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Nowadays, the use of hybrid cars is increasingly popular in Vietnam as
well as around the world. Researching to master hybrid vehicle
technology is a highly practical matter. Especially, the study of the
driving force of hybrid vehicles is the most important topic. The power
sources of hybrid vehicles include internal combustion engine and
electric motor. The content of the article presents the determination of the
method of combining the driving force of the hybrid vehicle, calculating
the parameters of the internal combustion engine and electric motor.
Then, the parameters of hybrid vehicles and vehicles using conventional
internal combustion engines were set and simulated on AVL-Cruise
software. The simulation results show that the total emissions (including
NOx, CO, HC) of hybrid vehicles were significantly reduced compared
to cars using conventional internal combustion engines. Specifically,
after running the simulation by FTP75 cycle on AVL-Cruise software,
NOXx emissions decreased by 69%, CO emissions decreased by 58% and
HC emissions decreased by 44%.
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Hién nay, viéc st dung xe hybrid dang ngay cang pho bien tai Viét Nam
cling nhu trén toan thé gisi. Viéc nghién ctru dé 1am chu cong nghé vé
xe hybrid 1a mot van dé c6 tinh thyc tién cao. Trong d6, viéc nghién ciru
vé nguén dong luc cua xe hybrid dang la dé tai quan ‘trong hang dau.
Céc nguodn dong luc cua xe hybrid bao gdém: dong co dbt trong, dong co
dién. Noi dung bai bao trinh bay vé viéc xac dinh phuong phap phdi
horp nguon ddng luc cua xe hybrid, tinh todn cac thong s6 cua dong co
d6t trong, dong co dién. Sau do, cac thong s6 cua xe hybrid va xe sir
dung dong co ddt trong thong thuong duoc thiét lap va mo phong trén
phan mém AVL-Cruise. Két qua mo phong cho thay tong lugng phat
thai (bao gdbm khi NO,, CO, HC) cua xe hybrid giam hon dang ké so
v6i xe st dung dong co dét trong thong thudng. Cu thé, sau khi chay
xong md phong theo chu trinh FTP75 trén phan mém AVL-Cruise cho
thdy lwong phat thai NOy, giam 69%, luong phat thai CO giam 58% va
lugng phat thai HC giam 44%.
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1. Gioi thigu

Nhimng nim gan day, qua trinh phat trién kinh té xa hoi ciia cac qudc gia trén thé gioi da gay
ra nhitng hau qua nghiém trong dén moi truong. O Viét Nam, 6 nhiém moi truong tai cac thanh
phd I6n dang tro thanh mot van dé cuc ky cip bach. Mot trong nhitng nguyén nhan chinh gay 6
nhiém moi trudng dén tir khi thai ciia cac phuong tién giao thong co gidi. Hinh 1 thé hién ty Ié
dong gop khi thai SO,, NO,, CO va bui (TSP, PM10, PM2,5) ctia cac phuong tién giao thong co
gidi duong bo.
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Hinh 1. Ty |¢ déng gép phdt thai cdc chat gay 6 nhiém khong khi
Cua cdac phuong tién giao thong co gidi duong bg toan quoc nam 2019 [1]

Dé bao vé moi truong va ning cao chat lugng khong khi tai cac thanh phé 16n, chinh phu cac
nuée da dua ra cac quy dinh Vé tiéu thy nhién liéu va khi thai cia phuong tién giao thong co gidi
duong bo. Céac hing xe di dau tu phat trién cac cong nghé mai than thién véi mdi trudng cho cac
dong san pham ciia minh, trong d6 phai ké dén xe dién (EV) va xe dién hybrid (HEV) [2]-[4]. Xe
EV dang ngay cang trd nén phd bién do ¢6 nhiéu vu diém vuot troi so véi xe sir dung dong co
dbt trong (PCPT) nhu: kha ning di chuyén muot ma, dic tinh kéo vuot troi va khong gy 6
nhiém méi truong [5]-[7].

Tuy nhién, xe EV van ton tai nhiéu nhuoc diém nhu kha ning luu trit nang lugng trong ac quy
con thap, thoi gian mdi 1an sac kéo dai, pin c6 tudi tho sir dung ngin, gia thanh kha cao. Dic biét
& Viét Nam, hé thong tram sac dién chung chua dép tmg dugc nhu cau phat trién cia xe EV.
Chinh vi vay, xe HEV véi viéc sir dung phdi hop hai ngudn dong luc cua dong co dién (PCP) va
DCOT duge danh gia 1a giai phap phu hgp voi tinh hinh hién nay tai Viét Nam [8], [9]. Do xe
HEV ¢6 cong nghé rat phuc tap ca vé két ciu va hé théng diéu khién, nén viéc sir dung, bao
dudng gap rat nhidu kho khan.

Chinh vi vay, viéc nghién ctru dé lam chu cong nghé xe HEV & Viét Nam la rat can thiét. Bai
bao nay s& tap trung nghién ctu thiét ké tinh toan va mé phong hé dong luc xe HEV trén phan
mém AVL-Cruise.

2. Cic phwong phip phoi hop nguon dong lyce trén xe HEV

Cin ctr vao cach thuc lién két gitta PCDT va DCD, ngudn dong luc trén xe HEV duoc chia thanh
3 kiéu chinh: xe HEV kiéu ndi tiép, xe HEV kiéu song song va xe HEV kiéu hdn hop [2]-[4].

- Xe HEV kiéu ndi tiép:

DCDT hoat dong truyén chuyén dong kéo cho méy phat dién (MPD) lam viéc. Dong dién sinh
ra tr MPD chia lam hai phan mot phan dé sac dc quy va mot phan dé cung cip ning lugng cho
bCb. bCb truyen cong suat va md men xodn dén cac banh xe chu dong dé gitp xe di chuyén.

- Xe HEV kiéu song song:

Ca bCDT va BCD cung cung cap nang luong dén cac banh xe chu dong. Trong d6 BCDT
cung cap cong sudt va mdé men xodn dén cac banh xe chu dong gidng nhu cac xe st dung DCHT
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truyén théng DCPD vira cung cip ning luong dén cic banh xe, vira hoat dong nhur mot MPD dé
sac lai cho dc quy trong qua trinh phanh tai sinh.

- Xe HEV kiéu hon hop:

Ca bCDT va BCD cung cung cap nang lugng dén céc banh xe chu dong. Trong do, BCDT
vira cung cap cong suit va mo men xodn cho cac banh xe chu dong, vira truyen chuyén dong kéo
cho MPDB. Dong dién sinh ra tir MPD dugc dung dé sac dc quy va cung cip niang lugng cho DCH
hoat dong.

Ngay nay, cac hang xe thuong lya chon san xuit xe HEV kiéu song song va xe HEV kiéu hén
hop. Xe HEV kiéu hon hop tuy co rat nhidu vu diém nhung két ciu phuc tap va gia thanh san
Xuat cao hon so vdi xe HEV kiéu song song. Dé lam chu duoc cong nghé xe HEV, viéc nghién
ctru tinh toan xe HEV kiéu song song c6 thé coi 1a budc khoi dau. Vi vdy, bai bao nay s& nghién
clru tinh toan va moé phong nguén dong luc trén xe HEV kiéu song song bang phan mém AVL-
Cruise. Hinh 2 thé hién mé hinh phéi hgp nguén dong luc trén xe HEV kiéu song song

Binh
nhién ligu beoT
Hop sb
Ac quy B6 chuyen pCh
doi

Hinh 2. Nguén dong luc trén xe HEV kiéu song song [4]
3. Tinh toan va md phéng nguon dong lwe xe HEV trén phin mém AVL-Cruise
3.1. Yéu cdu thiét ké ciia doi twong nghién ciru

Yéu ciu cua dbi tugng mo phong 1a xe 6 t6 tw ché 2 chd c6 cac thong sé dugce ghi nhu trong
bang 1.

Bang 1. Théng sé ciia xe 6 16 2 chd

Stt Théng s6 Ki hi¢u Pon vi Gia tri
1 Tu trong G, Kg 400
2 Trong luong toan tai G, Kg 560
3 Chiéu dai co so L mm 1850
4 Chiéu rong tong thé B mm 1490
5 Chiéu cao tong thé H mm 1480
6  Chiéu dai tong thé L, mm 2660
7 Khoang sang gam xe mm 200

3.2. Tinh todn nguén dong luwc xe HEV

3.2.1. Tinh toan lya chon PCPT

Cong suat ciia DPCDT duoc tinh theo cong thire dudi day [4]:
\Y% 1 .
Pocor :m(q.g.fr+Epa.CD.Af .\/2+Gt.g.lj(kW) @))

Trong d6: Gy: 1a tong khéi luong cua xe (kg); G, = 560 (kg).
V: Van tbc toi da ma DCDT co thé gitp xe dat duoc, V = 80 (km/h) = 22,2 (m/s).
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Nre, HiéU suét cia PCDT; ne = 0,9.

g: Gia toc trong truong g = 9,8 (m/s?)

pa: Khoi luong riéng cuia khong khi p, = 1,202 (kg/m?).

Cp: Hé s6 can khi dong; Cp =0,3 (stlm ).
i: Do doc cuia mit dudng, ¢ day chon xe di trén duong bang nén i = 0.
Ay Dién tich mat trudc cua xe; As = 1,907 (m?).
f.- Hé sb can lan cua 16p xe; f, duoc tinh theo cong thirc sau:

2 2
fo=f, x| 1+ V" |_0,018x| 1+22:22" | _0,0239 )
1500 1500
Thay cac thong sd vao cong thuc (1), ta cé:
Pocor = A(560.9, 8.0,0239 + l1, 202.0,3.1,907.22, 222) =7,43(kwW)
1000.0,9.0,95 2

Trén co s6 tinh toan da néu, tac gia xét thdy dong co Piaggio 150cc c¢6 cac thong sd thé hien
nhu bang 2 1a phu hop véi yéu cau dé ra.

Bang 2. Thong s6 ki thudt PCBT Piaggio 150cc [1]

Sé thiwtw  Dic tinh ky thuat DPon vi Gia tri
1 Kiéu dong co V3ie 150cc
2 S xi lanh/ cach bd tri i 1
3 Loai nhién liéu xang
4 Cong suit cuc dai KW/rpm 8,7/7500
5 M6 men cuc dai N.m/rpm 12/5000
6 Ty s6 nén 10.5:1
7 S6 ky 4
8 Dung tich cong tac cm® 154,8
9 Puong kinh x Hanh trinh mm X mm 58,0 x 58,6

3.2.2. Tinh toan lya chon PCP

Cong suat DCP dugc tinh theo cong thic sau [4]:
P, = On Gy ImPt (V2 4v,2) ®)
2.17

t,m*ta
Trong d6: Vi: Te d6 tdi da ma DCP co thé giup xe dat duoc; Vi = 40 (km/h) = 11,11 (mis).
Vy: Toc d6 co ban ma DCP c6 thé gitip xe dat duoc; V,, = 20 (km/h) = 5,55 (m/s).
Sm: hé s6 khéi lugng kém theo PCD; 6, = 1,04
Him = 0,95
t,: thoi gian tang toc cua xe; t, = 15 (8).
Thay cac thong sd vao cong thuc (3), ta cé:
, 104560 1,142, 5 552) — 3,10kw)
2.0,95.15
Trén co s¢ tinh toan da néu, tac gia xet thdy dong co HPM3000B c6 cac thong s6 thé hién nhur
bang 3 1 phu hop vé6i yéu cau dé ra.

Bang 3. Thong s6 ki thudt BCH [1]
Tén goi: HPM3000B -- High Power BLDC Motor

Cong suat dinh muac 3kW

S6 vong quay dinh mirc 3000 vong/phut
S6 vong quay cuc dai 5000 vong/phtit
M6 men xoan cuc dai 25 Nm

Hiéu dién thé 48V

Khdi lugng 8 kg
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3.3. Chién lwgc phoi hop nguon dong luc xe HEV
3.3.1. Chién heoe diéu khién nguon dong luc xe HEV kiéu song song

Trén co so cac quy dinh vé téc do xe co gidi va cong suat cia ngudn dong luc, chién luoc
diéu khién nguon dong luc xe HEV kiéu song song dugc thé hién nhu hinh 3.

Céng suat Céng suat DCD
. kéo max Pmmax
Cong suat phanh
yéu chu khéng
) Phanh t4i sinh
cé Phanh kéthop

thcdoxe V
DCD lam viée

Ché db kéo
hén hop

Tinh trang nap

cia ic qu\khoﬂg

Nap dc quy

DCOT lam viée

Hinh 3. Luwu do chién luoc diéu khién nguon dong luc xe HEV kiéu song song [4]
3.3.2. Cdc ché dg lam viéc ciia xe HEV kiéu song song

- Ché dp két hop PCP va DCDT: Cong suit tai yéu cau 16n hon cong sudt cuia DPCDT c6 thé
tao ra, khi d6 ca BPCDT va bCb dong thoi phai truyen cong suit toi cac banh xe. Trong truong
hop nay, DCDT duoc diéu khién dé 1am viéc & ving t6i wu. Cong sudt yéu cau con lai duoc cung
cap boi bCP.

- Ché dg chi ¢6 PCP lam viéc: Tdc do xe nho hon mét gia tri chon trudc V,,,;, 1 téc do cua
xe ma & d6 DCDT hoat dong khong on dinh va khong ti wu. Trong trudng hop nay chi co DCH
truyén cong suit ciia no téi cac banh xe, trong khi PCDT dugc tat hoic chay khong tai.

- Ché dp chi ¢6 PCPT lam viéc: Khi cong suét tai yéu cau nho hon céng suat ciia DCOT ¢
thé sinh ra trong khi lam viéc & vung t6i wu, va hé théng nap ic quy khong 1am viéc. Trong
truong hop nay, hé thong dién duoc tit, DCDT duogc hoat dong dé cung cip cong suat thich hop
voi cong suét tai yéu cau.

- Ché do nap dc quy: Khi cong sudt tai yéu cau nho hon cong suit cia DCPT sinh ra ¢ ving
lam viéc tbi wu cua no, va tinh trang nap cua dc quy dudi mic cao nhat. Trong trudng hop nay,
PCP duoc diéu khién bai bo diéu khién cua né va thuc hién chirc ning nhu mot may phat dién,
duogc cung cép nang luong 1 cong suit con lai cia DCDT.

- Ché d¢ phanh tdi sinh: Khi xe can phanh va yéu ciu coéng suit phanh nhé hon céng suit
phanh tai sinh 16n nhat ma hé thong dién co thé cung cap thi BCP dugc diéu khién dé thuc hién
chirc nang nhu mot MPD, san sinh ra mot cong suét phanh bang cong suat phanh yéu cau. Trong
truong hop nay, DCDT tit hoidc dit ¢ ché d6 tam ngung hoat dong.

- Ché do phanh két hop: Khi cong suat phanh yéu cau Ién hon cong suat phanh tai sinh 16n
nhat ma hé thong dién co thé cung cap, thi phanh co khi phai duge kich hoat. Trong truong hop
nay, DCD s& duogc diéu khién dé tao ra cong sudt phanh tai sinh 16n nhét, va hé théng phanh co
khi s& dam nhan sinh ra mé men phanh yéu cau con lai.
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3.4. M6 phéng nguon dpng lwc xe HEV trén phin mém AVL-Cruise
3.4.1. Phan mém AVL-Cruise

AVL-Cruise dugc AVL Advance Simulation Technologies ra mat phién ban dau tién vao nim
1997, 1 phan mém mo phong duoc st dung dé nghién ctru cac dac diém lai, murc tiéu thu nhién lidu
va lwong khi thai. Nho cac md dun cho trude ngudi ding cé thé thiét 1ap béat ky cac mo hinh xe.

AVL-Cruise dugc st dung chu yéu cho viéc tinh toan va tbi wu: Muc tiéu thu nhién liéu va
khi thai, kha nang van hanh; tinh toén ti sb truyén, hiéu sudt phanh, tai trong tap trung khi tinh
toan trng suit, rung dong gy ra. Cac mo dun ciia AVL-Cruise cho phép c6 thé mé phong tat ca
cic mau xe hién tai va tuong lai [10].

3.4.2. Xay dung mo hinh moé phong

_Tac gia da xay dung m6 hinh mé phong ngudn dong luc xe HEV kiéu song song trén phan
mém AVL-Cruise dugc thé hién nhu trén hinh 4.

Vehick
Vetice: Front Right MatLab DL Veicle: Rear Right
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I b=
4 4 1
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Hinh 4. M6 hinh mé phong nguon dong lwc xe HEV kiéu song song trén phan mém AVL-Cruise
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Hinh 5. M6 hinh mé phong xe thong thuong trén phan mém AVL-Cruise
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Céc ché do hoat dong cia nguén dong luc xe HEV nhu sau:

+ Tdc d6 xe dudi 20km/h: chi c6 DCD hoat dong.

+ Tdc do xe tir 20km/h dén 80km/h: chi c6 DPCDT hoat dong.

+ Tdc dd xe tir 80km/h tré 1én: ca DCPD va PCPT hoat dong.

Dé so sanh lugng phat thai ciia xe HEV voi xe sit dung PCDT truyén thdng, tic gia cling xay
duyng mo hinh md phong ngudn dong lyc xe thong thuong trén phan mém AVL-Cruise duoc thé
hién nhu trén hinh 5. Xe st dung PCDT truyén thong ciing dung PCDT c6 thong sd nhu xe
HEV.

Thiét 1ap cac thong s6 cho chu trinh thir FTP 75 nhu trén hinh 6.

Profile according to time.

suor| CSTCV
Comment| Fp7S_spd_man
Motce 2

4;‘":1-‘, ﬁ I : | I -;m”;
2 A i -

Ve x

Version 2013, Copyriht 2013 AV LIST GMEH Al Aights Reserved

Hinh 6. Thiét lp thong s6 cho chu trinh thir FTP 75

4. Két qua mé phong

Sau khi chay m6 hinh m6 phong xe thong thuong va xe HEV kiéu song song trén phan mém
AVL-Cruise, tac gia thu dugc biéu do tong luwgng phat thai 6 t6 thong thudng nhu trén hinh 7 va
biéu d6 tdng lugng phat thai xe HEV nhu trén hinh 8.

Total Raw Emissions
0.0449 17.75e4

0.03592 6.2e4

0.02694 14.65e4

0.01796 13.1e4 5

= (-‘smss-at- 1.55e45

g 1]

@ -lo “io §|

g & 3

2 5

4e-41 £7.54e4 -0.0089f 1-1.55e42

& ! i

: % 'g'

“5.48e-4 1 8.001 0.01798 1-3.104 &

-0.02694 1-4.65¢4

-0.03592 1-6.2e4
Raw_Emission_Sum_NOx [kg]
177 - — —- Raw_Emission_Sum_CO [kg] |
0 30.0 60.0 90.0120.0 180.0  240.0  300.0  360.0  420.0------ Raw_Emission_Sum_HC [kp]
Time [s] -+ ==~ Raw_Emission_Sum_Soot [kg]

Hinh 7. Tong heong phdt thai 6 té thong thuong
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Total Raw Emissions

0.01905 0.001353

9.02e-4

[ka)

06353 14.51e-4,

o

RaW_Emission_Sum_Soat

]
0063% [-4.51e-4

-0.0127 9.02e4

- o
70 29.8 59.6 89.4119.2 178.8 238.4 298.0 357.6 417.2 ------ Raw
Time [s]

Hinh 8. Téng heong phdt thai xe HEV

Két qua mo phong cho thdy tong luong phat thai (bao gdém khi NO,, CO, HC) cua xe HEV
giam hon déng ké so véi xe thong thuong. Cu thé tong luong phat thai sau khi chay xong mé
phong theo chu trinh FTP75 trén phan mém AVL-Cruise dugc thé hién nhu trong bang 4.

Bang 4. Tong lwong phdt thai ciia xe thong thuwong va xe HEV kiéu song song

Xe thong thwong Xe HEV kiéu song song
Tong phat thai NO, 0,00377 (kg) 0,001173 (kg)
Téng phat thai CO 0,0449 (kg) 0,01905 (kg)
Téng phat thai HC 0,00137 (kg) 0,00078 (kg)

5. Két luan

Bai bao da trinh bay két qua tinh toan va lya chon dugc DCDT, DCP c6 thong s6 phu hop
theo yéu cau thiét ké. Thiét 1ap duoc cac ché do hoat dong ctia ngudn dong luc xe HEV nhur sau:

+ Tdec d6 xe dudi 20km/h: chi c6 DCD hoat dong.

+ Tdc d6 xe tir 20km/h dén 80km/h: chi c6 DPCDT hoat dong.

+ Tbc dd xe tir 80kmv/h trd 1én: ca DPCP va DCDT hoat dong.

Chay mé phong thanh cong mo hinh xe HEV trén phin mém AVL-Cruise. Két qua cho thay
tong luong phat thai ciia xe HEV da giam déng ké so v6i xe thong thuong (chi st dung DCDT).
Cu thé: NO, giam 69%, CO giam 58%, HC giam 44%.

L&i cdm on
Téc gia xin gui 101 cam on t6i PGS.TS Khéng Vii Quang — Trudng Pai hoc Bach khoa Ha Noi
da gitp tac gia hoan thanh bai bao nay.
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