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@ 1. mﬁgE/Research background
o

® AMIEBAMES. HEAXRINEEEFMA

Internal combustion engine (ICE) has the advantage of high thermal efficiency, high torque and wide power range. . =

o HEEMAT. BMEHRIEBN RS RISE T AR R 1
ICE has been widely used in vehicle, ship and non-road power. )/



@ 1. m;ﬁaﬁbﬁl Research background

o TTRMRHELARREIRSLEITIENFES], AR/ERFOERRS, ZIXNTRARNNTERHASAE
BHISEHEX

ICE can be kept in good condition by monitoring and controlling the combustion process, which can be contributed to

energy conservation and pollution reduction.

o AMRERINESESFEENRBMINLIERSER; RIDERJ[ERFR, REHE, HEKHAK
MARK; FIREIESH TR ARER L EFTERNHAEME.

Vibration signal contains abundant useful information of combustion process.

Vibration signal has the advantage of low cost and easy installation, which was suitable for long-term monitoring.

Estimation of combustion process with vibration signal has important research value.
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o FIRRANESITEMEARIFKRAR, FETRBREARSHEWMNESZERNXE;

Before the estimation of combustion process with vibration, it is necessary to understand the relationship between the two signals.

o LSMNBITIHIER, EIE. HIEREKIKBRAERTHEERS, EiIt, BETHERAFZEILT AR
Lo HiRE;

The FEA method was used to establish model for single and four cylinder engine.

® DISSMEEIEAME, THRBHEMMELT, MERERIWAIES; RRGHRD R H N
ES A X FREITIH.

Measured pressure is exerted on the model and vibration signal is calculated to study the correlation between the two signals.
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a*'liﬁ*ﬁ/ Correlation analysis between combustion and vibration
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o RETR, HEUBSHAERENZERIFHMNMXR;

The trend of combustion pressure and vibration displacement was similar when engine was driven by motor.

o EEMRTIR, INRKENSHEMNBERENSEFE: EBEEDUR, MBHELESS

EIRRRE DRSS ERER; EEENE, UBREEMRERIES.
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When the engine was operated normally, the relationship between the two signals can be divided into two stages by appearance timing
of peak pressure.

The trend between the two signals was similar before the appearance timing of peak pressure, especially before the start timing of
combustion.

The vibration displacement fluctuated obviously after the appearance timing of peak pressure.
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o RAMIIEANARZSZ, HERBA, RIZAL; THAZHIEWEEE, SARIARE

ESTE#ITRIEL ;

The amplitude-frequency characteristic of ICE is calculated and compared with the frequency analysis.

o ZMMIBEMETERGEN, REENSHRINBERFHZMERR.

There exists a linear relationship when the excitation frequency was lower than the natural frequency.

o MRIiniE, LIMEMMS, SKMXRNE, BEEEEDEINZET, GIERFSEEM, R

BH2BARES.

High frequency appears after combustion, the linear relationship changed correspondingly.

Vibration displacement increases with the increase of cylinder pressure before the appearance timing of peak pressure.
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a*'l'iﬁ*ﬁ/ Correlation analysis between combustion and vibration

vibration displacement
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o RURIEERENUGE, HERRK, AREIUBERGHES, ZNENEHESSHARRSE
HOFE R PR ;

After the appearance timing of peak pressure, the vibration displacement gradually decreased with fluctuation. The correlation

between combustion and vibration weakens.

o PARIEER DI ZAIRNIES SEIARKRIIEFETEX, TURTRIUEEXER.

The vibration signal is closely related with combustion process before the appearance timing of peak pressure and can be used to

estimate combustion parameters.
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o EEXRBESAFHN, ENFEHNMERT, BEZRNFENUBEERANIEE, BSIERE
B RBHEIINTLES;

The fixing bracket is elastic and has a certain vibration displacement under the action of unbalanced force.

The displacement of fixing bracket has a similar trend with the displacement measured on the cylinder head.
o FIFIRANUBHNEEMD BLRIRIIRNLTE, RRIREEDFENRIIABTE WL R I RHR
HALTBE R

The displacement induced by combustion was submerged by the displacement of fixing bracket and hardly to application.
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3.1 *ﬁ%ﬂ{g@ﬁ%ﬁﬂ“ﬁtgﬁ%ﬁﬂ l:B EE{E@%% Comparison of sensor type: : Velocity sensor
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Vibration velocity was also influenced by the fixing bracket, but the degree of the influence is not great.

o AEBINEIREFSSEARNENESHEIL, MALERNRNEEFSSEAETES
HIXERITE, MRREHRNZIR, SAEARMNEFENNNZEL, BEFERRBXER.

The treated vibration velocity is closely related with pressure increase rate and contains abundant information about the combustion.
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3.1 *ﬁ%ﬂ{g@%ﬁfﬂuﬁtﬁiiﬂ l:B ﬂﬂﬁ]ﬁfg@%ﬁ Comparison of sensor type: Accelerometer
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o IEENMEERFEINEENSH, MSMERER, ARIEMINENMEEFSHE WS H—
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Vibration acceleration is the derivative of velocity and is sensitive to high frequency component.

o (REREAEEMEIERIMEERIAENRXSEHOIEL, EREFENHENTUEREE,
RENMEEESFEIBSRREXNER, TR TREEIAREEFIESH .

Vibration acceleration is closely related with the second derivative of combustion pressure and can be used to extract the combustion

information.
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3.2 (EREEEEAE(\ R/ Confirmation of sensor location
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3.3 IRoNESSTAb IR YT i EXTEL/ comparison of digital filtering method
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3.3 IRoNESSTAb IR YT i EXTEL/ comparison of digital filtering method
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Different types of digital filtering method were designed to remove the interfering component.
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]
4.1 ;}EE}J r-{ ¥ﬁﬂﬂ/ Pretreatment of vibration velocity
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o IREEARLEBFEIRNFERNZRSEKEARHNNRFRGRIESH;

The start timing of combustion and appearance timing of PIR can be obtained from PIR.

o RANEFEESHIARIERIINTM, FJLUER ERRES MR EZEUERARIRIN,
ET A TR AU IR RIES .

Vibration velocity is affected by the vibration of fixing bracket.

The influence of fixing bracket can be removed by least square method or digital filtering method. 4.1



@ 4. Eﬁﬂﬁ%ﬂ%ﬁ%ﬂﬁm Combustion parameter extraction from vibration
4.2 BEFIRENEEESRIIRSEUREN: BRI

Application for single-cylinder engine
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o FIRLEEHIRENERE ESAGRRIGFZIZ R K EARHIFZEITHH, REFELICALUA.

The treated vibration velocity is used to estimate the start timing of combustion and appearance timing of peak PIR.

The estimation result is verified with PIR and the error is smaller than 1 ° CA.
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4.2 BEFiRiNEEESHIARSEREL: FBELL Application for 2-cylinder engine
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o FIRRNEEISSXAEIHCCILZFHEMARE TR THRRERHZIHTHH, FTRILANIRE
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Vibration velocity was used to estimate the start timing of combustion for a 2-cylinder HCCI engine.

The error is within 1.5 ° CA in the experiment.
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4.3 BEFiRohEEESRRESEGEE: 49555 BN Application for 495 diesel engine
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1.2° CA-3.0° CAZa);

The estimated start timing of combustion is later than the true value about 1.2-3.0 ° CA
o LitRRAEXERTME21° CAMMERRSGRE, WIRAREEL09° CALUA.
The average of deviation range (2.1 ° CA) is considered as the systematic deviation.

The estimation accuracy for start timing of combustion with vibration velocity is within 20.9° CA.
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4.4 BFiRohEE(ESHRESEEEEL: 619055 10 Application for 6190 diesel engine
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The estimated start timing of combustion from vibration velocity is also later than the true value obtained from PIR

o LiFRABKXEMNFIELL CAMMEARGRE, MRFIREELTL CALIA.

The average of deviation range (4.1 ° CA) is considered as the systematic deviation and the estimation accuracy for start timing of

combustion is within =£1° CA.
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4. E?}Eiﬂ{%‘%ﬂﬂ%ﬁ%ﬂﬁﬂ!/ Combustion parameter extraction from vibration
O

4.5 BFiRohEEESHRESEEEE: 12V19058;HiN Application for 12V/190 diesel engine
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The average of deviation range (3 ° CA) is considered as the systematic deviation and the estimation accuracy for start timing of

combustion is within £1.5° CA.
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