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Gearbox Torque Components
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 CB Torque required to rotate CWs
TCB = - TCB max sin (Crank Angle)
Tavg = 0

 Inertial Torques indicate changes in 
kinetic energy

Tavg = 0
2

2
12 d
32.2 dirT I

t




UPSTROKE DOWNSTROKE

UPSTROKE DOWNSTROKE



33 2021 International Sucker Rod Pumping Virtual Workshop  

Net Gearbox Torque: Sum of All Torques
Since average CB and inertial torques are both ZERO,
Average Net Gearbox Torque equals Average Rod Torque.

Rod Torque

Net Torque

Average Torque
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Power Conditions in Pumping Cycle

 Avg. Motor Power found from Avg. Rod Torque:

 Conservation of energy on pumping unit (assuming no losses)

PRHP = Pavg (PRHP from measured dynamometer card)

 Avg. power requirement over the pumping cycle equals PRHP.
 Counterbalancing and inertia do not affect

required average power to operate the system!
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An Example Case
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Avg Speed,
1/min 5.54 5.54 158 158 1200 ~ 1,200 RPM

Avg Torque,
k in-lbs 69.70 2.44 2.44 0.32 0.32

Avg Power,
HP 6.1 6.1 6.1 6.1 6.1 7.1

Measured values
including energy losses 

   k in lbs
HP

198
T SPM

P






 Mechanical Power Transmission Efficiency of the surface system
(Pumping Unit, Gearbox, V-Belt Drive)

 Required Avg. Motor Power including Power Losses
Pavg = PRHP / ηmech

Mechanical Efficiency of the Surface System
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7.1mech
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Will a Motor w. Avg. Power = PRHP/ηmech Suffice?

 Electric motors are rated for permissible temperature rise caused by
thermal (rms) current. Irms = sqrt I 2 (negative currents, too, heat motor)

 Motor power directly proportional to Current (Motor Voltage constant)
Power/Current = const. at average and rated conditions:

Pavg / Iavg = Pnp / Irms

 From this:
Pnp = Pavg Irms / Iavg =  Pavg CLF = PRHP / ηmech CLFe

 Motor must be oversized to Pnp to keep its thermal load under 
control.
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Concept of the Cyclic Load Factor

 Current vs Torque function of motors is linear, CLF can be calculated 
from Net Torque (Current not usually measured)

CLF = rms Torque / avg. Torque
 CLF indicates “smoothness” of Net Torque

The smaller the CLF the smoother the Net Torque
 Range of CLF values:

 Constant Torques (Tavg = Trms) CLF = 1
 Fluctuating Torques (Trms > Tavg) CLF > 1

 Way to Change CLF
 Modify Counterbalancing by changing Max. CB Moment
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The Effect of Counterbalancing
Case 1: Cranks Only, No CWs
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Max CB Moment
k in-lbs 470.8

Avg. Torque
k in-lbs 69.6

RMS Torque
k in-lbs 378

CLF 5.43

Nameplate
Power, HP 38.5

Rod Heavy, Overloaded



The Effect of Counterbalancing
Case 2: Under-Balanced
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Max CB Moment
k in-lbs 900

Avg. Torque
k in-lbs 69.6

RMS Torque
k in-lbs 139

CLF 2.00

Nameplate
Power, HP 14.2

Rod Heavy



The Effect of Counterbalancing
Case 3: Over-Balanced
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Max CB Moment
k in-lbs 1,100

Avg. Torque
k in-lbs 69.6

RMS Torque
k in-lbs 159

CLF 2.28

Nameplate
Power, HP 16.2

Weight Heavy
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Optimum Counterbalancing

 Proper selection of CB moment reduces fluctuations to acceptable levels
 Criteria for optimum Gearbox Torque balancing

 Traditional Optimization Methods: Peak Up-, and Downstroke Torques Equal
Mechanical Torque calculations
Current measurements

 Minimum CLF Method: Minimize CLF, motor nameplate power

Pnp = PRHP / ηmech CLF



Different Balancing Scenarios for Example
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Case
TCB max CLF Min.

Motor

k in-lbs - HP

Cranks Only 470.8 5.430 38.5

Existing 1,039 1.990 14.1

Gibbs Method 1,030.0 1.961 13.9

Eq. Peaks 1,028.1 1.955 13.9

Min. CLF 972.0 1.871 13.3



Comparison of Optimization Objectives
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Comparison of Optimization Objectives
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Conclusions

 Average motor power required to drive the pumping system is found
from the PRHP and the surface power transmission efficiency:

Pavg = PRHP / ηmech

 The electric motor must be oversized to prevent its overheating due to
the effects of fluctuating torque load:

Pnp = Pavg * CLF = PRHP / ηmech * CLF
 CLF and Pnp can be minimized by the proper selection of

counterbalancing, i.e., the maximum CB moment.
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Rights to this presentation are owned by the company(ies) 
and/or author(s) listed on the title page.  By submitting this 
presentation to the International Sucker Rod Pumping 
Workshop Workshop, they grant to the Workshop, and the 
Artificial Lift Research and Development Council (ALRDC) 
rights to:

• Display the presentation at the Workshop.
• Place the presentation on the www.alrdc.com web site, with access 

to the site to be as directed by the Workshop Steering Committee.
• Place the presentation on a CD for distribution and/or sale as 

directed by the Workshop Steering Committee.

Other uses of this presentation are prohibited without the 
expressed written permission of the company(ies) and/or 
author(s). 

Copyright
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The following disclaimer shall be included as the last page of a Technical Presentation or Continuing Education 
Course.  A similar disclaimer is included on the front page of the International Sucker Rod Pumping Workshop 
Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the International Sucker 
Rod Pumping Workshop Workshop Steering Committee members, and their supporting organizations and 
companies (here-in-after referred to as the Sponsoring Organizations), and the author(s) of this Technical 
Presentation or Continuing Education Training Course and their company(ies), provide this presentation and/or 
training material at the International Sucker Rod Pumping Workshop "as is" without any warranty of any kind, 
express or implied, as to the accuracy of the information or the products or services referred to by any presenter 
(in so far as such warranties may be excluded under any relevant law) and these members and their companies 
will not be liable for unlawful actions and any losses or damage that may result from use of any presentation as a 
consequence of any inaccuracies in, or any omission from, the information which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are those of the 
author and not necessarily those of the Sponsoring Organizations.  The author is solely responsible for the 
content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the source 
documents, although we do make every attempt to work from authoritative sources.   The Sponsoring 
Organizations provide these presentations and/or training materials as a service.  The Sponsoring Organizations 
make no representations or warranties, express or implied, with respect to the presentations and/or training 
materials, or any part thereof, including any warrantees of title, non-infringement of copyright or patent rights of 
others, merchantability, or fitness or suitability for any purpose.

Disclaimer


