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ABSTRACT

Electronic equipment is available for installation
on electric motor driven beam pumping units which pro-
vides load and displacement data for a complete well
analysis including rod stress, gearbox torque and down-
hole pump card calculations. The electronic equipment
also monitors the locad and displacement and shuts the
well down for a predetermined amount of time when a
pumped-off condition occurs and also shuts the well down
and sets an alarm when a rod part is detected.

When well data is needed for analysis the load and
displacement data can be plotted on a dynamometer and at
the same time the load and displacement data is recorded
on an electronic memory card for replay into a computer.
The electronic memory card records one full cycle of the
pumping unit in equal time increments for use in gearbox
torque and downhole pump card calculations.

The decline of ©0il production and the increase in service cost
have increased the need for more efficient operation of sucker rod
pumping systems. Advances in electronic technology have made
available equipment which is permanently installed on electric
motor driven beam type pumping units and allows the user to both
control and analyze the well. The user can (1) plot a full cali-
brated dynamometer card and record the data for future playback in-
to a computer and (2) use the dynamometer card as a reference for
controlling the pump-off condition of a well and testing for rod
parts. The components of this system are shown in Fig.l and consist
of a load cell, a position transducer, and a control box mounted
near the pumping unit which accepts the load and position data. A
standard X-Y plotter or electronic dynamometer can be adapted to
plug directly into the control box to plot a calibrated dynamometer
card and to adjust the point at which the pumping unit will shut off
after pump-off. An additional device can be added to the plotter
which records the load and position data onto a solid-state memory
card. The sclid state memory card can be transported to a computer
data terminal. Through the use of an input unit the well data can
be entered into a computer program for gearbox torgue and downhole
pump card analysis.

The load cell is cylindrical shaped with strain gauge measure-

ment and mounts between the carrier bar and polished rod clamp. The
position transducer mounts on the sampson post and is mechanically
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linked to the walking beam to provide a voltage signal which is
proportional to the angle swept by the walking beam movement.
Careful design to avoid mechanical side loading and the use of
conductive plastic-type potentiometers make the operational life
of the position transducer from 3 to 5 years. The load and posi-
tion data are linked through a cable to the control box which is
usually located near the electric power box. The box contains
the electronics for determining when a well is pumped-off and for
outputting a calibrated dynamometer card to the external plotter.

The dynamometer card is often used to check if the pump is
filling properly. Fig.2 shows a typical dynamometer card for a
properly filling pump while Fig.3 shows a dynamometer card for
the same well with the pump partially filling. The downstroke
lcad in Fig.3 remains high as compared to Fig.2 until the pump
plunger impacts the fluid in the pump and forces the travelling
valve open resulting in the loss of load on the polished rod. It
should be pointed out that there are several reasons why & pump
may be partially filling including a restricted pump intake,
sticking standing valve and insufficient fluid in the casing to
£fill the pump. The remaining discussions in this paper shall
assume that all partial pump fillage conditions are a result of
insufficient fluid and this well condition is defined as pumped
off.

The control box uses the load and position information to
examine the load on the downstroke and determine if the load is
greater or less than a preset level. The dynagraph of Fig.4
shows a well as it pumps from a full to a pumped off condition.
The reference point is shown as a dot on the dynagraph and when
the control logic detects the downstrcke load to be greater
than the reference point the pumping unit is shut off for a pre-
set time after which the well is restarted and the checking
begins again. The reference point can be moved to any position
in the stroke to allow the user to set how deep into the stroke
the well pumps-off.

The control circuitry can also be used to check for rod
parts by examing the load on the upstroke portion of the stroke.
When the load on the upstroke is less than the reference point
the control circuitry shuts off the pumping unit and sets an
alarm to indicate a reod part has occurred.

The control circuitry can also be used to output a cali-
brated dynamometer card to an X-Y plotter. Standing valve,
travelling valve, zero load line and counterbalance effect
measurements can be output to the plotter to provide all the
information required for well analysis. The ability to plug a
plotter into a control box provides a fast and accurate method
for checking the fundamental operation. of the pump such as
valve leaks and proper pump fillage. For more detailed analysis
such as rod stress, gearbox torque or downhole pump card, com-
puter assistance is required to perform these calculations in
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an efficient manner. The well data from the control circuitry
can be input directly into a computer in one of two wavs. The
first is to telemeter the data directly into the computer by

- laying cable or the use of radio transmitters to input the data
into the computer. The second method is to attach a data re-
cording unit to the plotter which plugs into the control circuit
such that as the dynamometer card is dArawn on the plotter it is
alsc digitized and stored on 2 solid state memory card. The
solid state memory card is a small digital memory which plugs
into the recording unit and accepts one full cycle of the pumping
unit. The memory card can ke unplugged and a new memory card

" inserted so that several wells can be recorded on one trip to
the field. After each well is analyzed the memory card can be
reused on ancther well. The first method of sending data to a
computer, direct cable, has the advantage of providing the
operator immediate data on the operating ccndition of the well.
The second method, local recording, has the advantages of (1)
faster initial operation - any well can be analyzed at any time;
(2) visual inspection of the well site by the operator:; (3)
much lower cost in installation and maintenance of datza gathering
equipment; (4) the operator does not necessarily need to be
skilled in well analysis. Since the direct cable systems are
operational the remainder of this paper shall address itself to
local data retrieval.

There are several factors that should be considered in the
design of a local data retrieval system to enhance its operation
in the field. The means of storing the data should be a solid
state memory card so that there are no meving parts exposed to
the dirt present at well sites, such as there are when recording
with magnetic tape. The data recording unit itself should have
a playback feature which allows the operator to playback onto

“the plotter the well data recorded so that the operator can verify
the data. Finally the data recording system should be all digital
to insure compatibility between units and avoid "slew" problem
that can occur when trying to match analog and magnetic tape
equipment.

The data recorder divides each pumping stroke into 120 to
220 discrete intervals and each is recorded in equal time incre-
ments and stored on the memory card. The exact number of points
stored depends on the speed of the pumping unit. The recording
unit can also be adapted to an electronic dynamometer so that
the well data can be recorded without the control circuitry.

Once the dynamometer card has been recorded onto the solid
state memory the memory card can be carried to the computer
terminal where the memory card plugs into a datza input unit.

The data input unit interfaces with any standard comrputer terminal
and converts the data on the memory card into data useful to the
computer.

The data on the memory card can be used for downhole pump

card analysis or gearbox torgue analysis or both. The data shown
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in Fig.5 must be input by the operator. When the computer pro-
gram is ready for the dynamometer card data the operator presses
the start on data input unit. After the datza input unit inputs
the data the computer outputs the program data of surface card
(Fig.6), downhole pump card (Fig.7), computed data (Fig.8),
torque analysis (Fig.9), and a plot of torque vs. angle (Fig.10).

Equipment is now available that can be mounted on a beam
rype pumping unit to control pump-cff and to provide load and
displacement data for a calibrated dynamometer card. Computer
programs and the recording equipment are also available for in-
putting the load and displacement data into a computer for down-
hole pump card and gearbox torgue analysis.
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PUMP* DATA ENTRY.

Well identification ceiiicccccsccsccccnnseeass {(WID)

Pumping SP€ed .. veceeerstcecscasosocssenascoses (SPM)
Pump plunger QiamMELEr ..ceeeececacsocascscesss (PPD)
Load scale (lbS/CM) seeeieseacosnssoncnnssssnse (LS )
Polished rod position scale (in/cm) ..eceec... (RPS)
0il production in BPD .........;.............. (o1L)

Specific gravity of 01l .ciieeeccescceaacsa ees. (SGO)
Water production in BPD ..isieerercacesssasess (WIR)
Specific gravity of water ...icceccacccens eess. (SGW)
Grade of rods (K,C,D, OF E) +iescecasssscascsss (GRD)
Sucker or corods (SR/CR) +eeeeccasccsacne «+sss (RDS)

API number of rod string ..ccececceccescseaassss (API)
Length of largest rod ....cccscecessesseacssses (RL )
Sinker bars (Yes/NO) .+eeceecesces et nane ceess (SB)

Type pumping unit
(C = Conventional, AB = Air Balance, M = Mark II) (TPU)

The damping factor to be entered for normal
friction is 10 percent. Enter damping factor... {(DCO)

Start of stroke and end of stroke wvalues in
centimeter LI B IR R B WY R I I I N TR I T T BN T SN I I O I I B (SOSIEDS)

MPRL and PPRL values in centimeter .... (MPRL,PPRL)
Zero line value (CM) .+ .ieeeeeeacensanocnsssess (ZLV)

TORQUE INPUT

Enter pumping unit dimensions

!

Enter A,C,P,H,I,G,R, (per API 11E), seperated by commas

d29 . 129 . 138,25,222.75, 129 ., 101.5., 35.4 '
A cC P H I G R

Maximum gearbox torque (thousands of inch-pourds) .. (MGT)
Direction of rotation (CW/CCW) ...eceveecene ... {DCR)
Counterbalance effect in CM .....csvevseesecss (CBE)
Was CBE measured on upstroke or downstroke U/D..{CBEM)
CBE position in CM .ieeiieveecnsccccosccscsannas {CBEP)

Structural unbalance ....cceeecccncnns cerseenes (SU )
Data output is available in 5 or 10 or 15 degree

increments. 15 degree increments is the normal output.

Enter desired increment (5,10,15) .eveeesesaess (CAI)
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SURFACE DATA

STROKE LTH N MPRL  TORQUE FLUID LOAD FLUID GRD
71.5 17284, 3448, 157384, 3148, 3.287
ROD DATA
DIA MAX STRESS MIN STRESS MGD LMT ZMGD
A 38939, 19817, 39447, 98 .
) 13423, d. 22758, L3
THTAL ROD LENGHT B340 .3 TOTAL ROD WEIGHT 13897.2
FIUMFP DATA
INTAKE FRES GRIZS STROKE GRS PROD GRIDSS EFFN
544, 37 .4 191.9 a1
NET STROKE NET FRND NET EFFN
T4 b 147.5 27.9
PUMFE FILI_AGE 27 .5%
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WELL IDENTIFICATION:

TORQUE CALCULATIONS FOR CONVENT IONAL

WITH CDUNTERBALANCE EFFELCT =

11584,

YR3ITROKE
CRANK TORQUE PERMISSIBLE
ANGLE L3AD
15.9 34221, 44442,
8.8 92948, 24291,
a5.8 175991, 19522,
* LB.8 248897, 13214,
75.9 247349, 13541,
94.3 1794685, 19829,
185.4 142152, 22805,
124.49 -13144, 2582a,
135.4 ~435479%. Z95SS.
154.8 -S3422. 37372,
145.9 23492, 52443,
128.8 3511, 334344,
DOWNSTRIJKE
CRANK TORQUE FERMISSIELE
ANGLE LDAD
195.#4 24747, -32517.
zid.9 34777. ~2837.
225.4 24379, -1945%,
248.9 193491 . 932,
+ 255.4 112472, 2831,
273.9 198479, 2354,
285.4 744753, 1977.
8.8 -98184. 951,
315.9 -112344, -987.
339.8 -128S41. -4733,
345.9 -184494. -14494,
348.8 -4B35458 . 194525,

ACTUAL
LIJAD
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14531.
189356,
14274,
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TORQUE SCALE IN THOUSANDS OF INCH-FOUNDS

u
- U
- 1 u
- D
- u D D
- D
- D
- U D
- D
- U
g----- I----- 1----- I----- I-=n-- I--~-- [----- [-~--- I
45 98 135 188 225 278 315 348
- U
- U
D
- u
1 Y D
- D
D
D
1
I
1

EACH TORBUE INCREMENT EQUALS 14860 INCH-PDUNDS
DASHED LINES INDICATE RATED GEARBOX TORIAUE

FIGURE 10
SOUTHWESTERN PETROLEUM SHORT COURSE



