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Research on hybrid modeling of real-time cylinder
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Abstract: Real-time cylinder pressure data is an important parameter to realize cycle control of diesel engine, and it is
too expensive to measure it directly by pressure sensor. Model estimation method and indirect measurement method are two
common ways to obtain cylinder pressure data, but these two methods guarantee their accuracy at the expense of real-time. In
order to obtain real-time and accurate in-cylinder pressure, a hybrid modeling method of Marine diesel engine based on data-
driven model and dynamic model is proposed. Firstly, Wiebe combustion parameters are calibrated by historical operating
cylinder pressure data, and a diesel data-driven model based on the nonlinear relationship between the operating parameters and
Wiebe combustion parameters is constructed. Then, by analyzing the dynamic characteristics of the crankshaft connecting rod
system, a diesel engine dynamic model based on instantaneous speed reconstruction of cylinder pressure is constructed. Finally,
the weighted average method is used to build a hybrid model of data-driven model and dynamic model. The results show that the

hybrid modeling method can obtain more accurate cylinder pressure data without loss of real-time performance.

8 B2 SIS R0 2 SE LSS WU A5 B B S M, IS T A A B R A I o R i
DBV R R UL A e 70 B IR P R 7 20, (ELX W A O 32 A AR G A SIS 1k R AT 4 R ORE FL v I . O TR
I HER RGP 70, 4 R T S AR S A B 5 )y g 2 AR A S LR S AR T . s, ol r SRIE AT R
HHE X B IRR S B AT AR B 1T 28 S HARRE S BAR LM R RSB AR i i . 45, T id 7y
Hr B EAT RS B) Sy 2R, A — AR T I e EE A LR A S LB D) S . e SiE s RTINS $E RS
Bl BN BB ) 2 R AT IR A A . SRR, FEAUR SN PRI RIS N, SRR G AR T 1 P SR IO i
iff A o 8

XHEIR): AHISEMNL: LT B IRERIR, B R A A

Key words: marine diesel engine; cylinder pressure prediction; data-driven model; dynamic model; hybrid

modeling
hE S ES: TK421+.2 SCRRARIRAS: A

0 Bk o B A BRAE TA R R ELIEREI TE A E S

L0 WS S i, D5 25 T 2 R e 5ot /]#17&.1_)ﬂ?aﬁlﬁ%kﬁﬁﬁm%ﬂﬁf)ﬁﬁ CIRYST

B, ONEAE T RN R e B, g5 ST REHIHRRRRL, A LA AT R e

WABE I RE A, G R R B A S S (123431, mﬁIV\]FﬁTU IR E NI ET)

W H 3 xxxx-xx-xx
BEE&WH: THIAYE BTSRRI H (CBGSN21-1-1)

EZ WA WG (1999-), L, WILBFFA, FERFIT R OySmPUARIE IR & @875, E-mail:liliweil99904@163.com:;

WEEE: S, Bl#EE, L, E-mail dailiu@hrbeu.edu.cn



2

RIS BRI E . SR, R B, R RS
AN MRBESE IR R I IR R R K
IS 1F0) AR ) ) S A AT A P A7 i #0871 55 4R PAY s 7 )
ELAM RS, R, SRICRE S 7 1 8 A5 91k
T NATHI PS8

ST IRGERATY (0 5 3 Al THBORAE 9 e il A
T — R AT IR R AR S 1. S AL e
Rt BRI BN A R, S DUARBE L BE - 1
F At IR e AR PR A [y, i DI R FH R A%
BT, ERASRFYEIRGR T, PR 2
RSN 2 YR AFTIN0], - L2 YEIRBERET 1§
TR S H. B o ML A ) = 2 73 A1
W& 7 242 A RIS RIS K
Je. MR SiIRE . KRB, fhaeid
FESE I RE . AE4EDLGUA RS BE T SRR K 3
HRE, wmi%E. SRS, RN A R
DX Z B I (AR 1l . 4B DLy 22 9 B i
Hett, RGeS R R BN BRI 2R, LAY
Ao ARES BN ENEAR, SEEMVETLR.
2 YRR e T 5 EAE T R A R A IR R R A R 7
T HIRE S B, B EA TR R ST . E
YEWR AR BB SR AN BE S Wk T IR A 2 BT A 45 18] 2y
A, (BRTFSE R, A BSIPLARSTH SE i 505
T A BRI PE 3. =10 bR o i 1k % a8 IR R
SH BILSEPR IR, T B T R e be
PR, AR AR R A s P DU B R T AN [RIB AT 26 A T
FAARBES B R . QAR YE Se i HLiz AT Lotk
BB ARS8, BATREA AR BT S .
ULEER, TR TON AT LIS R, AR A
W O SEAT Hde, AR R (AR S R 5
THIEMIL% . SCRFIA RN AR SR B A 7 545 2
ST . o, Lin 02 3R AL ALIE AT
REVERERFIL AR S AF NSRBI ZRFEAS, ik
TS BT AT SE M L REIRZS R AT BE -
Kakati 55319 T 78 52l AL A I B HETSCE ARG E 1k
fabR, PR T T N TR M2 BT RE PRAG T i
SERSEMALYE REVE A IR A BT, R I PP A IR
BEAT BRI AIE, FE Tk, ARSCHRE I A T
2% 1 B XS A TR OR T 5 iR A e 2 B, AR Ay i
75 SR A FIZAT TO0 T BB AR S Bt AT b5
T o TR S Eobr 2 i@ R B 7%, B
ARE M5 8 UL A e S 5, 3
BULE R SIS TR S HOH K, R EEARE
VEARRR . O T g A R, 32— M TR

TR BB SBr € Tii%, TEH B
FAAMBES L, TRA KL T SRR R 8E 05t
FAARKES B AT IUACR AR -

UL S 0 A% R R AT S AR B AR A R L A
Jis 73 18] e 2 75 A5 B PR R JE o 18] ) B T
s 73 308 s 0 A el g g D 41060 R BT
PRIRBPUTISIN, e G RO2UAT R S FER2230, JL
o, TR I AT S BT N I T 5 R A
RS R TR METTIEMR. [FR
FEE A REL M A0 A, RSy 7 Hr i
N 3 B — B LB 7 Y SR EEBELAS Dy it
i A IR R S5 T, B T AE 5 A BRI A,
FEN R A I g SERFE B2 PRk 5 2R AR
AR BE, RN BERTA SHL ARV U7 = 52
BUPRE] . PRUG, AXCR FH I B 26 A 5 R TSI b v
FRIST A s 3 B3 7y — TR B Bk AR A 55

M T I e 3 A 5 73 M i P s 7 #EAf P R S
VEABEFRAT, B —HE IR T ik thAF A AR e
BE S A RS B BRI A AN RS AN BEAR A AN
AE o B R IR ERAT AL — R B B By SR A Y
L, O 7 B AR BT R K BEATL R 22 A0 R Gt M
72, PR A SN IR ERR I, AR
T i A3 P SR AL SE AR R s T F) R & AR TV
A FEANACT 203506 i SR s A A 5 30 g S A A kAT
REER.

1 S S R BITHRE

WX GO E S NEL I RE AT A SE AL, A
RSHANEL 1 iR

R 1M EESH

ZH Bl
RENHLILA PUppFeE, EmE
HL4%/mm X 4T F2/mm 280X 350
3G B HI 7S ELHL
ARG B s
K 1-5-3-6-2-4
JE 45 b 15
BE D% /KW 2300
BUE B 3 r/min 700

SN B AL GT-power A #4
g, i AR ARG. BIRARS. i, HE
AYi. 3% “EngCylComDIet”#A Bk B 34715 1L,
INELEEIM AL GT-Power ZEHLAG EAL I A0 1 Fiow o



Bl 1 ANHELEEHHL GT-Power B4 {7 B R

HRHE S & 22050 45 4T GT-Power fij AR
Bt Theg. BITHEGRE, HURGTEAENS G
ZRSR IS T P 2 B s . 6T L N S B
HEAT T E— A Kb, A3 3 AL N R 0 Eids e 3
[0, 1V N . B 2 N 25% 6t LIt %] 100% 7 467 L
{5 1) U b 8 47 47 U — Ak S R P R 0 B R S 6
I B L. PTOUE M, EERAEES G
ZAI B e < (M UL HC BE Ry, BN R i X 4 A 2 1%
72, B HE, HEUEANT 5%, EREEE .
BT LA R AR R 55 S L) 2R AP (0 — 8k, w7
PAIF % GT-Power 17 HLAL Y B 47 S AL 52 i i [
TR & EAR 7 1 BB AT

1.0 1.0

. —— et TR
QO.S' —— {1 Q\O.S' {7
‘EO. 6F ‘EO. 6F
= Soal
0.2 To.2F
0.0 L L 0.0
-180 -90 0 90 180 -180 -90 0 90 180
S/ CA e f/ Cn
a. 100% Lt b. 75% T
08 —wm| *° T
el —— gt | R e
= 2o
o
20.4F =]
S S
1 10.2
z02r g
0.0 L 0.0
180 90 0 90 180 180 90 0 90 180
R/ Ch SR/ Ch
c. 50% T d. 25% T
P 2 DY bl 89 6 gar U — AR L P R 30 BB S A 4R
0% H i %o L el

SEM LA R IS B AL A i 7 K E SRS
ATHAE . BT s SE LIS & 48 B SE IS 4T 3R Y
BATEARA AR S W SEIEFIEL S, K
WA S ST 5 DX S AR iy 5 B R AR AR
TP GT-Power ML HABLAL . S T FEAN [FiE
1T LN BRI FE, 78 GT-Power 2415 HAR Y

TFRA A LT3 (n) AN RIS FR B 2 (myy) A X AN [F]
WEHAE AL(SOD I Bt 5. MRIER 2 s Tk
347 DOE 1H5, JERERM LI ML i
SIRE . B R SRR A 5 R i SR A Ny
e %

£2 REIHRE
ZH HE
HE (r/min) 750. 650 550. 450
miE () 3025, 24 15,1
WM R (° CA) 207+ -16.7. -12.7. -10.7. -
8.7, -4.7. -0.7

2 SRIMALE R KSR

S RS R A LR AR A 3 TR .
RN s T Bl 2 )5, H—2, TR HE
PR S B ATARE . B0, @ISR
Mpgs, HTIRMEEMIIZIT SRS TiiaikkES
BT MR AR o

T TR ST
Fifkbes ton e

S O

[ er-rorersepifrspny | [ st |

[ ooz | [ rasmas |

s
I

[apcismisr | [wwnTanng)
]

AL 2%

Y

o sl eankan] [ i

]
y .
e
s S| [t mtmme
EBH

i R IEAUEC—N

+¢

P P
PRI

B3 B X ah A T F) AR

2. 1 BETRTFHEERFHARESHE v e

SEHEETE Q7 SN WAE

m+1

Xp = 1—exp[—a((p;—:’°) ] (1)
N, x AIRBHIRGE F 0B a WIRIE 28R DR 5, L
6.908; m AMABER BIEE: A INREFE: @0
NIRIGEUG o

MRAE I 25— €, RMREIEU IR dQp



HASZNEEZ dUL XHAME T pdV FXH4h B
dQ,, 3 4k, B

dQp dU av . dQ,
ap = aptPap Ty 2)
I R A R R B i e, B
dx, _ dQs
de ~ mHide
__ 1 rfau av . doQ,
_mijL(%+ p%+W) 3)
A my WIEA LR H WRRHMERVE . 3

fr, @%EE‘J/}%%%R@% A E AT AL 112 3
HEHE -
A VORAEL TAER, &ML

LN 5 N BERI AR 4L N

e e m(a_“d_T fu _d“w) (5)
do do AT dp = 0da, do

A u NLENAE, m RGN THE, TS
SN TRGREE, a, A BT R
5T 5 BT 2 (A A SZ R -

d& — dei 1
dp = Lim1 gt = 5; Lim1 Aiag(T—Twp)  (6)

A AR, T NEETIREE, ag fE#
2B, %M Woschini 2 2UHUA .

LT HEHIC A0 5732 (particle swarm optimization,
PSO)& —MBH AR se AL B, B TR REEE
TR S HC Rebr e AR B il 3 fros. £ 3
9 PSO S B . HAVIBIRTH 4, F
2 (D)~(6) XL N TAE SRR AT 11 5545 B4 A 6L
M2k . FIAHZR(7)THEIE SR R B, DA BB VT
FRPRAS B MR AR AE: AR5 MR 48 =C(8) A =X
QI EH T BB MR RN E: &5 ik
FIPAHGZAEEAR, BB RE S

PSO T 1 1& BB ek % (Fitness) NHMAHLA
JE 35 HAREL N R ST 093577 2248, 1 B FEAE BN,

B R WIAR A ARSI S B FR A A 3

Fitness = X1 (J; — y:)?/n
(7
Koty ERRILRIE S, 9 AR ).
PSO B8 i B AL B 1 A 50N :
v}‘“ = wv]’-‘ + clrl(lj-‘ —X}‘) + Czrz(];"( _X}()
(®)
Xl = xk 4 pltt €))

b XOWhL 722 (AL B j ORI 5 § R

T kK NHETEARRE; v AR TIEEEE; woN
PRAPERCE; ol A2 MR r1 A 12 40,15l
WBENLEL T MNMARAER B ;s T AR E AL
B,

R3PSO AhSHLE
4 ZHUA

©o [SOLSOI+10]

AQ [10,150]

m [0.5,5]
Tl R AR 50
EAIEL 80

w 1.0

cl 2.0

c2 2.0

2.2 AN KR 5%

PR 2 H R B IR R K S8k RPN AED)
EE RSB AR R, B 2
2R SEMHLIZ AT S S HERIRS BN N5 &R .

TEBEAT M I ER N GRZ AT, N E TR Le 25
BA THAGERE, M H X AR A 5 . X
THE RS, R AR RE I ST S B
SEM AL (n) s B FABEIH & (miy) WSS 52 (SOI).
BESUE I (Pin) MIE SR (Tin), A T EHEE A
BATZH BARSEHI N . KX 5 DS EAE
NIEMEMASE, FIRESE (9o, Ap.m)fE
NS

PRI Ras AT TR BE A 140 4>, BEHLH
10 AMEJNIRUEREAS, F TR 56 22 0 2% 1) T %5
o Prl A M 4 o R AL R4 M 4% (back-
propagation neural network), HHHIAJZE . it =G
R FANEERE S M, EEEGE 9
Tal, RN 3 AN, MAEMSETERECY S
R0 oR £ (logsig), Ik BN sl & (A
TR E &R ) A R AR RE (traingdx)

3 ST pLEN ) AR R

3. 1 HARIEAT B J1 2 T

b 4 o, Sei L E R LG 3 2HE E)
AR ORE = TEENLR . EATHLR AT A AL
Hey o B AN S A 5 PR 8 B0 2 B vl R I AE At
(R D) AR A SRS AN, T 008 E EAER
RIS AR . AR RARE T AR . BEBHAE AN 1 B4



FEE . NETREATEN M, xSk AL h il
PEMATEAMEAL: (D HEEMPER — T
REBATIN W R Bl R R 3
FORE R ASE A g (1, BESR AR AN D1 33T
BUEATE (20 BB R RGN
B, RMSHH AR, HIERTE R GALE,
H:

J(@)H = Ttotal = Tmass + Tindicate (10)

Hodpe T NESHNLIG T A HE Z R Togicate N

LSRR (BARE ST H15E; Thess NS
SR MRS, 0. 6. 0437 )yl h e s
i MR AR RIS s J(0) NEA R
JiE 18 B 43 A R i sh AR &

Bl 4 g R AL f6T 5]
SN FE R AR SO AR R . LA
YRR ALK R R 7, A EE AT LR K XS
S 7] I (RIFE 7 e 40 it b e A ) 9K 0 R, R SE

P B E B IRB) F7 0 ARGE LA SR RANBE F3 0447

Tindicate = (PC — PCC) A-L = (PC — PCC)

sin6

A sinf :(PC_PCC)'A'
. A-sin26 .
(SI.TLH + 2-4/1 —Azsin29)

(11)
oo, PSR ST, Po NIRRT IR F1, A 35
SEMR, LIEATKRE, 0y s, BAIEFT I
fi. ANFEFFHTRGLL, ROAMGEAE .,

PE BRI, SR B m 722
SR 7 LA BAAYE— T AR R O A S
(L HE /N 4 BB T 7 A L 0 B
FESARYE /N TR S I R A, T 1 5
SENEBEARR . B 70 P 0 ST L
N

Tmass = —ma-L

A-sin260
A1 Azsmze) (12)

ﬁ¢1nﬁﬁ§f@ﬁg,aﬁﬁ%MLfo

L2 LAEIIEM

2 LRI RS S AT DL R AE 2R AR
e FL SR ST, B S BoR T AT BRI i
FGLE 2 B o B e AR B B i A5 5 R A X 10
R S HAET > 2 R A AN 1 B )
I 12 TR E BT s 3 20 S SRR T
HHT imaicate o

BRI SRR LA SR B BT A SEL I RN
W I A A, (HET 2 60 SIFLIT 5k
PR, 38 TR R BN ALIE A — BB i) N R — /NS
SR U 5 S, HoAth AN SELAE [F
(] 9 4 b FHES P RE, AL TRSRE, 77
A AR AR G BN, DR AR TSR] DR R e 1
ARE Fo A FLET (A DTR Y. 7E FL TR R b ok s B
VT — B B /A (-40° CA~60° CA) ATt
S, IR Z AR be bk s B (B AR N A LT
HIAE DTG, 0 A BT SRR BTk . B e A1
TR REL SR E ST
i NIBRIN % 05 5

=—ma- (sinB +

T A AR

THREAE R HEHRE

THREE AR SR

I B HLRL AR AR Dk

TR EL SRR Ty
P 5 3 I A sk kAT 1 B0 ) A A R S A R

4 SEMPLIB A HEEY

P&t 1) 5 ALV A A 2R 2 G el AT B A IR 2 A Y
@mmﬁ%ﬁﬂmmno% TR ) R AR
m@6%ﬁ ¥ SEALIZ AT S HUE R R I B 1 A
AN, T AR e 2 AR B 3540 A K IF
ATHL N TAE AR THEAF 26D A R ) TOME o K i st
FERAG SR Bl ) 5B A B FT P K ) E A



18 o 4% WAL 232K P A B AL B 73 33 505 0.5,

KL A 77 AR5 6 P9 s g S R R o A T
PSR B G A RS E . BT AT 1
MR TR R EW NSRS Tk, RER
R B AL 0 TU AR B A5 AT BT B R A v iR &
fH.

\ S BLIE AT T A \
]
(n, minj, SOI, Tin, Pin) B (S5
‘ Sl ‘ ‘ 2y ‘
\
(90, Ap. m)
A4
—
A TR R o
i

P

R A E

K6 BEBEMEFAIRER

5 &Rtk

FEARTTH, R IRt iR T BB B S HLAHE B
SRR S LB ) AR AN S il ATLVR 5 A 2R X S
THOTLEL PN S 0 000 BT 345 1 45 2R

FESEM LA SRR A rh, 10 456 IE T O

THRBE S EHINE @3k 3 Frows, B 7 4 10 45650 T
BUARYE F A BR e S E A 347 &L A TAE S FE -5
RN IE N R S TE S B AR E X R B 8 2 10
HIGUE TR T3 RGN R ) BEES H
FRAEXT LB o B 9 A 10 56 E T 8 T 1R A A AL 1)
FLANE R AES BAREXT . PR 7 56
WIE SRR 2l (MSE), % 48 10 H564F T
{0 = AL R (38 75 R 254 DA S = P A S ) A T
BLIEATI T

R 3 WA THL RS B RIE X 2] B SR A ZE 1T

¥
7 n M | SOI | Pin | Tin | ®o | AD m
2 | r/min g °CA | mpa | K | °CA | °CA
1 750 3 -47 1052|313 | -09 | 69 | 0.61
2 750 2 -0.7 1 038 | 311 | -6.2 | 94 | 0.59
3 750 1.5 ] -0.7 [ 031|311 | -6.5 | 134 | 0.50
4 650 3 -2.7 1045|311 | -8.0 | 78 | 0.47

5 650 25 | -8.7 | 0.39 | 311 | -5.0 81 0.62

6 650 2 -0.7 | 035 | 310 | 3.2 104 | 0.54

7 550 3 -4.7 1038 | 310 | -0.6 83 | 0.48

8 550 25| -0.7 | 034 ] 310 | 3.5 93 0.52

9 450 3 -10.7 | 0.27 | 309 | -5.3 | 126 | 0.24

10 | 450 3 -0.7 | 03 [309 | 43 110 | 0.31
o p—e T Iy

R0.8F /7‘"* —— T | 1.0 o o TE

=l ) Ho g ~S4

0.6 AN = P

= / 0.6 rEn

0.4 \\\\ =2 Lo 85\

i $3 L\, 1 0.4F N\

Do 2k - f,;: ook 56 N
0- 1 1 1 1 0 q 1 1 1 1

I

I

JA— 1T E;JE}J

IS

5

I

o
o
T

U%*{Jcﬁol WIES

e
o

5

H—gcﬁl E;JE}J

4

U%*{Jcﬁol V\JEO)J

4

5

4

4

0
—— HirfH Lo — Ei{ifﬁ
8 1 s R E —— RAH
/ 0.8
6 -~
<»=0 6
4F | -
S3 N\ \ 0.4 \i\\
2F = Soo < S
0 1 1 1 1 00 1 1 1 1
40 20 0 20 40 60 40 20 0 20 40 60
it i f11/° CA i /1 /° CA
0.8 —
v W Nkl
L /ru R, L Vs —— ieTE
6 / go.e /
=
4+ Fo.4
= .
2 lmo.z \\,,1

U%*{Jcﬁol WIES

I

0
-40 =20 0 20 40 60 40 20 0 20 40 60
il f/° - CA e £/ CA

—— HAFh 89 e HAEE
ST/ Tl T Tl

e
=)

o
o
T

S

Ja—mgwm
< ° s

J
=}
)
T
¢

o

0 .0
40 =20 0 20 40 60 40 20 0 20 40 60
e fi/° CA e /¢ CA

K7 T Bt IR S R T A D TRINME S F AR
fxs Bl Ot ab D

1.2

0 —
—— HinHE —— HinMA
s Lo N e EE
=l 0.8 S5
6 z PN
£0.6 7N
4 = - \
To0.4 *-\t\
22 To.2 Ny
0 _ 00 1 1 1 1
-40 40 -20 0 20 40 60
i /1 /° CA
0.8 -
59, —— Hirfl
X = A
6 0.6
z
4 £0.4
K]
2 lmo.z
0 1 1 1 1

0.0
40 =20 0 20 40 60 40 20 0 20 40 60
e fi/° CA e /¢ CA

K8 T B ) A R T 9 0 A S H ARME
XFE A e Ab D

1.2

1 1 1 1 1 1 1 1

0 0.0
40 20 0 20 40 60 40 20 0 20 40 60
il S/ CA e /¢ CA

B9 IR A AL L Y I ) B S H AR X
EAL QR R 2]

R4 10 ARAE TR =MEER K377 1R 2 DRI AT ]



Fe AR | B | IREGHAY
1 7.0047 2.7614 2.5496
2 3.6851 1.2302 0.9813
3 0.5754 0.7777 0.2283
4 16.976 7.9112 7.1527
5 6.5154 5.2761 3.4451
6 1.1300 3.9223 1.0651
7 7.8290 11.8302 5.7670
8 2.9019 8.8907 2.8754
9 11.1880 6.6195 5.6234
10 4.7347 8.4050 3.2838
“EHE 6.254 5.762 3.297
AT A 0.0972s 0.0430s 0.1497s

M 7. B 8. B 9 = 4%t b B A LB B VR A
BT PN 77 (4006 2 B 22 v 1 B — S0 DR sl A 1Y
M) S . R 3 F HEAIRAE TSR A
RAST P9 e 77 13 77 1% 22 /N B8 SR sh B R ) 7
SR o K IR AR L A 56 IE T a5 AR T P8 T 771
BT R Z YA N 6.254, B J1 AL E B6AIE T
RTS8 77 R 2 P 38ME R 5,762, IR G
BUAE B0 UE T.050 s AT P9 R 7 B35 75 1 22 B~ 304 H
3.297, AHBECHE YR S AR L AN By ) B Sy S FEAK T
47%F 43%, TRIRE A 2FE M. IRIE T ¥
IEATH I SRE, B REn AR 0.0972s, Bl /) 545
A1 0.0430s, AN 0.1497s, = Fif B4
T AT I R/ T S LS PR i2 AT B (] (2920
0.16s), LA & 77 (1) it Tl 453 B0 [ KR &
I T DLYH B AS [RI A2 (1) TR AP J& 1) R, 386 %
Tl R PR ST 5 A EL A, ORI SR 500 ) S e
AIATEEME

5 &5

C1 Hos WX B AR 7R f1 J5 5 B o T I sk 800 P
EAAWE, Hi TSR B, FERENER
75 A RUE BB A A TN RS LA BAR S A AL .

(20 H&T i I e s (B HE G s 0 30 ) 2 A R — i
FESEM B4 T O N BB e R EE, HE
AR B AR R JEE b 32 B ARY f AL PR 52

(3) Z AL IR A A5 T5 120K Bl G s A A AN 2l
TR s o — AR, KRR R 3 R P B 4 4
WZIRRIE R, SR T IINACR BARTE, b
TR AP OR IR E R R G, AT P
SR T AT A5 R, T e A TR R A 8 1k
S :

[1] Guan W, Pedrozo V, Zhao H, et al. Miller cycle
combined with exhaust gas recirculation and
post—fuel injection for emissions and exhaust
gas temperature control of a heavy—duty diesel

International Journal of Engine

1381-1397.

enginel[J].
Research, 2019, 21(6):

[2] Georgiou C, Azimov U. Analysis and multi-
parametric optimisation of the performance and
exhaust gas emissions of a heavy-duty diesel
engine operating on Miller cycle[]J]

Energies, 2020, 13(14): 1-25.

(3] VLV g ELmTSLIE T H AR BCA R A et A5
FEFEHITERITFD]. KF: FHMKRE, 2019.

(4] ZXE. FHRSEmALIEN RS 0H 5T K D], #R/RE:
AR TR R, 2017

[5] Hasegawa M, Shimasaki Y, Yamaguchi S, et al.
Study on ignition timing control for diesel
engines using in—cylinder pressure sensor[C].
SAE International, 2006, 2006-01-0180. (2006-01-
01).
https://dx. doi. org/10. 4271/2006-01-0180

[6] Giglio V, Iorio B, Police G, et al. In-cylinder
Pressure Measurement for Control and
Diagnostics in Spark Ignition Engines[C]. SAE
International, 2005, 2005-24-062. (2005-01-01)
https://dx. doi. org/10. 4271/2005-24-062

(7] sWifh, E5UE, M ®5E. LT IMPSO R hES
HobrE K LT]. PR, 2023, 41 (01) :61-67

(8] wzfi. SEMHLAELEMA B OB T S5 [D]. db
5 AL TR, 2016.

(9] dKR. W55 SRR 1] A8 SURE B8 0 R SRR 5T (D], e
IR - e 7R TR K 27, 2022,

[10] Michele Battistoni, Francesco
Mariani. Francesco Risi, et al. Combustion CFD
modeling of a spark ignited optical access
engine fueled with gasoline and ethanol
[J].Energy Procedia, 2015, 82: 424-431.

(11] T, SeihHLms 55 46 BE 73 X ¥ be R AR AL W FL (D]
FHIT TR KF, 2020.

[12] Liu Y B, Liu J M, Qiao X Y, et al. Application
of Supportive Vector Machine in Technical
States Evaluation of Diesel Enginel[J]. Journal
of Academy of Armored Force Engineering, 2009,
23(2): 38-40

[13] Kakati D, Roy S, Banerjee R. Development of an


https://dx.doi.org/10.4271/2005-24-062

artificial neural network based virtual

sensing platform for the simultaneous

prediction of emission—performance-stability
parameters of a diesel engine operating in
dual fuel mode with port injected methanol[]]

Energy Conversion and Management, 2019, 184:
488-509.

[14] Bosi L, Catalani I, Baroni A, et al. Real Time
Estimation of Combustion Indicators on a 4-
Cylinder CI Turbocharged Engine Based on
Instantaneous Engine Speed Measurement with
Rapid Prototyping Implementation[C]. Institute
of Physics, 2022, 2385. ( 2022-01-01).
http://dx. doi. org/10. 1088/1742-
6596/2385/1/012083

[15] Bennett C, Dunne J F, Trimby S, et al. Engine
cylinder pressure reconstruction using crank
kinematics and recurrently-trained neural
networks[J]. Mechanical Systems and Signal
Processing. 2017, 85: 126-145

(16] RIZRHR.  FE Tk I e ol () U s ) S A K12 T R et
FE[D]. BB BB LK%, 2010.

[17] Jia L, Naber J, Blough J, et al.
Accelerometer—based combustion metrics
reconstruction with radial basis function
neural network for a 9 L diesel enginel]J]
Journal of Engineering for Gas Turbines and

2014, 136(3): 031507.

(18] #fitalt. FE T IRBNE = I 4523 A ) S LG P9 A bR
AWMAEFE D], RJE: KL TR, 2019.

(19] FEIH. SEMBLIRENE 5 RS B IOT VR KL )
G5 EAINERE A D] B AR KE, 2007.

[20] E1-Ghamry M, Steel J A, Reuben R L,

Power.

et al.
Indirect measurement of cylinder pressure from
diesel engines using acoustic emission[]J]
Mechanical Systems and Signal Processing
2005, 19(4): 751-765

[21] Wagner M, Bohme J F, Forster J. In—cylinder
pressure estimation from structure—borne
sound[C]. 2000, 2000-01-
0930. (2000-01-01).
http://dx. doi. org/10. 4271/2000-01-0930

[22] Tsitsilonis K, Theotokatos G. A novel method

SAE International,

for in—cylinder pressure prediction using the

engine instantaneous crankshaft torquel[]]

[23]

[24]

Proceedings of the Institution of Mechanical
Engineers Part M: Journal of Engineering for
the Maritime Environment. 2022, 236(1): 131-
149.

Larsson S, Schagerberg S. SI-engine cylinder
pressure estimation using torque sensors[C].
SAE International, 2004, 2004-01-1369. (2004-
01-01).

http://dx. doi. org/10. 4271/2004-01-1369.

Liu F, Amaratunga GAJ, Collings N et al. An

experimental study on engine dynamics model

based in-cylinder pressure estimation[C].SAE
International, 2012, 2012-01-0896. (2012-01-

01).

http://dx. doi. org/10. 4271/2012-01-0896


http://dx.doi.org/10.1088/1742-6596/2385/1/012083
http://dx.doi.org/10.1088/1742-6596/2385/1/012083

