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Summary

System Description

Conclusion

A Caterpillar G3616 engine is coupled to a four-stage Ariel KBZ/6 reciprocating compressor through 
a TB Woods GCF 511-92 coupling. The compressor manufacturer has provided six load cases for the 
compressor. A vibration analysis has been performed for each load case to ensure torsional 
compatibility of the system.

The analysis was completed with an Ariel B-7445 (19,920 lb-in2) Auxiliary End Internal Flywheel. 
The internal flywheel is being used to lower the 6.0 order resonance within the compressor 
manufacturer’s Torsional/Lateral Awareness Curve. This auxiliary end flywheel must be added in 
order for the conclusions of this analysis to apply.

The following analysis indicates this system will be free of serious levels of torsional vibration for 
the conditions described. Damper thermal loading is within the damper manufacturer's recommended 
limit. Engine front crank vibration levels are acceptable. The crankshaft combined order stress 
values have been reviewed and have been found to meet Caterpillar’s limits. Torque levels in the 
coupling are within the coupling manufacturer’s recommended limits. The predicted compressor 
crankshaft alternating torque and vibratory velocities at the auxiliary end of the compressor 
crankshaft are within the compressor manufacturer’s recommended limits.

Caterpillar does not recommend operating any system under engine misfire conditions.

Recommended Limits

Torsional vibration limits are as follows:

Displacement at front of engine crankshaft: ≤ 1.00 degrees for 0.5 and 1.0 orders

≤ 0.25 degrees for 1.5 order

≤ 0.15 degrees for orders above 1.5

Stress in engine crankshaft: ≤ 48.0 MPa for combined orders

For different compressor load conditions Caterpillar strongly recommends another vibration 

analysis be performed to verify torsional compatibility of the driveline.
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Engine model G3616 rated at 5000 bHp, 1000 rpm operating speed

Engine Damper GP: Caterpillar Part No. 439-0652

Assembly: Caterpillar Part No. 7C-2123 (Quantity 2)

Engine Flywheel: Caterpillar Part No. 379-9041

Coupling: TB Woods GCF 511-92

Compressor: Ariel KBZ/6

Comp. Flywheel: Ariel Part No. B-7445 (19,920 lb-in2) Auxiliary End Flywheel

System Data

System Data

Cylinder Bore: 300 mm

Crank Radius: 150 mm

Connecting Rod Length: 600 mm

Reciprocating Weight: 755.5466 N

Engine Data
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Mass-Elastic Diagram
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Mode Shapes
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Mode Shapes Cont.
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Load Case #1
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement
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Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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Load Case #2
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement
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Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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Load Case #3
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement
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Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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Load Case #4
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement



Requested by Caterpillar Inc. Forced Response Results

January 25, 2018Report 36204
- 47 -

Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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Load Case #5
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement
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Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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Load Case #6
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Damper Combined Order Power Loss
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Front Crankshaft Single Order Displacement
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Crankshaft Combined Order Vibratory Stress
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Coupling Combined Order Torque
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Compressor Stub Combined Order Vibratory Torque
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Compressor Shaft Combined Order Vibratory Torque
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Aux End Combined Order Velocity
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Aux End Single Order Velocity
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1. The analysis is based upon information provided by the customer and other manufacturers. 
Caterpillar is in no way responsible for the accuracy of that information. Caterpillar warrants this 
analysis to be free from errors in calculations. Any damages arising out of an alleged error by 
Caterpillar in this report shall be limited to a refund of monies paid by the customer to Caterpillar for 
the report. This warranty is expressly in lieu of any other warranties, expressed or implied, including 
any warranty of merchantability or fitness for a particular purpose. Remedies under this warranty are 
limited to a refund as specified above. Caterpillar is not responsible for incidental or consequential 
damages. Nothing herein is intended to supersede or alter in any manner any of the terms and 
conditions of, or any rights the purchaser may have under, Caterpillar’s standard product warranty.

2. Caterpillar excludes all liability for or arising from any negligence on its part or on the part of any 
of its employees, agents or representatives in respect of the manufacture or supply of goods or the 
provision of services relating to the goods.

3. Satisfactory system operation also depends on factors other than torsional vibration. This report 
should not be used as a guarantee of a successful system installation.

4. This installation has been analyzed from 90% to 105% of the rated speed.

5. Though all relevant orders of vibration have been analyzed, only significant orders of vibration are 
included in this report. Combined order results include engine orders 0 through 12. Vibratory 
amplitudes, stresses and torques are single amplitude, which means they are +/- from zero.

6. System mass-elastic data values are actual values. Mass-elastic values for components driven 
through a gearbox are not adjusted to engine speed. The viscous damper inertia used to calculate 
normal modes is an equivalent inertia equal to the damper housing inertia plus one-half of the damper 
flywheel inertia. Forced response peak amplitudes may appear at speeds that do not correspond to 
those reported on the Resonant Speed Diagram due to the effects of frequency and torque dependent 
components or the variation of mean load as a function of speed.

7. This report contains information from two different analysis methods that produce complementary 
results. The undamped frequency results and the resonant speed diagram contain no damping or 
excitation. The forced response results shown in the report include system damping and excitation.

8. The analysis considered only the load cases provided by the reciprocating compressor 
manufacturer/packager at the time of the torsional analysis request. Caterpillar is not responsible for 
any damages arising from loading the compressor other than as prescribed in the provided load cases. 
Caterpillar strongly recommends another vibration analysis be performed to verify torsional 
compatibility of the driveline when the compressor is subjected to loadings other than those listed in 
this report.

Notes
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Compressor Mass-Elastic Data
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Technical Bulletin ETB00012 

 
RECOMMENDED MAINTENANCE SCHEDULE 

 
 
For optimum performance, pressure relief valves must be maintained on a regular basis.  Mercer Valve 

Company, Inc. recommends inspection and testing annually.  If required, qualified repair personnel should 

perform valve repair.  Qualified repair personnel performing the annual inspection and testing may alter the 

maintenance schedule due to service conditions. 

 

In the annual inspection the set pressure should be verified, the valve should be leak checked to the proper 

specification, the tag information should be verified, and the seal wire should be checked.  The tests can be 

performed on the system or with the pressure relief valve on a test stand.  The pressure relief valve can only be 

tested in place on the system if there is a method and a proper procedure in place to pressurize the pressure 

relief valve to the set pressure without exceeding the limits of the system.  When testing the pressure relief 

valve the proper fluid will need to be used.  Gas/Vapor pressure relief valves should only be tested with a 

gas/vapor, usually air, and liquid pressure relief valve should be tested only with liquids, usually water.  Testing 

a pressure relief valve with the wrong fluid state can cause inaccurate readings.  The set pressure of the pressure 

relief valve has a tolerance of ±3% of the specified set pressure or ±2psi, which ever is greater, as with 

accordance with ASME Boiler and Pressure Vessel Code.  If the tested set pressure does not fall within these 

tolerances the pressure relief valve should be reset and possibly repaired by qualified repair personnel.  The set 

pressure definition for a pressure relief valve will vary from each valve line.  Below is a chart of the set pressure 

definition for Mercer Valve Company, Inc. products.   
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Valve Series Set Pressure Definitions 

 Gas/Vapor Liquid 
1400 Series Pop N/A 
8100 Series Pop Pop 
8500 Series Pop N/A 
8700 Series Pop N/A 
9100 Series Pop Pop 

9500 Series Snap Pilot Pop N/A 
9500 Series Modulating 

Pilot 
1st Audible Sound from the 
Outlet of the Main Valve 

1st Steady Stream from the 
Outlet of the Main Valve 

 
If the pressure relief valve does not pass the leak specification or the seal wire has been broken the pressure 

relief valve will need to be repaired by qualified repair personnel.  If the pressure relief valve tag does not 

indicate the proper service conditions of the pressure relief valve, it will need to be replaced with the proper 

pressure relief valve for the service conditions.   It is always important to comply with all safety precautions 

when testing a pressure relief valve.  Only qualified repair personnel should test and repair the pressure relief 

valves. 

 

Installation, operation, and maintenance manuals are available for each Mercer Valve Company, Inc. valve line.  

Request for manuals or other information pertaining to the maintenance of a Mercer Valve Company, Inc. 

product can be obtained by calling 405-495-6533 or 1-800-833-6402. 

 




