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QRod QRod 
Quick Rod DesignQuick Rod Design



QRodQRod is a Simple Useris a Simple User--friendly friendly Practical Practical 
Beam Pumping Design ProgramBeam 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: Download free of charge from: 
www.echometer.comwww.echometer.com\\softwaresoftware\\index.htmlindex.html



QRod Pump Cards:
Normal Full Pump
QRod Pump Cards:
Normal Full Pump

1.1. PumpingPumping--Full of Liquid Full of Liquid 
2.2. No gas in Pump.No gas in Pump.
3.3. Valves Not Leaking  Valves Not Leaking  
4.4. Pump functioning properly.Pump functioning properly.

Tubing anchored, EPT=MPT. Unanchored tubing, EPT<MPT
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Predictive and Diagnostic ModelsPredictive and Diagnostic Models

PredictedPredicted

PIPPIP

MeasuredMeasured

CalculatedCalculated

10352 Lbs10352 Lbs

4370 Lbs4370 Lbs

10337 Lbs10337 Lbs

4815 Lbs4815 Lbs

FoFo = (= (PdisPdis -- PintkPintk)*)*ApAp



Beam Pumping SimulatorBeam Pumping Simulator 1.1. Uses the pump intake Uses the pump intake 
pressure to determine pressure to determine 
the load the pump the load the pump 
applies to the rods. applies to the rods. 

2.2. Mathematically Mathematically 
simulates the motion simulates the motion 
of the surface unitof the surface unit

3.3. Solves the partial Solves the partial 
differential equation differential equation 
describing the motion describing the motion 
of the rod stringof the rod string

4.4. Calculates the surface Calculates the surface 
loads,  pump velocity loads,  pump velocity 
and position.and position.

5.5. Determines gear box Determines gear box 
torque and proper torque and proper 
counter balancecounter balance



PIP (Dynamometer)PIP (Dynamometer)



Fluid Load is a Function 
of Pump Intake Pressure

Example: 
2260 Psi Discharge Pressure

Fluid Load is a Function 
of Pump Intake Pressure

Example: 
2260 Psi Discharge Pressure

Pump Intake Pressure Pump Intake Pressure 
helps lift fluid to surfacehelps lift fluid to surface..

Decreasing Fluid LoadDecreasing Fluid Load
FO (3600) FO (3100)

1 psi1 psi 200 psi200 psi 500 psi500 psi

FO (4000)



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake =    0 PsiPump Intake =    0 Psi



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake = 100 PsiPump Intake = 100 Psi



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake = 200 PsiPump Intake = 200 Psi



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake = 300 PsiPump Intake = 300 Psi



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake = 400 PsiPump Intake = 400 Psi



Full Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake PressureFull Pump Card as a Function of Pump Intake Pressure

Pump Intake = 500 PsiPump Intake = 500 Psi



Full Pump Card as a Function of Pump Intake Pressure 
100% Liquid Fillage, 2260 Discharge Press., 1.5” Plunger

Full Pump Card as a Function of Pump Intake Pressure 
100% Liquid Fillage, 2260 Discharge Press., 1.5” Plunger

Pump Intake Pressure helps the Rods lift fluid to surface.Pump Intake Pressure helps the Rods lift fluid to surface.

Decreasing Fluid LoadDecreasing Fluid Load

FoMax
FO1

FO2

Fo = (Fo = (PdisPdis -- PintkPintk)*)*ApAp



QRod DesignQRod Design
Primary Inputs:Primary Inputs:
1)1) Pump Inlet Pres.Pump Inlet Pres.
2)2) Pump DepthPump Depth
3)3) Target RateTarget Rate
4)4) Stroke LengthStroke Length
5)5) Pump DiameterPump Diameter
6)6) Stroke RateStroke Rate

Secondary Inputs:Secondary Inputs:
1)1) Unit TypeUnit Type
2)2) Rod String TypeRod String Type
3)3) Fluid Spec. Fluid Spec. GravGrav..
4)4) Tubing PressureTubing Pressure
5)5) Damping FactorDamping Factor
6)6) AnchoredAnchored



Detailed HelpDetailed Help
No Manual NeededNo Manual Needed



SpanishSpanish



One Page ReportOne Page Report



PUMPING PERFORMANCE GUIDE PUMPING PERFORMANCE GUIDE 
From Predictive Dynamometer Design Programs:From Predictive Dynamometer Design Programs:

1.1. Is the pumping system operating as expected?Is the pumping system operating as expected?
2.2. Is the predicted dynamometer in agreement Is the predicted dynamometer in agreement 

with accurately measured horseshoe with accurately measured horseshoe 
dynamometer data?  dynamometer data?  

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

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



Design a pumping system to pump 350 BPD from a Design a pumping system to pump 350 BPD from a 
depth of 5000 ft with a  .95 fluid specific gravitydepth of 5000 ft with a  .95 fluid specific gravity
API RP11L method API RP11L method 
determines determines 
percentage of each percentage of each 
rod size and depends rod size and depends 
on the pump on the pump 
diameter; resulting in diameter; resulting in 
a balanced designa balanced design
with with approximately approximately 
equal stresses at the equal stresses at the 
top of each rod top of each rod 
section.section.

86 86 -- 3 taper rod string 3 taper rod string 
30.0% of 1 inch, 29.5% 30.0% of 1 inch, 29.5% 
of 7/8 inch and 40.5% of 7/8 inch and 40.5% 
of of ¾¾ inch rods. inch rods. 

Loading on the top Loading on the top 
rod is 91.9% of the rod is 91.9% of the 
allowable for grade allowable for grade 
““CC”” rods and rods and 
calculated using the calculated using the 
modified Goodman modified Goodman 
diagram method.diagram method.



Rod at the top of each Rod String Taper:Rod at the top of each Rod String Taper:

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

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

Rod string is designed for a long operational lifeRod string is designed for a long operational life
Planned failure mode due to fatigue Planned failure mode due to fatigue –– 10 million cycles10 million cycles
Wear out the rodsWear out the rods
DO NOT tensile fail due maximum load near the peak DO NOT tensile fail due maximum load near the peak 
tensile strength of the rod.tensile strength of the rod.
Design the string so the unit stresses are equal in the top Design the string so the unit stresses are equal in the top 
rod of each of the differentrod of each of the different--sized sections of the string. sized sections of the string. 
Provides good safety margin as far as corrosion pitting is Provides good safety margin as far as corrosion pitting is 
concerned.concerned.

Rod String Design:Rod String Design:



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 
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/4     T/1.75    Tensile(T)
==========================   ======    ======    ======= 
New Grade C Rod  (Psi)       23,750    54,286     95,000
New Grade K Rod  (Psi)       21,250    48,571     85,000
New Grade D Rod  (Psi)       28,750    65,714    115,000
New Grade H Rod  (Psi)       50,000    50,000    140,000



Rod Loading – Allowable StressRod Loading Rod Loading –– Allowable StressAllowable Stress



1.1. Loads on the top rod in a taper are the Loads on the top rod in a taper are the 
highest highest 

2.2. Load decreases as the suspended rod Load decreases as the suspended rod 
weight decreases as you move closer to the weight decreases as you move closer to the 
pump.  pump.  

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

4.4. Diameter rod string decreases with the Diameter rod string decreases with the 
length of each taper length of each taper 

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

Rod Loads/Stresses:Rod Loads/Stresses:



Rod Buckling:
•• Use Effective LoadUse Effective Load

•• Rod strings behave as a Rod strings behave as a 
slender Euler column.slender Euler column.

•• Buckling occurs under Buckling occurs under 
small compressive small compressive 
loading.  loading.  

Notice:Notice:
•• 25 Lbs. Buckles > 25 25 Lbs. Buckles > 25 

feet of  5/8  Inch feet of  5/8  Inch DiaDia. Rod. Rod
•• 50 Lbs. Buckles > 25 50 Lbs. Buckles > 25 

feet of  3/4  Inch feet of  3/4  Inch DiaDia. Rod. Rod
•• 200 Lbs. Buckles > 50 200 Lbs. Buckles > 50 

feet of  1 feet of  1 ½½ Inch Inch DiaDia. Rod. Rod



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

2. During the pumping cycle Down stroke:
• traveling valve is opened and the standing valve 

is shut, 
• rods are suspended in fluid and still under 

tension.  

3. 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



Weight Bars/Weight Bars/SinkerbarsSinkerbars
Sinkerbar.XLSSinkerbar.XLS



Unit Type SelectionUnit Type Selection
CWConv - selects the 
conventional unit with 
clockwise rotation of the crank.

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

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

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



CCW CW

0

180

90270 #1
#1

#2

Type:Type:
A A -- AIR BALANCEAIR BALANCE
B B –– BEAM BALANCEBEAM BALANCE
C C –– CONVENTIONAL CONVENTIONAL 
M M –– MARK IIMARK II Peak Torque Rating inPeak Torque Rating in

Thousands of INThousands of IN--LBSLBS

Pumping Unit DescriptionPumping Unit Description

CC--320D320D--256256--100100
Structure Rating Structure Rating 
inin 100s of LBS

Maximum Stroke Maximum Stroke 
Length inLength in Inches

Wellhead Viewed to the Right: Wellhead Viewed to the Right: 
Crank nearest is #1 crankCrank nearest is #1 crank
On opposite side #2 crank On opposite side #2 crank 
Counterweights on the Crank Counterweights on the Crank 

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





TTU Test Well 
9.72 SPM
Clock-Wise
Rotation

TTU Test Well 
9.72 SPM
Clock-Wise
Rotation

In-balance 220 Kin-lbs

Compare  
Calculated 

and
Measured 

Torque

Compare  
Calculated 

and
Measured 

Torque Calculated

Measured



MOTOR  CHARACTERISTICSMOTOR  CHARACTERISTICS



Size Motor HorsepowerSize Motor Horsepower
Computer:   Computer:   HP = CLF * PRHP / Unit EffcyHP = CLF * PRHP / Unit Effcy

QRodQRod uses: uses: 

CLF = CLF = RMS Torque/ Average TorqueRMS Torque/ Average Torque

RMS Power/ Average Power is OK.RMS Power/ Average Power is OK.

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

OR:OR:

Gault: HP = 2. * PRHPGault: HP = 2. * PRHP

Unit  Efficiency:Unit  Efficiency: 95 % for 95 % for ““LargeLarge”” UnitsUnits
80 % for 80 % for ““SmallSmall”” UnitsUnits





Plunger too Large for RodsPlunger too Large for Rods
Severe under travel occurs Severe under travel occurs 
when the sub surface pump when the sub surface pump 
diameter is too large for the diameter is too large for the 
sucker rod string.sucker rod string.

Effective Plunger Stroke = 18.6Effective Plunger Stroke = 18.6””
(23.1(23.1--6.9)6.9)

Tubing Stretch =  6.9Tubing Stretch =  6.9””
Static Stretch   = 25.5Static Stretch   = 25.5””
OvertravelOvertravel =   6.6=   6.6””

UndertravelUndertravel

Rod & Tubing Rod & Tubing 
StretchStretch

76 Rods 76 Rods 
1.5 1.5 ““ PlungerPlunger
6395 P. Depth6395 P. Depth
8.45 SPM8.45 SPM

QRodQRod PredictedPredicted
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Kr & KtTubing Unanchored?Tubing Unanchored?

PIP: 319 Psig from Fluid LevelPIP: 319 Psig from Fluid Level

Measured Measured 
PPRL 7415 LbsPPRL 7415 Lbs

Pump Intake pressure is 319 and pump Pump Intake pressure is 319 and pump 
is full of fluid.  Tubing Anchor depth is is full of fluid.  Tubing Anchor depth is 
2914, but anchor appears to not be set.2914, but anchor appears to not be set.

Pump Stroke 48.4 inchesPump Stroke 48.4 inches

QRodQRod PredictedPredicted

Pump Stroke 48.8 inchesPump Stroke 48.8 inches



TTU Well 9.72 SPM – Compare Plunger Velocity TTU Well 9.72 SPM TTU Well 9.72 SPM –– Compare Plunger Velocity Compare Plunger Velocity 



Questions?Questions?



Questions ?Questions ?


