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modeFRONTER 7E—4E 45 HAR R AR %€ 7 TH) i L
Application in Calibrating 1-D Simulation Model with

modeFRONTER
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Abstract : This paper aims at calibrating 1-D vehicle thermal management model with using
multi-objective optimization software modeFRONTER. Setting experiment data as calibrating target,
accomplished calibrating engine cooling system steady and transient analysis condition. Moreover,
calibrated air condition component part with modeFRONTIER, effectively improved reliability of
simulation model.

Key words: modeFRONTER ;calibration ;engine cooling system ;air condition.
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Stator Skew Angle Optimization Study on Adjusting-speed Permanent
Magnet Synchronous Motor with IMAG Designer

Zhang Huangging, Xiong Haifang
Tempel (Changzhou) Precision Metal Products Co., Ltd
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Abstract: First, introducedhow to derive the 2D multi-section model for calculating equivalent
skew, and used this method to do 2D & 3D simulation for the adjusting speed permanent magnet
synchronous motor with skewed stator by means of the FEA tool IMAG Designer, verifiedthat it’s
feasible to use 2D simulation to calculate skew issue instead of 3D simulation, finally did 2D
parametric calculation for different skew anglesto get a most suitable skew angle for the stator of
the permanent magnet synchronous motor, it provided oneuseful calculation method to do
optimization design for the skew angle of stator core.

Keywords:JAMG, Permanent magnet motor, Skew angle, 2D, 3D, FEA modeling
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FE. HT&E (mm) 220

LoE TRy 6° MR RN AT V5T, i RPN 4) FoR . iRYE —4E2
B SEROB AL, AT LATE JMAG Designer 2D THEBS XTI AL B A S iz &,
HI JMAG Designer TH5 AT LLSEKs ELRE LI VIAG A B A € N “9° —Skew_angle” , fR7E 1
IR 67, ASSCEVILARLE o 12 T Sz SR R R AR, MR 2
BSOS T, i oy BB, I 3D RMEACRY I TH S5 SRR 2D SR Y i 5
SRR, IR SR E A n e 3° L 47, ,
K 5a) A& 5b) Frs . XX L aahn B A BT i5 A rRE AE R 2, RO T 45 BiZ R

13°

FFTR TSRS R, Wk 6 B

» ZHAIET B S 53

B 4 #H% wALA ST 2D FHEA

Fraject Manag: a \) ﬂfJMAG—Designen Design Table [EeE =)
et b4 Case Label SkewAngle
Cunelative Displ t Foint Saq i B
|<,:Ew> - |[# P
) Equat £ Mot -
Equation of Motion. .
() Displacement (Link to External Program) B
Set Upper and Lower Linit.
() User Subreuntine ° ¢
hii =i °
Set Periodic Point Sequence ¢ w
[T tze ¥irtnal Motion 9 u
[] Use Eccentricity 10 12
Set Becentricity.. 1 1
Tnitial Fosition = o
e : 13 15
Retation hxis
‘:?:' szl [ Add Case ] [Remnvs sdmed] [ Check A11 ] [:mck Hone ] [ Tnpert ] [ Export. ]
() Downward

B 52JMAG # F#44e B AR E R @A 5b))MAG #F#sie & A S8t A E |
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180 Intial angle=3°
——Intial angle=4
Intial angle=5
w0 2000 OO, e
CAZXAZX - ¢ Intial angle=7
s —— Intial angle=8
A A A, AP A A A Intial angle=9
120 T T T Ty ) Intial angle=10°
Intial angle=11
Intial angle=12°
5 Intial angle=13°
~ 90 — Avg(skew_angle_6°)
8
S
60
30
o]
0 0.01 0.02 0.03 0.04 0.05

Time /s

B 6 BANMIALE AT RN E SRR A 60 I ES L

3.2 4. =& EIFERT

HI R LR I EANKIRR, R 2 sl 7 By 3D R ATIHE, O
UIE 2D TR 3D THELI R ATV, AR E IR 6° LT 3D FERETHEE, FHs
3D THELEE RN 2D THELAE RAEATHLRL,  HX B SR A 8 .

HIZE 2 W1, 2D RS T SOAH L 3D RHE THE AL RER REAH 22 1. 39%, BEHE Rk 3IAH 2 15. 68%,
VLI 2D SERETE THEVAAR L 3D THEVARITH LA RAR R L, LA 2D SRR e A
R 3D BB HEATA IR TTTHSAE T SRS B bR LB Wi . LAh, 2D S5 0BHE Sk AH L 3D
THECTT A I (8] 20 33. 3 %, XFEE TORERTHER R, KRRS04 Bkt e 1
HARHA AT BB St AT BL S| e

B744A%6 HEiiD AEHR

—* Skew angle=bdeg_20

—* Skew angle=bdeg_30
180

150

—

120

920

Torque / N.m

60

30

0 0.01 0.02 0.03 0.04 0.05
Time /s

B8 & FH4eAEH 6 B 2D 5 3D 445w £ 3tk
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A2 BFAHAEA 6 8F6y 2D 5 3D i FH Atk

DEMHE | s |
MHZEA
RAEME ) 6 6 —
ML HEIE (N m) 142. 154 144. 130 1. 39%
HLE A Ik B E (N. m) 0. 948 0. 800 -15. 68%
THEIE (h) 24 0.72 33.3 1%

3. 3 BB AE _ESHIH

FEHRMA BT T A 200, & TCiE N Z s ML S O R B Y, TR mT DA B AR
FARE0° , 20, 4° weeees ,» 16° IXEEHRL A FEAE JMAG Designer Hff B — 455 2ok ikt
ITSHATT R, X BT R (1% S R B Y RGBT oA, FL b A% 50 L SRR R K
). HEALVERFE. FRALECERFIHRA BRI R B nl B 9 =1 12 .

FH T 9 WL, HUILIR) i e R B A R A 2 1R 38 DK S8 os /S 1Y), MR 46 BRI AN KR,
ATt A FARE AR L B Ak S 1 R HL M e T BRI BE RGBT 10 mT %0, XS4 R
KE|6° WML RIS T FERIRAME, 7£6° ~12° KEEEHkahETiRE, SR
FAFEAR SRR, AR RS SO aa38 K M 11 wl%n, AL BRRE Bl 5 HHRL A B 36K
WIF4G T B FE A KT 5 BEMREE s/ I 12 AT, s RCRAEHIR A 2° ik )
R, T B R 3G K AR 2 R % .

e ” — i iERkED A
Sl B , iRk
180

160 6

140

5
120

a

E E
_Z; 100 ;
S E
= 80 & 3
z &
60
2
40
20 !
o 0
o0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
smE/ - e,
B9 et AR X AR A 10 #HERS-4E A EXR A
—— AL ——EHAE
118 95.5%
116
95.0%
114
-4 12 Ti 945%
: z
z 10 = sa0%
108
935%
106
104 93.0%
0 2 4 6 B 10 12 14 16 [+] 2 4 6 8 10 2 4 16
s, HEmaE, "
B ek AE A X 2 E B2 wAL A A A XA E

gty Bikgse, M THIRMA N 6° B, JLEHE RKE AR B i/, oA H L e R AL AL
RA PR, BIRRIEEAAR, RULHR&E 6° NiZ% 24s_10p_11. 7kW % PMSM AR H14}
f, HoET 3D AL 13 Fon, 6° HURHA 1R s ATLRN B LI R 5 Rk 50 R 1
AR AP 14 FIEE 15 fs. 3R HAER 3 Fian, 6° R UM Eb B RS B HL G600 ik
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B/ 85. 801%. AFEFERE /D 75. 192%, (HH FEREFE R ANfr H Th 3 HUTR % 4. 769%, [KEEX
ZALRHAE TR 2 mT PARE A2 1

B 13418 A A 6 82 F4% 3D R

180

120

Torque / N.m

30

Time /s

B 14 844 6 6 EHE e BAR LAY BB S AE RS AT FL

——Non-skewed

——Skew_angle=6°
1200

900 %’
600 f

[
300 f

0o M

-300

Cogging torque / mN.m

-600

-900

-1200 ¢

Time / ms

B 158484 6 894SR hLAe AR AL H AR 44T 1L

& 3 HAFo AR AAE LG £ B A 2 b

SR BEAEHL FHE DL HIJEXFES
RAEME ) 0 6 —
HALEE  (rpm) 720 720 —
LTDANG R/ Y] 21. 9772 21.977 —
Wi (Nom) 153. 481 146. 161 -4, 769%
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FrdiThe (kW) 11.571 11.019 -4. 769%
i R AE ik B AH (N m) 6. 1631 0. 8751 -85. 801%
WA (N m) 1051. 600 260. 884 ~75. 192%
HIALEFE (W) 115. 7766 107. 7961 -6. 893%
HIFLERFE (W) 270. 9984 270. 9984 —
HEEHFE (W) 215.5 215.5 —

BUE MR 95. 053% 94. 883% -0. 170%

FT 2RI R, R M RE DU AR TR E TR E K R B LI RE R TV
JMAG Designer /£ —#EAIRTCH, K7 BERME R iR sl LA T 204, ML =4
BRICIHT, W AR A A T S (AN TSGR, JF HRZO i R B A S 3D R
M0 LR LA, SRR, FIFZ %A JMAG Designer IS HUbIa DR K H bl E
TR, XA 58 4R L AL K [R5 LA R DAL LT RS B 3K

[Z7%5 3CHR]

(1] RERIETHAG BT FAFH AT RE XFT CABAY 0 09 5 T A R4 F B4
% 2011(10):1380 ~ 1387.

2] R T 5 BAME B A LIAAE S5 AT])]. & TH A I,2011(11):135~140.

B] EZ.ZF4HEA R E IS AU AR 69 Bk it F )] 484 b 5 8 R ,2014(1):112~119.
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IMAG BAFPUAL TR B FL7E E A PR R o ) I PR

WAL R ME BN
o [ 55— VR4 A A7 R 2 W) T i 2R WA 5 B
FEUNAG B AL BN PR R B 5385, A B R e bk K, A&
PEAE 09 B KARKAR D, FAZB e liE R A R H AT Bt R s /] 6 ikt F
K, FETHRAEKEY Bk K&, waih Ramt A8 R E Gt 7 @ e sk AR R AR R
o A EAE IMAG $ 4+ 5 RACH A 69 B AL FLaT AR, HF ) R 27 p A o 2 IR AR AL 3% 3T P 69
XA F: IMAG. HAL. rotp] & alR]

e I RE LG IR 2 B TR SIS R i, AR FR S IE R P R e, O LR 1
PERE R ER MOk sy, 6 RURE IR IE ) BT AR T BN R TR K . BEAE A BRI bR R R, A
WA AR 2 s N B TR, ASCE BN 2 SR BT R A, 456 JMAG BRI 2
BB, 75/ H A IRC AL rint R, 1A e Lo ] el R AL ek R 1 B2 A

1+ JMAG B SHM B R A A RIS

j&ﬁzﬂ% JMAG ?)L(ﬁ:ji@ ttiﬁﬂﬁy 'E'@J‘Zﬁﬁm}\ﬁ CAE JMAG-Designer: Select Parametric Para... 4
ARG, IMAG #PE 14.0 BiAH B LB ML | o rons
A, 5 Geometry Editor 1) J LA 45 #y S B ik 34,
Design BUAPRLRIESHALIEEL, R (Rt | el
N BEACERE, MR KRB, ks, E3E gep@riabies
R SELEIZE, B 10 IMAG BT ESH, % upn@Variabl
B MOT I B AR, H AT IMAG PO Sl | yee——

¢ upypoke

BOF IS AMERI I B, it R R NME & Z ik E R B B2 7ol

+ core

RoifisE — RINSHL A AT ARIE AL S B fE BT AR o san

+ Study Properties

AT, H2 IMAG BiF B SIS HLERIIREC NS | || Mesh Properties

Conditions

oAbt B TR SR, FEE LRI SR | e
TR B AL o
72 PRI I [ 2 M R A e, T by o R UniformCurrent
M B, B M B A R L A R CAD ||, Comantale

# Force: Surface Force

Parameter ! Condition @14+, Condition @IS &S gy | °F Metion:Translation

WO LR R, R IR, EHE4T CAD Parameter AR | ) shov 11 Properties

KU SEAEBGL AR T, D AURAIE LR (L R B 75 4y, | | et ok [ cancer
BMEEF LSRR, SHBUTEMAREIS. B 1 Jnag BTSN

H T LB 18] P T 1R 22 g Bt PR ), AR ST A 2D A5

BlEEAT RSB B4R, 3D BRSO IE .

2. JVAG B S BAFER AL TRAR

Z AR 5 — 28 CADICAE B B#EE 1, W BT IR S AL TH, SR
PACEA T S5 IMAG AT G TH ST, BARIBRR S UL RAE W &l 2 Fos . MK 2 W)
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YES

& 2 JMAG SRR S UL AR

Al AT A IMAG B A SR EEI B N B shHAT KA B shi BT 545 3
HIThEE, (A A L s R A SR T ABR SR TT ), i A4 R, 19 A Bt ),
AT PR i T R R A i

BE A SILIZ AR AL IF 25T IMAG BRI Script AU gmiEThEE, IMAG #FSCFF VBScript.
Python A1 JScript =& R IIASIE 5, R BIAS SO 2 8 R AT DASEIR BT AR B e S IREL, Y
WXy, TLFFATHIE L SRAEBCE A AR E 5555 . BL VBScript Jyfl, a7 5 1 AR IR
WA s ) 73 A H S ORI AN T, BAEES 5

Call app.SetCurrentStudy(0)

Call app.GetModel(0).GetStudy(0).SetCadParameterValue("gap@Variables",0.5) 2 & {H

Call app.SetCurrentStudy(0)

Call app.GetModel(0).GetStudy(0).CreateMesh() %Il 4 k%

Call app.SetCurrentStudy(0)

Set refl = app.GetDataManager().GetDataSet(2)

Call app.GetDataManager().CreateGraphModel(refl)

out=currentpath&"\"&"outf.txt"

Call app.GetDataManager().GetGraphModel(0).WriteTable(out)  5& X 4y H SCA4F:

3. PLALBETHAESES LR B 5] m i i O B

BEMTH R R R IR R L R TR S T, AT R LB EE TR ROy L R, e
R AE SR e S i 0 b, S ) ] e £ R 1 PR SR 1) 92 B B N R T 2R A
FENE IR, BETEE E U BRI AT o BB R IR (R IR A A AR B AR RS B R e AR A
ik IR NS T REL B AR A o 3t T R] AESE R b b 90 1)) 1 e R s i

K 3 DYRE LU R I ) S ) T B S e, Sl R R AR L, B R R A S A L AR, AT
B AFAE, JEIE — 5 WSS AR T AT AORAIE L 51 v 1 OB 1 AR B BB, I BEAEAT 2 AR AT
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FEARIFAE, L] BB BR W 7E 2 S AR KT ) ——AT R L.

E A5 PR R FF) = B s A AR S BRATBRREIA B T 50 P 873 @A @2 HH @ A1 @7 A 1) HLBG
Fo APy, B SR G5 2 L0 B RE R A2 —— ek, Wl 4 B, #E AR i /) F A T4
BRALAEFEA RIU/KF JpRettk o HI180 TAESBE . WA AL B AR RS 2 520 L A5 R a4 1R 7K 1 70k
PR R 2

1 bal
1 sHF
I’;_____::::—! o, .
|
(} @,
ﬁ !
| ! |
20 |
HEFF— N i | : :I
[ —
4\ I A
Ll 24 8 L
s >
& 2 k15l i s £ 44 18] &) R R B 4 EefIEE ERALFE —— J14F I rh L
RACEIT I =R A a @it BE: b AWK SAE VAL B
c. HFreR %L, | | upn
ARSI & R 2R an ] 5 A1k 1 s P ~l /

St gap R ARHT RS SN, JORIY A0 T d

AN BTN BRI AR N A Y AR . ASSCO T EL - |
5 HL B IR A R AR AT AR A 2mm. X7 7 [ macomoer cauutons. (215
1 RHBEROR Yy R
Wit R | YIsE FIRAE T IRAE r— - .
up 3 1.8 5 k] [Eepa |4 on Value
upn 3 16 5 %‘} - 4
d 0 -1.6 1 = o Coddde
dn 0 12 15 b [Pt P i
gap 0.5 0.5 15 5 gitIre

I b R 25 H O R BEIR FRDZKF s, 7 EEOREAE [R] — SRS s L T, A RCTARITREN, &
RO U ) 5 BN DR A BN, A RCTARAT IR N & s bR e 7 Z M e/ AR
FIYIAEIRAS S FE A IR FELIL T BE R RS AR A 2N 6] 6 P, WIAR HEIE D P24 9 11.99N,  f78k T
TEATRE B R G 5 i/ NG T 22080 415N, T SEREA sUIbRHEJT 2208 1.25, FILLEH, BIth
W B T B A5 FL I R 1 7K T T —— (A R PR AR L2

A AT S IMAG BT AL TSR AT, e LR Al 4 R AL 532 Self-Adaptive fi &)
MRS NLPQL, S5 &bt B S FAT LT 55, PR TR vt I 1A, Ui i & Aiife
THEERWE 7 Fon. WE 7 /T LAENE 25 802 B SO 17, R 2] TIE4TRE b
K BN ZEE Y 0.362N, THEFEA SR HETT 2209 0.124, [V EAT BROCHE A, Lfb)s
I RS R AR W3R 2 o, L B R IR G A AN L RS 5 PR AN B 8 s o
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Fdm: Al R T s
Tt

(B M46-Designer: Graph (1

vt | Tadle | Line Optiens

Force (Y) vs Total Displfcement (Y) T

TQtnl Disnl’nmm‘ -

.....

- wer uwp wa 4 ) op

(VEEL:iE5S B 7 MU EIRERER

6 HIMRERHN

M 2 FE 8 W LLEMUE Y, AHLLARAC AT Z5 R, DAt (¥ LA H ki i ) 7T T —— A ek
RFEUEE, WS ER R SIETE AT TR A LERCR A BRI, B R BT
*2 MUEENEERER

Bt YIUEE eAIE etk B
3 4.82
uuppn 3 194 RS B/ Hi: 4.15N
' YA : 0.362N
q 0 148 AP [EL J5: 0.36
dn 0 0.86 e Bi: 1.25
gap 0.5 1.49 B b 22 J5: 0.138
10 4
— fLALET
— it E
Z
;5-12-
=
14 4
OIO I 0I5 I 1I0 I 1I5 . 2I0
eI B TI2/mm L]
Iy R A =10 R R AR A Al R 2
4\ AE\%

ASCHIE A4 IMAG At 5L S AL 7 HriieRe s I ALL B B G IR 9 ) 3R AT 17 150 5 (2
Br, EESRAGE RIS R A BT RITTE, SRRt s IR B, o PR B ) Ee T R P T B
AR R 2%, AEEAL SR TLHE BT AT HL R A PR T TS AT AR A Ay i AL et 45 2R, [T
SR Z HRAT- &, ARRATUX BER B W, Y. Wik, R AT SR A
WM, NIRRT REIRTHE B
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5. ZECHR

(] ARG (F) BHE (GB). Laimm M. 20 20 K h ks, 2002.7

[2]. Aot FREEE. was2[M]. dew: S5 HF dikit, 2006

[3]. 2% F, AR ALK M. AL AR Tkt pa4t, 2013.6

[4]. An, Bl ek ) FHa AR, ATID]. XX XRXAHKFMEFER L, 2012

[5]. BeBR &, A FE b R bl v iR X R ar 2 [D]. driz: #iz KFMEF{aiL, 2007
[6]. HALEAF help 5 8h Ao
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T GT-POWER FJ3¥ [ EL WISl EGR Bi AR IBF R

R
B — VR e A IR R HOR Al R BB LA

B, A CO2 HitE Mg B 474, KRG ZFHARA LN EET K BAR. & A H #
7 F R F XI5 AT, FFRT B EGR F 343 R B F A LS ) A2 F e Riem, ST B AT A EGR
A K AARE EGR, A R4z £ A4 EGR #ATF R AT, i HE R B, @y AR DAY R F) EGR %
4R, AL, H A B AR AL AR A RIRE — B, B RAMAN T A —RiE£. LFERFAL
T GT At AR s A R ey b, R AP AL SRR BRT S ERp s, RN
T P %89 EGR F A8 14 AL A9 Bk B 3 3] 39% 4 49T Ak,

X473 {RIEEGR, bALiial, R&HMAE, MibidhieFE, GT-power

Abstract: With the increasingly stringent emission standards and the implementation of
the fourth stage fuel consumption regulations, low fuel consumption become the most important
point for everyone. In this paper, the influence of performance on GDIT by EGR was been
researched, because the low pressure EGR is the major way, soonly LP_EGR was studied. As result,
the GT simulation can meet well with experiment on Torque, BSFC, airflow, but not so well on
PMEP. Additionally, the best thermal efficiency (BTE) was studied by GT and experiment ,

and they meet very well. If high EGR rate is used, the BTE maybe achieve more than 39%.

Key words: LP_EGR, gasoline, best thermal efficiency, ,BSFC, GT-power

1. 51§

BEE 4 M BOmFEERIN G 6 HEBGERIIH & G Tk — 22 FERARI AL R AT HE ) o] 250 58 i A<y i
v, BETER KRN AR EEERIER downsize (BMEP KT 25bar) , BEAMACEEI A, ElHE
B VL HAR (EEWEN. ZBaUM4AaaT4s WA |, KENEIR BT R & ARG R 46 b DA K Ak
A EGR B (LUGTRIFR EGR) o AFEFARIEHPIXEAR (B 1, R LEEHA GRS,
2 AN AR KRt . T LUE H, EGR EEN HEH & e, MERIEAE EGR XF NEDC 1
INFIMFETTERAN K, (HI2PE#E downsize FEMIFRETH, THLEHBIKAMXE, “EHEMEEXKESEKL,
34T EGR AT LAFIHIRRE, AT LMRTH RSN 4G L, IX AR BEAS map #0420 o AR 3032 20t
Ft EGR EAAE W S A, 4R TH AR 1)
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E-4map

1. =ikt 2, KEEHR3, BESD
4, BE4k5. #HSVWA

1. AHEGR ‘\|
2, K¥EIR (EIVC) y

FgFEHX

e
—

BMEP([bar]

6 1., MBEGR

o[ 2, EIVCILIVC 'MNATETX )

) | 3. EEIERFSIT] o
0 x/-ff’xﬂ /

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
SPPED[rpm]

1R HAAE R L map 119 DX
2. RIWERHBRANH

ASCUH S BT AOXS GONFAWHE [ B ZhHL, AV A S U R R :
® 1 HEESHEIN

R4 CA4GC20TD
K 84mm
M 90mm
45 E 10. 3
I FNEDVIES 145kW
RN 280Nm

3. EGR A/

EGR (Exhaust Gas Recirculation) PRANLIEMRKE G KHEH SRR —H 7oy B FEFARESMIAE
HF MR HIAR o BRI S TS, TV HLHEBCR R ag,  EGR BRI 46
W E NV AT

EGR FAR S/ 4H

1. EGR %f (3% NOx, PM, PN J7[HIAT RMEFZN, 6T BB RS A H .

(AT
-412 -



20154F IDAJ—China W EH itk

2+ EGR 81T 40 3 43 S fmr 2 S R T ASCE I, 3 0& F TP iR L.

3+ EGR FE R s X3 v] DLBRACHER, S NIR X s [F) B o] DAHIHIGR RS, B OR K ERRT A, G A
Besie, RN AT DUIE L 8 e 6 s 48 LR S R B

EGR IR A2

1. FEACMAbeE B 3 BURIRA T e B 2R K

2. EGR FZEHI AN B A —EXMEE .

3 XTI RGO s K RGEER B

FR4E BGR UL B AN TS B FIANFE, EGR v LAy A& i EGR (HP) FMEE EGR (LP), fi K EGR S Af
DL A fi G5 i BCSOR fb 6 J5 BOS, SR AR TRI R BEGR 7 2t 1 BE R M R AN [R] . A VR 78 ) EGR 77 20
JEANGEE RS, SN ESMLAT

| N |
Internal Post-Cat

EGR

3.1 FE TRk R
N T AT HTEGRAFS ML RE B, PR A& i H 3 L R B rh 2 8. % TEGRAUMEF R 14

RHHEATSMEIERE iy DA £ SN IE T OO R R AR 00, T SEANFEGRAF XML EREHIENT .
TAZNAT ARSI, I ORI ELECR A SER 5 -

BSFC[g/kwh]

20TD_EGRAE T 523

—

50 A

1 [Nm]

TORQUE [N.m]

1000 2000 3000 4000 5000 6000

%ﬁ[rpm] 1000 2060 3d00 40b0 SObO 6000
SPEED [r/min]
K1 EGRAI T A K2 B TC RSN A Rt

3. 2 MR RUE 8 K iU kAR
K HIGT-OWERB M, 87 HAR R EIHLER, BRI ERHR, SR Be . 1, 1

IR RSt 2. EGRIEHI RSE. BHUSRH S8 AN [RIEGR A B8 He RS 3 IR d, 42 MR S b
HUEGRZE A b v J5 IR FEHIEGRI,  HADZSHOR FH E AR E 1 KIS HOHAT 5L
[ A 7]
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K3 EGRAEAY T

3.3 HEHER KRN
SRR SR

TR REIR, GT B M LS R 55Cio A L BA IR A Bk, R SEO8 45 1032 5 2% 1T
DA 20N, BGR 4525R , HAE . WA St B AMEE S — 2, T B W ZE AR /.

AR EoR: EGR X I EWUR SINLINEN Pk R & Bk e mm 30 T s

EGR % 0 10% 20%
Eipagis 1 = _
25 1 ++ +H++

FiAk, SEESHE AR, EGR AT LAKHE PR e WL B HEG VEIB S LRI 75— R 18 3L CEGR
XYL RERIREME DY o 10%0) EGR v LAZER BN JJPEAPRAG, TAEENBRRIR PR, A (e o 0 i 3 78
SRVRANIE R EA R IE AR, H e I B HRR A ) AR AR RS, IR BEAE 4 B K 20% 1) EGR,
WTRASEE =3 s 2 15 AN 8%F1 10%1145 2% , LI A 1) 038 LA RE R A 78 < BRI )
Ak, AH R FERD & T LA — B BRI, 5500rpm ] lambda AT LA 0. 95 245 . XX TVAMALE8CR 5
U7 R FH AR R HE S R s ik .

[ A ]
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[1] Dr. Terry Alger Southwest Research Institute. High Efficiency Engines through
DilutionOpportunities and Challenges
[2] A. Sanchez. Cooled EGR in gasoline engines. MEi#%4E4y, 2013,
[3] Eiji Aiyoshizawa, Kenichi Hori. The New Nissan High Efficient 4-Cylinder 1.6L GDI
turbocharged engine with low pressure EGR—Evolution for Lower Fuel Consumptioncombined. 2014,

Internationales Wiener Motorensymposium.
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T GT-SUITE B3 B AR SR HF s B o 2

SEA, eHETR, R, X EE
(RREZE AT FH AR A, B 430058)

HE: ACHET GT-SUITE A HERT X AAR LRI —ER A FHAEE, &
TREHEHTTEENRE, AR ER ESTA LT AR TR EHPRHERE
EXMBATBRMENTH. FEREREHA, 7R -WEEAHFIVLETHELIAR
TéHrzA TR, RLBL KRR UIRIE, EXT FEINE LB EFHME.

R A EAZ, HEARE, ARRALRH, RAHF

Simulation Analysis and Comparison of Different Exhaust Manifolds in a Gasoline
Engine Based on GT-SUITE
Yan Dong, Ye Yisu, Liu Peng, Liu Yuebing
(Technical Center of DongFeng Motor Corporation, Wuhan430058)

Abstract: In this paper, a detailed analysis focused on exhaust manifolds in different type was
presented.A gas exchange model was built by using GT-SUITE software.Based on the
calibration model with experimental data, the influences on gas exchange and engine WOT
with different exhaust manifolds was calculated. The result showed that the elbow type
exhaust manifold performed better than the clamshell type one. Finally the experimental
measurement approved the analysis conclusion.

Key words: gas exchange process, exhaust manifold, coefficient of residual gas, volumetric
efficiency
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4-2-1 HESEE T KBV SRR B 5T
R R K, PR, EARR

CRRGREmal AR F G, I 430058)
HE: £ 156L BERARA LI ER L, ¥EH 41 HIEEA Ktk 4-2-1 B K,
E—REE L AREGHAEARNTEZH, BROEARAEAR, RELANEE, BT
GT-Power WG E T HE 5SRO H T EBE, KH: 42-1 FABEEHE—EREAAKEMKE
HE, FEHTHREEK, TEEN, GELENS IR T —ERENTHR, F—RITE
SHIAEREKH: 42-1 AR ETENRE T KEHIE, RAHERATH 15%, HEEL
HAE TR T 29 1.7%.
EHIR: ARB AL 4-2-1 HAHE, EAe KA Kk
FEISES: TKA12  XEfRER: A

Investigation on Effect of The 4-2-1 Exhaust Manifold on Engine Performance
CHEN Ke-peng, LIU Yue-bing, YE Yi-su, WANG Wei-min

(Technology Centre of Dongfeng Motor Corporation, Wuhan 430058, China)
Abstract: The 4-1 exhaust manifold was replaced by the 4-2-1 based on a 1.56L naturally
aspirated engine, which was used to reduce residual gases in the cylinder and improve engine
performance through overcoming the interference of exhaust pressure in a certain extent. Both
GT-Power performance simulation and experiment showed that the low end torque could be
improved by the 4-2-1 exhaust manifold in a certain extent, and high-speed performance would be
declined by higher back pressure due to the increase of the exhaust manifold. In the first round test,
experiment results of the scheme 3 indicated that the low end torque was improved and the
maximum torque had increased by 1.5%, however the torque was declined by 1.7% in rated speed.
Key words: naturally aspirated engine; 4-2-1 exhaust manifold; residual gases; low end torque
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