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Anexo 11: Resultados simulacion Analisis VibraciorseTorsionales
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Resonant Speed Diagram
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m EscueLa TEcnica SUPERIOR DE INGENIEROS

First Natural Frequency Occurs at 877 CPM

Mode Shape
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Inertia Component

MAS55 ID MASS HAME INERTIA DISPLACE SPRING ID STIFFNESS CUM TORQUE DIAMETER STRESS

{(H*m*zec*2 ) (degrees) ({MM*m/ rad) (H*m} {mm} (MPa)
VD 2.686E+01 5.730E+01 0.000E+00 2.265E+05 0,000E400 0.000E+00
FRT 5.645E+00 5.730E+01 EK1 €.780E+01 2.741E+05 2.160E+02 2.417E+00
EJL .TO0E+01 5.706E+01 EK2 4.011E401 4.163E+05 2.160E402 3.677E+00
EJZ 1.632E+01 5.647E+01 EK3 4.011E4+01 5.525E+05 2.160E402 4.873E+00
EJ3 1.632E+01 5.563E+01 EK4 4,011E+01 &.862E+05 2.160E+402 €.052E+00
EJ4 €32E+01 5.470E+01 EKS 4.011E+01 3. 2.160E+02 7.211E+00
EJS €32E+01 5.353E401 EKE 4,011E+01 9. 2.160E4+02 8,345E+00
EJE 1.700E+01 5.218E+01 EK7 €.780E+01 1.077E+06 2.160E+02 9.48%6E+00
REARR 5.826E+00 5.127E+401 2.000E+00 1.121E+0€ 0,000E4+00 0.000E+00
W 7.4%0E+01 5.127E+401 0.000E+00 1.63€E+0& 0.000E4+00 0.000E+00
CP 5.900E+01 5.127E4+01 CPK 1.600E+00 2.131E+06 ©.000E4+00 Q.000E+00
HUB 2.030E+01 -2.504E401 GKI €.580E+01 2.056E+06 2.000E402 2.285E+01
FAN 4.600E+01 -2.633E401 GK2 4.309E4+01 1.874E+06 2.100E402 1.7%9E+01
ROTCR 4.287E+02 -2.932E4+01 GK3 %,3%0E+01 2.482E+04 2.€00E+402 1.255E-01
EXC 5.750E+00 -2.933E+01 2.000E+00 -2.070E-01 0.Q00E+00 0Q.000E+00
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Second Natural Frequency Occurs at 3815 CPM

Mode Shape
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Inertia Component
MASS ID MRS5S NAME DISFLACE  SFRING ID STIFFNESS CUM TORCUE DIAMETER STRE33
(degrees) (MN*m/ rad) (H*m) (mm) (MPa)
VD 2 5.730E+01 1.000E+00 4.286E+06 O0.000E+00 0.000E+00
FRT 5.8435E+00 5.730E+01 EKL €.780E+01 5.187E+08 2.160E+02 4.575E+01
EJ1 1.700E+01 5.291E+01 EEZ 4.011E+01 7.83%2E+06 2.160E+02 &.78SE+01
EJZ2 1.632E+01 4.132E+01 EKES3 4.011E+01 9.5%3E+06 2.160E+02 38.485E+01
EJ3 1.632E+01 2.821E+01 EE4 4.011E+01 1.088E+07 2.160E+02 9.587E+01
EJ4 1.632E+01 1.267E+01 EKS 4.011E+01 1.14€E+07 2.160E+02 1.010E+02
EJS 1.632E+01 -3.691E+00 EKEé 4.011E+01 1.12%E+07 2.160E+02 9.957E+01
EJ6 1.700E+01 -1.982E+01 EE7 £.780E+01 1.035E+07 Z.160E+02 9.129E+01
ELR 5.826E+00 -2.6856E+01 1.000E+00 9.837E+06 0.000E+00 0.000E+00
W 7.4%0E+01 -2.8356E+01 1.000E+00 3.928E+06 O 1.000E+00
CE 5.900E+01 -Z.5856E+01 CEK 1.600E+00 -7.64%E+05 O 1. 000E+00
HUB 2.030E+01 -1.171E+00 GKEL £.580E+01 -8.311E+05 2 9.235E+00
FAN 4.800E+01 -4.471E-01 GE2 4.309E+01 -3.584E+05 2 §.52TE+00
ROTOR 4.287E+02  7.341E-01 GK3 .390E+01 -1.187E+04 2 €.005E-02
EXC 5.750E+00 7.414E-01 .000E+00 -4.482E-01 0.000E+00 0.000E+00
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Third Natural Frequency Occurs at 8144 CPM

Mode Shape
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Inertia Componeant

MASS ID MRS5S HAME INERTIA DISFLACE SFRING ID STIFFNESS CUM TORQUE DIAMETER STRESS

(N*m*sec*2 ) {degrees) (MN*m/rad) (H*m} {mm) (MPa)
VD 2.686E+01 9.434E-01 J.000E+00  3.217E+405 0. J.000E+00
FRI S.E45E+00 9.434E-01 EK1 €.780E+01 3.893E+05 2. 3.434E+00
EJ1 1.700E+01 €.144E-01 EE2 £,011E+01 5.21%E+05 2 4,803E+00
EJ2 1.632E+01 -1.311E-01 EEK3 £.011E+01 4.947E+05 2 4.364E+00
EJ3 1 -3.378E-01 EEK4 4.011E+01 3.211E+05 2 2.833E+00
EJ4 -1.287E+00 EKS £4.011E+01 5.252E+04 2 4,833E-01
EJS -1.372E+00 EKE& £.011E+01 -2.31€E+05 2 2.043E+00
EJE -1.041E+00 EE7 €.780E+01 -4.562E+05 2. 4.024E+00
REAR -6.551E-01 0.000E+00 -5.047E405 0. 0.000E+00
FW . -6.551E-01 0.000E+00 -1.128E4+06 O. 0.000E+00
CP .900E+01 -6.551E-01 CPK 1.600E+00 -1.618E+08 0. J.000E+00
HUB 030E+01 5.730E+01 GKl €.380E+01 1.315E+07 2. 1.461E+02
FAN E00E+01 4.535E+01 GE2 4.309E+01 3.992E+07 2. 3.832E+02
ROTCR .287E+02 -7.234E+00 GK3 %.3%0E+01 S5.526E+05 2. 2.795E+00
EXC .7S0E+00 -7.571E+00 0.000E+00 1.260E4+00 O. 0.000E+00
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Fourth Natural Frequency Occurs at 9611 CPM

Mode Shape
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Inertia Component
Mass ID MRS5S NAME INERTIA DISFLACE SFRING ID STIFFNMESS CUM TORQUE DIAMETER STRESS
(M*m*gec2 ) (degrees) (MM*m/rad) (N*m}) {mm) (MPa)
VD 2.8686E+01 -3.53%E+01 J.000E+00 -1.081E+07 0.000E+400 Q.000E+00
FRT 5.645E+00 -3.53%E+01 EKL €.THOE+01 -Z.034E+07 2Z.160E4+0Z 1.784E+0Z
EJ1 1 0E+01 -1.820E+21 EEZ 4.011E+01 -2.581E+07 2Z.160E+02 2.276E+02
EJZ 1.632ZE+01 1.867E+01 EK3 4.011E+01 -2.042E+07 2 E+02 1.801E+02
EJ3 1.63ZE+01 4.734E+01 EK4 4.011E+01 -6.020E+08 2. E+02 5.83%E+01
ET4 1.632E+01 5.730E+01 EKS 4.011E+01 %5.913E+08 2. E+02 3.743E+01
EJS 1.83ZE+01 4.314E+21 EKe 4.011E+01 2.23€E+07 Z2.1e0E+02 1.97ZE+02
EJa 1.730E+01 1.120E+21 EK7 €.780E+01 Z2.572E+07 2.160E+02 2.2€9E+02
REAR ol L034E+01 J.000E+00  2.464E+07 0.000E+00 0Q.000E+00
FiW 7.4%0E+01 054E+01 J.000E+00 1.063E+07 O0.000E+00 0Q.000E+00
CPp 5.900E+01 -1.054E+01 CFKE 1.800E+00 -3.208E+05 0.000E+00 0Q.000E+00
HUB 2.030E+01 9.46€E-01 GKL €.380E+01 1.891E+04 2.000E+02 2.101E-01
FAN 4.600E+01 S.302E-01 GKZ 4.308E+01 7.754E+05 Z.100E40Z 7.443E+00
ROTCR 4.287E+02 -1.00%E-01 GK3 9.3%0E+01 1.093E+04 2.e00E+02 S5.528E-02
EXC 5.750E+00 -1.075E-01 J.000E+00 -1.430E+00 0.000E+400 0Q.000E+00
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Siugle Order Results Order Predicted Permissible Limit
FRT Absolute Amplitude (deg) 0.5 0016 1.00
Absolute Amplitude (deg) 1.0 0.033 1.00
Absolute Amplitude (deg) 1.5 0.095 023
Absolute Amplitude (deg) 3.0 0.009 0.15
Absolute Amplitude (deg) 45 0.107 0.15
Absolute Amplitude (deg) 6.0 0.043 0.15
EEK5 Vibratory Stress (MPa) 05 1.62 210
Vibratory Stress (MPa) 1.0 12.99 21.0
Vibratory Stress (MPa) 1.5 12.97 21.0
Vibratory Stress (MPa) 30 2.07 21.0
Vibratory Stress (MPa) 4.5 10.94 21.0
Vibratory Stress (MPa) 6.0 321 21.0
GK1 Vibratory Stress (MPa) 0.5 0.06 345
Vibratory Stress (MPa) 1.0 0.75 345
Vibratory Stress (MPa) 15 1.52 345
Vibratory Stress (MPa) 30 0.39 345
Vibratory Stress (MPa) 45 1.00 345
Vibratory Stress (MPa) 6.0 0.17 345
Vibratory Stress (MPa) 75 0.30 345
Vibratory Stress (MPa) 8.0 0.45 345
Combined Order Results Predicted Permissible Limit
VD Power Absorbed (KW/m™) 40 57
CPK Maxumum Torque (Nm) 41522 134000
Vibratory Torque (Nm) 5471 25200
Nomunal Torque (Nm) 35332 63000
Power Loss (kW) 0.15 1.06
Si]lglE Order Misfire Results Order Predicted Permissihle Limit
FRT Absolute Amplitude (deg) 05 0.081 1.00
Absolute Amplitude (deg) 1.0 0.510 1.00
EES Vibratory Stress (MPa) 0.5 421 21.0
Vibratory Stress (MPa) 1.0 16.50 21.0
GK1 Vibratory Stress (MPa) 0.5 3.79 345
Vibratory Stress (MPa) 1.0 11.72 345
Combined Order Misfire Results | FPredicted il B
VD Power Absorbed (KW/m™) 40 57
CPK Maximmum Torque (Nm) 61179 134000
Vibratory Torque (INm) 24186 25200
Nomunal Torque (Nm) 35332 63000
Power Loss (kW) 2.02 1.06

Engine musfire mav cause significant torsional vibration in the coupling, as indicated by high
vibratory torque and power loss levels. This vibration would cause the coupling rubber elements
to warm, changing their elastic properties. See warm coupling results beginning on page 25 fora

more accurate representation of engine misfire behavior.
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POWER PER AREA (kW/m ~ 2)

m EscueLa TEcnica SUPERIOR DE

Damper Combined Order Thermal Loading
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ABSOLUTE AMPLITUDE (degrees)

m EscueLa Técnica SuPerIOR DE INGENIEROS

Front Crank Single Order Amplitude
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STRESS (MFa)
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Crankshaft Single Order Stress

1 [>—=EK5 500 DRDER [ORDERS 0.5 — 8.0
16| +——EK51.000 ORDER MISFIRE OFF HP = 4961.78 B
s#—EKS 1.500 ORDER
1 =—FFKS 3.000 ORDER
g a—<EKS 1.500 ORDER
149 m—§FKS 6.000 ORDER 14
- (g e e L
A
7 T PR e Soa 19
B
T
] M"“‘“‘ﬂ-—.w Ciess
A s -
i _\_\_\_\-\“‘—\_ -
1 ‘“-G-__,______H_‘___h
8 T i)
4 'ﬁ_,_\_____“ L
4 -
6 i
i L4
o . L
_—_ﬁ—_—ﬂ'_—‘ﬂ—_—__ﬁ____ ;
2h 558 o — - —— U &
- 3 Wt 3 1 i3
) S A . 0255 L T L .. T L
900 920 940 960 2130 1000 1020 1040 1060 1080 1100

SPEED {revs,/min)

- 133 -



STRESS (MPa)

i
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Generator Single Order Stress
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STRESS (MPa)
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Crankshaft and Generator Combined Order Stress
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SPRING TOAQUE (N#m)
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Coupling Combined Order Torque
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AUBBER COUPLING POWER LOSS (kw])
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Coupling Combined Order Power Loss
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POWER PER AREA (kW/m ~ 2}

m EscueLa Técnica SuPerIOR DE INGENIEROS

Damper Combined Order Thermal Loading
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ABSOLUTE AMPLITUDE (degrezes)
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Front Crank Single Order Amplitude
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STRESS (MPa)

m EscueLa Técnica SuPerIOR DE INGENIEROS

Crankshaft Single Order Stress
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STRESS (MPa)

m EscueLa Técnica SuPerIOR DE INGENIEROS

Generator Single Order Stress
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STRESS (MPa)

m EscueLa Técnica SuPerIOR DE INGENIEROS

Crankshaft and Generator Combined Order Stress
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SPRING TORQUE (N*m])

m EscueLa Técnica SuPerIOR DE INGENIEROS

Coupling Combined Order Torque
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RUBBER COUPLING POWER LOSS (kw)
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Coupling Combined Order Power Loss
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