Steps to Perform Counterbalance

Effect, CBE, Load Test
+

Compare 3 Methods.

Reference: Well Analyzer QuickRefs, http://www.echometer.com/support/quickrefs/index.html




Use Dynamometer Transducer to
Deter mine Counter balance Effect L oad

Definition of
Counterbalanc
e Effect Load
(CBE):

Weight at the
polished rod

that balances

the
counterweights S
on the -
upstroke with
cranks level.




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.




Use Any of these Dynamometer Transducers




Connect the cablesto Well Analyzer.

Far end on the coiled cable is attached to the 25-foot Y -cable, that Is
connected into the MAIN INPUT on the Well Analyzer.




Turn on Well Analyzer and wait for




Turn on the computer.

] 4




Start TWM In Acquire Mode

1. Selectthe
Equipment
Check tab.

File Mode Option Tools Help
{* Acquire Mode

" Becall Mode
The display of F2 Setup
internal battery
voltage and

battery
temperature '
indicate that the F;-.se'
computer is e
communicating
with the well
analyzer’'s
internal
electronics and
sensor
measurements
may be acquired.

Acoustic Senszor Dunamometer Senszor

-Internal \Well Analyzer B atten-
Remaining

14 s

Yioltage

10 __na

1330 wilts 83 Hours
Battery Temperature [83.9 deg F

Mote: Dizplay of internal battery voltage and
battery temperature, indicates that the
computer is communicating with the well
analyzer'z interanal electronics and

ZENZOM Meazurements may be acquined.

Advanced Settings... Diagnoztic. .

Gos B Equipment Check ]
1 el Analyzer Configuration & Capability-

Diriver Description:

|Model E3 - USEDrwr

Firrware Yerzion Murmber :

|07

Statusg:

Prezzure Buildup: YES

Ligiud Level Tracking YES

Firrware D'ate; Boot-02062007 , Pw-01 072002
Hardware Rev: B2

"t Sh: 4208

Camment;

Autalff [ming]: 120

Procedure to determine Communications problems

|

Procedure ta test Cables and Sensors

[&I-2] Trouble Shoot Ywizard... I

2| <Paup|]




TWM Software—F3to Select Wdl

1. Open Base & peaureMode | Fie M |
Well File for the il I i -
G I PFLLotofGas -
well where data FROVELS | i1 Frilaofoes S
IS to be F2 Setup {8 PFLPerfs

- AER Rvogtal Cancel

acquired. Use @ﬂa Bl T s
New... to create der 1 Spradey 1

- SER StuckPump

a Base Well File = L Leak

ase | o i 7074

wiell File | o ARE TapPurmp DN
- S | iER Tholeak
AR test
E Tiptorn #1

For acoustic 2| R
surveys be sure = I TVPound

to enter at least — pee | ;E“*‘”'edmb
an. jOII’]t ;-Exugtx

< oghee
Iength’ pump e ! Examples Torque
and formation i ; Cigot
B = + #lex Uperating
depths —x | ! FloQuip_Inc

L #-ER Gasz Lift

P B2 GDA

& ! ngh Prezsure B000psi gun :j

exist.

If one does not Y.-m S | SV SuckOpen
B




Select Wellbore Tab to Verify Data

1. From the Base —
. - Examples : ¥11
We” Flle Select File Mode Option Tools Help

the Wel I bo re Tab ' Acquire Mode File Mgmt] Generali Surface Equip. O welbore ] Ennditiuns] Prezs. Transient Data}

and Verl the We” " Recall Mode = [&l-1] Tubulars - 1 [&l-3] Pump -
data |S fy Tubing OO 12.3?5 i1 T able.. Plunger Dia. ﬁE—:J i

. asing 0D [5. in able.. Purnp Intake |5225 it
representative. o i P [226

Ave Joint Length |31.7 ft

Anchar Depth | 5100 ft i [Alt-4] Polizhed Rod

For Dyno surveys [l } e Daneter [ =]
be sure to enter Tg;;;m b ..

ROd Typ61 ROd : el &DpTaper Taper 2
Length, Rod fodTwe 0 <] [0 ] |p
Diameter, Pump Lengh [T00 EE BT | | |
Plunger Dia., [ Diameter [0875 = [075 =] [08m5 7] | = | = | ]
Pump Intake,
Polished Rod | DampUp[005 DampDown[005  TotalFodlength: [5200
Diameter, fluid § — IR

gravities, and

production N Save Devisted Wellhore ... ]

rates.

Taper B

ﬂ el [



On the Surface Equipment Tab

Select M echanical Torque Method

File Mgmt! Gereral LI Surface Equip ] "-A-"elll:n:ure! Ennditinns] Press. Trangient Data]
[A-1] Surface Unit -

—For Met Torgue Calculations Use:
b aruifact Lufkin C tiohal i
B L Onne — % Counter Balance Effect [wWeights level)
Urnit Clazz | Conventional ha 11.0245 Klb
APl | C-3200-256-100 bt " Counter Balance Maorment [E <isting) CBE
Stroke Length {100 :r_] in 5009 it Counter W eights l
Rotation © Cw & COW Weight[lfEnunterWeightsiEgzq Ib

1. Accurate description of the pumping unit's APl geometry is
required for a correct analysis.

2. The API dimensions for a pumping unit are either hand

entered or selected from the pumping unit library
database.

It is VERY IMPORTANT that the correct unit API
description be selected in the well file.




Save Changesto Base Well File

{* Acouire Mode
" Recall Mode

1. Click Save

— [Ak-1] Tubulars-

button to be
sure to save
changes to
the base well

F2 Setup

r [Alt-2] Fod String

file.

F5 Acquire

oy Data{)

Conditions ] Prezs. Tra

 [Alt-3] Pump -

General i

File Mgmt] Suface Equip. O wellbore ]

Tubing 0D [2375  in _Table.
CasngOD[55 i Table
Ave. Joint Length |31.7 ft
Anchor Depth TEF It
KB Cormection ]D— ft

Plunger Dia.

Fump Intake |5226

~ [4t-4] Polished Fod

Ciameter |1.25

Rod e ﬁ Saving data filefz]...

Length ﬁ T [7or =27 T I

| o7 = joes =] =

Diameter jD.E?E

Damp Up }EI.EIE Drarnp O o iD.EIE Taotal Bod Length: (5200

Deviated Welbare ... ]




Select Type of Data Acquisition Test

Tap F4 to
Select Test [ATWM - TestTwM: V11
type to be Fle Mode Option Tools Help

acq ul red ; @ Acquire Mode Acoustic T Dynamormeter Power/Curment I Lig. Level Tracking l Prezzure Tranzient I GOA !
™ Recall Mode Select test to be active for acquizsition: —— [ptional Channels
" [&1t-1] Dynamometer Tests "D | ¥ Fower B! Curert

" [Ak2]Valve Test [Standing and Traveling) "WaLVE"

Click the

Dynamometer
Tgb to |ndlcate 2 & [AR-3] Counter Balance Effect Tests "CBE" Sarmple Rate ’HEI_ Ha

that DYNO Date/Time ! Test Type ! Status I Serial Mo, I Diescription
data will be

. F3 -
acquired. r L

ase |
wiell File|

Click Alt-3 to
select Counter
Balance Effect
Test

Select F5 to
Acquire Data




Select CBE L oad Acguisition M ethod

1. After choosing the
Select Test option
(F4) the Opera'[OI' |S O CBE Methods [1] CBE Measured Over Time
p Ffese nted W|th th fee Counter Balance Effect Load Acquisition
methods for Select & Methad:
performing the
cou nterbalan ce teSt Obtain counterbalance effect load by stopping the unit on the upstroke with the cranks level. Uszing

the brake, maintain level cranks and note elapzed time when unit reaches equilibrium.

MethOd 1 |S the ™ Method 2 [ Al-2]
Si m plest and al IOWS I:Il:uta}in counterbalance effect load after clamping polished rod on upstroke at 30 degrees [level]
. cranks,
the user to acquire
the CBE load by C Method 3 (Alt3]
Set“ ng the break Sggﬂ;r;:giir‘n[ﬁ:;hj]lacr:gﬁkesf.fect load after chaining polished rod clamp to welhead on down stroke at
and noting elapsed

. " Fethad 4 A4
time.

Obtain counterbalance effect load after stopping unit at 90 degrees (level] cranks, releazing the
brake and allowing unit to zettle at equilibrium [least accurate].

Tap Alt-1 to select

Counter Balance TE: Pt oo ot et o chc]
Effect Load : Full inztructions for each method displayed atter choce

Acquisition Method.




Static Counter balance Effect (CBE)
Test Procedure

Press Alt D 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

e Asdrop 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
ne pump.

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




Note Precise Time Alt-D Key Pressed

CEE Methods K [1] CBE Measured Over Time !

LOALD (mhineg

M_A/ Note time when the Alt-D key was pressed

00:00

DISPLAYIMG Data, Prezs START button to start recaording.

. [AD] Record 3.0 Minutefs) of Data...

-tanual Data Recording — q

[4I-5] START (k] STOP ”




Stop the Unit on the Upstroke
Wlth the Cranks L evel




Deter mine Counter balance Effect L oad

As drop in
PR load
OCCurs
release the
brake
periodically
to check for
movement of
the cranks.

CEE Method: DX [1] CBE Measzured Over Time |

LOAD (mns

0.5

0.5

=
I
1

=)
0]
1

0.2

Record the precise time when the brake can be

released without movement of the crank arm

00:00

03:00

RECORDIMNG Data, Presz STOP button bo stop recording.

I

o

SR Eaa e [ e el e B
=10 Frecord A W iMinuiel =] of Iata...

-banual Data Fecording -

OoT

FTAlE 1 T
28 [ e et

[rg) STOP |

Cranks will balance as the polished rod load due to fluid leakage past the pump.

?l <F"gL||:|| F'ngn)-i




Alt-Q to Stop CBE Data Acquisition

ETWM - Examples: ¥11 <Surface Card> acg-[08/19,/02 09:46:51]
File Mode Option Tools Help

f* Acouire Mode

CEE Methods B [1] CBE Measured Over Time |

" Becallliode

Record time when cranks balanced into description field
SAVE RECORDED TESTDATA?

Enter a shart description for the recorded Test Data

] IIN-::t b oving at B0 zeconds

The recorded Test Data will be zaved to the curent [ata Set which
iz gtored in the following DOS file;

Y¥11.073. 08/19/02 - 08:57

LOAD (v
(]
%

Description: |*ell Description

Cancel

00:00 ' ' ' ' 03:00

RECORDIMG Data, Press STOP button to ztop recording,

[&l-0 Becord S0 Minutels] af DEta...

Manual Data Recording-

i) START | © aka] STOP |




Move Indicator to Elapsed Time
Wher e Cranks Remained L evel

ETWM - Eramples : ¥11 <Counterbalance Effect> acq-[08/19/02 l]'Ei:S"EIiﬁ
File Mode ©Option Toaols Help

@ Acquire Mode O [1] CBE Measured Over Time I
" Recall Mode CBE Load [K-Lbz] ws Time [zec)

L oad trace versustime recorclled during CBE test.

F2 Setup l ‘ |
BOUYANT WEIEHT + FL{ID l

Base |
YWell Fils |

T T T T 1
12.50 25.00 4 75.00 27.A0

{a ;EEI SEC Counter Balance Effect Load !‘IIII_E!EEM K.Ibf

- Indicatar Movement Control————— Calculated Boupant Rod 'weight ]BD#D.?E IEf

Fight -- 1 J— Calculated Bouyant Rod Weight + Fluid Load i‘l 20621 o]}

?I <F'gL||:|I F'ngn>|




Distance to M ove Counterweights Resultsin Equal Peak

Net Gearbox Torqueson Upstroke and Downstroke.

Raw Data I Owerlay l Dyna Cards O Toque i Rod Loading l Load/Current l Fower Torque I Pawuer F_4
Permizzible Load [K-Lbz] vz Pozition [in] HT&O14 Met Torgue [K-in-Lbz] [Balanced]

209 - ”

Met Tarque [K-in-Lbz] [E <izting]

R ating FPeak Balanced Feak Exizting
Gearbox |32IIIIZIIIIIZI |2'I 05E9.5 iEEEEEEI.E! in-lb

Counter Balance Change:

| DECREASE For Balance ;45981 B in-lb
Wwigight OF Countenweightz To Be Maved iESDE b

bMowve Counterweights I_IN_ ;E.EI in

I - i ?
From Ther Present Location To Balance Uit sieie N i | St SRR

W Owerlay Power Data




Counterweight Adjustment

To balance the gearbox torque the operator should move
the counterweights from their current position the
distance in inches recommended by the TWM software.




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.




10 Well Comparison of Net

Gearbox Calculation M ethods

API Peak Existing Move C ounterweights
Pumpmg Unit |Net Gearbox Torque (in-lbs) | Inches: INi(-) Outit)
Date Description CBM | CBE | Power | CBM | CBE |Power
09/09/01) C-320D-256-100 2293441 2566300 209642 56 B9 -
1201901\ M456D-305-120 | [ 2615935 251680 | 313281) -1.2]  -0.1) 3.6
12/1901|C-640D-305-120 622468| 5189200  FEVA000 123 1.1 147
10/18/01|BM-640D-405-156 | 731074 598643 M4l -174 100 WA
OU 1201 M-640D-2305-192 | 457988] 399640 380900 -11.4 20 adid
09725/00| C-640D-304-144 525000 384284 300%00(  -0.9 83 -5
09726/00| M-640D-305-192 | 413224] 484773 3538000  -0.1 941 3
09726/00| M-640D-305-192 | 408029 434125 356400 o I ) B Y
0829700\ M-640D-305-168 | 623343 614192 642800 2.8 2l 45
111000\ M-456D-305-168 | 348207 381389 315300 0.4 32 07

=
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10 Well Comparison of Net
Gearbox Calculation M ethods

Rod Heavy |
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ECBM mCBE Power
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10 Wells Comparison of
CBM, CBE, & Power Methods

¢ For 10 wells the distance required to
move the counter weights good
agreement when balancing with CBM

and Power.

Five wells (1, 2, 8, 9, and 10) required
approximately the same movement of
the weights to bring the net torque
loadings into balance.




10 Wells Comparison of Methods

¢ More discrepancies from the CBE method In
determining the distance required to move the
counterweights.

CBE method for well 5 and 6 said loading rod
heavy and to move the weights out from their

current position, while the CBM and Power
methods calculated to move the weights in.

Wells 3 and 7 also show much different
movement of weights as calculated by the
CBE, compared to CBM and Power.

Power method was not determined for well 4,
because the prime move was a gas engine.




10 Wells Comparison of Methods

Which method Is

M ore Accur ate?




CBM and CBE Methods Use Many of the
Same Parametersfor Net Gearbox Torqgue

1. Pumping unit APl dimensions are either
hand entered or selected from a database.

2. Common sources of error in the torque
factor calculations are:

« Wrong pumping unit is select
Pumping unit not in the database .

Field assembly of the pumping unit
results in dimensions not matching

database
Wrong radius/stroke length
Direction of rotation




Accuracy of Acquired Load Data
Dependson Type of Load Cell Used

4

¢

Portable load cells are calibrated and
accurately determine polished rod loads.

Error in the measured loads introduced if the
carrier bar and clamp do not uniformly contact
the load cell.

Hydraulic type load cells with a piston, usually
have hysteresis type of friction that causes an
offset and drifting of the loads.

Donut load cell should have a spacer and
spherical washers to ensure the polished rod
load Is centralized on the load cell.




Per manently M ounted Donut L oad Cell
Accuracy Considerations

| 1. Damageto the load cell
\ 2. Calibration of the load
cell
3. Not centrally loaded at
the top or bottom
4. Calibration of the
controller incorrectly
converting the mvV/V
output from the load cell

Into pounds of |oad.




Using Power to Balance
Torgue Loadings on the Gear box

. Motor and belts efficiency is defaulted to 80%

. Experience has shown 80% to be reasonably
accurate for gearbox torque calculations

. NEMA D motors operate at anearly constant
efficiency over a wide horsepower range, but a

ightly loaded motors operate at lower efficiency

. Rewound motors do not have the same efficiency

performance of a new motor

. Actual lower surface efficiency result in much
higher gearbox loads, possibly In excess of
gearbox rating

. Errors affects both peaks same, therefore the
distance to move the weights remains same.




Best Method to Balance
Pumping Unit Net Peak T orques

Mechanical Complicated Vs. Power Simple.

Use Both Power and Mechanical Methods at
the Same Time

View the Plot of net Gearbox Torgue from

Power Overlain by Plot Mechanical torque

« Visually compare the ©plots for
discrepancies

Move the Counterweights to Balance Net
Torques Based on Combination of Both

Sometimes Only One Method can be Applied




Previous Balancing Studies
Conclusions. Operations

¢ Smoother operation and increased
pumping speed are achieved.

¢ Power requirements are reduced
when operating in vicinity of balance.

¢ Extensive fileld measurements have
shown that operating cost savings of
10-12% can be achieved.




The END




