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TOM TAT

Bai bo trinh bay qua trinh xay dwng va hiéu chinh mé hinh mé phoéng tich hop gitra hé
truyén dong va khi thai danh cho xe PHEV st dung déng co GDI 1,25L, dap (ng tiéu
chuén Euro 6d-TEMP. M6 hinh dwgc phat trién trong phin mém Simcenter Amesim.
K&t qua md phdong cho thiy sai s trung binh ctia nhiét do, ap suit khi thai va cac chit 6
nhiém (CO, HC, NOx, PN) déu dwéi 10% so véi dit liéu thuc t€ thu dwoc tir bang thi
ddng co. M6 hinh phan anh chinh x4c dién bién chu trinh 14i WLTC, dic biét tai cac pha
chuyén ti€p nhw khéi ddng ngudi va ting téc. Lwong phat thai PN <6x10** hat/km, NOx
& mirc 75mg/km, HC & mirc 0,065g/km va CO & mitc 0,85g/km, déu ndm trong gi¢i han
cua tiéu chudn Euro 6d-TEMP, khang dinh kha niang trng dung ctia m6 hinh trong nghién
ctru va phat trién cac ciu hinh truyén dong hybrid t6i wu vé ning lwgng va phat thai.
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ABSTRACT

This paper presents the development and calibration of an integrated simulation model
combining the powertrain and exhaust system for a PHEV equipped with a 1.25L GDI
engine, compliant with the Euro 6d-TEMP emission standard. The model was
developed using the Simcenter Amesim platform. Simulation results show that the
mean absolute errors for exhaust temperature, pressure, and pollutant emissions (CO,
HC, NOx, PN) are all below 10% compared to experimental data obtained from an
engine test bench. The model accurately captures the dynamics of the WLTC driving
cycle, particularly during transient phases such as cold start and acceleration. Emission
levels, including PN<6x10** particles/km, NOx at 75 mg/km, HC at 0.065 g/km, and CO
at 0.85 g/km, remain within the limits set by the Euro 6d-TEMP standard. These results
confirm the model’s suitability for research and development of energy- and emission-
optimized hybrid powertrain configurations.
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1. Patvan dé

Van tai dwong bo la mot tac nhan quan trong gay
ra khi nha kinh, gép phan dang ké vao hién twong
noéng lén toan ciu. Cac muc tiéu cit gidm phat thai
CO, trén pham vi toan cau da thic day qua trinh dién
khi hda phwong tién giao thong nham gidm lwong khi
thai cacbon tir 6ng thai [1-2]. Truwdc yéu ciu ngay
cang nghiém ngat vé kiém soat phat thai khi nha kinh
va cac chit 6 nhiém tir phwong tién giao thong, xu
hwéng phat trién cac dong xe str dung nang lwong
thay thé, dac biét 1a xe hybrid sac ngoai (Plug-in
Hybrid Electric Vehicle - PHEV), dang dién ra manh
mé. Nghién ctru tai [3] da tién hanh danh gia phat thai
thuec té ciia cac xe hang nhe dat chuin Euro 6d-TEMP
khi van hanh trong diéu kién mua dong khic nghiét
(nhiét do tir -8°C dén -1°C va dd cao l1én dén
2.000 m). Két qua cho thay phat thai NO,, CO va so
lwgng hat bui min (PN) c¢6 xu hwéng gia tang ro rét so
v&i van hanh trong diéu kién binh thwong, dac biét
trong giai doan khéi ddng ngudi. Tuy nhién, tat ca cac
xe duwoc thir nghiém bao gobm xe diesel, xing va PHEV
van tuan thi giéi han phat thai NO, va PN theo quy
dinh vé phat thai trong diéu kién li xe thuc té (RDE).
bang cht y, mac du xe PHEV thé hién phat thai NO,
rat thip dwdi moi diéu kién, nhwng lai ¢ thé phat
sinh mic CO va PN cao dot bién trong giai doan khai
dong ngudi khi pin day va hé thong swdi khong duoc
kich hoat. Viéc bat hé théng swdi gidp giam dang ké
phéat thai CO va PN bang cach khéi dong sém dong cor
va lam néng b xtc tac. Ngoai ra, nghién ctru cling chi
ra rang phat thai CO, ctia xe PHEV c6 thé ting 68-
148% so v&i thir nghiém trong phong thi nghiém, du
van thip hon so véi xe ddng co d6t trong (ICE) truyén
théng. Nhirng két qua nay lam rd anh hudng dang ké
cta nhiét d6 moi trweong va diéu kién dia hinh dén
hiéu suat kiém soat phat thai ciia cac phwong tién
hién dai, dong thoi cho thay tiém nang cai thién trong
quan ly hé thong nhiét va chién lwoc van hanh pin cia
xe hybrid nham t6i wu héa hiéu qua moi truwdomg trong
diéu kién thuc té. Nghién ctru tai [4] da phan tich anh
hwdng clia chiéu dai hanh trinh trong cic chu trinh 14i
RDE dén phat thai cua xe PHEV, véi trong tdm la so
sanh gitra chu trinh RDE hién hanh (khoang 30 km
mdi giai doan) va cic chu trinh rat ngan 16 km va
8 km. Két qua cho thdy phat thai CO, NO,, PN va CO,
tang dang ké trong cac chu trinh rit ngan, dic biét khi
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qua trinh khé&i ddong ngudi chiém wu thé. Cu thé, & chu
trinh RDE 8 km phat thai CO va PN ting lan lwot
khoang 37% va 16,4% so v6i chu trinh RDE tiéu
chudn, trong khi phat thai NOy tiang khoang 8,7%.
Phat thai CO, trong khéi dong ngudi cao dot bién
khoang 600g/km, gidm dan vé m&c 6n dinh
200 g/km sau khoang 10 km. Ngworc lai, trong chu
trinh kh&i dong néng, mic CO, thiap hon 10% nho
thdi gian hoat dong ctia dong co dién dai hon, dac biét
trong do thi. Nghién ctru cling chi ra rang, khi quiang
duwong gidm ty 1& hoat ddng bang dong co ICE tang 1én
do hé théng hybrid chwa Kip tdi wu héa phan b6 ning
lwong, tir d6 lam suy gidm hiéu qua kiém soat phat
thai trong c4c chu trinh ngin. Cong trinh [5] da tién
hanh danh gia phat thai va tiéu thu nang lwong cua xe
PHEV trong chu trinh RDE. Cac thir nghiém dé phan
anh ca ché do pin day va pin yéu, dong thoi kiém tra
anh hwong cta hé thong diéu hoa khong khi va nhirng
doan dwong doc khéng thudc chu trinh RDE. Két qua
cho thdy, & ché d6 pin day xe c6 thé van hanh hoan
toan bing dién trong giai doan d6 thi va ngoai 6, dan
dén mic phat thai CO, NO, va CO, gan nhu bang
khéng. Tuy nhién, khi chuyén sang ché d6 pin yéu,
ddc biét trong cac doan dwong doc va toc do cao, phat
thai CO va NO, tang dang ké do dong co ICE phai lam
viéc nhiéu hon. Ngoai ra, viéc stir dung hé théng diéu
hoa khong khi cling gop phén lam ting mic tiéu thu
nhién liéu va phat thai, di mic anh hwdng cht yéu
phu thudc vao chién lwoc quan Iy nhiét va nang lwong
ctia xe. Nghién ctru nay khang dinh rang hiéu qua vé
phat thai ctia PHEV phu thudc khéng chi vao cong
nghé ma con vao trang thai sac pin, diéu kién dia hinh,
va van hanh xe trong thuc té.

Trong béi canh do, viéc xdy dwng md hinh va mo
phong chinh xac phat thai tir ddng co va hé thong xt
ly khi thai tré thanh mot yéu ciu cip thiét nham dap
Ung cac tiéu chudn mai treomg hién hanh, tiéu biéu
nhu Euro 6d-TEMP. Simcenter Amesim ndi bat nhw
mot cong cu mo6 phdong hé thong manh mé, cho phép
tich hop va ghép néi linh hoat cac m6 hinh con tir hé
thong truyén déng, hé thong ning lwgng dén hé
théng xt 1y khi thai nham danh gia toan dién hiéu
sudt van hanh va mic phat thai cia phwong tién dwdi
nhiéu diéu kién hoat déng khac nhau.

Phan con lai ca bai bdo dwoc td chirc nhw sau.
Phan 2 trinh bay cac co s& ly thuyét va phwong phap
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nghién ctru. Cac két qua dwoc phan tich va danh gia
khi m6 phong v&i nhiéu trieomg hop khac nhau tai
phén 3. Cudi cung 1a phan két ludn dwoc tom tat tai
phén 4.

2. Co’ s& ly thuyét va phwong phap nghién ciru

Mo hinh xe hybrid dwoc xay dung gom cac khoi co
ban: déng co phun xang truec tiép (GDI), mo-to dién,
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b6 truyén dong va hé thong khi thai. M6 hinh ghép noi
bao gom khéi siéu thanh phin (supercomponent)
trung gian dong bo cac tin hiéu gitra thw vién IFP-
Drive va IFP-Exhaust. Ban d6 dong co dwoc khai thac
tir dit liéu thir nghiém thuec té va duwgc mo phong theo
chu ky van hanh tiéu chuin, gitip dadm bao do chinh
xac va tinh thuec tién ctia mé hinh.

|xr

c

Hinh 1. Téng quan md hinh nghién ctru trong Simcenter Amesim.

Trong bai bao nay, mét xe PHEV thudc phan khic
C-SUV dwoc md hinh héa véi sw hé tro ctia mot khéi
siéu thanh phan nham diéu chinh cc hiéu chinh tam
thoi gitta thw vién IFP-Drive va IFP-Exhaust. Hé
thong truyén dong hybrid bao gom pin lwu trit nang
lwong c6 dung lwong 10 kWh, dwoc tham sé hda
thong qua cong cu dinh c& pin chuyén dung, cuing véi
dong co dién c6 cong suat 60 KW, dwoc cdu hinh dwa
trén cong cu tao dac tinh dong co dién. Pong co ICE
str dung la loai GDI dung tich 1,25L. Hé thong dwong
ong thai dwoc mo phong bao gobm bd xic tic ba chiéu
(TWC) va bd loc hat (GPF) chuyén dung cho dong co
xang. M6 hinh nay cung cip mot nén tang toan dién
dé danh gia hiéu suit van hanh va phat thai cla xe
PHEV trong cac diéu kién hoat dong thuc té [6-8].

Cac thong s6 dau vao lién quan dén khi thai dong
co la dir liéu do dac thuc nghiém dung dé mé ta dac
tinh déng co trong cac diéu kién tai va toc do khac
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nhau. Cac ban d6 nay dwoc xay dung trén cac diém
van hanh 6n dinh va sé dwoc goi 1a ban d6 ban tinh.
Tuy nhién, do hoat déng thuc té ca xe la trang thai
tam thoi véi nhiéu bién thién lién tuc cda hé truyén
déng, ban do6 ban tinh khong phai lic nao cling phan
anh chinh xac dién bién phat thai trong cic giai doan
chuyén tiép. Vi viy, d€ mo6 phong chinh xac phat thai
trong diéu kién ban 6n dinh, cac gia tri phat thai cin
dwoc hiéu chinh bang cac hé s6 tam thoi. Qua trinh
nay tip trung vao mot khoi siéu thanh phan c6 nhiém
vu thu thap va ap dung toan bo cac hiéu chinh tam
thoi 1én dir liéu ban tinh, nham dam bao dd chinh xac
cho cac budc xtr ly tiép theo trong chudi md hinh khi
thai.

M6 hinh con dong co st dung la m6 hinh c6 12
kénh Kkhi thai dau ra tir thw vién IFP-Drive
(DRVICE12G01H). Khoi siéu thanh phin c6 tén
TRANSIENT_CORRECTIONS bao gobm mot s6 khoi
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doc 1ap, mdi khéi thure hién cac hiéu chinh riéng biét
va diu ra cta khéi nay la gia tri khi thai dong co da
dworc hiéu chinh theo diéu kién van hanh thuec té.

2.1. Théng sé ddu vao mé hinh

Khéi chirc ndng nay ddm nhiém vai tro chuyén doi
cac phéan s6 khoi lwgng dau ra tir mé hinh con dong
co DRVICE12GO1H [6] thanh lwu lwgng khéi lwgng
twong Gng cho tirng thanh phén khi thai. Qua trinh
chuyén doi dua trén luwu lwgng khi thai tong dwoc xac
dinh tlr m6 phdng, cho phép tai ciu tric dir liéu phu
hop nham phuc vu cic phép tinh vatly tiép theo trong
hé thong xtr ly khi thai.

Muc tiéu cia bwéc chuyén doi 1a tao diéu kién ap
dung cac hiéu chinh tam thoi trén lwu lwong khéi
lwong thay vi phén s6 khdi lwgng, ddm bao linh hoat
va chinh x4c trong mo phdong cac tin hiéu. Bé duy tri
on dinh s6 hoc khi lwu lwgng khi rat thip trong cac
trang thai ban tinh hodc qua dd, mot ham bao hoa
dwoc tich hop nham gi¢i han gia tri luu lwong t6i
thiéu, tranh sai s do chia cho s6 gan bang khong va
nang cao do tin ciy cia mo hinh trong cac diéu kién
bién.

2.2. Théng sé ddu ra mé hinh

Trong md hinh md phong hé théng khi thai, khoi
chirc nang nay chiu trdch nhiém chuyén déi lwu
lwong khéi lwong khi thai da hiéu chinh thanh phan
s0 khdi lwgng tirng thanh phén khi. Budc chuyén dai
nay dé€ dam bdo tinh twong thich va do chinh xac khi
truyén dit liéu dé€n cAc mo hinh trong chudi xtr 1y, dic
biét cac mo hinh thw vién IFP-Exhaust. Cac khoi nhw
TWC, 6ng xa hai 16p déu yéu ciu dau vao dwdi dang
phén s6 khai lwong dé thuc hién chinh xac cic phép
tinh dong hoc phan &ng, truyén nhiét va ton thit ap
suat.

Viéc tich hop hai thw vién mé phdng IFP-Drive va
IFP-Exhaust dat ra nhiéu thach thic ki thuét do sw
khac biét vé déng hoc va yéu cau tinh toan. Trong khi
hé truyén déng yéu cau cip nhit nhanh céc tin hiéu
mo-men va téc do, hé thong khi thai lai phan anh
cham cac qua trinh nhiét héa. Bén canh do, sy khong
dong nhit vé don vi va kiéu dir liéu cling doi hoi
chuén hoa truwdc khi két néi. Dac biét, véi cac xe cd
tinh ning tat-ma, luvu lwong khi thai c6 thé tiém can
veé 0 trong giai doan tat déng co, dé dan dén 16i chia
cho 0 khi tinh phan s6 khéi lwong, gdy méat 6n dinh
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mo phong. D€ khac phuc, mot ham bao hoa dworc tich
hop nham gidi han gia tri t6i thiéu cda lvu lwong khi
thai (vi du 1), duy tri tinh 6n dinh s& hoc va dam
bao tinh lién tuc ctia két qua trong toan bo chu ky vin
hanh.

2.3. Hiéu chinh HC va CO

Phét thai HC va CO dwoc hiéu chinh bang cling
mot md hinh véi cac thong s6 dic truwng riéng. Mot
phan hiéu chinh, bao gbm hé s6 khéi dong ngudi,
duorc tich hop trong mé hinh DRVICE12G01H. Cac
hiéu chinh tam thoi b6 sung dwa trén d6 doc cong
suit dong co nham phan anh dnh hwéng trang thai
qua do. M6 hinh dwoc mé ta qua cac phwong trinh

sau:
dp

polexp - Polgs = Kppol - - (1)

polcor = polgs + (polgxp - Polgs) (2)

Trong d6: polgyp gia tri thuc nghiém cta chat 6
nhiém; polys gia tri ban tinh tir cac diém 6n dinh;
pOlcor gid trihiéu chinh img voilwong khithai; ky, 1,0
hé s6 hiéu chinh tam thoi cho chat 6 nhiém; Pw cong
sudt co ich cia dong co.

2.4. Hiéu chinh PN

Hiéu chinh phat thai PN bao gébm hai thanh phan.
Thanh phan thit nhit mé phéng anh hwdng ctia qua
trinh khéi dong ngudi, khi PN chiém ty 1& dang ké
trong tong phat thai. M6 hinh lién két cac pha tang toc
v&i cac dinh phat thai PN théng qua dd déc cong suat
tich Ifly. Cac dinh phat thai nay dwoc khuéch dai bing
hé s6 tin hiéu va lam tron bang gia tri trung binh dong
dé loai bd nhiéu, ddm bao tinh 6n dinh cla tin hiéu
mo phéng. Qua trinh lam néng dong co dwgc mo ta
thong qua tdng lwong nhién liéu tiéu thuy, tir d6 xac
dinh mirc suy gidm cua hiéu chinh khéi dong nguoi
theo thoi gian. Thanh phan thir hai twong tw nhw mé
hinh hiéu chinh déi véi HC va CO.

dPw

PNcor = kp,PN Tt

(3)

Trong d6: PN,,, gia tri ddu ra déng co mo phong;
k, py hé s6 hiéu chinh tam thoi; Pw cong sudt c6 ich
cta dong co.
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Lwu y rang md hinh nay khéng yéu ciu ban do
khai lvgng bui min (PM) tinh 1am dau vao. Tuy nhién,
han ché cta cach tiép cin nay la khong tai hién chinh
xac cac pha van hanh & toc¢ d6 khong doi. Viéc chuyén
déi gitta PM va PN str dung hé s6 quy doi kinh nghiém,
véi gia tri 3x10*2 hat/mg trong nghién ctru ndy, tirc 1
mg PM twong (g véi 3x10*2 hat PN.

2.5. Higu chinh nhiét do khi thdi khi ra khéi dong
co

Cac ban d6 hiéu suit ban tinh khéng dap tng yéu
cau md phong trong nghién ctru nay, do muc tiéu la
duw doan nhiét do khi thai trong diéu kién vin hanh
qua dd. Do do, can xét dén cac hién twong dac trung
nhuw bién thién lwu lwong khi thai, quan tinh nhiét cia
hé thong va truyén nhiét do6i lwu véi moi treong. Mot
mo hinh tin hiéu da dwoc phat trién nham tich hop
cac yéu to nay, cho phép md phong chinh xac sw bién
doi nhiét d6 khi thai trong diéu kién vin hanh thuc té.

— texh
Texhcor,i - TQScor,i—l + Texhcor,i—l :
1+texn

(4)

Trong do: Texpcor; nhiét do khi thai da hiéu chinh
tai budc i; Tyscor,i nhiét do khi thai gan tinh véi sw
hiéu chinh tinh dén ché do khéi dong ngudi, tai budc
i; toxn, ham so lwu lwgng khi thai.

Hing s6 thoi gian nhiét cia duwdng dng thai dwoc
tinh toan khi dong co dang hoat dong:

Qextny)

texn =C1-(1+c,.exp(- .

(5)

Trong d6 c;, ¢z c; tham s6 mo hinh. Khi dong co
dirng, dong khi thai khong con luwu théng, mac du khi
con néng trong dwong ong thai. Tuy nhién, sw bién
d6i nhiét do ctia khi trong diéu kién nay dién ra chim
hon so véi khi ddng co dang chay. Do d6, hang s6 thoi
gian nhiét dwoc thiét 14p cao hon véi gia tri 1000s,
nham phan 4nh chinh xac dic tinh truyén nhiét trong
giai doan dong co tat.

Ché do gia nhiét chit xdc tac khi khdi dong ngudi
dwoc mod phéng bang cong thirc sau:

t
TQS,catheat = TQS (1+d;g. exp(-d_z)) (6)
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Trong dé: dy, d> tham s6 mé hinh. Luu y rang né c6
thé bi vo hiéu héa bang cach chi can dat d; thanh 0.
Sau do, nhiét do tinh hiéu chinh dwoc tinh nhu:

Tqscor = max(Tqscatheat, MIN(Tiimmax, Tim)) — (7)
Trong d6: Tiimmax 1a gii han nhiét do t6i da cho vat
liéu dwong Ong thai; Tim bi€u thi nhiét do vat liéu, la
gia tri thap nhat cho nhiét d6 cua khi thai va thay doi
theo diéu kién vin hanh déng co. Nhiét do san nay
dwoc md phong theo dong luc tré bac nhit véi hang
s0 thoi gian 25s. Khi dong co ngirng, nhiét d6 khi thai
toi thiéu giam dan vé nhiét do khong khi xung quanh.
O trang thai khong tai, nhiét do san tién gin téi gidi
han nhiét d6 dwéi cia dwdng 6ng, la tham sd toan cuc
ctia mé hinh. Trong qua trinh chuyén doi déng co (vi
du ting tdc), mot gia tri tich phan ctia mirc tiéu thu
nhién liéu trong giai doan nay dwoc cng thém vao
gi¢i han nhiét d6 dwdi, khién nhiét do san dao dong
tuy thudc diéu kién van hanh va qué trinh lam mat vat
liéu dwong Ong thai.
2.6. Can bdng khéi luong

Sau khi thyc hién hiéu chinh tam thoi, viéc xac
minh cin bang khoi lwong tdng thé cla tirng nguyén
t6 hoa hoc la v ciing quan trong. Buéc nay dam bao
tong cac phan s6 khdi lwong tai dau ra cia khéi siéu
thanh phan bang mot. Cac nguyén t6 C, H va O duoc
can bang thong qua viéc gidi hé phwong trinh twong
trng. Cu thé, khi lwong CO phét sinh ting do cac hiéu
trng tam thoi, lwong CO, s€ gidm twong tng va O, sé
dwoc diéu chinh sao cho tong khdi lwong nguyén to
duwoc bao toan [9-13]. Cac phwong trinh can bang
khoi lwong cho tirng nguyén t6 dwgc trinh bay nhw
sau:

2C0 + 02 = CO; (8)
CiHy + (x + %).(o2 +3,78N;) = xCO; +

H20 + (x +3). 3,78N; ®)

Ceo + 60022 60CO; (10)

o2=0,3 (11)

2H, + 0, = 2H,0 (12)
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2.7. Pworng 6ng thdi

Hé théng 6ng thai trong nghién ctru nay dworc ciu
hinh bao gdbm bd TWC va b GPF nham dam béo kha
ning xt Iy hiéu qué cac chit 6 nhiém dong co. Qua
trinh hiéu chudn dwoc thwc hién bang cong cu
EXHCALIB, cong cu nay st dung cac thuat toan noi
suy, khép dir liéu hodc toi wu héa dé tw dong diéu
chinh cac thdng s6 mé hinh cho phu hop véi dir liéu
thwe nghiém hodc cac muc tiéu phat thai quy dinh.
Viéc hiéu chu&n bang phwong phap luin chuyén biét,
dwoc thiét ké riéng cho mo hinh héa va tinh chinh cac
dac tinh dong lwc hoc, héa hoc ctia cac thanh phan
TWC va GPF. Cach tiép cin nay cho phép thiét 1ap
thong s6 mot cach chinh xac, bdo ddm mo hinh hé
thong xt¥ ly khi thai phdn anh trung thyc déc tinh thwe
té€ dwdi cac diéu kién van hanh khac nhau cia phwong
tién.

3. Két qua nghién ciru

Irev/min] | . engine speed taf=S

o' | engie speed tdaf=3)

engine speed tdaf=60

04

— engine torque tdaf=5
~— engine torque tdaf=30

engine torque tdaf=60

- & =
|
;
|
f
L
—.: —

Trong PHEV, dong co ICE khong hoat dong lién
tuc ma c6 thé tit-mé nhiéu lan, din dén nhiét d dng
thai gidm vé mic nhiét do méi trwomg trong cac
khoang nghi kéo dai. D€ xuc tac hoat dong hiéu qua,
ong thai phai dat nhiét d6 kich hoat xtic tic. M6 phdng
nay danh gid anh hudng ctia thoi diém khéi dong ICE
1An d4u dén phat thai. Nhiét d6 ban dau cta ICE dwoc
gia dinh bang nhiét d6 mdi trudmg, twong tng véi
khéi dong ngudi. Thoi gian trl hoan trudc khi ICE
khéi dong dwoc kiém soat bang tham s6 ta trong
chién lwoc diéu khién phan phdi nang lwgng (ECMS).

Hé s6 S trong ECMS quy d6i dién nang tiéu thu
sang don vi twong dwong nhién liéu, ho tro quyét
dinh phan b6 céng suit gitra ICE va mo-to dién, dong
thoi duy tri trang thai sac (SOC) trong pham vi +2%
sudt chu trinh 14i tiéu chuidn (WLTC). Ba moc thoi
gian kh&i dong khdo sat gom: 5s, 30s va 60s [14-18].

04

== actual fuel consumption tdaf=5
= actual fuel consumption tdaf=30
actual fuel consumption tdaf=60 |,
4 ~ total fuel consumption tdaf=5
total fuel consumption tdaf=30 ||
total fuel consumption tdaf=60 |

~ state of charge (SOC) tdaf=5
— state of charge (S0C) tdaf=30
state of charge (SOC) tdaf=60

Time [5]

04

Time [5]

Hinh 2. So sanh t8c d§, mdé-men xodn déng co va SOC cla pin twong tng ba mdc thoi gian tri hodn khéi dong
ngudi lan dau (tdar).

55



Nguyén Hitu Phwérc, Trdn Viét Diing, Poan Vin Péng, Lu Hué Phwéc
Tich hop md phdng hé truyén déng va khi thdi cho xe PHEV véi dong co GDI dat chudn Euro 6d-TEMP

Hinh 2 trinh bay tip hop cac biéu d6 mé ta dac
trung van hanh cta hé truyén dong hybrid dwdi tac
dong cua chu trinh WLTC.

e Biéu do6 th nhat thé hién bién thién toc do
dong co (vong/phut) va tai dong co (%) theo thoi
gian, thé hién cic pha khé&i dong-ngat nghi dic
trung cho chién lwoc tdt-mé dong co va diéu phdi
mo-men theo yéu cau.

e Biéu d6 th(r hai thé hién m6-men xoan cia
dong co (Nm), tiéu thu nhién liéu tic thoi va tich
ltiy. Phan tich cho thdy mo6-men xoan dao dong

= Engine-out CO mass flow - corrected [g/s] tdaf=5
— Engine-out CO mass flow - corrected [q/s] tdaf=30

-2 _: Engine-out CO mass flow - corrected [g/s] tdaf=60
30 ‘
25 | ( i
] | i
2.0 ‘
15
T E \ ‘
- i ‘ | w
05 1l ‘ | I
1 MI\H L L WLl oy 10
4 A W B RRE A L Bt DR || e R
0.0 "‘L1 - ID "') [ |‘-"' e -—f—L I Ll ~[—|—"'| |-—|—|-E- |x
0.0 02 0.4 0.6 0.8 1.0 12 14 1.6 18
Time [s]
= PHEV Engine-out NOx mass flow - corrected [g/s] tdaf=5
= PHEV Engine-out NOx mass flow - corrected [g/s] tdaf=30
02577 PHEV Engine-out NOx mass flow - corrected [q/s] tdaf=60
|
0.20 - ‘
0.15 | ‘
i
] h ‘ LN,/
0.0 1 [ W4f
4 }‘ \ ‘ i \11 [
i I
i | | " I | ‘ |
0.05 P ‘ | | 1]
] 1l | Wl W |
11 1l ! i *
] 1\ i \ | | (| xto0
0.00 === . oo Mt |
0.0 02 04 0.6 14 1.6 18

Time [s]

manbh tai cic pha ting téc, khd ndng t6i wu nhién
liéu nhor sw hd tror cia mo-to dién, dic biétla trong
cac pha tai thap va trung binh.

e Biéu do thir ba thé hién qua trinh tich liy tiéu
hao nhién liéu va quang dwong di chuyén, phan
anh hiéu suit van hanh theo tirng giai doan ctia chu
trinh.

e Biéu d6 th tw thé hién trang thai sac SOC,
cho thdy sw suy gidm nhwng 6n dinh nh& co ché tai
sinh nang lwong hiéu qua trong cac pha giam téc
va phanh.

= Engine-out HC mass flow - corrected [g/s] tdaf=5
~— Engine-out HC mass flow - corrected [g/s] tdaf=30

343 E Engine-out HC mass flow - corrected [a/s] tdaf=60

i
035 |
030 |
0.25 —
020
015 3

0.10 I

0.05 | H

0.00 4+

Time [s]

= Engine-out PN flow rate - corrected [number/s] tdaf=5
~— Engine-out PN flow rate - corrected [number/s] tdaf=30
Engine-out PN flow rate - corrected [number/s] tdaf=60

x10"
25

20

05

11 ¢ ‘ |
U

0.0 0.6

T :t" bz qe-t o=
08 1.0
Time [s]

Hinh 3. So sanh CO, HC, NOy, PN va lvu lwgng khi théi sau hiéu chinh twong &ng ba méc thoi gian tri hodn
kh&i dong ngudi 1an dau (taar).

Hinh 3 cho thiy khi thoi gian tri hodn dén lan
khéi dong dong co dau tién (tu) tang, phat thai CO,
HC, NO, va PN trong giai doan ngat dong co ciing c6
xu hwéng tang. Diéu nay phan anh sy tich tu cac
chat 6 nhiém khi xtic tic chwa dat dén nhiét do kich
hoat trong thoi gian nghi kéo dai. Ngoai ra, anh
hwdng clia nhiét d6 dong co cao hon tai lan khéi

dong thi hai dwoc thé hién ré qua dinh phat thai
xudt hién & pha nay, dac biét trong trueong hop taar
ngan (5s, dudmg cong mau do). Pay 1a két qua cla
qua trinh ting toc dd lam néng xic tic sau khdi
dong ngudi ban dau, dan dén phan tmg oxy hoa va
khtr xay ra manh hon tai thoi diém tai khéi dong
[19-21].
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800 —

= exhaust temperature - corrected [deqC] tdaf=5
| = exhaust temperature - corrected [deqC] tdaf=30
exhaust temperature - corrected [deqC] tdaf=60

700

200

0.0 02 04 06 08

Time [s]

Hinh 4. So sanh nhiét dd dong co sau hiéu chinh tuy thudc thoi gian khéi ddng ngudi 1an dau (taar).

Hinh 4 thé hién sy thay d6i nhiét d6 khi thai tai ba
vi tri sau dong co (node 5), sau b TWC (node 10), va
saubd GPF (node 40). &' giai doan khéi dong (0-0,3s),
nhiét do tai node 5 tang nhanh do qua trinh danh Iira
ban dau trong khi cac vi tri TWC va GPF tang chim
hon do tré nhiét va truyén nhiét trong hé théng thai.
Giai doan trung gian (0,3-1,2s) ghi nhan nhiét dé dao
dong tir 400-600°C, du duy tri hiéu qua hoat dong
ctia TWC. & cic pha ting téc (sau 1,2s), nhiét do tai
node 5 dat gan 800°C, cic node sau ciing ting nhung
th4p hon do ton thit nhiét.

Két qua cho thdy mo hinh phan anh hop ly qua
trinh truyén nhiét va dap &ng nhiét dong cia hé
thong thai, ddng thoi xac nhén hiéu qua xi Iy khi thai
ctiia TWC va GPF trong diéu kién van hanh thuc té.

Cudi cung, hinh 5 cho thay lwgng khi thai mé
phong tir 6ng thai trong ba thoi gian khoi dong khac
nhau. Nhw dy doan, lwong CO, HC, NOx va PN cao hon
& dau chu ky do nhiét do TWC va GPF con thip. Sau
giai doan khé&i dong ngudi, cac pha van hanh gan nhw
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giong nhau nén sy chénh léch vé khi thai tich liy
khéng thay ddi nhiéu.

So sanh véi hinh 3, c6 thé thiy qua trinh khéi dong
déng co anh hwdng ro rét dén phat thai tir 6ng thai.
Du khi thai tai thoi diém dong co ngirng hoat dong
cao hon khi thoi gian tri hoan khéi dong 16m, nhung
lwong khi thai tong tir 6ng lai thip hon nho qua trinh
lam nguoi xic tac nhanh hon, gitp gidm phat thai sau
do.

DE& kiém chirng do chinh xac ciia mé hinh, két qua
mo phong dwoc so sanh véi dir liéu thuc té thu tir
bang thir dong co ctia xe PHEV str dung dong co GDI
1,25L [6]. Cac thong s6 d6i chiéu gom: nhiét do va ap
sudt khi thai tai cac vi tri dic trung, cling v&i lwgng
phat thai CO, HC, NOx va PN. Sai s6 dwoc danh gia
bang phwong phap sai s6 trung binh tuyét déi (MAE)
va sai s6 phan tram trung binh tuyét d6i (MAPE), v&i
két qua nhu sau:

e Nhiét d6 khi thai: sai s6 MAPE < 7%;
e Ap suat khi thai: sai s6 MAPE < 10%;
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e Gia tri phat thai (CO, HC, NOx): sai s6 MAPE T4t ca sai s§ déu nam trong gi¢i han cho phép doi
tr 5-12%. véi mo hinh hoa hé théng dong luwc va khi thai, cho
thdy mo hinh dat d6 chinh x4c can thiét dé ing dung

trong nghién ctru phat trién xe hybrid thé hé ma&i.

[a] [9]
10 1.6

G [0 e s i i s

0.8

0.6

04 |

24| ~ cumulative mass of CO tdaf=5 ~— cumulative mass of HC tdaf=5

~— cumulative mass of CO tdaf=30 02/ — cumulative mass of HC tdaf=30

cumulative mass of CO tdaf=60 3 1 cumulative mass of HC tdaf=60 3
x10 |

o e T ) P P e g s s 110 o e s e e e e e e |
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[a] x10
1.0 4 6
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|
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Hinh 5. So sanh lwgng khi thai tich ldy tir 6ng thai HC, CO, NOx va PN tuy thudc vao thoi gian khéi dong ngudi
1an dAu (tdar).

4. Két luan déng hybrid gép phan giam tai cho déng co ICE trong
cac pha tang tdc, tir d6 gidm phat thai dang ké. M6
hinh két hop IFP-Drive va IFP-Exhaust trong phin
mém Simcenter Amesim thé hién hiéu qua trong viéc
phén tich dong thoi nang lwong, 4p suat va phat thai.

Két qua mo phdng cho thiay mé hinh xy dung c6
kha nang phan anh chinh xac cic bién thién tic thoi
cta nhiét do, lwu lwong va ap suit khi thai tai cac vi
tri then chot trong hé théng thai, ca trudrc va sau cum
xtr ly. Pac biét, ap suat khi thai ting nhanh trong cac Tong thé, mo hinh dwa ra c6 tinh 6n dinh cao, kha
pha ting téc va gidm khi dong co hoat dong & tdi thdp  ndng hiéu chinh linh hoat va dap tng tét cac yéu cau
hozc ngat phi hop véi thuc té. Sai s6 trung binh clia nghién ctru phat trién hé truyén dong tién tién. Dudi
cac chit 6 nhiém chinh (CO, HC, NOx, PN) sau hiéu  diéu kién mé phéng chu trinh WLTC, lwong phat thai
chinh déu duéi 10% cho thiy do tin cdy cao. Viecmé CO  (~0,85g/km), HC (~0,065g/km), NOx
phéng nhiét do va 4p sut theo thoi gian gidp danh  (~75mg/km) va PN (<6x10*"' hat/km) déu nam
gia hiéu qud TWC va GPF, nhit la trong cic pha trong gi¢i han tiéu chudn Euro 6d-TEMP. Huwéng
chuyén tiép nhw kh&i dong ngudi. Tich hop hé truyén  nghién ciru ti€p theo nhém tac gia sé mé rong mo
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phéng véi chu trinh RDE c6 tinh ngu nhién va thay
d6i dia hinh, thoi tiét. Dong thoi tién hanh mo6 phdng
danh gia hiéu suat cia TWC thé hé méi véi 1op xic
tac da chirc nang va GPF c6 kha nang tw tai sinh loc
PN siéu min, véi muc tiéu khang dinh tiém n3ng Gng
dung cia m6 hinh trong viéc danh gia va phat trién
cong nghé giam phat thai, hwéng téi tiéu chuin Euro
7.
Pong goép caa cac tac gia trong bai bao

Nguyén Hiru Phwérc: Phuong phap, quan ly dit
liéu, phan tich chinh thirc, viét ban thdo gbc, bién soan
- danh gia va bién tip. Tran Viét Diing: Bién soan dir
liéu, phan tich dir liéu, diéu tra, xdc minh. Poan Van
Pong: Quan ly dit liéu, phan tich dit liéu, mé phong
s0, viét ban thao goc. Lwv Hué Phwéec: Phuong phéap,
phéan tich dir liéu, viét ban thao gdc, chinh sttra ban
thao, phan hoi y kién phan bién.
Tuyén b6 khong xung dét lgii ich va cam
két ban quyén

Tac giad tuyén bo vé sy khéng xudt hién nhirng
xung dot tiém 4n tir nghién cru nay, va cam két bai
bao chwa tirng dwoc cong bo truede day.
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