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consumption of the Hybrid vehicle. The simulation model was built based
on Toyota Cross Hybrid parameters with simulation results shows that the
energy recovered in the city road is higher than in the suburban and intercity
State Of Charge (SOC); roads. The vehicle's fuel consumption is from 4.9 to 5.4 [liters / 100km]
Fuel Consumption (FC). depending on the road condition.
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THONG TIN BAI BAO TOM TAT
Ngay nhan bai: 31/08/2022 Hién nay, hé thong phanh tai sinh 1a mot hé thong giup giam tiéu hao nhién
liéu cua cac dong xe Hybrid. Qua trinh xe phanh hodc giam toc chinh la qua
trinh nang luong quan tinh cua xe duge bién d6i thanh ning luong dién nap
Ngay chdp nhan dang: ~ 14/11/2022  lai cho 4c quy dé tai sir dung. Nang luong thu hdi dugc phy thudc rat 16n
Neay dang: 28/04/2023 VEVIO dl‘eu k}@n anf d?ng cua xe trer{ cac }gal dqurng'khac nhau.‘ Trong’nghlen
: ) clru nay, tac gia s€ xay dung chu trinh lai xe trén cac cung duong khac nhau
TU KHOA bang thue nghiém nhu: dudng ndi thanh, dudng cao toc va dudng lién tinh.
Chu trinh 141 xe d6 dugc dua vao moé hinh mé phdng dé nghién ctru va tinh

Ngay hoan thién: 18/10/2022

xe HXb”d' toan cac thong sb cua qua trinh phanh tai sinh ciing nhu ning lwong thu hoi
Xe dién; va mure tiéu hao nhién liéu cta xe Hybrid. Nghién ctru duoc thuc hién trén
Hé thong phanh tai sinh; xe Toyota Hybrid Cross véi két qua mo phong cho thay ring ning luong thu
Hg¢ 56 sac; hoi dugc trong dudng ndi thanh co phan cao hon so véi cung duong ngoai
Tiéu hao nhién liéu. thanh va lién lién tinh. Mirc tiéu hao nhién liéu cua xe dat tir 4,9 dén 5,4

[lit/100km] tuy theo ting loai dudng.

Doi: https://doi.org/10.54644/jte.76.2023.1271

Copyright © JTE. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0
International License which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purpose, provided the original work is
properly cited.

1. Gigi thiéu

Hé théng phanh tai sinh duoc thiét ké trén cac dong xe Hybrid nham bién dbi co nang cua xe trong
qua trinh xe phanh hodc giam toc thanh dién nang nap lai cho ac quy. Qua trinh giam téc cta xe chinh
1a qua trinh tich trir ndng lwong dién. C6 rat nhidu yéu t6 anh hudng t6i hi¢u qua cia viée thu hoi ning
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lwong nhu: véan téc tai qua trinh phanh, k¥ thuat diéu khién phéan phdi luc phanh tai sinh, hé sé sac SOC
va hoat dong ctia xe trén cac cung duong v6i cac diéu kién 1ai xe khac nhau [1]. Nhim dénh gia hiéu
qua thu hdi niang lugng tir hé thong phanh tai sinh trén cac cung dudng khac nhau, mot chu trinh 14i xe
duoc thiét lap béng thuc nghiém.

Trong nghién ctru ndy, nhém nghién ctru da sir dung xe thir nghiém Toyota Cross Hybrid ¢ gan cac
thiét bi do dé thu thap cac dir liéu vé van toc xe, gia toc, va cac thong s6 clia mo to/may phat MG1 va
MG2. Thuc nghiém dugc thyc hién nhidu 1an trén cting mot cung dudng bao gém 3 loai dudong khac
nhau: dudng ndi thanh (tir ngd tu An Suong véo thanh phé tdi duong cao tdc); dudng cao te (tir An
Pht 1én cao téc Long Thanh téi Québc 16 51) va duong hdn hop lién tinh (tir Long Thanh vé lai nga tu
An Suong). Sau khi thuc hién cac thi nghiém, cac gia trj trung binh duoc ldy lam dir liéu cho viée xay
dung chu trinh 14i xe tai thanh phé HO Chi Minh va cac ving 1an can.
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Hinh 2. D6 thi vin téc theo thoi gian trén toan chu trinh.

Quing duodng thir nghiém 13 123,44 km, tdc d6 trung binh 1a 39,77 [km/h] (v6i thoi gian xe chay
thue té 1a 3,1 gi0). Dua trén chu trinh lai xe thuc té duoc xay dyng, mot md hinh md phong cua xe
Toyota Cross Hybrid ciing duoc xdy dung nhdm nghién ctru dénh gia cac thong s6 vé mo-men, cong
sudt phanh tai sinh, hé s sac SOC. Cac thong s nay sé& 1 co sé dé tinh toan ning luong thu hdi duoc
ciing nhu muc tiéu hao nhién liéu clia xe trén mdi cung duong.
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Chu trinh
lai xe’thuc

A

te

- Cong suat phanh tai sinh;
. R - M6-men phanh tai sinh;
Mo hinh m6 _ Hé s nap SOC:

2. Co s ly thuyét

phong Toyota | _ Ty 14 tiéu hao nhién liéy;
Cross Hybrid - Luc phanh tai sinh.

Hinh 3. So d6 nghién citu

Hé thdng truyén luc xe Toyota Cross Hybrid bao gdm dong co ddt trong va hai mé to/may phat MG1
va MG2. B6 phan phéi cong suét cho phép dong co dot trong dan dong xe hodc dong co dién MG2 dan
dong xe hodc ca dong co dién va dong co dét trong ciing din dong xe trong qua trinh ting tdc. MG2 ¢6
tac dung nhu 1a mot may phat dién dé bién ning lwong quan tinh cua xe trong qué trinh giam tdc thanh
dién ning nap lai cho ac quy cao ap dé tai str dung lai [2].

— Dong truyen co khi

--- > Dong truyén dién

B6 phén phéi céng suit

] Bdnh xe

Hinh 4. So d6 hé thong truyén lic xe Toyota Cross [2]

Bang 1. Théng sé ky thudt xe Toyota Cross Hybrid [2]

Tén M5 ta Théng sb
Kiéu dong co 2ZR-FXE
S6 xy lanh 4 xylanh thang hang
bong co Dung tich [cm3] 1798
Cong suit cuc dai [kW] 103 tai 6400 V/phut
Moment xoén cyuc dai [N*m] 142 tai 3600 V/phut
Mo to/May phat MG1 bién ap cuc dai [V] DC 600
Cong suat cuc dai [kW] 53
Mo to/May phat MG2 -
Momen xoan cyc dai [N.m] 163
Loai 4c quy (Ni-MH)
Ac quy Dién ap danh dinh [V] 201,6
S6 ngan 168 ngan
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2.1. Xdc dinh sw phéin bé tdi trong va cdc théng so dong lwc hoc ciia xe

Tai trong phan bo 1én cau trude va cau sau duge xac dinh nhu sau [3]:

F - %*40%* F - %*40%*1850*0, 081=3629,7(N) 1)
=%*60%*FZ =%*60%*1850*0,981=5444, 6(N) 2)
Khoang cach tir trong tim xe dén cau trudc va cau sau lan luot 1a [3]:
2*| *F, 2*|1*F,
———2=1,584(m);a, _—g =1,056(m) 3)

Dién tich can chinh dién [3]:
A=0,9*b*h =2,66(m") 4)
Trong d6: b 14 chiéu rong co s& cua Xe.
M6 men quén tinh cta banh xe[3]:
4

| =3 *R? =0,92(kg.m') )
Chiéu cao trong tam xe: Trong luong cua xe trén mat phang nam ngang [3]:
*
h, =R+(a, - Fg I)COS¢ 62,4cm (6)

2.2. M6 hinh todn mé to di¢n

M0 to duoc sir dung dé md phong trén xe Toyota Cross Hybrid véi thong sé cong suét cyc dai cua
mo to 1a 53 kW, mé—men xo0an cuc dai 163 N.m. D@: xac dinh diénﬂ ap dau ra cua ac quy, hé so sac SOC
va nhiét do 1a 2 yeu t6 dac trung cho hiéu suat cta ac quy dugc kiem soét [4]:

E, = f(SOC);R,, = f(T,SOC) (7
Dién ap va dong dién nap cho dc quy duoc tinh theo cic phwong trinh sau [4]:

V E + Ibatt Rmt; Ibatt = (8)

N p

_ NV unfilter
Vou = VL )
s+1

1 t t
SOC = C—‘[ Ibattdt; I‘dAmpHr J batt (10)

batt 0 0

Trong do : SOC 1a hé s6 nap; ipat 14 dong dién trén'm’(n mo-dun ciia dc quy; Phar 12 cONQ suat dc quy;
Capear 1a dung luong ac quy. Dong dién duong cho biét ac quy dang phong dién. Dong dién am cho biét
ac quy dang duogc sac.

2.3. Tinh toan momen phanh téi sinh.
Momen phanh tai sinh dugc tinh theo cong thirc [4]:
My =M * K, *Kgoc (11)

Trong d6: M 1a momen thu hdi [N.m]; M 12 md-men ham cua moé to dién hoat dong o ché do may
phat [N.m]; Ky 1a h¢ so van toc; Ksoc 1a hé s0 % kha nang nap dién cua cac quy.
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2.4. Ning lwong thu héi trong qud trinh phanh.

Ning luogng thu hdi duge trong qua trinh phanh 1a dién ning nap cho dc quy. Cong suit thu hdi cua
may phat dugc tinh theo cong thuc [4]:

Pn =My, *0™i (12)

Pen 12 cOng suét thu hoi [W]; M 1a momen thu hoi ctia méay phat [Nm]; o tée do goc banh xe trude
[rad/s]; i 1a ti s0 truyén cta hé thong truyeén luc.
2.5. Mo hinh tinh todn nhién li¢u

Xe Hybrid sir dung hai ngudn ning luong, mot dong co ddt trong sir dung nhién liéu xang va mot
d(:)ng co dién sur dung nang lugng d@én. Vi \{éy viéc tinh toan muc ti€u thu nhién li¢u can phai chuyén
d61 nang luong dién dugc st dung dé cung cap cho mo to dién thanh nang luong xang. Luu lugng nhién
liéu duoc tinh theo cong thirc [5]:

mfuel

szmmm*

13
m3 Sg fuel ( )

Qruel 12 Iu lugng nhién lidu; m , 1a khdi luong nhién liéu; Sgrer 13 trong luong riéng ciia nhién liéu.
Theo tiéu chuén EPA cta Hoa Ky, nang lugng duoc tao ra boi 1 ga—lon xang tuong duong véi 33,7
KWHh. Tr cong suat dau ra cia ac quy, cong suat dién dugc chuyén doi thanh luu lugng nhién liéu [5]:
P

—— WS
33,7*3600 L9 ] (14)

Trong d6: Ppat 12 cong suat dau ra cia dc quy [kW].
Nhién liéu dugc chuyén dbi tir [gal/s] thanh [m?/s] va thanh [kg/s] theo cong thirc [5]:

Pha x 1 3 Plat 1
< m®/s]= a * *739kg / s
33,7*3600 264,172[ ] 33,7*3600 264,172 (kg /s] (15)

Vi ty trong cua xang la 739 [kg/m®].
Téng lugng nhién liéu dugc st dung trén toan bd chu trinh cta xe Hybrid duoc tinh theo cong thirc

[5]:
t
Bt 739
m = + Mg, |dt
e ! (33, 7.3600.264,172 (10)
Mirc tiéu thu nhién liéu trén 100km

m; .., 100

——=——[Lit /100km
S*0,739 [ ] (17)

Trong d6 S 14 quang duong di chuyén ciia 6 t6
3. Két qua md phéng va ban luan
3.1. M6 men ciia MG2

Cung duong ndi thanh: Theo gia tri mo-men xoén ctia MG2 trén hinh 5 cho thay rang khi xe hoat
dong trong cung dudng ndi 6 thanh phd nén xe duoc dan dong boi mo to dién. Do mat do giao thong
dong diic nén van toc trung binh ciia xe kha thap va qua trinh ting giam toc dién ra lién tyc. Vi thé mo-
men kéo ctia mé to dién (phan gi4 tri dwong trén do thi) phan bd kha déu theo thoi gian. M6-men kéo
cuc dai cua MG2 dugc ghi nhén la 163N.m va mo-men kéo trung binh cta toan chu trinh 1a 101,18N.m.
M6-men téi sinh (phan gi4 tri am trén d6 thi) ghi nhan dugc ciing tuong ty. Gia tri mé-men phanh tai
sinh dat gia tri cuc dai 1a 163 N.m va mé-men tai sinh trung binh ctia toan chu trinh 1a 30,73N.m.
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Cung dudng cao téc: Khong gidng nhu trén cung dudng ndi thanh, ty 1& hoat dong cuia mé to dién
MG?2 trén dudng cao toc xuét hién it hon. Do luc ndy xe hoat dong véi van tdc cao hon nén dong co dot
trong phai hoat dong. Gia tri mo-men phanh tai sinh dat gia tri cyc dai la 160 N.m va m6-men tai sinh
trung binh cua toan chu trinh 1a 29,8N.m.

The graph between Time and Motor Torque
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Hinh 5. D6 thi mé men xodn ciia MG2 trén toan chu trinh
) Dbi voi cung dudng lién tinh: giai doan dau téc do tuong ,déi 16n sau d6 vao ctra ngd thanh phd van
toc xe gidm do d6 dong co dién lai hoat dong nhi€u 1€n dan dén ty 1€ phanh tai sinh hoat dong cling tang
theo. M6-men phanh tai sinh (phan gia tri &m trén do thi) ghi nhan duoc gia tri cuc dai 1a 160 N.m va
mMO-men tai sinh trung binh cla toan chu trinh 1a 28,68N.m.
3.2. Lwe phanh thiiy lyc va phanh tdi sinh

Luc phanh thity Iyc 16n nhét duoc ghi nhan 1a 2876,48N. Céc 1an phanh c6 luc phanh dudi 2500N
dugc ghi nhén 6 cac khoang thoi gian tir Os — 1250s; 2000s — 3500s; 4300s — 6300s va 7000s. Con lai 1a
cac khoang lyc phanh nho tir 1000N tré xuong dugc phan bo déu theo thoi gian trén toan bién do.

The graph between Time and Brake Force I Friction Braks Forcs
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Hinh 6. Bé thi lirc phanh thity lc va phanh tdi sinh trén cung dwong néi thanh.

Luc phanh tai sinh (gi4 tri mau xanh trén do thi) phan b twong dbi dong déu, gia tri 16n nhét cua luc
phanh tai sinh dugc ghi nhan 579,486N. Trong d6 ta ¢ thé thay rd luc phanh tai sinh dugc chia thanh 2
giai doan. Giai doan 1 c6 gia tri trung binh kha thap khoang 250N, & giai doan 2 Iyrc phanh ti sinh c6
gia tri cao hon khoang SO0N — 510N.
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3.3. Cong suit ciia MG2

- The graph between Time and Motor Power
T T T T
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Hinh 7. Bé thi céng sudt ciia MG2 trén toan chu trinh

O cung duong ndi thanh: gia tri cong sudt kéo ctia md to dién MG2 (phan dwong trén do thi) dat cuc
dai 14 47,15kW. Gia tri cong suat nay bién ddi tir 17kW dén 25kW trong khoang thoi gian déu chu trinh,
V& giita va cuéi cung dudng cao tbe su phén bd cong sudt kha déu trong khoang tir 26kW — 28kW. V&
phan cong sudt tai sinh (phan am trén do thi) cong sudt tai sinh cuc dai dugc ghi nhan 36,49kW. Gia tri
cong suat tai sinh dugc phan bd kha dong déu tir 30kW dén 32kW. Cong suat tai sinh trung binh ciia
cung duong ndi thanh vao khoang 1,55kW.

Sang cung duong cao toc, giai doan déu tdc d6 xe ting cao nén ngoai dong co xing hoat dong thi c6
su ho trg cua mo to dién MG2 dé tang toc xe. Giai doan ndy dong co xang hoat dong la chinh nén cong
suét kéo ciing nhu cong suét tai sinh cia MG2 xuat hién kha thua thét. Vé cudi cung dudng cao tdc, xe
chay v&i véan tdc trung binh cao hon nén quan tinh ciia xe ciing 16n din dén cong suat thu hoi cling ting
lén. Cong suét tai sinh trung binh ciia cung dudng cao tc vao khoang 1,33kW.

O cung duong lién tinh: giéng nhu mé men, cong suat cia MG2 trén cung dudng nay ciing dugc chia
lam 2 giai doan. Giai doan 1 14 qudc 16 nén cong suat kéo ciing nhu céng suét tai sinh thdp hon giai doan
giita va gan cudi. Cong sudt tai sinh trung binh cta toan cung dudng lién tinh 1a 1,31kW.

3.4. H¢ 56 sac SOC

. The graph between Time and SOC . E
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Hinh 8. 6 thi hé s6 SOC trén toan chu trinh
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Khi xe bét ddu hoat dong, ¢ quy duoc nap day do dé hé sé SOC bit dau tir 60%. Tai cung duong
thanh ph6 hau nhuy moé to dién duoc sir dung va kha ning ting giam toc twong dbi déu nén kha ning
phéng-nap ctia 4c quy dién ra déu dan SOC duy tri trong pham vi tir 35-50%. C6 duy nhat mét giai doan
hé s6 SOC giam xudng dudi 30% rdi dugc dicu khién tang 1én lai nho vao may phat MG1 duoc dan
dong boi dong co xang.

O cung dudng cao tdc, do mod to MG2 hoat dong dé ding phu trg cho dong co xang trong qua trinh
tang toc. Do d6 su bién thién cua hé s SOC & gia doan diu cao tdc twong ddi déu tir 38 — 53% & mirc
cao hon cung dudng ndi thanh. Tuy nhién, t6i giai doan gan cudi cao toc tbe do xe ting manh nén mo
to dién hoat dong ting cong suat dan dén SOC giam xudng rat thip khoang 26% va ngay sau d6 dugc
ting 1én nhd may phat MG1 dugc dan dong boi dong co xing.

O cung dudng lién tinh ciing tuong tu nhu sy phdi hop ciia hai cung duong noi thanh va cao tdc.
Trong giai doan dau trén qudc 19, tbe d6 xe twong ddi cao nén md to MG2 chi hoat dong dé hd trg dong
co xang. Do d6 giai doan nay SOC bién thién tuong ddi déu dan tir khoang 30-57%. Dén cudi cung
dudng vao ndi thanh do ty 18 str dung mo to dién nhiéu hon nén SOC giam manh xubng dudi 25%. Tuy
nhién, ciing v6i su phat dién cia MG1 va MG2 hoat dong & ché d6 may phat dé thu hdi ning luong quan
tinh cta xe nén SOC duge 6n dinh tang dan vé gia tri cyc dai & cudi chu trinh.

3.5. Ty I¢ tiéu hao nhién li¢u

The graph between Time and Fuel Consumption
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Hinh 9. D6 thi 1y I¢ tiéu hao nhién liéu trén toan chu trinh

Theo d6 thi hinh 9 cho thiy rang & cung dudng ndi thanh, ty 18 tiéu hao nhién lidu 1a thip nhit do
mo to dién hoat dong nhiéu hon va qua trinh phanh tai sinh nhiéu hon. O cung dudng cao tdc, do toc do
xe cao, dong co xing hoat dong nhiéu nén ty 1& tiéu hao nhién lidu ting hon so v6i cung duong ndi
thanh. Véi cung dudng lién tinh dugc chia la 2 giai doan: giai doan 1 di trén qudc 16 toe d6 xe cao nhung
khong bang dudng cao tdc nén ty 1é tiéu hao nhién liéu c6 xu thé ting. Giai doan 2: vao cira ngd thanh
phé téc do xe giam dén, ty 18 sir dung mé to dién va phanh tai sinh ting nén muc tiéu hao nhién liéu
giam nhe.

Bang 2. Cdc két qua tinh todn tir mé phong

Loai dwong S(km) Vin(km/h) Pt(Kw) En(KJ) Fr(Lit/200km)
Noi thanh 22,5 24,88 1,55 9419 4,9
Cao toc 25,6 55,80 1,33 8611 5.4
buong lién tinh 75,3 38,65 1,31 14919 53
Toan chu trinh 123,4 39,77 1,40 32221 52

Trong dé: S la quang duong xe di chuyen Vi: van tdc do trung binh; Py: cong suat trung binh cua
phanh tai sinh; Eq: tdng ning lwong thu hdi; Fn: Mirc tiéu hao nhién liéu.
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Bang 3. Cong sudt MG2 trén toan by chu trinh

Loai dwong Pmax_kso (KW) Ptb_kéo (KW) Pumax_phat dien (KW) Pt _phat aien (KW)
Noi thanh 47,15 1,44 36,49 1,33
Cao toc 53,00 1,68 43,89 1,55
buong lién tinh 49,54 1,36 36,12 1,31

Trong d6: Pmax_kéo 1a cong suit cuc dai & MG2 & ché d6 kéo; P, keo 12 cong suit kéo trung binh;
Pnax phit dien 12 cONg sudt cuc dai cia MG2 & ché d6 may phat trong qua trinh thu hdi nang lugng; P, phat
dien 12 cONg sudt trung binh cia MG2 & ché do may phat trong qué trinh thu hdi nang lugng.

Vé cong sudt cia MG2: xét vé cong su?it kéo cia MG2 hoat dong ¢ ché do mé to dan dong xe thi
cong suét trung binh ¢ doan dudng cao tdc c6 gid tri 16n hon céac cung duong con lai. Do khi di trén cao
tdc c6 nhitng giai doan can toc d6 xe 10n mé to dién ciing tham gia vao qua trinh ting tc nén cong suat
ctia mo to 16n hon hai cung duong con lai.

Xét vé muc tiéu hao nhién lidu: mirc tiéu hao nhién liéu theo két qua mo phong lan luot 1a: cung
duong ni thanh 4,9 [Lit/100 km]; cung duong cao tbc 5,4 [Lit/100 km] va duong liéntinh1a 5,3 [Lit/100
km]. Ly do cung dudng cao tdc tiéu hao nhién liéu nhiéu hon 1a do qua trinh tang téc dong co xang hoat
dong nhiéu hon trong khi d6 khu vyc ndi thanh hau nhu xe duoc dan dong bdi mo to di€n nén ty 1€ ti€u
hao nhién liéu it hon. Qua d6 cho thiy ring, hé thong phanh tai sinh dong gop rat 16n vao viée giam tiéu
hao nhién li¢u cua xe Hybrid. Pic biét 1a khi xe hoat ddng trong ndi thanh.

4. Két Luan

Toém lai, nghién ciru nay da xay dung dugc mo hinh toan va moé hinh mé phong ctia xe Toyota Cross
Hybrid. Véi viéc truyén dit liéu la chu trinh 14i xe thuc t& v&i 3 cung duong khac nhau vao mo hinh mo
phong dé danh gia cac thong s6 anh hudng t6i viéc thu hdi nang lugng cua hé thdng phanh tai sinh. Két
qua md phong cho thy rang véi su dong gop cuia hé théng phanh tai sinh, tiéu hao nhién lidu cia xe co
thé dat t6i 4,9-5,4 [Lit/100km] tiy vao cung duong hoat dong cua xe. Két qua nghién ciru ndy s& 1a co
s& cho viée nghién ciru cac phuong phap nhiam nang cao hiéu qua thu hdi ning luong cta hé thong
phanh tai sinh ciing nhu cac nghién ciru thuc nghiém dé danh gia hé thong.

Lo&i cam on

Nhoém nghién cur xin chan thanh cam on Khoa Co khi Dong luc, Truong Pai hoc Su pham KV thuét
Tp. HO Chi Minh, Cong ty Toyota An Swong va cac nha khoa hoc d hd trg vé cac trang thiét bi, tai liéu
nghién ctru va dong gop y kién dé nghién ctru duogc thuc hién thanh cong.
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