema

The equations for kinetostatic equilibrium are:
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HB3 +HC +RX3 —Fsin(p30 =0

VB3

M3 + VB3
Hao

+VC +Ry3—FCOS(p30 =0

-CB-F-CE=0
+HBZ+R 2 =0

Vv

a2 +Vgo +Ryp =0 (4)
M, + Vg, AB =0

HO +HA1 +RX1 =0
VO +VA1 +Ry1 =0

Mmot +M1 +VA1 -OA=0

To these relations we add the connection equations between the reactions applied to each
Element of the same joint (B joint and A joint):

{HB3cos P30~ Vg3Sinegg = —(HBzcos 9y~ Vgosing, (5)

HB3Sin P30+ V83c03¢30 = —(Hstm Qo + V COS(DZ)
HAZCOS(”Z —VA2singo2 :—(Hmcos(p1 —VA1singo1) 6)
HAzsingo2 + VAzcos:(p2 = —(Hmsingo1 +VA1COS¢1)

e Reactions and motor moment calculus
From (1 - 6), we get the calculus relations for the reactions that take place in joints O, A

and B, i.e Ry, Ra Ry, Rc for motor moment Mot
Vgg = F-CE-M, JCB;V =Fcosp,, -R

VBZ = —M2/AB;VA2 =-R —VBz

v3 VB3

y2
HB3 = [VBZ +V 3cos(go — 9?30 )]/sin(goz ~ 3 )
HBZ = VBZCOS((ZO - (p22)+ VB3/sin P30 ~ (/)2(3

He =Fsinpzq =Ry3 ~Hggz:HAo =Ry —Hg (7)
H
\

H

A= VAzsin((pf — ¢1)HA2cos(¢(2 - (p1)
A1 = "Va2c08lpy — 91 )]-Hposinlp, — o

0 = Ry1=Ha:Vo =Ry -V
— M, -V

Mot =M1 =Vaq-OA
The reactions in joints O, A, B and C are calculated using the relations:

A1
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g2 \/2
RO H0+V

2 2 2 2
\/H +VA1 _\/H +V

\/Hz +V3, \/HZ +v2

_ |2 2
RC— HC+VC

2.Calculus example (for a reverse scheme pumping unit)

(8)
9)

(10)
(11)

There are presented the variation graphics of the above calculated reactions, in fig. 5 —
8, for a reverse scheme rod pumping unit (API Spec. 11E, class Il - VULCAN) for which the
kinematic was studied in [4] and for which the balance is done using a rotative weight
G=70000N at a distance OA1=2,55m, adjusted by an angle a=0,4rad.
We shall use the dynagraph simplified in 6 points.

The variati

1.18 -10

1.09 -10
1-10

9.09 10

8.18 -10

F  727-10
7635010
5.44 10
45310
3.62 10
2.7-10

on of the technological force F, according to angle @, is presented in Fig. 4.
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Fig.4 The graphic of the technological force F according to angle ¢,

[

[SYNY YN

)

o

~~

<

SN
—OR OO DR OO W
e e e e e e e e e e
SO OO OO OO OOO

— e —

(S NV VNV VAV V)

4.05 475 545 614 684 754 824 893 9.63 10.33
ol
Fig.5 The variation graphic of the reaction in O joint

982



ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume VI (XVI), 2007

2100 T
1.7-10°

14-10°+
Ra(61)

1.1-10°

8-10* T
4 1 1 1 1 1 1 ] ]
0 T T T T T T T T 1
405 475 545 6.14 684 7.54 824 893 9.63 10.33

ol
Fig. 4 The variation graphic of the reaction in A joint
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Fig. 5 The variation graphic of the reaction in B joint
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Fig. 6 The variation graphic of the reaction in C joint
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Fig. 7 The variation graphic of the motor moment
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3.Conclusions

The suggested method leads to a rapid calculus of the reactions in the kinematic couplings of
the pumping unit with reverse scheme and also of the motor moment of the gear reducer.

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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