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Type:
A - AIR BALANCE
B – BEAM BALANCE
C – CONVENTIONAL 
M – MARK II Peak Torque Rating 

Thousands of IN-LBS

API Unit Description
C-320D-256-100

Structure Rating 
in 100s of LBS

Maximum Stroke 
Length in Inches

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

On top #1, On the bottom  #2 



Rating Usually Stamped on Tag or Gearbox



Net Gearbox Torque = Rod Torque - Counterbalance



Downstroke - Buoyed 
Rods, Wrf, Fall to Help Lift 
Counter Balance. CBE

Upstroke - Counter 
Balance, CBE, Falls to 
Help Lift Buoyed Rods 
and Fluid Load, Wrf+Fo

Don’t Overload 
the Gearbox

Positioning of   
counterweights to 

have equal Net 
peak torque on up 
and down stroke, 
plus not exceed 
gearbox rating.

Counter Balance Effect at the Polished Rod 
is Approximately Equal to Buoyant Weight of 

Rods + 1/2 Fluid Load Weight



Net Gearbox Torque Net Gearbox Torque 

Up
Stroke

Down
Stroke

V11

62 Deg
CCW

250 Deg
CCW



More Uniform Torque Loading 
Throughout Stroke

More Uniform Torque Loading 
Throughout Stroke

Mechanical/Torque (in-lbs) or Electrical/Power (kW) 
Signatures for a Unbalanced or Balanced Pumping Unit:
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Three Methods Available to Determine  
Net Gearbox Torque Loading

Three Methods Available to Determine  
Net Gearbox Torque Loading

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

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

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



Three Methods to
Determine Gearbox Loading



Many Variables Effect Gear Life
1. Pumping speed

2. Lubrication quality

3. Full pump or pounding conditions 
( and how badly unit is pounding)

4. Type of prime mover

5. Cyclic load factor

6. Counterbalance



Lufkin



Peak Polished Rod Load Exceeds 
Permissible Load on Gearbox
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90% Drop in 
Gearbox Life

GearboxBalance



Reasons to Properly Counter 
Balance Gearbox Loading

Reasons to Properly Counter 
Balance Gearbox Loading

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

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

out Stroke
4) Minimize Energy Cost
5) Minimize Prime Mover Requirements
6) Do not Damage Artificial Lift Equipment
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Power Measurement EquipmentPower Measurement Equipment
1. Acquire:

• RMS (thermal) motor 
current

• Average (real) motor 
current

• kW during a pump 
stroke cycle.

2. Three voltage sensing 
leads “RIGHT", 
"CENTER" or 
“LEFT".

3. Two current sensors.
14



Wireless Power Transmitter with 
Portable Sensors

1. Portable 
transmitter/receiver 
with voltage and 
current sensors 
attached to a 
convenient place 
on the panel by 
magnetic tape.  

2. Line of sight with 
base station is 
desired. 
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Wired/Wireless Power is Acquired Simultaneously 
with Wireless Dynamometer Data

Wired/Wireless Power is Acquired Simultaneously 
with Wireless Dynamometer Data
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Wireless Power is Acquired Simultaneously 
with Wireless Dynamometer Data

Wireless Power is Acquired Simultaneously 
with Wireless Dynamometer Data
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SV Load Test

Power

Current

Voltage

TV

Simultaneous Wireless Acquisition of Polished Rod Load & Position, 
Motor Power, Motor Current and Motor Voltage while Acquiring Valve Test.
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Counterweights need to move 
inward from the end of the 
crank to balance the peak 
torques

Unit Weight Heavy
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If:
Net Gearbox Torque on Pumping Unit 
Maintained in Balance

Then:
Lower Peak Torques Imposed on Motor
Less Peak Power Delivered by Motor
Less Peak Current Drawn by Motor 
Less Power Wasted to Heat Motor 
Resulting in Reduced Power Cost

Minimize Energy and Prime 
Mover Requirements

20



Determine Net Gearbox 
Torque w/ Motor Power
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Power Balancing ConsiderationsPower Balancing Considerations
• Measurement of power using the power-

current transducer is a quick and easy 
process 

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

• Operator does not have to know the pumping 
unit API dimensions, weight of 
counterbalance, or center of gravities; all that 
is needed, is to know is the weight of the 
counterbalance that must be moved 22



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

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

Use:
• Polished Rod Load and Position Data

• Torque Factors

• Together with Counterbalance Moments
23



Use Any of these 
Transducers to Perform a 

Dynamometer Survey
Safe & Quick

Accurate
24



Dynamometer Outputs Polished Rod Load/Position 
Applied to Unit Over One Complete Stroke 
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API Torque Factors
1. Unit API Dimensions Hand Entered or Selected From a 

Data Base
2. Torque factors (TF) are derived from the geometry of the 

particular pumping unit
3. Used to determine the instantaneous torque due to 

polished rod load at a given crank position.
Pumping Unit API Geometry

26



API Dimensions in TAM Data Base
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Torque Factors, TF, Derived from 
Geometry of Selected Pumping Unit

TWN
WN

28

C-320D-256-100TF



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

Torque due to net well load is:
TWN = TF x WN

Where:
W = well load at a specific 

crank angle
SU = structural unbalance of 

the pumping unit (either 
plus or minus value)

TF = torque factor, inches

Torque due to Polished Rod Load

TWN = TF x WN = 49 in x (14.33-0.55) Klbs = 675.8 Kin-lb
29



Me = TF90 x (CBE – SU) / sin ( + )
Where:

Me = existing counterbalance moment of the
crank and counter weights

CBE = well load at 90 Deg crank angle
SU    = structural unbalance of the pumping unit    

(either plus or minus value)
TF90 = torque factor at 90 Deg crank angle
 = the crank angle (90) 
 = the crank phase angle

Counterbalance Moment, Me, from CBE
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Static Counterbalance 
Effect (CBE) Test

Static Counterbalance 
Effect (CBE) Test

1. Stop the unit on the upstroke with 
the cranks level.

2. 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. 

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

4. CBE load is equal to the buoyant 
rod weight plus fluid load carried by 
the pump.
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Set Crank Level for Field Measured CBESet Crank Level for Field Measured CBE

Polished rod load trace time @ 141.93 sec, 
where unit remained stopped on upstroke 
with cranks level 



Counterbalance Effect (CBE) TestCounterbalance Effect (CBE) Test
• Requires a properly functioning 

brake.  
• Counterbalance effect load between 

the traveling valve load and the 
standing valve load.  

• Will not work when fluid slippage 
through the pump is rapid and the 
fluid load quickly transfers from the 
rods to the tubing.
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Determine Mechanical Net Gearbox 
Torque Defined by API Standard 11-E 

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

Use:
• Polished Rod Load and Position Data

• Torque Factors

• Together with Counterbalance Moments
34



Calculate 
Counterbalance 

Moment for 
Conventional 

Pumping Units 
with Crank 
Mounted 

Counterweights

Calculate 
Counterbalance 

Moment for 
Conventional 

Pumping Units 
with Crank 
Mounted 

Counterweights

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

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

Crank #1 Crank #2
Name 8495B 8495B
Weight - Lbs                  3510 3510
Center Gravity (CG) - inches    46.25 46.25
Mcr, Crank Moment (in-lbs):   162,338 162,338

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

Name       3CRO 3CRO 3CRO     3CRO
Wmi, Weight (Lbs)         1327       1327 1327        1327   
Dcgi   (inches)           72.2        72.2 72.2         72.2    
Xi. (inches) 40           40 40            40
CG     - inches 32.2        32.2 32.2         32.2
M. W. Moment (in-lbs):      44,056    44,056     44,056     44,056    

Total Moment:   2 x 162,338 + 4 x 44,056 = 500,900 in-lbs 36



Select Cranks and Counter Weights

Calculate:

Sum the moments 
contributed by the 
cranks themselves 

(Weight x Center-
of-Gravity) 

Plus the moments 
of the master and 
auxiliary weights.

Counter Balance 
Moment Existing 37



TCN = M x sin ( + ) 
Where:

M = existing counterbalance moment of the
crank and counter weights

 = the crank angle 
 = the crank phase angle

Torque due to Counterbalance Moment
CBE or CBM

38



Net Gearbox Torque, TN
Difference between the torque due to net well load and the torque
due to the counterbalance moment of the crank and
counterweights:

TN = TF x WN - M  x sin ( + )

39



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

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

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

TN = TF(W – SU) – M Sin(+ )

Net Gearbox Torque, TN

40



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

TN = TF(W – SU) – M Sin(+ )
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Example of API Standard 11-E Calculations 

42



Plot of API Standard 11-E 
Calculations

M Sin(+ )

TF(W – SU)TN
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Both Power and Mechanical Show 
Gearbox to be Weight Heavy

Plot of Power 
and Mechanical 
Torque Data 

Counterweights 
need to move 
in from the end 
of the crank to 
balance the 
peak torques
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Select Mechanical Torque Method

CBM

CBE

CBM

CBE
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Mechanical Gearbox Loads
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Permissible Load Diagram 

Rod Loading within Permissible Loads –
Gearbox Torque Loading Below 320 Kin-lb
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Distance to be Moved Marked on Crank for 
“Weight 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. 48



Using Power to Balance 
Torque Loadings on the Gearbox

Using Power to Balance 
Torque Loadings on the Gearbox

1. Motor and belts efficiency is defaulted to 80%
2. Experience has shown 80% to be reasonably

accurate for gearbox torque calculations
3. NEMA D motors operate at anearly constant

efficiency over a wide horsepower range, but a
lightly loaded motors operate at lower efficiency

4. Rewound motors do not have the same efficiency
performance of a new motor

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

6. Errors affects both peaks same, therefore the
distance to move the weights remains same. 49



Best Method to Balance 
Pumping Unit Net Peak Torques

Best Method to Balance 
Pumping Unit Net Peak Torques
1. Mechanical Complicated Vs. Power Simple.
2. Use Both Power and Mechanical Methods at

the Same Time
3. View the Plot of net Gearbox Torque from

Power Overlain by Plot Mechanical torque
• Visually compare the plots for

discrepancies
4. Move the Counterweights to Balance Net

Torques Based on Combination of Both
5. Sometimes Only One Method can be Applied
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Previous Balancing Studies 
Conclusions: Operations

Previous Balancing Studies 
Conclusions: Operations

Smoother operation and increased 
pumping speed are achieved.

Power requirements are reduced 
when operating in vicinity of balance.

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

Smoother operation and increased 
pumping speed are achieved.

Power requirements are reduced 
when operating in vicinity of balance.

Extensive field measurements have 
shown that operating cost savings of
10-12% can be achieved.
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What Gearbox Demands the Motor ProvidesWhat Gearbox Demands the Motor Provides

• KW provided electric motor is directly related 
to the torque required by the Pumping Unit.

• Motor torque characteristics have similar 
"signatures" to that of the gearbox torque.  

• These cyclic loads translate to peaks and 
valleys in the power demand at the motor.  

• Easy to Identify and distinguish between an 
electrically unbalanced and balanced pumping 
unit.
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