EA2E Hol PUAAILS Bl g 2% Vol. 42 No. 6
2025 4 11 J INTERNAL COMBUSTION ENGINE & POWERPLANT Nov. 2025

DOI;10. 19471/j. enki. 1673-6397. 2025. 06. 008

£22 ZEZR il Z BB B A X e R KA

2 e 1,2 1) 2 2 2 2 — p2
KR RE BT B, AR AE, BT A
L) MAEZERRNARNE, & M 511434,
2T RBEAEFREDINERBRERAERETESRET, A SN 511434

TR AT 1S LU R CE W & S, & SRR EO 22% 1) 2 BRI (e E22) @ i
BRTSE E22 A shHLR PR R — 2 2 M R A AL el SR 1L i B2 UR BN B22 K sh LR AR 2
S5 RRW] AARE KT T, E22 RS HLAY AR A0 (IC o EO) A SIHLAY 1~ 3 A% 3 ff FHARES L mT F
A SRR, e 240 N - m 1) E22 S gl HL ARSI T LI BRI T 65% 5 4 B3 as me AL & h 4
fLIE Nz 8 FLELALERIRS , Fe R 240 N - m i E22 K ShHLE AR IRALRT AR 1 61% 5 1B/ hid B2 LR EL
TR AR o SR FARESHLIMZS 5 W 2% U0 AL R G , £22 & S AL R i 35 e A1, i 7 Skl i,
3 1 750~4 000 v/min A58 5 5] 240 N« m, 55538 4 5 500 v/min Bk 8] B KRR (120 kW),
KRR E22; AR ARES LI ORI g A AR
i [E 43 255 : TK462 XEARERG A NEHS :1673-6397(2025) 06-0054-04
SI RS IR R IR, 3L, T 8, 5. E22 TERA M A B MUE) TR RIS BT L BARAC[ T ]. MIRALE K E
2025,42(6) :54-57.
ZHANG Zonglan,CHEN Hong, LAl Kaichang, et al. Experimental study on pre-ignition characteristics of an
F22 ethanol gasoline engine and its optimization|[ J ]. Internal Combustion Engine & Powerplant, 2025,42
(6) :54-57.

0 5|7

Y R H 25 PR O HEBC S AR R EEDR , K ShHLE BN SRR R R R L R ShHLE R
PR 1§ o S R R SR AR Y R, SEBE TSR A B Tt o SR, 3 R S HLIE B SR
e P RE R 283 ) [ B, L AT s 257 32 22 BRI A, G PP 5 A TR — AR TR . 3 T AR i vy 17 3
SRS SERET R IR A SR T TN T % shHLRARREG 2 o R 2 80k shPL Tol Ak, ™
T L A5 R MR X SR st A M M A, BB B A AT AR

LB — P EL 2L (TR I AT AR AORL 7 [ A SRR IR B -5 ik HE BOR (9 Fp et sh T, A D v
AR S ISR B S HIVE B EZ AT (il S BRI RERS A AR & s HLAY CO \THC ORI 5 A 1)
JEAERL ", MR A e (R A i A B T 4R R AR AR A o AR, 3O AR TR 2 58 2 T B
SRR il T A SRR , B 2 e BE S 00 (e B o 9 T e Ol P iy ), AR
ftre) AT REEE S T2 o F AT, [ PN AR 2B i e sl LR 49K R AL 4 A+ O F 5 B > BB AT AR R 22
S RIS Z BRI R A Sh WL RO , 3R AT R T ) SR s B A Ak
feit , xS 2 N BT R R Ee S S

ATl i IR AT ST L WG A S HLA R AR, IR BT RS ML M AR U4 i R =S R B
RN R SR AMRBI RN, B e S & ShPLah PR SR 22

ks B #A 1 2025-05-07
EEWH 5 & 45A3 %57 8 (2024B1212020006)
E—1EBER N RFTMW(1986—), B, ERA, TFME, TR, TR2HEF @A AKIIKE 2 %%, E-mail

zhangzonglan@ gacrnd. com,



EE) TR, A5 K22 LRI A S ALY PR IR OF T KA fE 55

R WS b7 S

IS HIHE 4 6T B8 3 S BRI R Sh Al ®1 ZHBRBERHNEESH
ARy 1.5 L By SO GEBESS (port g i ey TEUTIPRAY/ HE PR
fuel injection, PFL) , S 56 o FF IRWESE, b wom wm ) )
ERSEIER PR, 487 9.9 2228 1~51

BLO2" TR A ARG CH BOe 10y e i @ F U A
O N 2 4 1L 2 R B EOY 229
B CEEVRIN , 18 E22, EO T E22 BRI R0 X AL Rt 25 SR an 3 2 s, 3R 2 A4 E22 i3
KB R 94. 3, PiiE LT EO; #E K 39. 52 MJ/kg, Ht EO X 7. 0%,

F& 2 EO 0 E22 ykim AL 3 R AL 45 1

B . 50%7% Kk 90% 75 % IFIE i) #E/

ki ] FhEfE o s ) ) B
RTS8 % EpEL /o IRREE®/C RBEL % R E P (MJ-kg™")

EO 0 92.0 <110.0 <190.0 <35.0 <15.0 42.50

E22 22 94.3 72.6 153.7 17.9 4.9 39.52

D7 K H BIRR I AT ISR RE Y S0% I I . 78 & 1 BRI BN JELHA AR il 1 90% I AR JEE

S L ARG A R AT KB T 0 R SRR B T S BB 20K
BLIELFE 425124 90,100 °C, E“CHRLE (14 J5) 0 35 C HERLAFS T 950 °C FEH 1750 1/ min, FEAE
9 220,230 240 N - m, WIOHIEY | b, SEHHFARKEOR T4 10 000 VCHRFF 9 ARV . I )
HESUIE 7S R, SEFEAE y 240 N - m B E-CIE 7 0. 22 MPa U A0 13. 1 KPa,

2 E22 REHHBAK I E RN ST

2.1 E22 % Zh#l KRR

FEMGHE MR 1 A, B22 hbead A7 AR & 20
FBRAE O, A 1750 v/ min %46 4 230 N - m B,
E22 JEHRBERRIR ) A shBILET N (T ) 4k an &
1 fit7se FIEL L AT & shBILEL P9 IE # BRBER ATk A A 1
1SR B A 70578 Lk s b £ 8B H B LR
MG, FLRT e AR T e O 25 1 8 A Be T e ih 48, e 20 AR

—— FARET R
—— IEHHLE

i H/MPa
=
T

R, B ORGL R IA E 18 MPa, If-RE BRI 2L 19k 0 — T —
BT IUF SESHE 0.21 MPa HESCHE 33 12. 4 kPa, ~90 —60  -30 Hﬂﬂh(ﬁ)‘:fm/3<0°) 60 90 120

KENHLEEE N 1 750 v/ min, FeHE 7350 O 220,230
240 N - m [}, % 10 000 AR, EO Y- FARIU3501
0.4.1.1,1.9,E22 fy FURBIUC 00 1.5.3. 4 3. 8, B FEAE A3, AR ih i) LR 347 38, D I
N RO, BRI R4 b 1k A IRLE R g AR R AR RO . M RIRRHE T, E22 A
WA R T B0, B4 220 N - m i, E22 AR 290 EO (19 4 4% 5659 240 N - m [, E22 fig 1
WA )0 B0 1Y 2 4% S IE BE AT XS i 52 . AR QRO R e (e, BRIE b T BRI AT 9 I 2, (B A
PFL il 77 20T, LB Bk Bt U A S R A i R P IR S8 08, R v BIASCR 822 , ok
AT R R AR e 2 BRI E 5 TRIIS , 22 v (8 PR B 3 B 8% , M 4 2 o (LA 0, (87 LT P e 53

1 E22 SE BRGE 5 TR B A R 3T VL o 25,



56 PIRRL 3 T 20254 11 fl 42 %
FRI L5 T T R T B 5 Rt R
2.2 {RE5HLMXT E22 & shil R ERAS 30

FEMIR AT X E22 (9 % shL o il F & BUAL I A G A5 LI B 47 BRI, 20 B ML i P 4 25
X E22 & sh LR BR B9 5 . IS BT H S G 5 4 H0C 1. 036%o, LR RILHILH (45 1 5 B4 B0k
2. 100%o) P 50% .,

RIGEE R R LS E A 1 750 r/min FEHE4510°8 220,230,240 N - m B, 4 10 000 A, 4
AL B R 3 58 1.5 3.4 3. 8 AIRESAILIM B9 BRI R 43 51 24 0.6 1. 1. 1.3, AN[F G HE T ARES AL
T4 RE B W IR £22 & shHL ey Ak, FLrp i A R 240 N - mo B 9 SRR 01 R ¢ 5 AL TR () 2 B B
K2 65.8% . 341, Bl e A A BE I, LRI R I8 K AR BE AR 2% . AE AR RN B, s ML it v 45 11
i, BeI s E22 SR RIS o D R R (IR ML AT A e R O B AR R, ve b 1 FE TR
Tk AL S J B BB, bt SR b 28 P ISR R, D R J8R 19 i 2 o
2.3 WEHERMAXT E22 £ BRI =200

R M I A X B22 %2 B HLSE R 45 R, X

MR T UL AL g mih AR FL A A 4 LB R 8 :

L, BB AR 2R BT B =

BRFAT (i 55 4 ) S5 T, R AN 55 7 1E <l v 4 4

PN PR B 05 ] W AR DL AR R S X e dn ] 2 <« -

P o) RALAT(4 7L) b HEALR (8FL)
i FH E22 5 LI A TAS R i 28 19 & shL B2 vitih BHACET G Ak

FURAS . BRI BT FE N 1 750 o/min
H43 510 220,230 240 N - m B, 45 10 000 YCABER, JEE 48 % LIRS 90 1.5 3. 4 3. 8, Tiif
I 28 % ELEARTU AT B 0 1.0 1. 5. JR LI T 28 L MRAT U AU 6 , JCOPRE 6 0 220 N - m
o IR R 4 240 N - m ISR SLRRATU B AL AT 20 60. 5% o e AL Gt T 4224 (o 0 G
T, W45 1 T T, P 9T RIS SR, 04 T 24 R T PR LA UL, AT 78 8 5 A i
T AR AT Y, MRARGT P SELEE s O WP B S0, B R T/, R T 25 A ST, B2 5 A T 436 £ 340
T, DR R AW AT 280 T LB 2
2.4 EEESEYR E2 RHVBMLM

B FIOE AL 5 BUHLI , 76 R B HL A 1 750 1/ min BE56 0 240 N« m 5 U F Wit R i it
ERRHOT B22 R AL AR . IR0 %5 BT 2 R EOR 1.00,0.95.,0.90.0. 85 B, 4
10 000 YR I BRI HI M 1.5.0.8.0. 4.0, E22 K HL R MU B 25 R B0 IR T 0>
A RO 1. 00 WP L, 3 28R BON 090 B0 FIMBTR I T 73. 3% ; 232 R BOH
0.85 A, i 1 h AR WEEFI IR0, ieh 2 SR KO IR A SO, 7 A ST I MR 2, th T
PO TR, TR T T 625 I P IR A ZCRE,  LARB . EL, BT A v S B0
i1.CO 1 THC HERCHR , BOREL R .

3001 1150
3 EEMWLIEREIEIE 0 1120

F 180 90 &

ST ARAL WO 8 AT AL A TR B Y ok

1.00 K B WAL S 1 750 o/min G55 % 240 Nom i) £ s |
SR PR, 0L RRT 4 10 000 AR ]
L, E22 R SHLRBAR R 0. 38 3@ 3 T 4 10 000 ¥ %0 zow 3000 4000 5000 6000

TERRFARIAR KT 1 Wb e . 3600 AL e FO (e mint)

ar RESHLI A E22 S HLAMEETE LR An 5] 3 . B3 E22 A S pUSTATbe i



46 o, % 22 LRI R B LI FAR R 1k 57
F P& 3 AL 1 5% 70 1750 ~4 000 r/min Fif, 554 1 220 N - m 42 %] 240 N - m; 5% 74 5 500 1/min [ 2%
R, N 120 kW,

4 g

1) E22 & hfL AR F BT R 20750 & s LY 1~ 3 A%, HUG RS, FR BB 22, LR BR i T
R 2T .

2) fdt FHARES ML T A3 250080/ LRI, R 240 N« mo B (8 LSRR 58 8 RATLIH AR T 65. 8% 5 it
AR mEALE 4 FLE N E 8 FLEN B RIS FE 50 240 N - m B, RS R AR AL TR T 61% ; FAK T
AR RR, RIS Mt s SR BE N 0. 85 BF 7EHFEE 1 h fiRse b o BRI

3) &5 A ARG AL AN AR 0 AL AR, 22 2 shfL R R i 25 B, 3l T R A v, Bl
1 750~4 000 r/min WG HE R 5] 240 N - m, %588 5 500 r/min BFAFE ARk 120 kW,

SEHf

(1] xImeAk. R E BB S ey Y B [)]. WAL 3) 7 1 ] ,2023,40(5) : 13-19.

[2] AMANN M, MEHTA D, ALGER T. Engine operating condition and gasoline fuel composition effects on low-speed pre-
ignition in high-performance spark ignited gasoline engines [ J]. SAE International Journal of Engines, 2011, 4(1):
274-285.

[3] WANG Z, LIU H, REITZ R D. Knocking combustion in spark-ignition engines[ J]. Progress in Energy and Combustion
Science, 2017, 61.78-112.

[4] KHOSRAVI M, RUHLAND H, LORENZ T, et al. Investigation into occurrence of megaknock and auto-ignition in GTDI
engines[ C]//Proceedings of SAE World Congress Experience 2017. Detroit, USA: SAE International, 2017.

(5] FRF AT, R HCF, & 4 R T B R S AUBUE B Mem []. AR ALF R, 2023,41(5)
450-457.

[6] MY LB/ A/ A ARA LA B2 KSR B R B AT X B AT L[ D], KA F K F,2022.

[7] HAENEL P, KLEEBERG H, DE BRUIJN R, et al. Influence of ethanol blends on low speed pre-ignition in turbocharged,
direct-injection gasoline engines[ J]. International Journal of Fuels and Lubricants,2017,10( 1) :95-105.

[8] SINGH E, DIBBLE R. Knock, auto-ignition and pre-ignition tendency of fuels for advanced combustion engines ( FACE)
with ethanol blends and similar RON [ C]//Proceedings of SAE World Congress Experience 2020. Detroit, USA: SAE
International , 2020.

[9] RONN K, SWARTS A, KALASKAR V, et al. Low-speed pre-ignition and super-knock in boosted spark-ignition engines a
review[ J |. Progress in Energy and Combustion Science, 2023, 95; 101064.

Experimental study on pre-ignition characteristics of
an E22 ethanol gasoline engine and its optimization

1,2 2 . 2 :2 -2 2
ZHANG Zonglan ~, CHEN Hong~, LAI Kaicang”, LI Yuhuai®, ZAN Lei", LI Yunlong
1. GAC Group Co., Lid., Guangzhou 511434, China;
2. Guangdong Provincial Key Laboratory of Clean Automotive Propulsion and Energy Application Technology , Guangzhou 511434 China

Abstract: An ethanol gasoline (E22) with a volume fraction of 22% ethanol is prepared for a 1. 5-liter
turbocharged and port fuel injection engine. The pre-ignition characteristics of the E22 engine are studied

through experiments. And the effects of low calcium engine oil, injector optimization, and excess air coefficient
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Wear diagnosis method for key friction pairs of
high-strengthened diesel engines based on random forest method

LIU Jie', FENG Haibo', LIU Fengchun', XIE Jun',
CHEN Chuang' , DONG Hongxia®, LI Chuang', MAO Yuxin'

1. China North Engine Research Institute, Tianjin 300406, China;
2. Shanxi Diesel Engine Industry Co., Ltd., Datong 037000, China

Abstract: To clarify the friction pair wear information contained in diesel engine lubricating oil, spectral
analysis is performed on 170 groups of lubricating oil samples collected during the durability test of a high-
strengthened diesel engine. The nonlinear fitting method is adopted to analyze the correlation between the mass
fractions of Fe, Cu, and Al elements in the oil and the wear of key friction pairs. A Python programming
software is used to construct a random forest prediction model based on Fe element, and the receiver operating
characteristic (ROC) curve is combined to evaluate the accuracy of the model. The results show that the mass
fractions of Fe, Cu, and Al elements, which are mainly correlated with the wear of key friction pairs, are
significantly concentrated in specific intervals. The mass fractions of Fe-Al elements can be used to correlate the
wear of piston-piston ring-cylinder liner friction pairs, while the mass fractions of Fe-Cu elements can be used to
correlate the wear of crankshaft-crankshaft bearing friction pairs. The normal wear interval and wear alert
interval are set according to the mass fractions of Fe, Cu, and Al elements, and the accuracy of the constructed
Fe-element random forest prediction model reaches 88.24%. There is a strong nonlinear correlation among the
three main metal elements of Fe, Cu, and Al, and the wear alert interval can be used as a supplementary basis
for diagnosing abnormal wear of piston-piston ring-cylinder liner and crankshaft-crankshaft bearing friction pairs
in high-strengthened diesel engines.
Keywords; friction pairs; spectral analysis; wear interval ; wear alert; nonlinear correlation; ROC
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on the pre-ignition characteristics of the E22 engine are further analyzed. The results show that under low-speed
and high load conditions, the pre-ignition frequency of the E22 ethanol gasoline is 1-3 times that of pure
gasoline (EO). The use of low calcium engine oil can reduce the frequency of pre-ignition. When the torque is
240 N - m, the pre-ignition frequency of the E22 engine is reduced by 65% compared to conventional engine
oil. Increasing the number of fuel injector holes from 4 to 8 and shifting the injection, the pre-ignition frequency
of the E22 engine is decreased by 61% compared to before optimization when the torque is 240 N - m. Reducing
the excess air coefficient can gradually decrease the frequency of pre-ignition. By using low calcium engine oil
combined with optimized fuel injection, the pre-ignition frequency of the E22 engine is significantly reduced,
and it passed the pre-ignition test standard. The engine produces a peak torgue of 240 N + m within the speed
range of 1 750—4 000 r/min, and achieves a maximum power of 120 kW at 5 500 r/min.
Keywords: E22; pre-ignition; low-calcium engine oil; injector optimization; excess air ratio

(TG4 R



