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Calibration Method of Electronic Controlled Injector’s Simulation Models

Zhang Tong, Ping Tao, Xu Jianxin, Zhang Rui, Guo Lijun
(Shanghai Marine Diesel Engine Research Institute, Shanghai 201108)

Abstract: During the calibration of electronic controlled injector simulation models, on different engine
load points, adjustment of variables made different effects on fuel injection quantity, which made it hard
to determine the calibration program. Using the calibration method based on DOE ( Design of experi-
ments) theory, the injection quantities at three typical working points were chosen as control targets.
Meanwhile, six difficult-for-measurement parameters, such as discharge coefficient and friction factor,
were chosen as the control factors. Sensitivities of control factors were analyzed and the conclusions were
used in injector model calibration. It was verified by experiments that the calibrated injector model a-
chieved ideal simulation accuracy on all working points.

Keywords: electronic controlled injector; model; calibration; DOE

51 1
AR N R MR RS, 1.1

FRiEmmas{f ER B R &L
FRXT&

JE AL P IR IS S5 2R 9 v e Sy S i i Oy A 2% ) S
o BT 05 HAF 6 T R FAE I A8 ) B 5 A
NS i R I 7 1 o Ty i A AN m]
R E AT RS, HA S AR
WSHUCE, AT RIEMG ISR S, AR i
FRb AT A ASCR A Bt 5 20 B (DOE) (1977
LT N ar SR E T, bRiE e AR %%
ST T 00T AR PR A 8 5 BAR ARG L

K EE: 2013-06-30

AR SC A AIF 90T G2 2 L AR FH 4% T AL e 2
a, ZHEBOR A LI N E KA, S 1
FIiR
1. 2 (FEERNEE

HEBUH S 2 — N EFE AR, S, TR
fL. RS R, R, SRS B
BRI 4 1 S FRL R R ) AR 2 A L R e
SR AMESim 15, MR 545 20 A4 TR A AL R

EE®AN: KE(1987-), B, WiLAesl, TR SEMPUAM AL, E-mail: Tong_ man@ 126. com,,



.22 . 5 AL

%536 &5 1 W

ERFR, HEaBIERGE TR . Tk 3sh4E,
PR AP A O BSOSy )y AR R

2 PR,
, . TR

HEAEAL ]

-

AR

B SR i 1L G SR A T

T

B2 FEUARFASEHmABEBIT2RE AMESIm (A &2

R A A R , EESHAE
Wt

O KL | LR I F ST S EORE &
BINLEEBR S ERE

@ Wik as Ot/ R L EAR . SRR
FHIRS T BAR MR SEL, & R R S5 2
SSRGS PR SHOR T

@ HE ., H i AL A S L R CR G 5
DA ;

@) %1 i % 48 1T O B AR B, BRI R i R AL
P JEE 4 22 BSORT IXUBH 22 B0 55 AN 2 I S 5w R
2RI ;

& HAthZHE AL g ERIAE

2 HHEIRRETIE

2.1 WREHHREMREATETEMIEN

TE LM A A R BEFe An D, FRPAIE I & A
T I %y e 07 P T e Ry FE B pl TR R o B TRLAS &
A RIS, R R S LAE PR
YERbRE HA5 o

D5 B RUAR E AR, PR AR R
PISEPRIN G (S50, EEXTARSCIF I 5, R8RS
e ) 22 T /) Y 1 4K TP AL R PTG R 3R ) Ak )
FREUA SOz BT R e 28, % I8 3 g i Bk
I SE RN T2 Fsz IGO0, I H 0 R R A
P AR HE
2.2 HERENELRRRE

TEPTT AR A R b, N [R] 0 A9 PR S
AT AE AR IR A AR R] B AR
WARREM R, FIt, $EAE AT 96 PRI &
P BZE /M A 24 Bindt, WA R AR X A
[F] T8 T PR PRIl 5 M R B I EROC &R, AT 3R
AR AT R M, b an, SCBRIE TG DL B
Pl B AR A EAUE S/ INEFRAE S, MR TS R
FEARARRE AT LS R X6 0 S A A E I R )
T e/ IN T GG T 0 552 T i B R PR 7, AR S
PR 3 AR T AN, gk 1 Fw,

F1 HARATRA

T HUR/MPa| K9/ s (EFRBEH AT H SR
FRVA (P 115 700 aq
PEETAMT | 115 2 000 0
WiE THRHE A 160 3100 s

Siae it 5 ik, R IE IS &%
Th, DAHTSC 201 Aot 30 g s 4o 28 1t SRy s il R O ik
WAEAKT, Blq, . q, Mgy B0 ELERAE R
FAx, SHras i B3 &l B bRz ng Eikoe
&, f8ShaE TR, #EmHk R AH A,

2.3 HEGRESEFHETRE ST

G Xh % Y R P EIH B8 AMESim i BSR4 AR
RE, TR 0T A& R T 2 TR T 2 4 28 5 A
W, AR A E I ACE X R, BARAKE
HUE N 2 BN,

10 N S B i I N £ 21 2 G T o
K, 3 AN HARME R ME3X5® =46 875 Wik, BEHL
PREIESEHR Lys (5°) I Hef B, D) 442 1l
FIFR A 25 Y5, I HEAT = UKt b 311 R A]
e, IEACRBTE Bema B 45 RNk 3 iR,



2014 4F 1 H ik GEAE. HERHmAS T AR E T AT .23 .

*2 EBffKkTEHE

A B C E F
K ‘%Jrfﬂajé*‘ﬁ, ‘ E%wd Bt mmlj/%%& FREEIE 1/ | H TR BRI
B R | WA | EERHK N FH#/m
1 0.7 0.7 250 250 5 0.000 11
2 0.75 0.75 350 350 10 0.000 115
3 0.8 0.8 500 500 20 0. 000 12
4 0. 85 0.85 600 600 40 0. 000 125
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| A | B e | | g | op | ABICOESRIE (5 ELAE ) /mm
q, > q3
1 1 1 1 1 1 1 406. 446 989. 776 1 745.47
2 1 2 2 2 2 2 439. 907 1016.48 | 1777.36
3 1 3 3 3 3 3 454,778 1050.52 | 1 822.21
4 1 4 4 4 4 4 475. 099 1083.54 | 1862.61
5 1 5 5 5 5 5 469. 547 1144.58 | 1934.35
6 2 1 2 3 4 5 422.009 1051.05 | 1 826.88
7 2 2 3 4 5 1 397. 144 1093.52 | 1 878.67
21 5 1 5 4 3 2 403. 583 1191.89 | 2 012.44
22 5 2 1 5 4 3 519. 283 1124.54 | 1923.77
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ExV 952 A>C>B>D>E>F
Pk (38) 5 5 5 3 5 4




.24 - S5 HL %536 B 1
(8:3)
K1 9.1420 | 9.4317 | 9.2571 | 9.4204 | 9.5274 | 9.4798
K2 9.3270 | 9.5358 | 9.3411 | 9.4638 | 9.4461 | 9.4889
K3 9.5020 | 9.4884 | 9.4810 | 9.5700 | 9.4729 | 9.487 8
K4 9.7516 | 9.5172 | 9.5799 | 9.5194 | 9.5033 | 9.5822
o K5 9.8085 | 9.5579 | 9.8718 | 9.5574 | 9.5813 | 9.4924
2% R g x10° 133.304 | 25.246 | 122.952 | 29.908 27.032 20. 48
F R A>C>D>E>B>F
A (1) 5 5 5 3 5 4

PL g, R K1 AT 6 A8, 43l #oR RF
A B F S —/K PRI R d AR ¢, Z 01,
wn, EEAEEIE T A A TESE — KT A S 3
S5, RSN 1, 2, 3, 4,5, HXPN A
HFr g, 47 B 45 5 2 F1h . 406. 446 +439. 907 +
454. TT8+475. 099+469. 547 =2 245.8; Iy, HA
FEHEF B, C, D, E, FAEH—AKFETHS KL
EH HAR g, ZF15050°8 2054. 4 2640. 1, 2647. 1,

al-E#A al-ERe al-ERe a2-BkA az-FAB

2844.5 F12.4099, MRIMHE, A2 F R —IKF
T K2, K3, K4. K5 &ATEE,

R TETLEG 0T, K25 B Ar b il H
AFAEAR A DL R AL R ok, B AR bR Sl 45 il
1 2] 5 DK, Akbr b BT B KXt
N K AE, HF KRR TR A
TRZH, FoRMEIZACER R0, Rtz &
A 2 B PR %o 45 g R A S, AN 3 i

_ w-BRe q3-E %A q3-B %8 Q3-E #e

al-E%D at-BRE at-B#F a2-E¥D

eyt
q2-FIKE

St Ty
Q2-EkF q3-FAKE

=1 e
q3-@%0 q3- A RF

B3 —EfRFELETEE

(2) WEIFLER

@ M2z R A RN T 4 5 i B F K722 B
el BRI AR IR RE . R RSO, DR Z 35l A
FXHAE B AR B i, B R B A KN T LIAE
R B EFHEF G, S REIE TR, g, B
q; S EWHET W 4,

@ K fH e T 2% £ il B pr B 4% ) W 7 K7
EARLA RS O, R I K (B A S/ ] 3k M A J
HHFRE LK, k4 PR, RCAE
ESHUG, 6 ER W A 0 545 5 K 56 45 R
IMRZ, L, DLE I8 i i 3G R O 1) Sk AR ik
K-

@ HIF 4 AL, 23 XA U R
W g, YA KR, {H A T SR PR S
g, FAE TH TR R BEN ¢, DU T41 "
P BT I i AR ORI A e B AR B R B, i A7

HAHT A RN

3 HERELER

M T IEAC RS FASC T 385, ANRRORIE A TH
TR 0 B I 4 A e e BT A 3B i g8, HLR
I B3R iR g At PT DA B4 7 %45 o]
HFRF M A RLEPE RN R R, 48 S AR 2 T
1B, [, ARCEH =AM Bire, FEGEAF
A b 34T 45 T DR e R TR o E bR i s, L
Ny WS B 22 TR ALK, SERURIUE M.
AR = AR E , SR MR AR 22 4 T 133 45
TR AR T XeF 5 2 et D PRI 5 e R R e /NI X
THS R K, BRE B, D, E M
F, VIBLSE R T 00 SRR & ¢, Mbie, %
Wi I A A S A TS 302 T 00 A AR R R
—8, BESTERRER, ¢ BWEER, £ T
DL AT AEPRIBE I A i 45 AR 5 TR,

PR A L s e e iR AR s, 3T
B R 505 T L AnE& 6 Fis



2014 41 J ik GEAE. HERHmAS T AR E T AT .25 .

®5 BEFERTHATEE [, SRR B 5o tredrik, K3 AR T

TR Bl B HOPEFRIE R bl HAR, L6 AR S

IR BRI A 0.9 Wik R, B R B R T, A b B bR

il 0o RSP T2 O U R, Mt R R

T o TS S 58 B O FE B R bRz L A I O

BRI : TEUAE A% T 050 I 0 47 A U5 3 i 5 1 3 T 968 Ok AR
L% ) o ) 1A/ m 0.000 11 KB

B IEAZ 1 1 SE AR BRI E v, (54
SES TR PSRN A AR, R QLR Sy 4R

PR Dol i BARRIG A TR,
HEA I T B/ mm’ 579.31 | 1206.3 [2 027. 13

HEERIE I B (E/ mm® 603.3 | 1160 | 2 060

®6 HEARSHEHERILL

2% 3k
fie 200 |3 00 [L TR [0 e, e S A B S HE 5
BUE SRFABEIN R 257 2% DL, Fofb T M ALBHLT]. Seififl,2010,32(1) :23-26.
FARZETE 4% DL . T RIA kT 58 T 15 B T35 (2] Bt Lot 50T M. dbat . iE A K2 AL,
s, - Ty y 2005.72-83.
R, ER IR AT RS (3] T4, PR, LBt 5 MATLAB $dE i [ M. b
4 = Z LR AL 2012.:150-168.

AR SCER XS LA BT &5 AMESim {5 EUSERY (17 5

( BH55 10 1)

MELS FRTLIE . MERBEABW R, 25 RIS AREUVE S FL P = R0 A
RN R, FLPVBR AT SRR, DG Arasial, WAL N IR S AE s N, ARk
sl 6 mETLAIE t, R EARES, FLNE s ERECOR IR
PRI S PR A as ], BEAE S DA T TR, e

2

FLT PRI Y R A B RN A RO N S Ltk

RO 20 5 (1] 5. P S L 43I T R T S 9 S B AR
A [J]. AT ,2009(5) :17-19.

3 &#F 1B (2] R, T ST W 4% O e i B8 DL 43
ARSI CRD 3 W 74 60430 o 54 2 L1]. PRBLESR, 2006,24(1) :35-41.

3] Masahiko Miyaki, Hideya Fujisawa, Akira Masuda. Devel-

BEAT Z4EPIARTR AT B ST, AZS a1 F BEXT AR R
FeJl SO0 s N IR RS M AT 204, AR R 4

opment of new electronically controlled fuel injection sys-

tem ECD-U2 for diesel engines[ C]. SAE 91-02-0052.

e [4] Payri F,Bermudez V,Payri R, et al. The Influence of cavi-
(1> %E%%{ﬁ}t‘éﬁﬁ*ﬂﬂ]%}i Eégﬁ:{x d‘%}i tation on the internal flow and the spray characteristics in

it”ﬁ“(ﬁﬂ%%”ﬁ”ﬁ N R R A B ) o diesel injection nozzles[ J]. Fuel,2004,83 ( 4 ):419-
(2) FfiE AL, mEfL P SRR 431.

SREGEN, FLAZS (RSO R , BRINRERERRAR, (5] VRS IRTT R i TR A P A A 9 5

FIR D (1. PURHLAAAR 2007 ,25(6)481-487.

(3) HEREAPUGRN, SR, L



