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Acquiring Dynamometer Cards

[ Recording load and position data on sucker
rod lifted wells with a dynamometer transducer
has been performed in the oil field for many
years.

0 Early Dynamometer Examples:
— 1950’s the popular Johnson-Fagg dynamometer .
— Leutert dynamometer .

0 Current portable dynamometer technology :
— High performance digital data acquisition systems
— Quick, accurate data, safe and easy to use .




1. Developed Bottomhole

Instrument to Record Action

of Pump
2. Field Tested Pump-dynagraph

Measurement
. Interpretation of Pumping

Action from Dynagraph Cards
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Popular 1950’s Portable Dynamometer

1.

Integral Hydraulic
pump extends two
pistons supporting the
load using hydraulic
pressure

. Calibrated springs in

the registration unit
convert the hydraulic
pressure into load

. String attached to the

wellhead turns the
registration unit in
proportion to the
polished rod position

Inaccurate load measurement of up to 40% is a
documented problem when using the Leutert




Example Leutert Dynamometer Card
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. Scribed load and position onto the wax dynamometer
card for each stroke

. Disadvantage of wax dynamometer card systems is that
the load and position traces have to be tediously

digitized by hand, before any detailed analysis can be
performed




Use Any of these
Transducers to Perform a
Dynamometer Survey

Fey
Accurate
A




Dynamometer Card Definition

Folished Rod | 15.10 Kb

2.80 ki -0.34 ko

Pump

Kib

Feak Load

8.44

Min Load

Poweer

9.1 w
6.3 wp

Kb

14

Stroke L'ength = 168.00 in '

Pump Card

Fquiralent Gas Freltrle

| Fo fnax = 4.63 ki|

|
lgge |

PT=122 25|!|

pen
P'|' 165,08 in ||

0

T I T T T T T T T T
20 40 60
Stroke: 5 10:07:54 AM clock

Unanchared ki) 881  in

BD 10[] 12[] 140 1EU

kKl 303 ibiin

2)

Surface dynamometer card
is the plot of the measured

rod loads at the various
positions throughout a
complete stroke; the load
iIs usually displayed In
pounds of force and the
position IS usually
displayed in inches.

Pump dynamometer card is
a plot of the calculated

loads at various positions

of pump stroke and

represents the fluid load the
pump applies to the bottom
of the rod string.
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POLISHED ROD TRANSDUCER

INCLUDES ACCELEROMETER FOR POSITION

PUMPING
UMIT

WELL ANALYZER
ROD LOAD

Fast, Convenient, Reasonably Accurate,
Load and Position Data




1 2. Load - PRT output is proportional to
the change in polished rod diameter
due to the change in PR loading.

. Position — by processing PR
_acceleration data.

/ H:B%_bb NI TN M 1. PRT attaches to the polished rod.

eter Sensor l Plunger Lift Sensar ] GO ] Equipment Check ]

ﬂ Create Mew. | Delete. |

| ALT-3Venfby Transducer Output

Prezent Output:

14,9427 e FOTE: Connect unloaded Polished Fod Transducer to cable and
Werify output. Unloaded output should be bebween 10 - 20 mbs .

Accelerometer Output:

00E09532 i MOTE: Accelerometer output should be between +8 and -8 mi/ W
and output will wary when rotated.




TAM

Attach
Wireless PRT
and Initiate
Data
Acquisition
VS
Use TAM
Software to

Start Test
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Use TAM to Guide WPRT Installation

(((EcHOMETER))) Alpha Nov 62013 11:43:18 [ (5] B3

-7 TAM - Examples : V11

F2 p—

- e |

Setup Hardware r | ¢
T

g Liquid Level Reguired
1 Sensors connected

Optional

09/2372013 04:53.00PM | 11/14/2013 05:58:14PM

Pick Well § - < e 2
0 Dynamometer Test Info Comments: Dynamometer Test Report

V11 o VFO‘I- ’ Test Duration  |()0:14:05 Total Strokes 1 07 Avg SPM 8.25 n E’:r_]
0

|4 Pick a Sensor

4 Pick a Sensor ‘

Pump Analysis View

Stroke: 107 00:13:50 | Stroke Length = 10?.00 n e

| Annotations

1 Details

Dynamometer 2

Tubing Pressure

|
— 1o From Fluid Level (Fo FL) = 3.60 Kl

. 2 4 : SPM

Fi2

Utilities g ] 8-49
-- Fillage

LL on: i
11/14/13 o : : : - 76 7
05:31:14PM ; ’ TEPT rl59.‘36 in l.|P!T 92.42in o
60 80 Pump Displacement

156  sowo

Zoom Edit




Min. Pump Card Load Sets PRT Zero Offset

Peak Load Min Load Fovver Feak Load Min Load Power

Polished Rod | 23.52 kb 8.26 kn| 16.4 wup Polished Rod | 241,22 k| 5.96 ko 16.4 wp
Pump | 7,97 x| -0.62 kv 8.9 wp Purmp | 5,67 kb| =2.91 k| 8.9 wup

Stroke Length = 144.00 in Stroke Length = 144.00 in

ﬂEE.TE‘{EJT}

(20.38,9.74)

59.33, 2.64)

4 JEPT=0.43in IEPT=5}|'.9TiII |I

T T T T | T T T | T T T | T T T | T T T I T T T | T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 i 20 40 60
Stroke: 10 03:40:17 PM clock Stroke: 10 03:40:17 PM clock

Load Shifted by Tag CORRECTED




Dynamometer Load Using the PRT

TAM acquires the diameter change of the polished rod with the
PRT

Knowing Polished Rod area with change in diameter, Poisson’s
ration, Modulus of Elasticity calculates change in surface load
TAM software calculated the TVD weight of rods in fluid (...which
is not measured by the PRT)

TAM uses the computed weight of rods in fluid with the wave
equation to calculate the change in load at the end of the rod
string versus position.

Change in loads of surface and downhole dynamometer cards
become calibrated loads, when TAM uses the principle that the
mechanical load the pump applies to rod string equals zero, after
the traveling valve opens and is moving on the down stroke

TAM determines the Zero Offset equal to the load required to shift
the relative pump loads to set the pump card on the zero load
line.

Zero offset is applied to both the relative surface loads and pump
loads to calibrate the PRT measured change in diameter to
become equal to calibrated loads.




30k HORSESHOE TRANSDUCER

POSITION FROM ACCELEROMETER

1. Highly accurate transducer '
2. Provide a precise load value. |
30k/ l Cell
3. Load cell placed on polished

rod between the permanent

polished rod clamp and the ? M

carrier bar.

".ﬂ: s
. Sensor acquires the | -4‘,-’ g.:g

acceleration of the polished A’--{
rod.

. Software calculates velocity
and position of the polished
rod by integration of the
acceleration signal vs. time.




Place 30k HT on Carrier Bar
Below Polished Rod Clamp

The brake or
clamps could
slip and for
safety

CERS
NEVER
place hand
between
carrier bar
and polished
rod clamp.




50k HORSESHOE TRANSDUCER

INCLUDES ACCELEROMETER

SAFE, FAST, CONVENIENT, ACCURATE LOAD & POSITION
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Spool & Washers Mounted on Well

1. Permanently Install
Spool Assembly on the
Well.

. Spool fits over the
polished rod between
the carrier bar and the
permanent polished
clamp.

. Spool assembly consists
of upper washer, lower
washer and 5" long (2"
OD) steel tube; separate
the two washers.




50k HORSESHOE TRANSDUCER




Permanently 1. Operator has Load Cells mounted on

Moun Don many wells.
ounted Donut 2. Damage to the load cell

Load Cell 3. calibration of the load cel
Accuracy . Not centrally loaded at the top or

- - bottom
nsiaeration
Considerations 4. Calibration of the controller.

Send Echometer your
cable that connects to
your load cell

- g ]
K/‘*‘ff~'

Use Accelerometer in PRT

Accelerometer Special




Sensor Installation and Operation

a

Installation and start of

o acquisition is controlled at the

sensor via switches and LEDs
or at the laptop screen buttons

Society of Petroleum Engineers

SODUCTIONmé SPE 164485 - MS - Efficient Monitoring of Rod Pump Well
PERATIONS §YMPOSIUM
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Simultaneous Fluid Level Acquisition
and Real Time Pump Card Display

SPE 164485 - MS - Efficient Monitoring of Rod Pump Well

Continuous
acquisition of
dynamometer
provides
reliable pump
performance.

Multiple fluid
level records
acquired
simultaneously
with
dynamometer.

21



See Detalled “How To” on Web:

How To PDF — How to acquire data at the well
and perform various test using TAM or TWM

How ToPFL.pdf
HowToPlungerLift.pdf
HowToPower.pdf
HowToPRT.pdf
HowToValveCheck.pdf
HowTo30K.pdf
HowToS0K. pdf
HowToCBELoad.pdf

HowToPFL_Wireless.pdf
HowToPlumgerLift Wireless.pdf
HowToPower Wireless.pdf
HowToPRT_ Wireless.pdf
HowToValveCheck Wireless.pdf
HowTo30K_ Wireless.pdf
HowTo50K Wireless.pdf
HowToCBELoad_Wireless.pdf

SOISIROROIRAS oL N =

1.
2.
3.
4.
5.
6.
/.
8.




Use Dynamometer Transducer to

Determine CBE Load

Definition of Upstroke

Counterbalance
Effect Load (CBE): / \ |
Weight at the L Wrf + Fo/2

Counterbalance ~Balanced~

polished rod that \ |
balances the '@ — ? CBE = Wrf + Fo/2

¢
counterweights on JT |
the upstroke with
crank’s level. Crank + Weights




Counterbalance Effect (CBE) Test

1. Requires a properly functioning brake.

2. Counterbalance effect load must be between
the traveling valve load and the standing
valve load.

3. Will not work when fluid slippage through the
pump is rapid and the fluid load quickly
transfers from the rods to the tubing.




Polished Rod Loads vs. Time
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Acquired surface dynamometer loads are used in determining
the mechanical loading of the unit's beam and the unit’'s gearbox.
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Common Sources of Error in the

Torque Calculations
. Wrong pumping unit is selected.

. Pumping unit not in the database .

. Field assembly of the pumping unit
results in dimensions not matching

database.
. Wrong radius/stroke length.
. Incorrect direction of rotation.
. Wrong CBE or CBM values.

Must use calibrated load cell for CBE test, cannot
use PRT because PRT measures change in load.




Always Verify Well Data

From T —
: o ouck vew [ paaiedviw |
M e c h a n I ca I 03/29/04 03/29/04 092313 1111413 | New

Wellbore Tab ety ol own s —
and verify the |l |l m“ |]

_Change Version Date |

well data is ~Lift System Type —
. Well Select Lift Systern |Rod Pump -
representative. S
™
Mechanical Surface lUnit and Torque ] Prime Maover T Fod String and Pump
Wellbore

For Dyno I)"i Polished Rod Diameter|1_25|] v|in
Surveys be Su re Lift System Top Taper  Taper 2 Taper 3 Taper4 Taper 5 Taper B Totals
Rod Type |D ~| D ~| D ~| [NONE  ~| nONE NONE
to enter ROd Length [1100.00 | [3875.00 |225.00 || | | | | [t [5200.00 |
Type, Rod

Y Weight 2433.2 | [6290.9 | [497.7 | | | | || |Ib [9221.8 |
Length, ROd Producing

Diameter. Pum o litene Seating Nipple Depth[5226.0 |t ) Top Hold Down
I p——
: Pump Length |t Bottom Hold Down
Plunger Dla Tubular . ; :
") Markers Pump Plunger Diameter( 1,500 « In _ Tubing Pump

Pump Intake, —
Polished Rod e
Diameter, fluid
gravities, and
production

Survey

Diameter [0.875 ~| [0.750 ~|[0.875  ~| o

I Summar},_r | Inda

“ Change Template.

rates.



- o 0 J o |0 = 16 JI U y -
LY i T
Surface Unit and Torgue Frime hover Fod String and Pump
— Surface Unit — For Net Torque Calculations Use
Manufan:turer|Lufkin Conventional | @ CBM From Counterweights Database
CIass|Cunw:ntiunal | CBM: Ki"_lh CBE: 10.47 Kb
CBE Manually entered
AP (C-320D-256-100
| | CBE: [0.00  [KIb CBM: 27.8 Kin-lb
Model| | Use Date/Time CBE CBM
Stroke Length| 100.00 - in O Josz02000 043848 |1120  [s378
Rotation @ CW ) CCW O [oozz/203 osoza0em 1126 [s40s
[E] U l 11/26/2013 04:47:13PM  |10.75 5148
& Automatically Detect Valve Tests
~ Counterweights Database
Counter Balance Moment (Existing)
500.9 Kin-lb [ Counter Weights. .. l
Weight of Counter Weights  |b308.0 Ih
s ate de DL ) DING APl geome 20
C . O CJ C
APl dime 0 0 D DING are eilthe and ente
e( O S P 0 0lks AddlapDasSe
~ PORITA 3 2 COITE APl de D



CBE Test Setup and Acquisition Procedures

IMPORTANT NOTE:
BEFORE INITIATNG the CBE test the LAPTOP

CLOCK (hours:minutes:seconds) and the operator’s

WATCH should be SYNCHRONIZED

Su Mo Tu We Th Fr 5a
B9 30 31 1 2 3
4 5 & 7 8 9 10
7
4




Recommendation

Prior to running the CBE test it is a good practice to
run a SV/TV valve test that includes a long duration
Traveling Valve Test to determine how quickly the
polished rod load decreases.

As the polished rod load decreases due to slippage or
valve leakage ( highlighted section in the figure) there will
be a point in time when this load momentarily balances the

weight of the cranks so that if the operator releases the

brake the cranks will not move. That load is the CBE load.
30




CBE Balance Load and Time

Lipad an

Polished rod load

Hyeryan] Wekghs + Fo Bax
o Fo Ll oo Welght + Fo

Load Balance point 11,900 Lbs

Bhutrpmnd Wesghl

Balance time 79.5 secordS\

The polished rod load momentarily balances the
weight of the cranks so that if the operator
releases the brake the cranks will not move.




Static Counterbalance Effect (CBE)
Test Procedure

Click CBE button then click “Start New Test” to start
data acquisition and note the precise time when the key
was pressed

Stop the unit on the upstroke with the cranks level.

Determine whether the polished rod load is greater or
less than the counterbalance effect load

As drop in PR load occurs

Release the brake periodically to check for
movement.

Cranks will balance momentarily as the load is
equalized due to fluid leakage from the tubing into the
pump.

The operator should record the precise time when the
brake can be released without movement of the crank
arm.




e

Stop Dyno & Select CBE Acquisit

=] xi

Click CBE button then click “Start New Test” to start data
acquisition and note the precise clock time (minutes and
seconds) when the key was pressed.




Stop the unit on the upstroke with the cranks level.
(Acceleration signal will stay constant.)

Buryant Wesght

0

b s
Nots clock time when the Load 1 2.1 7HII::
CBE acquisition begins

o oot Time 73,28 3sec




Unit stopped on upstroke with cranks level

g

mﬁ/—n Lhins //X i




Release the brake periodically to check for
movement of the crank

Lig | | | .

;! lII Y :I":I-. -I:u i . . S fope g ] i i
LR |
.
u
], . e e e e e e — — — —
i
L
i

i
| A1 1Y 1 Bucyant Weight
L e — il

0 0w x» & =
Load 12,38 ke
f".L.‘ Show Accelarabon | Time 561 5335'5"3

Load and acceleration record during CBE test




Load Balance Point

Cranks will balance momentarily when Polished Rod and
CBE load are equalized

({{ecHoRsTEn))) fislease Candidate Jan 7% 7008 100000 [ [ £3

OLACD1E D400 230M | S1FN0T BLOAIPM

Buoyast Wesghi + Fo Max_

Brake is released and
cranks-do-not- move———_ — _ e

Load 1 1 _79 Kib
Time 19,483 sec

CBE Load * _*

RECORD THE PRECISE TIME (hours, minutes and seconds) when the
brake can be released without movement of the crank arm. 37




Recording of CBE Load When Balanced

Method to indicate to the TAM software the value of the
CBE load depends on the hardware used for the test:

A. Wired Well Analyzer

B. Wireless Horseshoe only - NO WPRT

C. Wireless Horseshoe WITH auxiliary WPRT




A - WIRED WA - Recording of CBE LOAD

1. Note the exact clock time when the cranks did not move
2. Calculate the time (seconds) elapsed from the start of the CBE test.
3. Input this_elapsed time when cranks balanced into the Comments field

»
[ 11.80 HII] 79.28 s
1 From CEE | 493.4 w=»
851 Kb
12.54 Kb
12.39 Kb

: Move the vertlcal marker to the corresponding
time as displayed in the time box

. The value displayed in the Load box is the CBE
load




B — Wireless HT ONLY Recording of CBE LOAD

1. Note the exact clock time when the cranks did not move
2. Calculate the time (seconds) elapsed from the start of the CBE test.
3. Inpyt this elapsed time when cranks balanced into the Comments field

NEENE O 0 e | BUHIE gd s i

erdy  Haluivor ol FOTH aet

.I; = 3
CHE :I-.rl-. oy
- -I'.-... :l:‘: e e e e ——— —— - Buoans Wheiget = Fg L o e 0 AR
: | :
E ['I-:.i_ _-:5‘:- o b
i __-i"'i:'-:l II$.' - Falrp ] Wi
S F
= [-i' L] 11.80 -I'E.IJ To.28 (L
T : M CacameaFiom CEE Losd | 493.4 _ enm
4. Move the vertical markerto the corresponding
. . . . Powertrcdvvagnt | B.01 Kb
time as displayed in the time box _ | -
. . . Baosrgarn Fosd Wit = Flund Lood A K
5. The value displayed in the Load box isthe CBE . 553 2
Tpis L] |:: .I.'l - i ...I-- 1 3 HID

40



C -Using a WIRELESS HT with WPRT On-Line

1) Make sure that the wireless PRT is turned ON
and is listed as a FRIENDLY sensor BEFORE
staring the CBE test.

2) Press the Acquire Button on the WPRT when the
crank balance point is detected when the brake
IS released.

Sansor Online

WPRT Sensor Online
WPRT 448 S will pop-up and TAM
will remember the exact
time when the button
was pressed.




C —Continued

3 - When the CBE Stop Button is pressed the
program will display automatically the marker line at
the CBE equilibrium time

(]
Etest| 41,80 Kip T79.28 ™ )
: 1| 4934 mo=n

The CBE load of 11.80 Klb A e

will be used for the torque g - 0y | R
calculations.




CBE Test Used for Torque Analysis

1. To determine the net gearbox torque
loading of the torque reducer

. To establish whether the unit’'s gearbox is
properly balanced

. To determine the movement of the
counterweights, necessary to achieve a
better balanced net gearbox torque on the
pumping unit gearbox.




Moving Counterweights Results in Equal Peak Net
Gearbox Torques on Up and Down Stroke

Met Torque [Existing]

Met Torque [Balanced)

~ Far Net Terque Calculations Use

CHM From Counterweights Database
CEM: E21.2 |Kindb  CBE: 14.76 Kib

@ CHE From CBE Test D/A0RZ0OTE 04:059; 43P
CHE: 11.80 Klb CEM: 493.4 Kinb

Lse Digk e/ Tirne CBE CEM

Existing
=53.6 Kin-lb
1378 Kin-lb
=44 4 Kin-lb

72.3 Kin=lb

Min Gearbox Torgue, Upstroke

Max Gearbox Torgue, Upstroke

WMin Gearbox Torgue, Downstroke
Max Gearbox Torgue, Downstroke
RMS Gearbox Torgue 50.8 Kin-lb
AVG Gearbax Torque 17.5 Kin-lb
Lyclic Load Factor 2.904

Ot of Balance
Maximum Counterbalance
Exmsting Counterbalancea

In Balance

-B7.5 Kin-lb
881 Kin-lb

=21.0 Kin-lb
981 Kin-lb

55.7 Kin-lb

18.5 Kin-1b

3,004

rod heavy
* Kin-lb
4973 4 Kin-lb

equired Lounterbalance Increase
To Balance Mowve 8 820 Klb weights OUT

q in=lo
4.9910n

Move Counterweights OUT 5 inches




