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High specific power gasoline engine cylindrical working load

consistency analysis

ZHAO Hui-chao, LI Hua,HAN Ling—hai, HUANG Ping-hui, JIANG En-wei,
CHEN Ming,SUN Ze-tian, GONG Yan—feng
(New Energy Development Institute, China FAW Co., Lid., Changchun 130013, China)

Abstract: Simulation analysis and experimental research were conducted to investigate the problem of
operating consistency deviation of each cylinder in a high specific power V8 engine. Through the simulation
analysis, the causes of the differences in the operation of each cylinder were clarified, the cam profile was
optimized, and the effects of the profile optimization proposal for engine test on the operation consistency,
power and economy performance of the V8 engine were analyzed. The test results show that the optimized
intake cam profile can significantly improve the load deviation among cylinders under high speed and high
load conditions, with a maximum improvement of 3.1% in the load consistency of each cylinder, while the
engine full load, economy and emissions performance are the same as the base profile. The engine
performance under partial load conditions are comparable to the basic profile, which confirms the effect of
profile optimization.
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Fig.1 Test bench sensor layout



REM F.FHI S F AR BT — B

- 3097 -

& 2

M AR
Fig.2 V8 engine testbed
x1 RBREHNSH

zat J = A WoschniGT & #4855 ) K Eng-
CylTWallSoln B i 5K fif A5 A1 AR Ak i X0 38 3G He
AL AE S R ST R RS AU A L 5 I R X L ]
ULIEL 4, NHRT DL R AR 09 07 J0ORG B  o

2 PTEER L

2.1 EHHSFIMEP T Zh4F 4% 447

T 1w o5 i 55 4R 3 FH AR AT R V8 R Bl L
il I e s 11 By S (| NS IR T
QR NS 7R /S 4 R e ) 1 T
A DAAR b fife T i Sl AIL— B R0 B 5 Bl ) A

K il s A 51T G el IRk
BARELZ B A KRS, B 6HH T V8

Table 1 Engine Specification
E oy pove KB HL I SEBR S KT 1-5-4-8-6-3-7-2, LK
% FHLIE = _ vV # 90°J £ qjﬂuﬁtﬂ,[ﬁ]*/l\/ﬁﬁﬁ']ﬁ 3*‘11‘1{5?\%"@[3%9%%”
S LS ot - s J2 90 "CA 180 "CA #1270 "CA. Tiif H., th T £k
8 — 8 () B 70N, 1AL A 2 0 A7 e E S T IR B R O A 4R
AL — 4 PR, 6 6L A S G L AFAE RIAE L4
SR — DOHC i kRl AN Y 5], S B R N
Hehk L 3.998 T sh K WA EN 5 J A R 7 s . B
B e A AR - T OB T AR T Oy 1-5-4-8-6-3-7-2 I}, &l 4
LURES - LY B Bt 9 T ORGS0 B 30 A T 0
PR MPa 5 WAL LU A TR 3 B o 3 0 0 4 i £
R — LI 4 44 FE N SN e
R i IR T T W R 8 B e 2
bRz | SAE 5W40
B ) 254 0. 05 MPa,
LSk ks RON 984 . e
T VAT XS EE A AT, B S B M T AN K 1
B~ o-w- £ - —= R
.".I-‘ '-:-‘-" ::I-. r l.ki_‘_ “'i.-“. |F‘v - fi_ =
e oo olfille.o-o-b.o. 8 ¢ T T R B e - o aa
2 [} = L =2 S L]

e - - B . = .
‘..‘.,._T'LP:;]%EE'{,?:.,, 1 i T S} Co= ,ﬁ_,?m_n
=2 = i =S

- 1 E—— o= [ —e el || —
SES A =PRSS e R S SR = RS R
el ﬁmf"ijl.?:.; 2 T ) o oy - e
ﬁ!" . 1»—--'- » THbutD “‘é"- -""é =N . vl S )

o = o = — -8~
Sact =l . B i o e

bod Ao
S 8 p 8

B3 GT-Powert&H!
Fig.3 GT-Power model of V8 engine



- 3098 - T Hh X FF

6 Cylinder Pressure

-90 68 —45 22 0 2 45 68 90
HhBhE A/ ocA

B4 REEHREGEILL

Fig.4 Simulated and experimental cylinder pressure

comparison

B5 V8&ZNHL+=F i
Fig.5 V8 engine cross—plane crankshaft
180° 270° 180° 90°

180° 90° 180° 270°
Be6 V8EZHANIRF
Fig. 6 Firing order of V8 engine

0.35
A5 5K @6 000 r/min
£ 030 F
2
R
1A
Hm
& 025+
AR5 K @2 000 r/min
020 1 1 1 Il Il 1 1 ]
-90 0 90 180 270 360 450 540 630

¥ M/ CA)
7 EHHEARNHSEEENRE

Fig. 7 Intake manifold pressure fluctuation with

uneven firing intervals
5-4-8-3-7-2-6, mi K A [@ 4 ) iF AR T80 T 1Y)
HESE A R AR A g R . TR LR
WL A8 R U B S B AR R ) R L X R A
LAY 4 RS R BT 44 R T 0k % e
WAy, I HL % 2l e B B S B AR, 5 o U8k 30 s (L AR IR
% 0.03 MPa, 6 000 r/min #1 2 000 r/min &h 45 1

# (T F ) % 54 A
0351
51 ;R K @2 000 r/min
= 0.30
S
R
=l
&
0251 #9515 K@6 000 t/min
0.20 : ! 1 L L L L )

-90 0 90 180 270 360 450 540 630
HiRFE A /°CA
E8 HMARNESEEENK
Fig. 8 Intake manifold pressure fluctuation with even

firing intervals
Py U AR R B A o i R DL KT B AN 2
A IR R R A TR ) Bl i R RUA

AR SCHE— AP o3 B T B8 TR 3 Bl % T A T
JE RS AL . P9I TN B A K B R
T, V8RBl — TS Y LB R Ty (1~4
5 ST AT A TR T i D B HE A T] 5 PR 220 1 X
PR o 53— AL 5~8 5 AL 1 T AR 1%
5 ZME . wf LA AN R SUGE A <] e
I 2, % 7 14 1E OB Y B T (22 R AR

B R S WS e BB B T %A
AT B R . ARSI AR (D TR #ES
I"] 5K PAT ik 20 (5 P 8 i T o ) ot

pIVC'V:mIVC'R°T (1)
it':':' : Pve il Mmyye ﬁf%’]jﬂiﬂ"ﬁl‘jﬂ‘élﬂ HT]LZ'J RN V;J
.3 VT P B TR B

M (D) AT B, Al 2 O ] 69 i 2
T prve Ml omye RAERA SC , #E S AT I 20 B4 T )
R R I B AT PN BT i s R R AR T

I

PMAN_1th/MPa
COOOO0O000
R PR B b0 P b o
NOEGAIAROS

—P§§¥L4
=P 1
—=POYT.2

—PMAN 1th

B ONCOCON A

PCYL/MPa

IVCI ,IVC4 S IV
2360 -180 0 180 360 540 720
EBhEE A/ ocA

9 V8EFH L HIRENME

Fig.9 Pressure traces of V8 engine at full load

DO

900 1080

condition



% 114

REM F.FHI S F AR BT — B - 3099 -

80T BE 7 B s AR B T oty £ H 0 {1
L R BT A6 TAE— Bk 22 5

K 10412 7 5 000 r/min #1 6 000 r/min 4= 7
faf T8 T 1 4% &1 7 35 48 7 e 1 7 349406 1 A8 16 1
o B 114 T 6 000 r/min 4 i fif T. 008 F 200
AN IR 0 45 G- 48 7R R 1 AR AE L. AT LR
H 35 M 55 S LAY IMEP Fe HAh 4 < it IMEP
K, L] B fef 22 8K . 78 5 000 r/min B IMEP
AR 22 9. 3%, 1 £E 6 000 r/min i}, IMEP fi4 4
Xt 2t ik B T 8.3%, A X I 2 3 B A K
W= (2),
IMEP,,., =(IMEP,,., — IMEP,,,)/IMEP,... (2)

WSk 9]k, H 6L IMEP I B4 2 R &R
S LR L 5 & S AL T ARSI | R AIS T AE &
B o JUHIETE R s T IMEP 2 5

—=— HRERILE @5 000 t/minWOT
3.0F —o— HERERILE @6 000 t/minWOT
29+

£ 28t
2
.14_51 I
i2 27r
ﬂ& L
§ 26}
251
24 2 1 . 1 " 1 " 1 " 1 2 1 " 1 " 1 2 ]
0 1 2 3 4 5 6 1 8 9
SRS

10 2HHEHFEHETEN
Fig. 10 Indicated mean effective pressure of different

cylinders at full load

IMEP/MPa

20 40 60 80 100 120 140 160 180 200
Cycle
11 6 000 r/min £ G o FHIFEREN
Fig. 11 IMEDP of different cylinders at 6 000 r/min
full load

Dl LR ¢ R SN T s i S G
PO A BT HER R 25
2.2 RINBL&RSIENEZIN

TE MK BB A B 5] AT 52 T, ol V8 &
AL L TAE — Bk, A SO Ol B A7 TR
ABFFE 53 8T o

B SEXF 6 000 r/min 4 1 g7 T2 40 #F 47 B 5% o
K12 Rz TO0 N 345 B A 4 <o 72 s ) ith 26
T P& e 20 8l 2R AE BT R | 7E S R R I 3E ST
KM Z i AFAEBE SR THRONE T4,
SBT3 AL AR s RS AR . T
Pl R J RAE Y ZEHE AT TR BT T HE
BTN 0 32 BHE AR 3BT BT N T
TR TR p B, AL PN Y 5 B A
B3, 2 S BURD N T BT /D

S (o =

o ) o
1
P

K1 1FHE/mm

BESBE K J1/MPa
=

o
)

0.0 L 4‘\ 1 P ! 1 1 0
-90 0 90 180 270 360 450 540 630

Hi % A1/ °CA
B 12 6000 r/min £ H 7 TR T 3ISKEANKRS
HEENR
Fig. 12 Cylinder No. 3 pressure traces analysis at

6 000 r/min full load

R4l 07 A3 BT 45 SR, A SCH T b U 2R A
7 58 55— PR 3 2 4 e E SRR IR 3 5 L
55 AT FE SRR 5 R R g HE R ] 56
VAT B 220 B8 T, 45 o HE K b, 380 T P9 7, B
BN TR, AR 35 55 S0 I 78 S 30R
(4 5 5 A 8 AT A B T 5 0 o T 45, A
T 438 45 G T4 60 fup RS o & 13 30 T AL
UNSEEER 7 Rty S 2 S N O PR p GBIV ES Y W
T3 %8 HUER X 345 F0 545 UG, H A 4% BT i AU 48 15 A
Tl 2 ATH SR AR5 — 3.

2.3 RINBLKFTESWER

14 AR 15 43 50 90 T T RR Oy 58 RN il
ZETE oy e AR R I 1 2% T B fer — SEOME O B4 B
iR, MUBEM EAR TR T FE—-MIrE_



- 3100 - TR RKRFFH(OT F KR) % 54 K

12 . O ErhALR
— ERhES AL 14r =
— ERESEE - . _ myR=
.---.jj‘;.— K. 1k L.
---FR= _ .
L S _ =

g 8 ;m\ﬂ 10 L _ B i —

& s s | [
R
e g ]
r 4t %6-
L
o 2
0 180 360 540 580 g S QKKK Q SR KA
HH m % ﬁ FCA &O &0 &Q $O &0 QXO @O $0 $0 &0 éo%é?:@éb&:@iééb
PP AT I I A IR N e e
E13 BgHE LR LA\
OO RO OO SRS IS S
Fig. 13 Optimized cam profiles SR P PO \Q@@q@i&%@%ﬁ\*\
3.00 - MY
E16 AEIRTHRELEI
295r Fig. 16 Performance comparison at different operating

& 290 points

g oms| IMEP fif 2 8 3 4 3%~5% . T FL7E /I 6 6 T

%2.80- N, FR MG E RS R B 2 e

%ﬂ 275 AHY .

" 20} SETF LR 7 LA BTSSR W IA SR T A
265+ AN O B8 AT O SR O $E AT U Ik
2.60. 1 " 1 i 1 i 1 1 " 1 " 1 i 1 i J ﬁﬁ:i:':‘ 3‘%‘%[]5%/4:(4%]:]‘&/5{4@%%170 O(:A?/H\

g 1 = B ;ﬂﬁ; B 7 B & i 5 T 1) Y 2 5 B b R 2 I e — 2, SR R £
- . .
E 14 5000 r/min 5ME1E IMEP 25 4L TRAH 180 CA,
Fig. 14 IMEP variation at 5 000 r/min full load 3 iﬁ%\éﬁ%&ﬁj\*ﬁ
2.80
g S BURS W iy s FD 0 B S IV 3 | IV ES s e i i

270} T X ST .

% sl B 17 X5 L T PR B 2 7 28 19 AR 1k 1 i

B0l AT LT 1, 7 8 b SR RLR e, % S

£ F S HLAE LG IRE R TSR MR 2 MO i

2 SHEIF TR LR, TR RS E SN
250 . TN ,

PG HERHE I RE AR 25 . HAE R TOL T,
2er A% TAE — BOHE 8% 23 L4 000 r/min 4% fil £ fif
240 —— e fivt 25 0% 3. 1%, 6 000 r/min £ T Gt fir i 25 B 36

SRS
E 15 6 000 r/min 54515 IMEP 3 4L
Fig. 15 IMEP variation at 6 000 r/min full load

X 5% G 22 19 52 Wi 22 S BOR, T 3  FEE K
BHLAS L — BRI

K16 rh ot — 20 45 T b iR T 0T A 4%
GL—E e BT 2R . AT RLE 05 38 AR KA
LT SR A G — BovE B AR 2 R BOR .

2.6% KB T TAE— M B0GE B BURRCR

18 HL i 1 1 i 8 2 Jy 2 e L AR R 43 71 fir
T T BB 1k, LA IMEP 3 A8 81 R .
Al LLE 5 46 R Rl R £k A IR e A e M S AR
— B0, AR A B s 0 A A M AR AL TR T
BARFE R T LR J7 & AR e e PEmg 22, L
W AE 1 875 r/min . 0. 328 MPa T.% T , {H AT 4K i
JE<3%0 M TREEK



% 11 8 REMR .5 ARSI T AF— - 3101 -
1000 [ S— ?400- +§g¥&
800} = § 350f -
: :
< 600 = 300
g ®
400 | § 250}
200 L— L s s . ) 200L— L s s . )
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
01r ﬁﬁ/(r-min") gﬁﬂﬁ% 30 %ﬁ/ r'min‘l)
- = 27 ) —— FRERILR
L 00 —AR= . Ry ~—HE=
& 24}
S o1} g \
) A 5l s
éoz w ! =
e | g 18
® sl dgl
gl . . . . . ol . . . . .
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
8 BB /(r-min') B/ (r-min™)
R e Lor L
b —FE=
§ Ly % 0.9
1 gl
E
5 6f 0.8
H_
47000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
#4/(r-min™) B/ (rmin™)
200 020
— BRI ~— A
L 190t = anfﬁﬁ%#
= R
% 180 g 0.10}
o =
B0t #m 0.05
=0
iy . . . . . 0.00— . . . , .
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
< 0071 3%/ (rmin™) B /(r-min)
E —~—ERhRIL 1157 — ZERhBILR
Il S E g —HR=
@ 005f _% 110}
E 0.04} B 105
Eom- ﬁwo
% 0.02} g -
g 001 f . . . . . -~ . . , . .
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
34/ (r-min’™) 16r 35 /(r-min’)
600 ~14 — HhRLL
12 TARS
g S00f F
= g 10
L =
@ 300 K04
200 % 02
100 00F | ; . i ; ;
1000 2000 3000 4000 5000 6000

1000

2000

3000 4000 5000 6000
5%/ (r-min’™)

E17 Stk s

B/ (rmin™)

R

Fig. 17 Test results at full load



3102 - THRKRFFRODFR)

% 54 %

Cxx=
M [ iRz

| mmmm alll

0
> > > > > QY > > >
%$u Q\ Qq Q‘v&'ﬁs%&w&% Qb Q'\F@ &
& A » QQb'P P OSSP

FtesESERAER/%
S

\Q. Q \m& i Q \Q\&& O \Q \Q\&Q
R
6&\@ & «&\ & &\ﬂ;\@ &3 b«\“‘ $ S
g»p;)\‘e@,\@'\ww P

& 18 ﬂﬁﬁl&mmPﬁ%@ﬂ
Fig. 18 Coefficient of IMEP variation at part load

& 19 %) iy 1 d R ER 43 i ff 00T B IMEP
AT AR 225 . BT LAE W PR T S8 I 0 34 7 Bl
FEARAH Y 22 AN B 5, 7 8 R XS 43 1 A A A e

SE T 7 A T )

ZE LT IR 7 5 ORI 3 ik A 4 A 4 B far R
gy Gufar WAL T 0L, B J vk HE R BR B AR e 4
HHPERERARM Y, TR E 2R, HFE FE
o e R B el T LR, T A 45 B 24 A0 v s
25 W B i 22 B B E AR R B T TR —3
PEUCSE I B bR GIESE T 05 BT 45 SR A E L
Ko R ML T AR — Eob: ol O vk 59 A Rk

25

CIxn%=
[ Az
20F
°\\° 1 _ -
jgﬂ — -
E 5k ] _
-R |
o
g 10
oy
B
5

0 . .
D D D > 2 3 D D D
&g”\&q&%&%& é“ @‘%&&‘%& é“
Q’\"""')“’Qb""qq"‘;\’\ﬁ%\@@\
\“\Q\Q‘\Q\\O\ AN
F ST E ST E T S
4\ «&\ﬁ&\@ A 6@ RS &“ &
'5“"5””\“’@“\“'\'\',»\”,»,\;5
B 19 #B4HMIR IMEP & RE

Fig. 19 IMEP deviation at part load
:l: N
4 én w

(1) &+ x5 V8 %l Bl Ay e ik B R A7 1 05
e, WG TR T A R LR HERR T 2
SRR I S O ¢ e WL i I R W S N =/

WH &S E N TR, fF< s T
BN R D)4 S 80U N TR b

(2) DAV Mg 4% L ifE A 09 J7 Il 3 T HEAROM
A7 FT RS RS AR /NP R B Ty 8 . A L4
UE S 351 55 A B 2 AL A AE /N 10 "CA X —
TR X E K S HLAS GL— B E RO I A
IMEP fi 25 35 IR B 3 %6 ~5% ¢

(3) X i AL A AR /N AT B 2R 7 6 itk AT
TR X Lo g5 R R Ty 5 TR e i K R far
T fE 2 2 3% IMEP 45 6in — #iobE |, fe K ik 3% %
K E] 3. 1%, X K S AL A R AR o e TR
) JHC At 25 7014 BB 52 M /0N | 2 3 R T R R B
LT AE— S A 2T B

(4) A SCHE R 1 238 & B L4 T T A — bk
B A8 7 B A YR T V8 & B ML LA K K A
5T B0, 76 A An) T 68 77 AR 5 R R R 22 1
BN IR BT TR AR IR AT Z A R s ok TR]
Y150 () v T 2 B8 46T K AL .

SE Wk

(1] xizt4e, Fede, sk, & . WL M deat:
BUBE Tl 1 A, 2017.

[2] Qatu M S, Abdelhamid M K, Pang J, et al. Over-
view of automotive noise and vibration[J]. Interna-
tional Journal of Vehicle Noise and Vibrations, 2009,
5(1): 1-35

[ 3] Bharadwaj S, Gupta A, Narayan S. A review of vari-
ous NVH sources of combustion engines[ﬂ. Interna-
tional Journal of Automotive and Mechanical Engi-
neering, 2016, 3(6): 249-261.

[4] Merker T, Girres G, Thriemer O. Active body con-
trol (ABC) the daimlerchrysler active suspension and
damping system[J]. SAE Technical Paper, 2002, 21:
No. 2002210054.

[5] Beidl C, Rust A, Rasser M. Key steps and methods
in the development of low noise engines[J]. Sound
and Vibration, 2001, 35(4): 48-54.

[ 6 ] Wang X. Rationale and history of vehicle noise and vi-
bration refinement[J]. Vehicle Noise and Vibration
Refinement, 2010(2010): 3-17.

[ 7] Menday M. An introduction to noise and vibration is-
sues in the automotive drivetrain and the role of tribol-
ogylJ]. Tribology and Dynamics of Engine and Pow-
ertrain, 2010, 2010: 663-679.

[ 8] Schneider M, Lahey H P, Steffens C, et al. CAE
process to eliminate powertrain noise and vibration
[C]/ SAE Technical Paper, No. 2002010459.

[9] Taraza D.
crankshaft's speed variation and the gas pressure
torque[CJ// SAE Technical Paper, No. 2001011007.

Quantifying relationships between the



