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Net Torque Loading Net Torque Loading 
on a Pumping Unit on a Pumping Unit 
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Reasons to Properly Counter 
Balance Gearbox Loading

Reasons to Properly Counter Reasons to Properly Counter 
Balance Balance Gearbox LoadingGearbox Loading

1)1) Reduce Operating ExpensesReduce Operating Expenses
2)2) Minimize Torque Loading on Gearbox Minimize Torque Loading on Gearbox 

and Not Exceed Gearbox Load Ratingand Not Exceed Gearbox Load Rating
3)3) More Uniform Torque Loading through More Uniform Torque Loading through 

out Strokeout Stroke
4)4) Minimize Energy CostMinimize Energy Cost
5)5) Minimize Prime Mover RequirementsMinimize Prime Mover Requirements
6)6) Do not Damage Artificial Lift EquipmentDo not Damage Artificial Lift Equipment



Three Methods Available to Determine  
Net Gearbox Torque Loading

Three Methods Available to Determine  Three Methods Available to Determine  
Net Gearbox Torque LoadingNet Gearbox Torque Loading

1)1) Use Input Motor Power, motor and drive Use Input Motor Power, motor and drive 
efficiencies and the pumping unit speedefficiencies and the pumping unit speed

2)2) Use surface dynamometer card and torque Use surface dynamometer card and torque 
factors together with counterbalance moments factors together with counterbalance moments 
determined from  static counter balance effect, determined from  static counter balance effect, 
CBE, test.CBE, test.

3)3) Use surface dynamometer card and torque Use surface dynamometer card and torque 
factors together with counterbalance moments factors together with counterbalance moments 
from the crank and weightsfrom the crank and weights



Three Methods toThree Methods to
Determine Gearbox LoadingDetermine Gearbox Loading



Well #1 Acquired Well #1 Acquired AMPsAMPs

KWKW



Well #1 Acquired LoadWell #1 Acquired Load

AccelerationAcceleration



Motor Net Gearbox Torque Behaves Same as Motor Net Gearbox Torque Behaves Same as 
Mechanical Net Gearbox Torque Mechanical Net Gearbox Torque 

Well #1 Plot of 
Power and 
Mechanical 
Torque Data 

Both show unit 
weight heavy 
(overbalanced) 

Counterweights 
need to move 
in from the end 
of the crank to 
balance the 
peak torques



More Uniform Torque Loading 
Throughout Stroke

More Uniform Torque Loading More Uniform Torque Loading 
Throughout StrokeThroughout Stroke

Mechanical/Torque (in-lbs) or Electrical/Power (kW) 
Signatures for a Unbalanced or Balanced Pumping Unit:



Acquire Electric Power (kW) and Current (Amps)
Input to the Motor over the time of a Pump Stroke
Acquire Electric Power (kW) and Current (Amps)Acquire Electric Power (kW) and Current (Amps)
Input to the Motor over the time of a Pump StrokeInput to the Motor over the time of a Pump Stroke

Time for One StrokeTime for One Stroke



Use TUse TNN = 84.5 x kW x = 84.5 x kW x EffEff / (SPM x SV) to / (SPM x SV) to 
Calculate Net Gearbox TorqueCalculate Net Gearbox Torque



Power Balancing ConsiderationsPower Balancing ConsiderationsPower Balancing Considerations
•• Measurement of power using the powerMeasurement of power using the power--

current transducer is a quick and easy current transducer is a quick and easy 
process process 

•• For more efficient operations power For more efficient operations power 
requirement on the upstroke should be requirement on the upstroke should be 
balanced against the balanced against the downstrokedownstroke

•• Operator does not have to know the pumping Operator does not have to know the pumping 
unit API dimensions,unit API dimensions, weight of weight of 
counterbalance, or center of gravities; all that counterbalance, or center of gravities; all that 
is needed, is to know is the weight of the is needed, is to know is the weight of the 
counterbalance that must be movedcounterbalance that must be moved



Determine Mechanical Net Gearbox Torque Determine Mechanical Net Gearbox Torque 
Defined by API Standard 11Defined by API Standard 11--E E 

Torque Factor Method is the Standard Torque Factor Method is the Standard 
Method to Determine the Instantaneous Method to Determine the Instantaneous 
Torque Throughout the Pumping Cycle Torque Throughout the Pumping Cycle 

Use:Use:
•• Polished Rod Load and Position DataPolished Rod Load and Position Data

•• Torque FactorsTorque Factors

•• Together with Counterbalance MomentsTogether with Counterbalance Moments



Dynamometer Outputs Polished Rod Load/Position 
Applied to Unit Over One Complete Stroke

Dynamometer Outputs Polished Rod Load/Position Dynamometer Outputs Polished Rod Load/Position 
Applied to Unit Over One Complete StrokeApplied to Unit Over One Complete Stroke



Torque FactorsTorque Factors
1.1. Unit API Dimensions Hand Entered or Unit API Dimensions Hand Entered or 

Selected From a Data BaseSelected From a Data Base
2.2. Torque factors (TF) are derived from Torque factors (TF) are derived from 

the geometry of the particular the geometry of the particular 
pumping unitpumping unit

3.3. Used to determine the instantaneous Used to determine the instantaneous 
torque due to polished rod load at a torque due to polished rod load at a 
given crank position.given crank position.



Select API Dimensions From Data BaseSelect API Dimensions From Data Base



Torque Factors Derived from Torque Factors Derived from 
Geometry of Selected Pumping UnitGeometry of Selected Pumping Unit

TTWNWN
WWNN



Net well load is:Net well load is:
WWNN = net well load = (W = net well load = (W -- SU) SU) 

Torque due to net well load is:Torque due to net well load is:
TTWN WN = TF x W= TF x WNN

Where:Where:
W = well load at a specific crank angleW = well load at a specific crank angle
SU = structural unbalance of the pumping unit SU = structural unbalance of the pumping unit 

(either plus or minus value)(either plus or minus value)
TF = torque factor, inchesTF = torque factor, inches

Torque due to Polished Rod LoadTorque due to Polished Rod Load



Me = TFMe = TF9090 x (CBE x (CBE –– SU) / sin (SU) / sin (θθ + + ττ))
Where:Where:

MeMe = existing counterbalance moment of the= existing counterbalance moment of the
crank and counter weightscrank and counter weights

CBE = well load at 90 Deg crank angleCBE = well load at 90 Deg crank angle
SUSU = structural unbalance of the = structural unbalance of the 

pumping unit     (either plus or minus value)pumping unit     (either plus or minus value)
TFTF9090 = torque factor at 90 Deg crank angle= torque factor at 90 Deg crank angle

θθ = the crank angle (90) = the crank angle (90) 
ττ = the crank phase angle= the crank phase angle

Counterbalance Moment, Me, from CBECounterbalance Moment, Me, from CBE



Field Measured CBE with Crank Level 
Example Well #1

Field Measured CBE with Crank Level Field Measured CBE with Crank Level 
Example Well #1Example Well #1

Polished rod load trace versus time, where unit stopped on upstrPolished rod load trace versus time, where unit stopped on upstroke with cranks leveloke with cranks level



Determine Mechanical Net Gearbox Torque Determine Mechanical Net Gearbox Torque 
Defined by API Standard 11Defined by API Standard 11--E E 

Torque Factor Method is the Standard Torque Factor Method is the Standard 
Method to Determine the Instantaneous Method to Determine the Instantaneous 
Torque Throughout the Pumping Cycle Torque Throughout the Pumping Cycle 

Use:Use:
•• Polished Rod Load and Position DataPolished Rod Load and Position Data

•• Torque FactorsTorque Factors

•• Together with Counterbalance MomentsTogether with Counterbalance Moments



Calculate 
Counterbalance 

Moment for 
Conventional 

Pumping Units 
with Crank 

Mounted 
Counterweights

Calculate Calculate 
Counterbalance Counterbalance 

Moment for Moment for 
Conventional Conventional 

Pumping Units Pumping Units 
with Crank with Crank 

Mounted Mounted 
CounterweightsCounterweights

Note:

For convenience only 
one Counterweight is 
shown on the top of 
the crank (this is the 
#1 Counterweight).

)XDcg(Wa )XDcg(WmMcr =  Me i

Na

1i
iii

Nm

1i
ii ∑∑

==

−×+−×+



Counterbalance moment for conventional cranks is the sum of the Counterbalance moment for conventional cranks is the sum of the moments moments 
contributed by the cranks themselves (Weight x Centercontributed by the cranks themselves (Weight x Center--ofof--Gravity) plus the Gravity) plus the 
moments of the master and auxiliary weights.  moments of the master and auxiliary weights.  

Example Well #1 (2 x 8495B Cranks with 4 x 3CRO Master Weights):Example Well #1 (2 x 8495B Cranks with 4 x 3CRO Master Weights):

Crank #1 Crank #1 Crank #2Crank #2
NameName 8495B8495B 8495B8495B
Weight Weight -- Lbs                  Lbs                  35103510 35103510
Center Gravity (CG) Center Gravity (CG) -- inches    inches    46.2546.25 46.2546.25
McrMcr, Crank Moment (in, Crank Moment (in--lbs):   lbs):   162,338162,338 162,338162,338

Master WeightMaster Weight Master Weight                 Master Weight                 
#1            #2 #1            #2 #1           #2 #1           #2 

Name       Name       3CRO3CRO 3CRO3CRO 3CRO     3CRO3CRO     3CRO
WmiWmi, Weight (Lbs)         , Weight (Lbs)         1327       1327 1327       1327 1327        1327   1327        1327   
DcgiDcgi (inches)           (inches)           72.2        72.272.2        72.2 72.2         72.2    72.2         72.2    
Xi. (inches)Xi. (inches) 40           4040           40 40            4040            40
CG     CG     -- inchesinches 32.2        32.232.2        32.2 32.2         32.232.2         32.2
M. W. Moment (inM. W. Moment (in--lbs):      44,056    44,056     44,056     44,056    lbs):      44,056    44,056     44,056     44,056    

Total Moment:   Total Moment:   2 x 162,338 + 4 x 44,056 = 500,900 in2 x 162,338 + 4 x 44,056 = 500,900 in--lbslbs



Select Cranks and Counter WeightsSelect Cranks and Counter Weights

Calculate:Calculate:

Sum the moments Sum the moments 
contributed by the contributed by the 
cranks themselves cranks themselves 

(Weight x Center(Weight x Center--
ofof--Gravity) Gravity) 

Plus the moments Plus the moments 
of the master and of the master and 
auxiliary weights.auxiliary weights.

Counter Balance Counter Balance 
Moment ExistingMoment Existing



TTCNCN = M x sin (= M x sin (θθ + + ττ) ) 

Where:Where:
M = existing counterbalance moment of theM = existing counterbalance moment of the

crank and counter weightscrank and counter weights

θθ = the crank angle = the crank angle 
ττ = the crank phase angle= the crank phase angle

Torque due to Counterbalance MomentTorque due to Counterbalance Moment
CBE or CBMCBE or CBM



Net Gearbox Torque, TNet Gearbox Torque, TNN

Difference between the torque Difference between the torque 
due to net well load and the due to net well load and the 
torque due to the counterbalance torque due to the counterbalance 
moment of the crank and moment of the crank and 
counterweights:counterweights:

TTN N = TF x W= TF x WN N -- M  x sin (M  x sin (θθ + + ττ))



•• TTNN = net gearbox toque (inch-lbs)
•• TF = torque factor at crank angle TF = torque factor at crank angle θθ, , 

(in(in--lbs)/lbs = inchlbs)/lbs = inch
•• WW = polished rod load at θ, (lbs)
• SU = structural unbalance of unit ( if negative, 

head falls, lbs)
• M = maximum counter weight moment (in-lbs)
• θ = crank angle (degrees)
•• ττ = crank offset angle (degrees)

TTNN = = TFTF((WW –– SUSU) ) –– MM Sin(Sin(θθ+ + ττ))

Net Gearbox Torque, TNet Gearbox Torque, TNN



Structural 
unbalance, Lbf, 

if negative, 
head falls

Torque Factor: 
From tables or 

calculated, 
(in-lbf)/lbf, each 
load & position

Position

Lo
ad

90°

W
R

M = RxW @ 90°

TTNN = = TFTF((WW –– SUSU) ) –– MM SinSin((θθ+ + ττ))

θ



Example of API Standard 11Example of API Standard 11--E Calculations E Calculations 



Plot of Plot of API Standard 11API Standard 11--EE CalculationsCalculations

MM SinSin((θθ++ ττ))

TFTF((WW –– SU)SU)TTNN



Both Power and Mechanical Show Both Power and Mechanical Show 
Gearbox to be Weight Heavy (overbalanced)Gearbox to be Weight Heavy (overbalanced)

Well #1 Plot of 
Power and 
Mechanical 
Torque Data 

Counterweights 
need to move 
in from the end 
of the crank to 
balance the 
peak torques



Determine Counterbalance Moment, M, to Balance 
Peak Torques Between Upstroke and Downstroke

Determine Counterbalance Moment, M, to Balance Determine Counterbalance Moment, M, to Balance 
Peak Torques Between Upstroke and Peak Torques Between Upstroke and DownstrokeDownstroke

Balancing the peak torques done by equating the Balancing the peak torques done by equating the 
upstroke peak, upstroke peak, TTNuNu, to the , to the downstrokedownstroke peak, peak, TTNdNd..

Solving for the counterbalance moment that Solving for the counterbalance moment that 
makes the two peak torques equal (makes the two peak torques equal (TTNdNd = = TTNuNu).).

M = [M = [TFTFdd x (Wx (Wdd ––SU)SU) -- TFTFuu x (Wx (Wuu ––SU)] / [sin (SU)] / [sin (θθdd + + ττ) ) -- sin (sin (θθuu + + ττ)])]



Select Mechanical Torque MethodSelect Mechanical Torque Method

CBMCBM

CBECBE



Net Gearbox Torque Net Gearbox Torque -- Mechanical Mechanical 

CBMCBM



Net Gearbox Torque Net Gearbox Torque -- Mechanical Mechanical 

CBECBE



Net Gearbox Torque Net Gearbox Torque -- Power Power 



Distance to be Moved Marked on Crank for Distance to be Moved Marked on Crank for 
““Weight of Counterweights to be MovedWeight of Counterweights to be Moved””

Initial Location of Weights 
Marked on Crank Arm Using 
a Yellow Paint Marker.

Distance Measured 
from End of Crank to 
Move Weight Is Marked 
On The Master Weight.

Second Mark Placed On the 
Crank Identifies the Location 
Service Company Will Use to 
Align the Outside Edge Of the 
Weight When Moved.



Questions ?


