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ABSTRACT

The conventional beam unit movement equation is based on the vector method, the four bar linkage vector relation
is expressed by complex mathematics, so it call people for more mathematical knowledge. Base on geometry
relationship and trigonometric function relationship between the Four Bar Linkage, the beam unit movement
equations can be established through the projection method. By programming and solving the movement equations,
the movement curve accurately reflects the movement of the beam unit four bar linkage suspension point.
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INTRODUCTION

Kinematics analysis of beam pumping units systers th@ basic to dynamic analysis and system opttioiza
Today, there are several kinematics analysis mstbodbeam pumping units, such as analytical meti@ghhical
method and vector method. In 1981 year, Zhang[ép@sed plural method to elicit displacement andaitf and
acceleration analytic formula of suspension ceotdrorse head, and the plural method had beeneapglitensively.

In 1995, Liu Meng[2] use the analytic method to lgp@d the movement of the conventional pumping, uthié
method can be of any component parts on the pumpmmitgangular displacement, angular velocity andudar
acceleration, and is suitable for the differentespéor variables. Zhang Chunyi and Zhang Zhongf8jghrough
analyzing the movement characteristics and loadacteristic of the conventional beam pumping wat;ording to
the theory of analytic method and vector graptiieytpresent the research methods of residuag fegctor on the
curve to express the size and direction of theygagrcapacity, it can directly express the fourmecting rod vector
force of all nodes, the results show that; Theifricand the increase of the quality of rod strifogce vector on the
curve shape and the magnitude of the force is k&rychange, the simulation result is under the dardof the
friction force is small and no vibration. About tHhecument of pumping unit four bar linkage motiorakysis [4-5]
is more, with the development of computer techngl@dso appeared a lot of polished rod motion satioih way,
for example, using ADAMS and MATLAB and high-leMehguage programming, they were also achieved d goo
result. In this paper, using projection method @oalysis four bar linkage motion, the idea is senphd easy to
understand, able to deduce the displacement vgland acceleration of each link of mathematicakfioms, you
can use simple programming to calculate, it alstaBle for analysising other mechanical of four liakage of the
motion law[6-9].

PROJECTIONMETHOD ABOUT KINEMATICS ANALYSIS OFBEAM PUMPINGUNITS
In Figure 1, the positive angle of intersectionlarigetween member bars is stipulated as follows;

1) The @ about Torque angle is computing at the zero otk;l@lockwise is positive and anticlockwise is
negative.

2) 492,493,6’4that are intersection angle between every baralacemputing at the base-bar,
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3) Every intersection bar of four-bar linkage is stigied as follows;
L;—base bar length of beam pumping units;

L,—crank radius of beam pumping units;

Ls—connecting rod length of beam pumping units;

L,—length of back-walking beam

Ls—length of fore-walking beam

The equation set is established due to the geasaktalationship in the Figure 2;

{Lz cos@, )+ L, cosg; ¥ L, codl, ¥L, co( 3

O
L,sin@,)+ L,sin@,)-L,sin@, )L, sing, F O

Becausé?lis the intersection angle between base bar andtjmsecﬁl =0, formula (1) can be simplified into the
following equations;

{Lz cos@, )+ L, cosg, ) L, cofl, ¥L,=

(2
L,sin@,)+ L,sin@,)-L,sin@,)= 0

It is very tedious to solve the system of equatif®)susing algebraic method, the formula (3) argliait function
about 93, 94 , it is not complex to program and compute it.

4 = arcco L2 -L2-L2-L5-2L,L,sin@,)sin@ )+ 2L ,cox,
s 2L,L,cos@, - 2L,

6, = arccog BB mLi~Li+2L L ,sin@,)sing, ) 2.1 , cost,
2LL,-2L,L,cos@,)

)3

Angle velocity of every rod piece can be achievgdiie geometrical relationship shown in figured®, = —@ ,

Gis angle velocity of crankg, =0, 4,is angle acceleration of crank.

_Lwsin@,-6,)
L,sin@,-6,)

) (4
_ Lw,sin@,-6,)
" L,sin@,-6,)
Angle acceleration of every can be achieved witlivd&on of formula set (4);
a, = -a,L,sin@,-6,)+ szzz cos@,-6,)+L 5‘)23 cof ,~6,L Q‘)24
L,sin@,-6,) 5)
a = a,L,sin@,-6,)- szzz cos@,— 6, 1L 9)24 coH~0,)L Q-)zs
! L,sin@,-6,)
Because the angle acceleration of crank is shovy &0, formula (5) can be simplified as follow;
a, = szf cos@,-6,)+ ngé cosf,~6, )L W24
L,sin@,-6,) o
a = _szs cos@; -6, )+ L4w§1 cosg,;-6, )L 9)23
¢ L,sin@,-6,)
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Line velocity of every bar piece is;

v, =v, 3@ ~0.) %
sin@, - 6,)

When the horse head suspension center is locatbd aenter extreme of up and down dead positi@rtinimum
and maximum intersection anglé4 .. . .., , between pumping unit base bar and back walkirgmbes
respectively;

* + L42_(L3_L2)2

T
2+L2_(£+L)2 (8)
Yoo = arccos!‘1 - 3 —2
2LL,
Stroke lengtls of Suspension center is;
S:(wmax_wmin)LS (9

The zero suspension displacement is taken as deaah cknter, the up moving direction of polish mthken as the
positive direction, so suspension center’s insdﬁs]llacementsc is;

Sc = (wmax _w) L5 (10)
{ — intersection angle of back walking beam and baseabarbitrary time.

The tilt angle between ground rocking bar and lb@sds

Brox = arccos%'3

S+ (L, L),
2L,L, ’

+ L12 _(L4_ L2)2
2L, )

, (1D
Boin = arccos{‘3

/7177

Figure 1 structural diagram of four-bar linkage of beam pumping units
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CASECOMPUTATION

Four bar linkage kinematic characteristic above paper is taken as theoretical basis, the traditiovalking beam
pumping unit kinematic simulation can be achievdthiterative computations program. CYJ3-1.5-6.5KBe

pumping unit is taken as case, all the length af fear linkage can be achieved by referring thatined handbook,
then the kinematic function, about walking beam ping unit, is founded. The figure 2 to figure 5 al®wing the
displacement curve and velocity curve and acceterarve against to crank angle using the aboxmatita.
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Figure 2 Displacement curve
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Figure 3 Velocity curve
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Figure 4 Acceleration curve
CONCLUSION

The kinematic equation of displacement, velocitd acceleration of walking beam unit is achievedgbgmetric
projection method. The derived suspension centemkatic function in this paper is taken as simatathathematic
model, and the pumping unit kinematic simulatioftvgare is programed with VB6.0. At last, the CYJ3-6.5HB
type pumping unit is selected as computed case,tlduspension displacement, velocity and acdelaraf
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pumping unit are computed and form relative cu@emparing to the other kinematic analysis methddswr bar
linkage, the geometric projection method in thipgrahas achieved the same conclusion.

Acknowledgement

The authors gratefully acknowledge the projectgpsut of National Key Technology Support ProgramGaiina
(Contract N0.2011BAA02B00-01) and the Science a@ii42Year Technology Research Project of Heilongjian
Province Education Department (Name: Beam Pumping Bihd Motor Coupling Operation and Reasonable
Matching Theory Research).

REFERENCES

[1] SN Zhang, Daginereoleum Institute Journal, 1981,3(4),40-60

[2] M Liu, Xinjiang Petroleum Technology, 1995,1(5),91-93

[3] CY Zhang; XZ ZhangPetroleum Machine, 2003v,31(8),6-19

[4] YM Wu; XG Liu; XQ Wang,Petroleum and Oil Field Machine, 2006,35(5), 75-77

[5] MQ Xiao; Q Zhang; JL YuPetroleum and Oil Field Machine, 2009, 38(12),49-52

[6] J, Sujeet,). Chem. Pharm. Res. , 2013,5(4),1-3

[7] A Kiran; TM Kumar; N Raghunandan; A Shilpa,Chem. Pharm. Res.,2012,4(5),2580-2584
[8] G, Ngangom; DK Pramodini; ST Imoba,Chem. Pharm. Res., 2013,5(2),78-51

[9] AP Rajput; MC Sonanis). Chem. Pharm. Res., 2012,4(9),4127-4133

129



