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QRod isa Simple User-friendly Practical
Beam Pumping Design Program

¢ Designer Implements State of the Art Beam
Pumping Design Technology

¢ Design and Predict Performance of Sucker Rod
Beam Pumping Installations

¢ Wave Equation Predicts Surface Dynamometer
Loads and Polished Rod Position

¢ Immediately Evaluate Effect of Changing Tubing
Anchor, Stroke Length, Stroke Rate, and Pump
Diameter

Download free of charge from:
www.echometer .com\softwar e\index.html




QRod Pump Cards:
Normal Full Pump

Tubing anchored, EPT=MPT. Unanchored tubing, EPT<MPT

. Pumping-Full of Liquid

. No gas in Pump.

. Valves Not Leaking

. Pump functioning properly.




Predictive and Diagnostic M odels

10337 Lbs , 10352 Lbs

v\A/__/‘V 34.9
Fo = (Pdis- Pintk)*Ap N \ -




Beam Pumping SImulator 1 uses the pump intake

pressure to determine
the load the pump
applies to the rods.

Modeling of Pumping System Performance

. Mathematically
i : simulates the motion
of the surface unit

Motor Model + eff & Gear

e . Solves the partial
' differential equation

Performance [—®] + Unit Geometry

l Model of Rod

String and describing the motion

Fluid

Position Of the rOd Strlng

Velocity
Acceleration

Polished Rod

Calculates the surface
loads, pump velocity
and position.

\J

Plunger Position vs Time

. Determines gear box
i torque and proper

counter balance

Plunger Loads
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Fluid Load Isa Function
of Pump Intake Pressure

Example:
2260 Psi Discharge Pressure

PlP(Psig) | 1] 200 500
Follbs) | 4000 3600] 3100

Height Gas
Free Oil (Csg) 1514
100.0% 77.5%

Height Qil
[Pump Depth 0.0%| 11.8%| 29.7%

Pump Intake Pressure
Fo (4000) Fo3600) FO (31000 helps lift fluid to surface.

Decreasing Fluid Load mmp




Full Pump Card asa Functlon of Pump Intake Pressure

;i Echometer ([Rnd 2 4

EEX

File Tools Help
Titl
Title [My QRod Test Run Dynamometer Cards
Design Inputs Results 5703 . T
Rate [100% Pump eff ] 227 bbl/day 2 10,297 ““a_____,-fﬂ
Unit CwWilone » Rate [35 % Pump eff] 215 bbl/day .':'—L E'BEZ s //
e Rod Taper, % 34.0, 660 g o \
peteh 5040 (i Top Rod Loading 785 % = 3431 |
Surface Stroke Length 100 | in kit AP Urit B ating 45E-173-100 = a
P Diamet ) bdin MERA O b otor Size 203 hp L ] b ra = =] é
allilassiiia 1300 = i Palizhed Rod Power 112 hp
Tubing Size |2.E|_"'5“ (5.4 Ib/f) 2.441" 1D ﬂ TVLoad 12,159 |bs Position {im)
SWLoad 8163 |bs
e e T PPAL 15,595 Ibs . MF'HL 4 B0E bz . Fo 3,936 lbs .
Pump Stroke 90.0 in Static Stretch 162 in Qvertravel 6.2 in
Fods Fo/Skr 0162 Kr 247 Ibfin Kt 887 Ib/in
f* Steel Rods Pump ¥Yelocity vs. Position
" Fiberglass and Steel Rods T g9 | et
3 G [ R
Fiod Murber o = Calculate from SPM or Target Rate = szl = \
2 /
Rod Grade - 'y 96 = 235 e o B SOT
o Stroke Rate < 2> | SPM = > e o i v
" Target Rate bbl/day 5 = = w - _% = ©
Default Settings Torque
Tatal Sinker Bar Weight 0 [t Damping Factor o1
; s ! ; 2 _, 281858 j/
Fluid Specific Gravity 1 H2D =1 Unit Efficiency a5 5 % 167,005 e
: : s F
Tubing Pressure an pi Purnp Efficiency q5 5 N 93,95z P //
Casing Pressure pEi & b e
2 43953 | i)
Y'ou may enter Pump Intake Prezzure directly, or calculate it from Rezervor Preszure and Productivity Indes. = o E g E %
f* Pump Intake Prezsure 1 " Reservaoir Prezsure pi Angle (degrees)
Productivity [ndex bbl/day/psi
5 Al Peak Gear Box Torque 346 Fin-lbs
Echarneter Company  Phone: [340] 767-4334  E-Mail: info®echormeter. com Eouite Halance Klameqt E1d Kb
Copyright 1334-2004 E chometer Compaty. Al Bights Beserved. Counter Balance Effect 12308 Ibs y
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Full Pump Card asa Function of Pump Intake Pressure

el
Dynamometer Cards
13.723 ==
=y = T T g
o 10,292 0</ e _“--.____ e
o 6862 — — 2
CL -"'-_--"'-
? 3451
e I
— —L () n -] () —L
-l oy b - = 2
Pump Intake = 0 Psi
Foszition {in)
FFREL 15,2595 |bs MFRL 4 606 bs Fo 3,996 bs
Furnp Stroke 90,0 1n Static Stretch 162 1n Uvertravel B2 0

FosSkr 016 ko 247 IbAin kb aas bdin



Full Pump Card asa Function of Pump Intake Pressure

A - o]x]
Dynamometer Cards
13,560 ot
2 10170 '3’(/ _—:_"“‘“-—fﬁx:yﬂ
o 6780 SR - __H“\\//
(I
? 3,390 ‘
R [l
— - L L =] () —L
= f b = =1 =
Pump Intake = 100 Psi
Fozition {in)
FFRL 15,403 |bs MFEL 4,623 |bs Fo 3821 |bs
Fump Stroke 9005 Static Stretch 15,5 0 Chvertravel B0 11

Fo/skr 0.155 kr 247 |bdin kb 857 [bdin



 Full Pump Card asa Function of Pump Intake Pressure

b

e CElx]

Dynamometer Cards

13,357
_\\\-\______-—.________.-""--_—-\"‘-\__?)

ms
2 10,040 A
i
E 6.693 _x_"x_;ﬂ______,,_-f/
? CRCE )
e I
- -l (WA n =] () —L
=y i b = =] =
Pump Intake = 200 Psi
Fozitian {in)
FFREL 15,2439 |bs MPRL 4,661 Ibs Fo 2644 |bs
Fump Stroke 91.0 10 Static Stretch 14.8 10 Chvertravel 5.8 in

Fo/Skr 0145 Lo 247 b/ kb gas b




Full Pump Card as a Function of Pump Intake Pressure
8 cchomter QRod. BEE

Dynamometer Cards

13,247 -

- e
o 9935 f__tf“--/>7”°
o BE24 — \/
I:I_ 2
? 33712 -
et [l
- -l () n =] (A —L
=] n g (- | E
Pump Intake = 300 Psi
Fosition {in)
FPEL 15,054 |bs MFRL 4,710 |bs Fo 3462 bs
Furnp Stroke 91.5 1n Static Stretch 140 1n Owvertravel 5.6 ik

Fo/Skr 0,740 ko 247 bR kb gas |bdin
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Full Pump Card asa Function of Pump Intake Pressure

CIElx)
Dynamometer Cards
13,100 sl
i . il e e
.y
o 0825 E</ L N
= b 2
5 6550 R
? 3,270 .
e I
= 3 % & & 3 z
Pump Intake = 400 Psi
Fozitian (i)
FFRL 14,556 |bs MFRL 4,772 |bs Fo 3291 lbs
Furnp Stroke 92.0 11 Stabic Stretch 13.3 10 Owvertravel 5.3 1
Fo/Skr 0133 r 247 Ibdin K.t 837 Ibdin



Full Pump Card asa Function of Pump Intake Pressure

& - [E]X]
Dynamometer Cards
12,935 el
: = —
my
z o702 D<_/ I,::‘:__—:f”f_ i
- i S
G 6468 a&__’/’
? 3,204 :
e [
(- —L (N . =] 0 —1
=] Cn (g (- =] E
Pump Intake = 500 Psi
Foszition (in)
FFRL 14,703 |bs MFRL 4.847 |bs Fo 3174 |bs
Furmp Stroke 92,5 in Static Stretch 126 1n Owvertravel 5.1 11

Fo/Skr 0126 ko 247 Ibdin kb 287 1bAn



Full Pump Card asa Function of Pump Intake Pressure

100% Liquid Fillage, 2260 Discharge Press., 1.5" Plunger
Fo = (Pdis - Pintk)*Ap

4500 —

F = 4000 Lbs w/ 1 Psi PIP
E555 anE o aX S W Si EOM aX
5 3500 F : : b Fo1
3 Fo=3100Lbs  w/500PsiPIP  Decreasing Fluid Load
- 3000 ¥ — Fo2
E Fo decreases as PIP
e 2500 | :
; —PIP 500 fru!'n well mcrea_ses, Fo
& 2000 4 is lifted rods while the
e -=-PIP 200 well lifts (Fo max - Fo) in
E’ 1300 T - P|P 100 :rd:r to Iiiitfpruduced
1 uid to surface.
a- 1000 = PIP 1
500
0 10 20 30 40 20 60 70 80 a0 100

Pump Plunger Position from Bottom, inches.

Pump Intake Pressure helpsthe Rods lift fluid to surface.
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Primary Inputs:

=10 x|

INUES 4y DR od Test Fun

Design Inputs Results
Fiate [100% Pump eff.] bbl/day

IIniik ]EWD::nv 7] Fate [80% Pump eff.] bbl/day

Fod Taper, &

1) Pump Inlet Pres. [GEEs S0 7] | TopRedLondng .
2)
3)
4)
5)
6)

Surface Stroke Length 100 | in Min &P Unit B ating
Pu m p Depth Purro Di Min Motor Size hp
et 1.5 7| in Puolizhed Fod Power hp
Tubing Size 2 875" (B4 1/ 2441" 1D > TWLoad s
Tar g et R at e ] [ : "_1 S4Load bz
StrO ke L en g t h ¥ Anchored Tubing
. - Fods
Pump Diameter & SteelFods
St r O k e R at e " Fiberglass and Steel Fods
EA s T Calculate from SPM or Target Rate

Rod Grade ] T] f* Shoke Bate 4 |]ED - | SPM

Secondary Inputs: SR O | e

1y
2)
)
4)
o)
6)

Unit Type | I e
Rod String Type Default Settings

FI u I d S p eC G rav Tatal Sinker Bar W eight ﬁ— bz D arnping Factor IﬁT—
. Fluid Specific Gravity ﬁ_— pi LInit Efficiency ]-5:]‘5_—
TU b I n g P r eS S u re Tubing Pressure Iﬁﬁ‘— pai Purnp Efficiercy ]-5:]‘5_—
45

Damping Factor i
p g You mayp enter Pump Intake Pressure directly, or calculate it from Feservoir Pressure and Productivity Indes.

A n C h O red " Reservoir Pressure 1000 EREER bbl/dap/psi -~
% Pump Intake Pressure a0 b

‘1 1 4 A4

P

Cazing Pressure

pzi Productivity [ndex




F‘E Echometer QRod 2.4

File Tools Help

Title [y QRod Te
Design Inpt

Unit

Fump Depth
Surface Stroke L
Pump Diameter
Tubing Size

™ Anchered Ty

_H.Dds—
v Steel R
" Fibergli

Rod Mumbe
Rod Grade

Default Se
Total Sinker E

Fluid Specific
Tubing Press:
Casing Press

You may enter |

% Pump Inti

Echometer Comparm

E? Echometer QJRod

Hide

- & B

Bk Print  Options

=10l x|

=101 x]

Contents | Index | Search |

W

(Rod

: ﬂ Intra
ﬂ File Menu
ﬂ Save Command

ﬂ (Open Command

ﬂ Tools Menu

ﬂ Help Menu

ﬂ Navigating the Main Screen

ﬂ Default Settings

- |7] Caleulate from SPM or Target Rate
ﬂ Results

| 7] Displaying Graphs on Main Screen
- 7] About QRod

ﬂ Example Calculations

Welcome

Welcome To GRod 2.4

QRod-PC and QRod-Web are the most widely used predictive Sucker Rod Beam Pumping
Sy=tem design programs in the world. QRod iz state of the art technology, using a wave
equation to accurately graph for a stroke the surface and pump dynamemeter loads, in-
balance gearbox torque and plunger velocity.

With a click of a button, for any pump depth and desired production rate, QRod immediatehy
zhows the effect of changing parameters =uch as tubing anchor, stroke length, stroke rate,
and pump diameter. The QRed output includes pump dizplacement, rod string loading, surface
unit and motor zize requirementz. The uzer inputs include cheice of surface unit geometry
zuch as conventional, Mark, Reverse Mark or air-balanced unitz; the motion of the surface
unit iz approximated for as the surface boundary condition.

QRod obtains a =olution to the damped wave equation describing the motion of ucker rod
pump =tringz. The rezultz obtained include loadz, streszes, torques, power, and pump
dizplacement. Tapered =teel rod 2trings and fiberglazs/zteel combination strings are allowed.
The QRod-Web calculator can be uzed on the web free of charge via the Echometer web
page, hitp.'www echometer. com/webcalcsd.

(Rod-PC version can also be uzed on PCs free of charge and can be downloaded for
inztallation from hitp.iw ww echometer com'zo fiwarefindex. htmi.

Detailed Help
No Manual Needed

Fo 2694 lbs
Owvertravel 1.2 in
Kt 1,308 Ibfin

1S ition

J’_\m

=

e

1) R [4%)
a2 ==l LI%)
Bl P o]
P =1 o
B =] o

Kin-lbs
Kin-lbs
|bs

Copyright 1594-2004 Echometer Company. All Rights Reserved.



{7 Echometer QRod 2.4
i Archive Utles  Ayuda

=10] x|

Titulo | Mi Prueba en QRed

Parametros de Entrada Resultados
Caudal (100% eficiencia bomba) 180 bbl/day
' Tipo de Balancin CWConw | ™ Caudal (95 % eficiencia bomba.) 171 bbl/day
: % varillas para cada seccidr 30 660
i xR acecard ck: fa Bt 5000 =] ft Carga de las varillas en superficit 23 %
| Carrera del balancin 100 «| in| Capacidad (API) minima balancin  320-173-100
e b | Capacidad minima potencia motor 152 hp
Dfa:metrn e ek 1500 =] in | potencia en barra pulida 25 hp
E‘?rﬁﬁade Iz_g? " (6.41bt) 2.441" ID j Carga valvula viajera 11,977 lbs
Carga vahvula fija 8093 Ibs

" Tuberia anclada

— Varillas

% Varillas de acero %ani m

™ arillas fibra de vidrio y acero

Niimero AP % [© Calcular en base a 5PM o Caudal deseado
Clase de varillas I D - I {* Velocidad de hombeo =< (2.3 > | SPM
" Caudal deseado < 1 > | bbliday

Valores de Ajuste Predetemrminados

Peso total barras de lastre Iq] | Factor de amortiguamento Iﬂ_‘]

Gravedad especifica del fluido |1 HED =1 Eficiencia del balancin |55 o
Presign de la tuberia Igﬂ psi Eficiencia de la bomba |55 o
Presidn del revestidor |.15 psi

La presion de entrada de |la bomba puede introducirse directamente o calcularse a partir de |a presidn de
vacimiento e indice de oroductividad.

i* Presién de entrada de |z bomba |51] " Presion de Yacimiento 000 psi

uUuy

Indice de Preductividad |2 poo bbl/dayipsi

2.000
Echometer Company Phone: (540) 767-4334 E-Mail: info@echometer com
Copyright 15594-2004 Echometer Company. Al Rights Reserved.

|sq)] SeuEs, U7 REIED

Cartas Dinagraficas

13,062
8,786
6,531

3,265 /
1]

o) e
L% (=]

al
a5
8
GG

Paosicion (in)

Carga Minima 14,873 lbs  Carga Mawxima 5,817 |bs Fo 3.8791bs

Carrera del piston 82.9in  Elongacidn 15.6 in Sobrecarrera 2.8 in
FoiSkr 0.156 Kr 249 Ib/in Kt 894 Ibfin
i Velocidad Del Piston vs. Posicion
T
2 57 T
a T Y e
= 29 A L \\
= 0
=
= — /
[ i
= & e i Toag | cocadd
w o - o] £ %} -l o
g = ] (] [#4] Pl (=53]
Paosicion (in)
Torque
253597
o' 169,065
g d
§ 84532
e 2
B e | Y
] 23] — — Pl [44) [4N]
= Pl 1] . = [=}]
] ] o] ] ]
Angulo (grados)
Tarque maximo 291 Kin-lbs
Momento de Contrapesas 621 Kin-lbs
Efecto de Contrapesas 13,087 Ib=



Programa QRod
Titulo: Mi Prusba en GRod

Resultados
Caudal { 1009% eficiencia

bomba) 180 bblday
Caudal (95 eficiencia bomba) 171 bblday
e varnllas paracada seocidn . 34.0, 66.0
Carga de laz varillas an
suparficie Lol
ﬁﬁiﬁm (AP minima 220173100
Capacklad minima potencia
ekt 15.8 hp
Patencia en barra pulida 85 hp
Carga vélvula viajara 11,877 ks
Carga véhlvula fija &,008 lbs
Parametros de Entrada
Tipo de Balancin CWCom
Profundidad de b Bamba 5000 f
Caudal deseado 171 bblday
Vebcidad de bombee 83 SPM
Carmrera del balancin 100 in
Didmetro del Pistdn 1.500 in

: 2875" (6.4 bt
Didgmatro de la tubaria 5441" 1D in
Tuberia anclada Mo
Tipo de varillas Varillas de acero
Marmero APl de las 76
varillas

Claze devarillas

D

Valores de Ajuste Predeterminados

Pegototal bamras de lastre

Gravedad especifica dal
fluidi

Pragiin de la tuberia
Prasiin del revestidar

0l
1

&0 pei
45 psi

Factor de amortiguamento 0.1

Eficiencia del balancin G5
Eficiencia de la bomba 95
Prasiin de entrada de la ;
bomba i

an Venezusla: varilla = cabilla

Echomeer Company

Diagramas
Cartas Dinagra
1 =
& 398 HETER
- -
[ T o
by B A i
= 853 Pt
=
= 1385
w
E=1 1 —f
g o W
Posicidn (in
14,873
Carga Miima bs Carga Minima |
Carram dal 828 n Ebngaciin 1
pizton
Foi'Shr 0.15s Kr 2
e Velocidad Del Pistan
x
= 57 |
o ‘_.l'
g ped=] o
= IRk
] S
z 29 i e
= 57
g = 2 %
B,
Pomsicidn (in
Targue
253 547 M
g R il
& 168,065 P
ooBERR | )
= A | .
= 4 e gr
£ pasaz A
[=1] —
. =

Angulo (grad

Torgus micimo
Momanto da Contropesas
Elscio da Contrapesas

CQRod Verzion 2.2

QRod Application

Title: My CRod Test Bun

Results

Rate (100 2 Pump Eff.)
Rate (25 Pump EFf)
Rod Taper, @

Top Rod Loading

Min AP Unit Rating
Min Maotor Size
Polished Rod Power
TWLoad

SVload

Design Inputs
Unit Typs

Pump Depth

Target Rate

Stroke Rate

Surface Stroke Length
Pump diameter

Tuking Size

Anchored Tubing
Rod Type

Rod Mumber
Rod Grack:

Default Settings

Total Sinker Bar Weight
Fluid Specific Gravity
Tuking Pressure
Casing Pressurs
Damping Factor

Uinit Efficiency

Pump Efficiency

Pump Intake Pressure

Echometar Compary
5001 DElc Lane

Wichila Fals, Texas 75302
UEA,

One Page Report

Plots
180 bbliday Dynamometer Gards
171 bblday
g - —
340, 66.0 = H-\""\-\._ L y
T23 % e 5 i e
320-173-100 g Rt i, SN2
15.8 hp = 7
85 hp g ‘
11,977 lbs 8 & 3 ] i
8,008 |bs -
Pasiban {in])
PPFL A2 ppR RIT o 3,679 Ibs
CW Comy Eig =
Rt f;_";ns"'*f Bzam SAE 456m Overirwsl  28in
171 bbliday FaShkr 0456 K 248 BN K1 &34 win
23 SPM
100 in Pump Velocity vs. Fosition
1.500 in I - o
¢ =1 - Ty
2.875" (5.4 Ift) 2 s T e
2441 (D in = L i %
o o ]
Mo E’ - 7
Steel Rods ¢ = e i -
76 i e i
& = — o~ . o — =
D — o (¥} (=~} L% o |
Pasiban (in])
0 b
i Torque
80 psi
o psi 253 597 !f". Il;"ﬂll
F I 158,065 P R b,
0.1 a & / "
a B4532 i Fad '\
a5 e N / |;' y o \
95 L asm T T
o ° & 8 8 B B #
Angle (degrees)
Pack Searbiox Torgue 21 Kindbs
Counter Balance Moment &1 Kbz
Counter Balance Effacl 13,007 Ibs

QRod Version 2.3

Phane: (340) TEF-4334
CopyTight 2004 Echometar Company. Al Righls Feserved. E-Mall: |nFma' bl cadich

Londkions of Lo and Legal Holioas



PUMPING PERFORMANCE GUIDE

From Predictive Dynamometer Design Programs:

1. Isthe pumping system operating as expected?

2. Is the predicted dynamometer Iin agreement
with accurately measured horseshoe
dynamometer data?

3. If not, the design program may have incorrect
data, or the software is not properly predicting
well performance.

Can the performance be improved by a change
In pump size, polished rod stroke length, SPM
or other factors?




Design a pumping system to pump 350 BPD from a
depth of 5000 ft with a .95 fluid specific gravity

¢ Echometer QRod 2.0
API RP11L method e

determines
percentage of each

rod size and depends Design Inputs Results

onthe pump Rate (100% Purp eff 388 bbl/day
diameter; resulti Nng In LIt Bate [95 2 Pump eff ] 60 bhlAday

a balanced design R Rod Taper, % 30.0,29.5, 405

OO0 | R - .
. . Top Rod Loading 9.9 =
with 2porodm ately Surface Stroke Length 144 +| in Min &P Urik Rating E40-200-144

Help

Title IM_I,I [Fad Test Run

equal stresses at the Min b otor Size 300 hp

tOp of each rod EUhpREmet 175 =] in Folizhed Rod Pawer 171 hp

section. TubingSize 1o 875" (5.4 b/ 24417 1D =] TWLoad 14,700 Ibs
SWlLoad 9.700

: W Anchaored Tubi
86 - 3 taper rod string RS

30.0% of 1 inch, 29.5% - Rods
of 7/8 inch and 40.5% e
of 3% inch rods.

" Fiberglass and Steel Rods

Loading on the top Bod Mumber Calculate from SPM or Target Rate
rod is 91.9% of the
allowable for grade
“C” rods and % Target Rate bbl/day
calculated using the
modified Goodman Calculate
diagram method.

Rod Grade ™ Stoke Rate P 5 SPH




Rod String Design:

Rod at the top of each Rod String Taper:

1) Supports the pump forces applied at the bottom of the
rod string,

2) Plus the weight of the all the rods connecting the pump to
the top rod in each taper.

Rod string is designed for a long operational life

Planned failure mode due to fatigue — 10 million cycles
Wear out the rods

DO NOT tensile fail due maximum load near the peak
tensile strength of the rod.

Design the string so the unit stresses are equal in the top
rod of each of the different-sized sections of the string.
Provides good safety margin as far as corrosion pitting is
concerned.




Modified Goodman Diagram

Maximum allowable working stresses
should not be higher than about 30,000
to 40,000 psi, although some sucker
rods, such as the "high tensile
strength" rods are rated at 40,000 to
50,000 psi maximum.

Operation of rods in corrosive

environments requires that the

maximum allowable stress be
Minimum Stress decreased.

Max. Allowable Stress,
Sa = (0.25T + 0.5625*Smin)*SF
Allowable Stress Range, Sr = Sa - Smin

Stress Limit For New Rods Service Factor 1.0 Peak
Based On API-Goodman Guide T/74 T/1.75 Tensile(T)

New Grade
New Grade
New Grade 115,000
New Grade 140,000




Rod L oading — Allowable Stress

Load [K-Lbg] vg Polizhed Rod Pos. [in]

HT509

PPRL I'ISEH?'
MFRL |EE45

Load [K-Lbs

] w2 Plunger Posz. [in]

b TP |

]
q00.0

FPUMPL 14242
MPLMPL ].515

86.3

- Top Rod Loading &z % of Goodman for Given Grades
C D K H

10 833 |68.0 |57.2 |46.3 Beam Loading

S 085 [a48 [773 EER [645 B “
060 {1232 [1027 1284 771
—Fod Loading &t Top of Tapers Az % of Goodman
Top Taper Taper 2 Taper 3 T aper 4 Taper 5 Taper B
Fod Tpe e e S e | |
Diameter in |0.875 0.7 0875 | |
10 |60 722 [27.1 i |

Service 085 729 826 |91.9 | |
Factar

060 {1027 1086 |45.4 | ]
Rod $tress Max 23144 | 24826 |7752 | ]
ps Min {9388 | 9986 |-a01 | |




Rod L oads/Str esses:

1. Loads on the top rod in a taper are the
nighest

2. Load decreases as the suspended rod

weight decreases as you move closer to the
pump.

3. Largest diameter rods are located at the top
of the string

. Diameter rod string decreases with the
ength of each taper

5. Results in stresses on the top rod in each
taper being equal.




Critical Compressive Euler Buckling Load
For Sucker Rod Diameter 5/8 to 1 1/2 Inch

250 1 \
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0 10 20 30 40 50 60 70 80 90 100

Sucker Rod Lenght - Feet

Dia: | —5/8 —314 —78 —1
—11/8 —11/4 —138 —11/2

Source: Data Calculated from Euler Eq.
Per = 4(PI**2)El/{L**2)

Rod Buckling:

Use Effective Load

Rod strings behave as a
slender Euler column.

Buckling occurs under
small compressive
loading.

Notice:

e 25Lbs. Buckles > 25
feet of 5/8 Inch Dia. Rod
50 Lbs. Buckles > 25
feet of 3/4 Inch Dia. Rod
200 Lbs. Buckles > 50
feet of 1% Inch Dia. Rod




Weight Bars/Sinkerbars

1. During the pumping cycle Upstroke:
e traveling valve shut
 rod string will be under tension
« buoyed rods and fluids loads are lifted.

During the pumping cycle Down stroke:

e traveling valve is opened and the standing valve
IS shut,
rods are suspended in fluid and still under
tension.

But any upward force applied to the rod string from
the plunger/pump assembly
Due to fluid flow in the traveling valve,
barrel/plunger friction, compressing gas, etc...
Results in compressive (negative) loads
Causes rod buckling at the bottom of the rod
string above the pump.




Weight Bars/Sinkerbars
Sinkerbar . XL S

Sinker Bar Design Inputs

PLUNGER DIA. {Inches)

PUMP DEPTH (Feet)

MAXIMUM TUBING SPECIFIC GRAVITY (Water=1)

Sinker Bar Diameter (Inch)

Sinker Bar Design Calculations

SPEC.GRAV.:1.0000
USED PLNGR DIA: 1.5000 {In.)) 38.1000 { mm)
SB FACTOR: 0.415
REQ.SB.WT.: 898.4 (Lbs.)
S5B6.DIA.: 150 (In))  38.10 { mm)
SB. LENGTH: 1750 (Ft)) 53.3 (Meters)




Unit Type Selection

Design Inputs

Lt
Furnp Depth

Surface Stroke Length

Furnp Ciarneter

Tubing Size {2875 (5.4 Ib/f) 2441" 1D x|

v Anchared Tubing

— Hodz

{* Steel Fods
™ Fiberglass and Steel Bods

Rod Mumber ',‘.-'5 -

FRod Grade D v!

CWConv - selects the
conventional unit with
clockwise rotation of the crank.

CCWConyv - selects the
conventional unit with counter-
clockwise rotation of the crank.

Markll - selects the Markll unit
with counter-clockwise rotation
of the crank.

AirBal - selects the air-
balanced unit with clockwise
rotation of the crank.




Type: Pumping Unit Description | Maximum Stroke
A - AIR BALANCE

B — BEAM BALANCE /C-3%OD-256'\100/ Length In Inches

C —CONVENTIONAL Y
M —MARK 1] Peak Torque Ratingin

Thousands of IN-LBS

Wellhead Viewed to the Right:

Crank nearest is#1 crank

On opposite side #2 crank

Counterweightson the Crank
On top #1, On the bottom #2

CCW

Structure Rating
in 100s of LBS




F A Echometer QRod 2.0

File Tools Help

=10f x|

Title |M_l,l [IRod Test Run

Dynamometer Cards

. 21.004
Design Inputs Results "
16,803 | Lﬁ
Fate [100% Pump eff.] I62  bbl/day a2 \/ Rfﬂ\-’
Unit [CwCony =] Rate [35 % Pump eff | 350 bbl/day 212802 S =
e Rod Taper, % 300, 295, 405 £ sanz | W st
RE=R [5000 ] # | TopRodLoadng 33 % 2 4o |
Surface Stroke Length |1 44 j in | | Min &P Unit R ating F40-200-144 | 3
: _ kin Motor Size 00 hp = R & = o = =
R = I-I 75 jv il Polished Bod Power 171 hp o rJ
Tubing Size IE.B?E" 6.4 Ib/it] 2.441" 1D j T%Load 14,700 |bs Fozition (in)
SWLoad 9,700 Ibs
[V el med T b PFPAL 13.100 lbs MPRL 2.500 Ibs
Purnp Stroke Length 133.2 in Fo 5,000 b
— Bods Fo/Skr 0122 Kr 286 Ib/in Kt 234 1b/in
% Steel Rods Pump Yelocity vs. Position
" Fiberglass and Steel Fods i |
- 71|
ﬁ | \\Wﬁ _H‘“H\H
BN T Calculate from SPM or Target Rate = A8 b e
= 0— }
Rod Grad | -] | 77 » | 2 [ /
od Grade C " Shoke Rate < »r | SPM ;ﬂ =6 '\.._r ““\,“_‘ oG Vi
o | b SO > [ ¥ o
* Target Fate <4 l35|:| »» | bhliday E L e o
—l —| & = B £ g & 2 m
Pasition (in)
Default Settings Torque
Tatal Sinker Bar \eight ||:| bz D ampirg Factor ||:|_-| S47928 |
Fluid 5pecific: Gravity ||:|55 pi Urit Efficiency IQE s '—E ?2?;22 /
Tubing Prezsure Igg pai Purnp Efficiency I55 s % 3 _'__,,/ \Jf\ _‘, \_,/x\w
Casing Pressure |45 psi = 152643 | \/JMJ
fou may enter Pumnp Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity [ndes. = = g g E § %
" Reservair Pressure |1E||:||:| psi Productivity Index Ig_n[uj bbl/day/psi Angle (degrees)
* Pump Intake P I
MRS S SSRiS 3l Peak Gear Box Torque 596 Kirrlb
Echometer Company  Phone: [340] 767-4334  E-Mail: info@echometer. com Counter Balance Moment 1155 Kirrlbs
Counter B alance Effect 16,300 bz

Copyright 19342004 Echometer Company. Al Rightz Reserved.




| In-balance 220 Kin-lbs

TTU Test Well
9.72 SPM
Clock-Wise
Rotation

Compare _, 185105 | a
Calculated  [EE J\ TR L'
clgle E o \/
Vi easured Cal ItZd EA lﬁm %] b
alCula ngle (degrees
Torque Peak Gear Box Torgue 251 Kin-lbs
Counter Balance Moment 552 Kin-1bs

Counter Balance Effect 11,009 |b=



MOTOR CHARACTERISTICS

NEMA MOTOR CHARACTERISTICS
B 4% -5% Slip, 180% Starting Torque, Lower Cost and High AMPs
= 6% -7% Slip, 200% Starting Torque, High Starting AMPs.
D

8% - 13% Slip, 275% Starting Torque, More Efficient under Cyclic loads.

Qutput HP = Torque x RPM f Constant
kKWW Input = {HP Output) x 0. 746 / Efficiency

Motor Slip (%) = {Synch. RPM - Running RPM) f Synch. RPM

Where:
Tamue = Motar Torgue (FtLbs or In-Lbs)
rpm = Motor Speed (revolutions per minute)
Constant =5 2580 (tormue units of Ft-Lbs) or 63,000 (torque units of In-Lbs®
HF = Qutput motor horsepower )
kA =HF* 0.74hk

=ynch speed = FFPM of motor under no load



Size M otor Hor sepower

Computer: HP = CLF * PRHP / Unit Effcy
QRod uses:

CLF =RMS Torque/ Average Torque

RMS Power/ Average Power is OK.

(don’t use CLF based on motor current)
OR:

Gault: HP = 2. * PRHP

Unit Efficiency: 95 % for “Large” Units
80 % for “Small” Units




F A Echometer QRod 2.0

File Tools Help

=10f x|

Title |M_l,l [IRod Test Run

Dynamometer Cards

. 21.004
Design Inputs Results "
16,803 | Lﬁ
Fate (100% Pump ff 38 bbl/day s \/ o
Unit [CwCony =] Rate [35 % Pump eff | 350 bbl/day 212802 S =
e Rod Taper, % 300, 295, 405 £ sanz | W st
RE=R [5000 ] # | TopRodLoadng 33 % 2 4o |
Surface Stroke Length |1 44 'I i Min AP Uit Rating F40-200-144 3
Fump Diamet _ | Hin Maotor Size 300 hp | = K - = w0 - =
RS I-I 75 jv il Polished Rod Power 171 hp o rJ
Tubing Size IE.B?E" 6.4 Ib/it] 2.441" 1D j T%Load 14,700 |bs Fozition (in)
SWLoad 9,700 Ibs
[V el med T b PFPAL 13.100 lbs MPRL 2.500 Ibs
Purnp Stroke Length 133.2 in Fo 5,000 b
— Bods Fo/Skr 0122 Kr 286 Ib/in Kt 234 1b/in
% Steel Rods Pump Yelocity vs. Position
" Fiberglass and Steel Fods i |
FR \\Wfﬁ“x
BN T Calculate from SPM or Target Rate = A8 L e
= 0— }
Rod Grad [t =l | 77 » | 2 _ /
od Grade C " Shoke Rate < »r | SPM ;ﬂ =6 '\.._r ““\,“_‘ oG Vi
o | il T, o
s E 1 T R
¥ Target Fate < | lEEEI >3 | bbl/day E L . 'y 2 % ~ 13
= o]
Pasition (in)
Default Settings Torque
Tatal Sinker Bar \eight ||:| bz D ampirg Factor ||:|_-| 547,925
Fluid 5pecific: Gravity ||:|55 pi Urit Efficiency IQE 5 '—E ?2?;22 /
Tubing Prezsure Igg pai Purnp Efficiency I55 s % 3 _'__,,/ \Jf\ _‘, \_,/x\w
Casing Pressure |45 psi = 152643 | \/JMJ
fou may enter Pumnp Intake Pressure directly, or calculate it from Reservoir Pressure and Productivity [ndes. = = g g E § %
" Reservair Pressure |1E||:||:| psi Productivity Index Ig_n[uj bbl/day/psi Angle (degrees)
+ Pump Intake P I
MRS S SSRiS 3l Peak Gear Box Torque 596 Kirrlb
Echometer Company  Phone: [340] 767-4334  E-Mail: info@echometer. com Counter Balance Moment 1155 Kirrlbs
Counter Balance Effect 16.300 b

Copyright 19342004 Echometer Company. Al Rightz Reserved.




Plunger too L argefor Rods
Severe under travel occurs

when the sub surface pump
diameter is too large for the
sucker rod string.

QRod Predicted

13,804

133 ~ 76 Rods
B30 1.5 “ Plunger

» 6395 P. Depth
il / 8.45 SPM
n

: 4 N Wk
Tubing Stretch = 6.9” y a g = R
Static Stretch =25.5"

Overtravel = 6.6” Pusition (in)

1
g
il
N
0
i
il
T
-

Fo From Fluid Level

: 23.1 | PPRL 15,690 ks MPRL 3464 s Fo 4810k
Effective Plunger Stroke = 18.6”

(23.1-6.9) Fump aboke 160 | StacStethdin Ovelraveld2in
5.4 | Folik 054 ki 135 bn ki 633 b




Tubing Unanchored? 800, KT&KU_Measured

_ PPRL 7415 Lbs
Pump Intake pressure is 319 and pump

is full of fluid. Tubing Anchor depth is 7.001
2914, but anchor appears to not be set.
6.00-
QRod Predicted 5.00
635 zﬂe--"h“ﬁ 4.00]
I
MY i
o 348 3.00
o
= 174 . *
i D Pump Stroke 48.8 mchegf 200"
| - - ] ] a N
(] (i 1] 1] ] ]
PIP: 319 Psig from Fluid Level 1.00
Fostion (in]
0
PPAL 7,881 Ibs MPRL 4,303 |bs Fo 2,044 b
Puip Shoke 48.81n Ghafic Shetch BT Overtravel 0.4

Fo/Skr 0.032 hr 333 /i k1,032 b/




TTU Waell 9.72 SPM — Compare Plunger Velocity

Cyna Cards I Torgue I Rod Loading I Load/Cument I Power Torque I Power Resuts [ Analysis Plot | 1 I '
Select Left ods: | Plunger Velocity (In/sec) | Select Right Aws: |NONE |
Select Horizontal fuwis: IF‘IungE.-r Position (In) j [ Base Right Awis Data Off Left Auds

80

40 _ =
_ / Pump Velocity vs. Position \
20 / 61 g e iy ‘1..""""'"""\

el F g B A

61 T R

20 = f‘
| \/“_“\ Fasition {in} /

-4'[} \_’ﬂ/.\/\/

B0 .

0 200 400 600 8.0 1000 1200
Plunger Postion (In)

—
a
BL
9c
E5 1}
II
LL |
BE N
ak

Plunger (Pump) Velocity (In/sec)




Questions?

;"‘! Echometer QRod 2.4

File Tools Help

Title  |My QRiod Test Rur

Design Inputs

Urit [CwCanw |

Pump Depth m ft

100 | in
1500 | in

|2875" (B4 bAY 2441710 |

Surface Stroke Length

Pump Diameter

Tubing Size
[v &nchored Tubing

Rods
f* Steel Rods
" Fiberglass and Steel Rods

Rod Humber 7B -

Fiod Grade D -

Default Settings
Total Sinker Bar Weight bz

Results

Fate [100% Pump eff.)
Fate [95 % Pump eff.]
Fod Taper, %

Top Rod Loading

ki AP Uit B ating

i MEMA D Motor Size
Palizhed Rad Pawer
TWLoad

SV oad

113

108
34.0.66.0
B5.4
320-143-100
8.3

4.9

11,977
8.038

bbl/day
bbl/day

%
hp

hp
lbs

Calculate from SPM or Target Rate

* Stoke Rate < | |5
™ Target Rate

Calculate

D'amping Factor

X

SPh

bbliday

Fluid S pecific Gravity
Tubing Prezsure

Casing Pressure

H2I:I =1 Unit Efficiency

pal Purnp EHiciency

pzi

[#91) peo] poy

PPRL 13,712 Ibs
Pump Stroke 36.4 in
Fo/Skr 0156

[oaz ) fAyoop@s, dung

[2qru =nbuo|

Dynamometer Cards

[} o
o %]
Pozition {in)

MPRL 6,567 lbs
Static Stretch 15.6in
Kr 249 Ib/in

Fo 3.879 bz
Overtravel 2.0 in
k.t 854 Ib/in

Pump Yelocity vs. Position

A, .
, e
.1/ \\_/'

ANGZaIN
SN~

o
\ PR

o

= - [} Fu
4} = o

Pozition {in)
Torque

213,480

142,327
F1.163
a

-r1.163

You may enter Pump Intake Prezsure directly, or calculate it from Reservor Pregsure and Productivity [ndes.

50 pai
bbl/day/pzi

* Purp Intake Pressure ™ Reservoir Pressune Angle (degrees)

Productivity Index
Peak Gear Box Torgque 241
Counter Balance koment g139
Counter Balance Effec 13,04

Kirrlbs
Firrlbs




Questions ?




