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1. HATATHSSMLEEA B “ TN K7, 38 R S LRE CAR I i 2 E R IR0
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At present, almost all marine diesel engines are turbocharged. Turbocharged diesel engines are difficult to satisfy the

requirements between high and low loads operation conditions, and the contradiction is more prominent with the boost pressure

Increasing.
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> SIE, SRR/ REAHERIRIEERAOTIASYIE | SCIB4REE |

The gas valve and air valve open or close control the controlled turbocharger on operation or inoperation.

> EAEESRERESHTFRNS. BT LRARESMYE,
High temperature valves of sequential turbocharging system are key components of STC diesel engines, which guarantee the

high and low loads performance of STC diesel engines .
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In the working state, the gas in front of the butterfly valve is high temperature and high pressure, and the gas behind
the valve is high temperature and constant pressure. The temperature of butterfly valve is gradually increasing when the

gas pass the butterfly valve, and the distribution of temperature is not uniform, which result in thermal stress and

thermal deformation of the butterfly valve.
2, BEZEARNSRARDIEASERIZERY , BUESHEERRES MREIRELE
B E e R E = B IRTIRIA,

The butterfly valve will be on forced vibration because of the shock excitation force of gas in the pipe, which may lead to

cracks or even vibration failure on some components of butterfly valve under high temperature.
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Half clasp: high temperature valve axial position orientation, valve axial

fluctuate up and down after half clasp failure, finally, result the seal ring

failure.
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O R EBResearch Contents
> TEEESRECFDRFRIFTE
CFD thermal fluid calculation of STC high temperature valves.
> TEARESREPN ST
thermal stress analysis of STC high temperature valves.
> B4EEEREZEIRE DT

Force vibration analysis of STC high temperature valves.
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Mechanical aging failure analysis(thermal flow field)

Q 7 flow field
RS S FtvEk-€ 1B | KiFesEiE NCouple %, BINERERRRE ;

Turbulence model adopt standard k-& model Solver is chosen the couple algorithm, loop iterates to stability.

| ,uﬁ#J' A S
90° JitnZk 90° Ji £
>90° R, R E iRz nhmias , @ IREEERN.

Under the condition of 90° , the streamline upstream and downstream the disk distributes evenly and pressure

difference is less .
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Mechanical aging failure analysis(thermal flow field)
| EEJ'E"% Temperature field

0°Mﬂ§§fﬁ§temperature field in solid domain

90°|E|{Z|§Eﬁfu%}_§‘_temperature field in solid domain

> IR |, BINEENS |

The closer to the fluid , the higher temperature the solid is
>RIIXAE |, T EERREE S .

When the valve is closed, only the temperature distribution

of the solid is calculated
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Failure Analysis of Mechanical Aging(Thermal Stress Analysis)

Q 0° (X4 ) B
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> RS EAHA > RRIEE
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Pipe before
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flange after
valve as
displacement
constraint
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Failure Analysis of Mechanical Aging(Thermal Stress Analysis)
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>EHTEIBREEIC ( NiREZEEIEISEVon Mises I8 ) 75BN TE

Calculate equivalent total stress based on forth strength theory (Distortion Energy Theory or Von Mises theory)

> BMER S IR R AVonMisesFaih11280.94MPa , A FIEFSRIRL ;

Maximum VON Mises of the valve shaft is 280.94 MPa, located at joint of the shaft and half-calsp.

>BIRTTNIWRE | RTEERHETRENX ;

Thermal stress assessment, valve stem to meet the strength requirements

>AEANMEFTS | BT Ninxa 2 WM OEF,

the lower end of shaft is most prone to stress concentration for the entire shaft.
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Failure Analysis of Mechanical Aging(Thermal Stress Analysis)
a 90° ( J:FE ) J\ﬂﬁ%ﬁ: 90 °(Open)boundary condition

> I RET
ERE/IRRE
CpubaS Ly

»Mapping of
temperature field as
thermal load BC

>[ENEE, B
1. BETES

»Pressure load,
Gravity, bolt oreload

> EAME | > BT
CEE{EN I il R
TIDFEA B BBLR

»Mapping of
pressure field as
pressure BC)

>Pipe before valve
and flange after valve
as displacement
constraint
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Failure Analysis of Mechanical Aging(Thermal Stress Analysis)

> IEFFE A Von Mises &35k 13347.73MPa |, fRITF RS iR EZLM R ;

Maximum VON Mises equivalent total stress of the valve shaft is 347.73MPa, located at joint of shaft and body.

> BRI FEREESERTSRINEIRUR/ | BIRAERNERE) , [T

NREFHERX ;
»Due to temperature difference between shaft and body, the gap between them is reduced.
>HEANETS | @ Ninz HINER.

The lower end of shaft is most prone to wear for the entire shaft.
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Failure Analysis of Mechanical Aging(Forced vibration analysis)

.Eﬁﬁzﬂ]ﬁ*ﬁ Forced vibration analysis

> RSB REN 72 MR KRS R N B BEA RN DT
The Forced vibration of mechanical structure can be analyzed by harmonic response or random

vibration;
BN ST EEESHEERASHEBIMENANEENAISE , U
ITEERK ;

harmonic response analysis needs to obtain natural frequency gas in the pipe and pressure unevenness

measured by test ,which is difficult.

> BEH RN RVERSR IS T Ed |, ERERES , BNRGERNES.

Adopting load in frequency spectrum as load in random vibration, is more accurate and feasible.

14
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Failure Analysis of Mechanical Aging(Forced vibration analysis)
> EESTENRZSER test result of speed spectrum
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Failure Analysis of Mechanical Aging(Forced vibration analysis)

>$§§§bﬂi§ﬁ?ﬁ'ﬁﬁ$ﬂﬂﬁﬁ]ﬁ*ﬁ ( X,Y,Z ) Random vibration analysis by mode superposition method
>/ 73_|JI5_| ( 7J(S|ZEFEI| ) Bﬁ*ﬂ}ﬁﬂ]gﬁ% Z direction(horizontal direction) random vibration result:

> AR TR R Sk ; > BITRASIRII79433.04MPa , (T

»Maximum dynamic stress at joint of body and lower FEE’-B ;

end of valve shaft »>The maximum dynamic stress of Z direction is 433.04 MPa,

which is located at the bottom of the valve shaft.
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Failure Analysis of Mechanical Aging(Forced vibration analysis)

>1‘§§§bm£ﬁ?§ﬁﬁ¢nﬂ§ﬁ]§j\$ﬁ ( X,Y,Z ) s Random vibration analysis by mode superposition method
> X Hﬁ ( EHEIFIZU ) Bﬁ*ﬂ}ﬁﬁ]gﬁ%x direction(axial direction) random vibration result:

N

> BARB AT ERE S R ERE A ; >~ X7 RRETURaD M RAEIRAI79

»Maximum dynamic stress at bend of bracket of 351.13MPa , [ FHERFF Fim,
positioning feedback. »The maximum dynamic stress of valve shaft under

random vibration in X direction is 351.13MPa.
17
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Failure Analysis of Mechanical Aging(Forced vibration analysis)

>1‘§§§bm£|§ﬁ$ﬂ}}§ﬁ]§j\$ﬁ ( X,Y,Z ) Random vibration analysis by mode superposition method
>Y Hﬁ ( EEH@ ) Bﬁ*ﬂ}ﬁﬁ]zﬁ% Y direction(vertical direction) random vibration result:

> Y3 EIREHRE MR BRI /] /993.62MPa , A& i,

The maximum dynamic stress of valve shaft under random vibration in Y direction is 93.62MPa.

18
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> @ )RR BIAMRE R B KFRIN J]280.94MPa |, RS RIALL | 1]
TR NMina ek , BEELTIETS RN

When the valve is closed, maximum equivalent total stress of the valve shaft is 280.94 MPa, located at joint of
the shaft and half-calsp.When the valve is open, the maximum displacement occurs at lower end of valve shaft,

which is the joint of the shaft and half-calsp.
> MEHiRzENSHT , FOKESE (Z) . BEAE (Y) YRS |, M@ &K I

T SEARERLSE , BT N ; H#iE (X) BEYRaIT |, BIRESSZRAE

WEIBLIIN DR |, BERIEFDT , AN IEEIE Nin ;

From random vibration analysis, in horizontal(Z) and vertical(Y) direction, maximum stress appears at the lower
bottom of valve shaft, near the connection of shaft and body. In axial(X) direction, maximum stress appears at

the bend of bracket of positioning feedback. For valve shaft, the maximum stress appears at lower end.

> ZRERMA EE?%?E*DTEZE)JH JIE , HR ) Nin S - RINERLZ HIERIISR
, SRR , FIRS9RTT AT AT SRR SO R ISR,

In summary, due to high temperature and vibration, the joint of the shaft and half-calsp is easy to wear, which

is consistent to actual state. This provide support to improving the reliability of valve shaft.
19
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