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Summary 
 
System Description 

A Waukesha 12V275GL+ engine is coupled to an Ariel KBZ/4 compressor through a TB Woods 

FSH 92HT-28 coupling. The compressor manufacturer has provided expected loading 

conditions for the compressor. A vibration analysis has been performed for these operating 

conditions plus a no load condition to ensure torsional compatibility of the system. 

 

Conclusion 

The following analysis indicates this system is free of serious torsional vibration for the normal 

and no load operating conditions described. Damper thermal loading and engine crankshaft 

vibratory stress levels are within manufacturer limits. Damper housing vibration falls within 

levels that the engine manufacturer has previously approved. Torque levels in the coupling are 

within manufacturer limits. Torsional vibration levels in the compressor are within 

manufacturer limits. 

 

The engine manufacturer allows damper displacement amplitudes to exceed the published 

limit by 30%. Due to 1.5 order damper housing vibrations exceeding the published limit but 

being within the extended 30% limit, the front end gear/belt wear must be checked at regular 

service intervals. 

 

IDC Engineering does not recommend operating any system under engine misfire conditions. 

 

For compressor operating conditions other than those analyzed in this report, IDC 

strongly recommends another vibration analysis be performed to verify torsional 

compatibility of the driveline. 

 

 

System Data 

Engine:  Waukesha 12V275GL+ rated 3750 HP @ 1000 RPM 

 Operating Speed Range: 750 RPM – 1000 RPM 

Coupling:  TB Woods FSH 92HT-28, Dwg. No. P003842 

Compressor:  Ariel KBZ/4, Ref. No. AP035401 Rev:7 

 

Result Highlights 

Engine 

The highest damper thermal loading occurs under Operating Condition #3 where power loss is 

21% of the limit. Damper housing vibration falls within levels that the manufacturer has 

previously approved. The highest crankshaft stress occurs under Operating Condition #3 

where vibratory stress in the crankshaft is 80% of the limit. 

 

Coupling 

The highest coupling vibration occurs under Operating Condition #4 where maximum torque is 

54% of the limit. 

 

Compressor 

The highest compressor crankshaft vibratory torque is 86% of the limit and occurs under 

Operating Condition #4. The highest compressor aux end velocity occurs under Operating 

Condition #4 where single order velocity is 63% of the limit for the 7.0 order and where 

combined order velocity is 62% of the limit. 
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Mass-Elastic Model 
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System Diagram 
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Coupling Compressor 
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Mass Values 
 

Mass 

ID 
Description 

Inertia 

Value 

Nms^2 

Damping 

Value 

Nms/rad 
RING Damper Ring 18.400 0 

HSNG Damper Housing 4.695 0 

EJ1-R Crank Throw 1 Right 7.820 0 

EJ1-L Crank Throw 1 Left 7.820 0 

EJ2-R Crank Throw 2 Right 7.820 0 

EJ2-L Crank Throw 2 Left 7.820 0 

EJ3-R Crank Throw 3 Right 7.820 0 

EJ3-L Crank Throw 3 Left 7.820 0 

EJ4-R Crank Throw 4 Right 7.820 0 

EJ4-L Crank Throw 4 Left 7.820 0 

EJ5-R Crank Throw 5 Right 7.820 0 

EJ5-L Crank Throw 5 Left 7.820 0 

EJ6-R Crank Throw 6 Right 7.922 0 

EJ6-L Crank Throw 6 Left 7.922 0 

CAM Cam Drive 2.949 0 

FW Flywheel 178.290 0 

ADPT Flywheel Adapter 17.531 0 

CHUB Comp Hub 20.669 0 

CSJ Comp Stub 0.318 0 

CJ1 Shoulder Stop 1.039 0 

CJ2 Main #1 CL 1.818 0 

CJ3 Throw #1 CL 3.944 0 

CJ4 Throw #2 CL 3.940 0 

CJ5 Main #2 CL 1.282 0 

CJ6 Spreader CL 0.641 0 

CJ7 Main #3 CL 1.282 0 

CJ8 Throw #3 CL 3.961 0 

CJ9 Throw #4 CL 3.967 0 

CJ10 Main #4 CL 1.818 0 

CJ11 Aux Drive End 0.727 0 
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Spring Values 
 

Spring 

ID 
Description 

Spring 

Rate 

MNm/rad 

Damping 

Rate 

Nms/rad 

Relative 

Damping 

Ψ 

Outside 

Diameter 

mm 
VDK Damper 1.700 2,400 0.000 0.000 

H-GT Engine 40.788 0 0.125 195.072 

EK1 Engine 28.133 0 0.125 195.072 

EK2 Engine 28.133 0 0.125 195.072 

EK3 Engine 28.133 0 0.125 195.072 

EK4 Engine 28.133 0 0.125 195.072 

EK5 Engine 28.133 0 0.125 195.072 

EK6 Engine 40.223 0 0.125 195.072 

EK7 Engine 117.053 0 0.125 225.044 

CPK Coupling 139.034 0 0.188 0.000 

CSK Comp Stub 150.628 0 0.188 203.200 

CK1 Compressor 64.962 0 0.188 0.000 

CK2 Compressor 55.107 0 0.188 0.000 

CK3 Compressor 55.226 0 0.188 0.000 

CK4 Compressor 55.107 0 0.188 0.000 

CK5 Compressor 96.923 0 0.188 0.000 

CK6 Compressor 96.923 0 0.188 0.000 

CK7 Compressor 55.107 0 0.188 0.000 

CK8 Compressor 55.226 0 0.188 0.000 

CK9 Compressor 55.107 0 0.188 0.000 

CK10 Compressor 15.401 0 0.188 0.000 
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Normal Modes Analysis 
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Undamped Frequency Results 

Resonant Speed Diagram 

 

 
 

 

 

First Natural Frequency 

Mode Shape at 2,422 CPM (40.4 Hz) 
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Second Natural Frequency 

Mode Shape at 4,049 CPM (67.5 Hz) 

 

 
 

 

 

Third Natural Frequency 

Mode Shape at 7,331 CPM (122.2 Hz) 

 

 
 

 

 

Fourth Natural Frequency 

Mode Shape at 9,148 CPM (152.5 Hz) 

 

 



 

 
 

 

19-194-01 -10- September 10, 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Forced Response Analysis 
 



 

 
 

 

19-194-01 -11- September 10, 2019 

 

 

Operating Condition One 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 1.972 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.130 0.50 Acceptable 

1.5 0.211 0.20 *See Note 

EK2 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 32.984 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

24672 158340 Acceptable 

Minimum Torque -15989 -62318 Acceptable 

Maximum Torque 65829 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
41715 59660 Acceptable 

CK4 47106 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 21.607 40 Acceptable 

Combined 29.786 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

*The predicted front end amplitudes exceed manufacturer allowable limits for normal 

operation. The engine manufacturer has specified that 1.5 order amplitudes up to 30% above 

their published limit are acceptable. The predicted front end amplitudes are within 30% above 

the manufacturer published limits and are therefore acceptable.  

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 1.972 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.067 

HSNG - Order 1.000 0.130 

HSNG - Order 1.500 0.211 

HSNG - Order 2.000 0.020 

HSNG - Order 2.500 0.068 

HSNG - Order 3.000 0.086 

HSNG - Order 3.500 0.009 

HSNG - Order 4.000 0.012 

HSNG - Order 4.500 0.049 

HSNG - Order 6.000 0.086 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 6.419 

EK1 28.818 

EK2 32.984 

EK3 30.569 

EK4 32.440 

EK5 31.303 

EK6 18.685 

EK7 12.087 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 24672 

CPK Min + SS -15989 

CPK Max + SS 65829 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 41715 

CK1 41660 

CK2 41061 

CK3 41842 

CK4 47106 

CK5 45394 

CK6 44442 

CK7 42353 

CK8 24320 

CK9 5379 

CK10 1565 

 



 

 
 

 

19-194-01 -19- September 10, 2019 

 

Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.151 

CJ11 - Order 1.000 1.171 

CJ11 - Order 1.500 1.696 

CJ11 - Order 2.000 3.188 

CJ11 - Order 2.500 1.154 

CJ11 - Order 3.000 2.597 

CJ11 - Order 3.500 0.152 

CJ11 - Order 4.000 0.821 

CJ11 - Order 4.500 1.389 

CJ11 - Order 5.000 0.778 

CJ11 - Order 6.000 2.634 

CJ11 - Order 7.000 21.607 

CJ11 - Order 8.000 17.953 

CJ11 - Order 9.000 8.018 

CJ11 - Order 10.000 2.388 

CJ11 - Order 11.000 1.386 

CJ11 - Order 12.000 0.454 

CJ11 - Combined 29.786 
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Operating Condition One with Engine Misfire 

Forced Response Highlights 

Misfire Cylinder 1 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 1.849 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
0.5 0.584 1.75 Acceptable 

1.5 0.201 0.20 *See Note 

EK4 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 32.433 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

24672 158340 Acceptable 

Minimum Torque -15452 -62318 Acceptable 

Maximum Torque 66446 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
41521 59660 Acceptable 

CK4 46791 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 21.242 40 Acceptable 

Combined 31.669 55 Acceptable 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

*The predicted front end amplitudes exceed manufacturer allowable limits for engine misfire 

operation. The engine manufacturer has specified that 1.5 order amplitudes up to 30% above 

their published limit are acceptable. The predicted front end amplitudes are within 30% above 

the manufacturer published limits and are therefore acceptable.  

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 1.849 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.584 

HSNG - Order 1.000 0.084 

HSNG - Order 1.500 0.201 

HSNG - Order 2.000 0.049 

HSNG - Order 2.500 0.076 

HSNG - Order 3.000 0.079 

HSNG - Order 3.500 0.041 

HSNG - Order 4.000 0.011 

HSNG - Order 4.500 0.050 

HSNG - Order 6.000 0.081 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 7.652 

EK1 26.291 

EK2 31.512 

EK3 30.579 

EK4 32.433 

EK5 31.822 

EK6 16.749 

EK7 10.892 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 24672 

CPK Min + SS -15452 

CPK Max + SS 66446 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 41521 

CK1 41466 

CK2 40872 

CK3 41439 

CK4 46791 

CK5 45090 

CK6 44145 

CK7 42072 

CK8 24163 

CK9 5321 

CK10 1548 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 3.406 

CJ11 - Order 1.000 1.042 

CJ11 - Order 1.500 1.295 

CJ11 - Order 2.000 3.892 

CJ11 - Order 2.500 1.591 

CJ11 - Order 3.000 2.340 

CJ11 - Order 3.500 0.796 

CJ11 - Order 4.000 1.116 

CJ11 - Order 4.500 1.285 

CJ11 - Order 5.000 0.870 

CJ11 - Order 6.000 2.796 

CJ11 - Order 7.000 21.242 

CJ11 - Order 8.000 18.505 

CJ11 - Order 9.000 8.535 

CJ11 - Order 10.000 2.779 

CJ11 - Order 11.000 1.393 

CJ11 - Order 12.000 0.517 

CJ11 - Combined 31.669 
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Operating Condition Two 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 1.097 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.115 0.50 Acceptable 

1.5 0.142 0.20 Acceptable 

EK4 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 26.764 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

16288 158340 Acceptable 

Minimum Torque -19002 -62318 Acceptable 

Maximum Torque 45946 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
33409 59660 Acceptable 

CK4 41570 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 13.027 40 Acceptable 

Combined 19.042 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

The predicted front end amplitudes are within the manufacturer’s limits. 

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 1.097 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.044 

HSNG - Order 1.000 0.115 

HSNG - Order 1.500 0.142 

HSNG - Order 2.000 0.076 

HSNG - Order 2.500 0.046 

HSNG - Order 3.000 0.063 

HSNG - Order 3.500 0.006 

HSNG - Order 4.000 0.005 

HSNG - Order 4.500 0.034 

HSNG - Order 6.000 0.066 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 5.167 

EK1 20.050 

EK2 23.210 

EK3 22.360 

EK4 26.764 

EK5 21.133 

EK6 13.290 

EK7 8.634 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 16288 

CPK Min + SS -19002 

CPK Max + SS 45946 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 33409 

CK1 33374 

CK2 33030 

CK3 32887 

CK4 41570 

CK5 40570 

CK6 40006 

CK7 38757 

CK8 22162 

CK9 3252 

CK10 945 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.100 

CJ11 - Order 1.000 1.031 

CJ11 - Order 1.500 1.142 

CJ11 - Order 2.000 3.262 

CJ11 - Order 2.500 0.787 

CJ11 - Order 3.000 2.481 

CJ11 - Order 3.500 0.105 

CJ11 - Order 4.000 0.502 

CJ11 - Order 4.500 0.959 

CJ11 - Order 5.000 0.372 

CJ11 - Order 6.000 2.163 

CJ11 - Order 7.000 13.027 

CJ11 - Order 8.000 1.305 

CJ11 - Order 9.000 2.812 

CJ11 - Order 10.000 1.166 

CJ11 - Order 11.000 0.254 

CJ11 - Order 12.000 0.257 

CJ11 - Combined 19.042 
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Operating Condition Three 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 2.060 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.121 0.50 Acceptable 

1.5 0.218 0.20 *See Note 

EK2 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 34.030 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

25438 158340 Acceptable 

Minimum Torque -14928 -62318 Acceptable 

Maximum Torque 66258 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
41421 59660 Acceptable 

CK4 46734 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 23.016 40 Acceptable 

Combined 30.427 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

*The predicted front end amplitudes exceed manufacturer allowable limits for normal 

operation. The engine manufacturer has specified that 1.5 order amplitudes up to 30% above 

their published limit are acceptable. The predicted front end amplitudes are within 30% above 

the manufacturer published limits and are therefore acceptable.  

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 2.060 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.069 

HSNG - Order 1.000 0.121 

HSNG - Order 1.500 0.218 

HSNG - Order 2.000 0.014 

HSNG - Order 2.500 0.070 

HSNG - Order 3.000 0.076 

HSNG - Order 3.500 0.009 

HSNG - Order 4.000 0.008 

HSNG - Order 4.500 0.051 

HSNG - Order 6.000 0.089 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 6.365 

EK1 29.501 

EK2 34.030 

EK3 31.509 

EK4 33.407 

EK5 31.381 

EK6 18.958 

EK7 12.234 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 25438 

CPK Min + SS -14928 

CPK Max + SS 66258 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 41421 

CK1 41358 

CK2 40742 

CK3 41376 

CK4 46734 

CK5 45071 

CK6 44151 

CK7 42155 

CK8 24693 

CK9 5381 

CK10 1566 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.156 

CJ11 - Order 1.000 1.089 

CJ11 - Order 1.500 1.750 

CJ11 - Order 2.000 3.141 

CJ11 - Order 2.500 1.189 

CJ11 - Order 3.000 2.409 

CJ11 - Order 3.500 0.156 

CJ11 - Order 4.000 0.736 

CJ11 - Order 4.500 1.431 

CJ11 - Order 5.000 1.109 

CJ11 - Order 6.000 2.462 

CJ11 - Order 7.000 23.016 

CJ11 - Order 8.000 11.351 

CJ11 - Order 9.000 6.634 

CJ11 - Order 10.000 3.017 

CJ11 - Order 11.000 0.591 

CJ11 - Order 12.000 0.496 

CJ11 - Combined 30.427 
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Operating Condition Four 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 1.846 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.151 0.50 Acceptable 

1.5 0.204 0.20 *See Note 

EK2 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 32.843 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

23855 158340 Acceptable 

Minimum Torque -18228 -62318 Acceptable 

Maximum Torque 67784 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
44105 59660 Acceptable 

CK4 51448 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 25.340 40 Acceptable 

Combined 34.124 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

*The predicted front end amplitudes exceed manufacturer allowable limits for normal 

operation. The engine manufacturer has specified that 1.5 order amplitudes up to 30% above 

their published limit are acceptable. The predicted front end amplitudes are within 30% above 

the manufacturer published limits and are therefore acceptable.  

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 1.846 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.065 

HSNG - Order 1.000 0.151 

HSNG - Order 1.500 0.204 

HSNG - Order 2.000 0.032 

HSNG - Order 2.500 0.065 

HSNG - Order 3.000 0.063 

HSNG - Order 3.500 0.008 

HSNG - Order 4.000 0.008 

HSNG - Order 4.500 0.047 

HSNG - Order 6.000 0.085 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 5.767 

EK1 27.597 

EK2 32.843 

EK3 30.593 

EK4 31.757 

EK5 29.479 

EK6 17.069 

EK7 11.005 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 23855 

CPK Min + SS -18228 

CPK Max + SS 67784 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 44105 

CK1 44002 

CK2 43300 

CK3 46780 

CK4 51448 

CK5 49507 

CK6 48428 

CK7 46066 

CK8 26027 

CK9 5981 

CK10 1740 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.146 

CJ11 - Order 1.000 1.363 

CJ11 - Order 1.500 1.639 

CJ11 - Order 2.000 3.362 

CJ11 - Order 2.500 1.112 

CJ11 - Order 3.000 2.466 

CJ11 - Order 3.500 0.146 

CJ11 - Order 4.000 0.855 

CJ11 - Order 4.500 1.337 

CJ11 - Order 5.000 0.710 

CJ11 - Order 6.000 3.388 

CJ11 - Order 7.000 25.340 

CJ11 - Order 8.000 18.320 

CJ11 - Order 9.000 9.697 

CJ11 - Order 10.000 2.817 

CJ11 - Order 11.000 1.922 

CJ11 - Order 12.000 0.553 

CJ11 - Combined 34.124 
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Operating Condition Five 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 0.854 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.077 0.50 Acceptable 

1.5 0.125 0.20 Acceptable 

EK4 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 24.317 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

14165 158340 Acceptable 

Minimum Torque -11672 -62318 Acceptable 

Maximum Torque 38233 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
25795 59660 Acceptable 

CK4 36660 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
8.0 7.922 40 Acceptable 

Combined 14.185 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

The predicted front end amplitudes are within the manufacturer’s limits. 

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 0.854 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.039 

HSNG - Order 1.000 0.077 

HSNG - Order 1.500 0.125 

HSNG - Order 2.000 0.055 

HSNG - Order 2.500 0.041 

HSNG - Order 3.000 0.070 

HSNG - Order 3.500 0.005 

HSNG - Order 4.000 0.003 

HSNG - Order 4.500 0.030 

HSNG - Order 6.000 0.058 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 4.864 

EK1 18.388 

EK2 19.665 

EK3 19.205 

EK4 24.317 

EK5 19.473 

EK6 12.200 

EK7 7.890 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 14165 

CPK Min + SS -11672 

CPK Max + SS 38233 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 25795 

CK1 25783 

CK2 25594 

CK3 27465 

CK4 36660 

CK5 35993 

CK6 35614 

CK7 34769 

CK8 19990 

CK9 2283 

CK10 664 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.088 

CJ11 - Order 1.000 0.695 

CJ11 - Order 1.500 1.008 

CJ11 - Order 2.000 3.172 

CJ11 - Order 2.500 0.698 

CJ11 - Order 3.000 2.494 

CJ11 - Order 3.500 0.093 

CJ11 - Order 4.000 0.538 

CJ11 - Order 4.500 0.850 

CJ11 - Order 5.000 0.517 

CJ11 - Order 6.000 1.537 

CJ11 - Order 7.000 7.912 

CJ11 - Order 8.000 7.922 

CJ11 - Order 9.000 3.390 

CJ11 - Order 10.000 3.366 

CJ11 - Order 11.000 0.467 

CJ11 - Order 12.000 0.212 

CJ11 - Combined 14.185 
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Operating Condition Six 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 0.889 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.131 0.50 Acceptable 

1.5 0.125 0.20 Acceptable 

EK4 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 24.865 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

14165 158340 Acceptable 

Minimum Torque -22530 -62318 Acceptable 

Maximum Torque 46768 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
35571 59660 Acceptable 

CK4 43860 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
7.0 14.619 40 Acceptable 

Combined 21.546 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

The predicted front end amplitudes are within the manufacturer’s limits. 

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 0.889 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.039 

HSNG - Order 1.000 0.131 

HSNG - Order 1.500 0.125 

HSNG - Order 2.000 0.074 

HSNG - Order 2.500 0.041 

HSNG - Order 3.000 0.044 

HSNG - Order 3.500 0.005 

HSNG - Order 4.000 0.003 

HSNG - Order 4.500 0.030 

HSNG - Order 6.000 0.060 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 4.864 

EK1 17.791 

EK2 21.512 

EK3 20.485 

EK4 24.865 

EK5 19.359 

EK6 11.528 

EK7 7.633 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 14165 

CPK Min + SS -22530 

CPK Max + SS 46768 
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Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 35571 

CK1 35524 

CK2 35126 

CK3 34069 

CK4 43860 

CK5 42765 

CK6 42150 

CK7 40791 

CK8 22848 

CK9 3517 

CK10 1022 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.088 

CJ11 - Order 1.000 1.190 

CJ11 - Order 1.500 1.008 

CJ11 - Order 2.000 3.393 

CJ11 - Order 2.500 0.698 

CJ11 - Order 3.000 2.394 

CJ11 - Order 3.500 0.093 

CJ11 - Order 4.000 0.613 

CJ11 - Order 4.500 0.850 

CJ11 - Order 5.000 0.327 

CJ11 - Order 6.000 2.583 

CJ11 - Order 7.000 14.619 

CJ11 - Order 8.000 6.118 

CJ11 - Order 9.000 3.594 

CJ11 - Order 10.000 0.841 

CJ11 - Order 11.000 0.352 

CJ11 - Order 12.000 0.237 

CJ11 - Combined 21.546 
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No-Load Analysis 
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Forced Response Highlights 

Engine Firing Normal 

Model 
Symbol 

Component Measured Units Order 
Predicted 

Value 
Limit Comments 

VDK Damper Power Absorbed kW Combined 0.267 10 Acceptable 

HSNG 
Damper 
Housing 

Absolute Amplitude deg 
1.0 0.066 0.50 Acceptable 

3.0 0.062 0.20 Acceptable 

EK2 
Engine 
Crankshaft 

Vibratory Stress MPa Combined 11.554 42.75 Acceptable 

CPK Coupling 

Nominal Torque 

Nm Combined 

0 158340 Acceptable 

Minimum Torque -14669 -62318 Acceptable 

Maximum Torque 16074 124749 Acceptable 

CSK Compressor 
Crankshaft 

Vibratory Torque Nm Combined 
16543 59660 Acceptable 

CK4 39132 59660 Acceptable 

CJ11 Aux End Absolute Velocity RPM 
2.0 5.041 40 Acceptable 

Combined 8.908 55 Acceptable 

 

 

 

 

 

 

 

Compressor Aux End Velocity: Predictions vs. Limits 
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Forced Response Highlights 

 

Speed Range 

The torsional response has been analyzed from 710 RPM to 1050 RPM. 

Engine Damper Thermal Loads 

The predicted damper thermal loads are within the manufacturer’s limits. 

Engine Front End Amplitudes 

The predicted front end amplitudes are within the manufacturer’s limits. 

Engine Crankshaft Stresses 

The predicted engine crankshaft stresses are within the manufacturer’s limits. 

Coupling Torques 

The predicted vibratory torque for the TB Woods FSH 92HT-28 coupling is within the 

manufacturer’s limits. 

Compressor Crankshaft Torques 

The predicted vibratory torque for the Ariel KBZ/4 compressor is within the manufacturer’s 

limits. 

Compressor Auxiliary End Velocity 

The predicted velocity at the auxiliary end of the Ariel KBZ/4 compressor crankshaft is within 

the manufacturer’s limits. 

Compressor Torsional-Lateral Awareness 

The torsional-lateral (T/L) curve is intended to reduce high frequency lateral vibration levels 

by minimizing torsional oscillations. The T/L curve is only a recommendation, not a mechanical 

limit. Adherence to the T/L curve is not mandated. For more information on torsional-lateral 

awareness please see Ariel’s Engineering Reference in the Appendix. 
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Forced Response Results 

Damper Combined Order Thermal Loading 

 
 

Component 
Max Damper Power 

Loss (kW) 

VDK Max 0.267 
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Front Crank Single Order Amplitude 

 
 

Component Max Amplitude (deg) 

HSNG - Order 0.500 0.009 

HSNG - Order 1.000 0.066 

HSNG - Order 1.500 0.026 

HSNG - Order 2.000 0.014 

HSNG - Order 2.500 0.010 

HSNG - Order 3.000 0.062 

HSNG - Order 3.500 0.001 

HSNG - Order 4.000 0.004 

HSNG - Order 4.500 0.007 

HSNG - Order 6.000 0.012 
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Engine Crankshaft Combined Order Vibratory Stress 

 
 

Component 
Max Vibratory Stress 

(MPa) 

H-GT 2.887 

EK1 9.816 

EK2 11.554 

EK3 5.384 

EK4 10.435 

EK5 10.600 

EK6 3.824 

EK7 2.503 
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Coupling Combined Order Torque 

 
 

Component Torque (Nm) 

CPK Steady State 0 

CPK Min + SS -14669 

CPK Max + SS 16074 

 



 

 
 

 

19-194-01 -80- September 10, 2019 

 

Compressor Shaft Combined Order Vibratory Torque 

 
 

Component 
Max Vibratory Torque 

(Nm) 

CSK 16543 

CK1 16611 

CK2 16651 

CK3 25451 

CK4 39132 

CK5 39029 

CK6 38961 

CK7 38791 

CK8 19741 

CK9 622 

CK10 179 
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Compressor Aux End Velocity 

 
Component Max Velocity (rev/min) 

CJ11 - Order 0.500 0.021 

CJ11 - Order 1.000 0.588 

CJ11 - Order 1.500 0.208 

CJ11 - Order 2.000 5.041 

CJ11 - Order 2.500 0.162 

CJ11 - Order 3.000 2.685 

CJ11 - Order 3.500 0.021 

CJ11 - Order 4.000 0.397 

CJ11 - Order 4.500 0.196 

CJ11 - Order 5.000 0.051 

CJ11 - Order 6.000 0.234 

CJ11 - Order 7.000 0.148 

CJ11 - Order 8.000 0.083 

CJ11 - Order 9.000 0.086 

CJ11 - Order 10.000 0.005 

CJ11 - Order 11.000 0.023 

CJ11 - Order 12.000 0.048 

CJ11 - Combined 8.908 
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Notes 
 

 

1. The analysis is based upon information provided by the customer and other 

manufacturers. IDC is in no way responsible for the accuracy of that information. IDC 

warrants this analysis to be free from errors in calculations. Any damages arising out of 

an alleged error by IDC in this report shall be limited to a refund of monies paid by the 

customer to IDC 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. IDC is not responsible for incidental or consequential damages. 

2. 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. 

3. Combined order results include single orders 0 through 12. Vibratory amplitudes, 

stresses and torques are single amplitude, which means they are +/- from zero. 

4. System mass-elastic data values are actual values. Mass-elastic values for components 

driven through a gearbox are not adjusted to engine speed. 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. 

5. This report contains information from two different analysis methods that produce 

complementary results. The natural frequency tables and the resonant speed diagram 

contain no damping or excitation. The forced response results shown in the report 

include system damping and excitation. 
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Waukesha Engine Mass Elastic Data 
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Coupling Drawing 
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Compressor Mass Elastic Data 
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Compressor Mass Elastic Data (Continued) 
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Compressor Crankshaft Torque Limit 
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Compressor Crankshaft Auxiliary End Limits 
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Compressor Torsional-Lateral Awareness 

 


