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TOM TAT

Nghién ctru nay thuc hién trén xe Honda Lead 110cc da dugc cai tao thanh xe
hybrid xang dién v6i hai ngudn cong sudt. Ngudn cong suat thir nhét 1a dong co
xang 110cc nguyén ban véi bd truyén vo cip din dong banh sau, ngudn cong suit
thr hai 12 dong co dién mot chiéu khong chdi than BLDC 48V-1000W dan dong
tryc tiép banh trude duoc cung cap dién bai bd ngudn Lithium-ion 48V-33Ah. Noi
dung chinh cta nghién ciru 13 tinh toan, thiét ké hé théng phanh tai sinh, mé hinh
hoa va mod phong ché do hoat dong cua xe c6 xét dén sy thu hoi nang lugng cia
phanh tai sinh. Két qua cta nghién ctu duoc dung 1am co so danh gia tinh kinh té
nhién liéu cua xe cai tao so véi xe nén.

Nghién ctru d4 tap trung vao nghién ctru 1y thuyét qua trinh phanh va Iy thuyét
phanh tai sinh. M6 hinh héa va mo phong ché do hoat dong cua xe khi xét dén
phanh tai sinh. Sau d6 lya chon phuong an, tinh toan thiét ké, ché tao mot hé thong
phanh tai sinh cho xe hybrid theo nguyén 1y st dung dong co dién & ché d6 may
phat dé chuyén ning luong phanh thu hdi dwoc thanh dién nang nap cho bo ngudn
Lithium-ion.

Theo két qua mo phong xe hybrid ¢ chu trinh ECE-R15, nang lugng phanh thu
hoi chiém 16,43% va 13,95% tong niang luong tiéu thu ciia xe trong hai truong hop
nta tai va day tai. Vi vay, viéc lap dat phanh tai sinh dé thu hoi nang lugng phanh
cho xe 13 can thiét dé tang hiéu qua tinh kinh té nhién liéu.

O ché 6 nura tai, quang dudng di chuyén t6i da cua xe lai c6 phanh tai sinh 1a
78,5 km, tiéu hao nhién liéu 13 2,204 1it/100km; so véi xe khong cé hé thong phanh
tai sinh la 53,8 km va 2,66 1it/100km.

O ché do day tai, quing dudng di chuyén tbi da cta xe lai ¢6 phanh téi sinh 1a
62,8 km, tiéu hao nhién li€u la 2,35 1it/100km; so v&i xe khong co hé théng phanh
tai sinh 1a 47,8 km va 2,94 lit/100km.



ABSTRACT

This study presents a research on a Honda Lead 110cc which has been
renovated into a Plug-in Hybrid Electric Motorcycle (P-HEM) with two power
sources. The first power source is 110cc original gasoline internal combusion
engine and a continously variable transmission (CVT) drives rear wheel, The
second one is a 48V-33Ah Lithium-ion battery pack and 48V-1000W Hub-BLDC
motor drives front wheel directly. The main contents of research are calculating,
designing an energy regenerative braking system (ERBS), modeling and simulating
operation modes with ERBS. Research results are used as a basis to evaluate the
HEM dynamical characteristics and calculate the fuel economy efficiency.

The study focuses on brake and ERB theory. Modeling and simulating the
operating mode of the HEM when considering regenerative braking. Then choose
the plan to calculating, designing, manufacturing a completed ERB system based on
principle “Used Hub-BLDC to work in generator mode” to convert mechanical
energy into electricity to recharge Li-ion battery pack.

According to the results of HEM simulation in ECE-R15 cycle, regenerative
braking energy accounted for 16,43% total energy consumption in half-load mode
and 13,95% in full-load mode. Therefore, the installation of regenerative brakes to
recover brake energy for vehicles is needed to increase fuel economy efficiency.

In half-load mode, maximum travel distance of HEM mouted ERBS is
78.5km, fuel consumption is 2.204 liters/100km while the HEM without ERBS is
53.8km and 2.66 liters/100km.

In full-load mode, maximum travel distance of HEM mouted ERBS is 62.8km,
fuel consumption is 2.35 liters/100km while the HEM without ERBS is 47,8km and
2.94 liters/100km.
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Chuong 1
TONG QUAN

1.1. D3t van dé

Ngay nay, phuong tién phuc vu con ngudi ngdy cang nhiéu va hién dai, nhung
ngudn tai nguyén thién nhién ngay cang can kiét. Nguoi ta phai tim ngudn ning
lwong khéc thay thé. Vi vay cac loai dong co sir dung cac ngudn nhién liéu khac ra
doi.

Xe hybrid, thuwong duoc goi la xe lai hay xe lai dién, 1a loai xe st dung hai
ngudn dong luc: Pong co ddt trong va dong co dién 1a mot trong s6 d6. Su hoat
dong cua xe nay la sy két hop hoat dong cua dong co ddt trong va dong co dién sao
cho téi wu. Mot bo diéu khién s& quyét dinh khi nao dong co ddt trong hoat dong,

khi nao dong co dién hoat dong va khi nao ca hai cung hoat dong.

Ngay nay, trén thé gisi, cac nha khoa hoc ciing da nghién ctru kha nhiéu vé xe
lai, vé céac tinh ning ciing nhu thiét ké tdi wu cho sy hoat dong ciia nd. Cac nghién
ctru vé xe lai dién duoc 4p dung trén nhiéu loai phuong tién khac nhau nhu 1a: xe du

lich, xe ban tai, xe tai, xe bus dién, xe dap, xe may...

Rat nhiéu nghién ctru lién quan dén hiéu suat caa Pin, ¢ qui duoc tim hiéu,
nhu 1a: tim ngudn Pin vinh ctru, thiét ké hé thdng Pin-Siéu tu, hudng khac lai
nghién ciru dé thu hdi cac nang luong mat mat trong qua trinh st dung.

NGi V& sy mat mat nang lwong trong qua trinh st dung, dé dang nhan thiy
rang: mdi lan ham phanh d6i véi xe dung hé théng phanh dia, thi méa phanh kep vao
dia phanh va dudi luc ma sét xe s& dirng lai, gdy mon mé phanh va dia; dong thoi ¢
vi tri bé mit tiép xdc, nhiét téa ra kha nhiéu. Pong ning cua chiéc xe chuyén thanh
nhiét nang roi thai ra méi truong; viéc nay khéng nhitng gay ton phi nang luong, ma

con gay hao mon vé vat liéu cua xe.



Chinh vi 1y do d6, ning luong ton hao trén dwoc nghién ciru dé thu hoi va cac
hé théng phanh tai sinh da duoc nghién ciru va phat trién. Hé théng nay sir dung
chinh ngudn ning luong khi phanh dé nap vao motor dién hay tu dién. Sau d6 ning
luong nay duoc chuyén do6i va nap vao Pin, ac quy hay tu dién.

Trong nghién curu trude day ciia nhom, xe Honda Lead 110cc da duoc cai tao
thanh xe lai 02 banh va co ché hoat dong cua xe da dugce dé xuat thong qua viéc md
hinh héa va md phong céc hé théng dong luc hoc cua xe. Tuy nhién, nghién ciu
trude day chua xét dén viéc thu hdi phanh tai sinh dé nang cao hiéu qua sir dung
nang luong cua xe. Trong dé tai ndy, tac gia s& nghién ciu md phong, md hinh hoa
hé thong truyén dong xe lai co tinh dén truong hop phanh tai sinh va thiét ké he
théng thu hoi ning luong phanh tai sinh.

1.2. Tinh hinh nghién ciu co lién quan

1.2.1. Tinh hinh nghién ciu trén thé gigi

Trong mot nghién ciu cia nhém, Asaei va dong su [1] thiét ké, mé phong, va
chuyén doi mot chiéc xe may dong co ddt trong (ICE)125¢cc thong thuong sang xe
dién lai (HEM) voi cong suit danh nghia 13 6,6 kW cho dong co d6t trong (ICE) va
500W cho dong co mdt chiéu khong choi than (BLDC) vé1 viéc sur dung cong cu
phan mém ADVISOR2002. Nghién ctru nay chi ra rang: Xe may nén véi bd truyén
vO cép (CVT) la su lya chon tot nhat cho viéc cai tao thanh xe dién lai vi n6 c6 thé
hoat dong & ché do xu Iy tu dong voi hi¢u qua cao nhét. Hon nira, bﬁng cach su
dung bd truyén vO cép, dong co dot trong c6 thé dugc van hanh nhanh trong khi xe
may chay trong céc giai doan.

Chung va cong su [2] sau khi nghién ciu vé hé théng truyén dong vo cap dién
tr (e-CVT) trén xe may lai dugc dé xuat dé tién hanh mé phong hiéu suit so véi hé
thng xe co sd sir dung CVT truyén thdng va danh gia tinh kha thi va tiém ning cua
nd. Céc két qua mang lai cho thay hiéu ning 1ai xe cao hon va tiét kiém nhién liéu
hon cho xe mdy dugc dé xuét (tiét kiém nhién liéu téi da 32% so vai xe truyén
théng). Va do d6 nd cung cap mot co s dé hd tro thuan loi cho viéc phat trién hon

nira trong tuong lai.



Khi nghién cau vé Pin, ciing nhu trang thai nap (Stage Of Charge — SOC), Hsu
va cong su [3] st dung mot bo diéu khién dién tar (ECU) dé tich hop hai hé théng
chinh voi nhau: dong co dét trong 125cc va mot dong co dién. Hé thong dién lai do
d6 dugc thyc hién co thé nap lai pin caa riéng minh voi dién duoc cung cap boi hé
thdng nap dién va do d6 ting quang duong di chuyén. Cac két qua thir nghiém thu
duoc bang cach sir dung dua trén nén tang thir nghiém duge dé xuat cho thay céc
ban cuc trong ac qui axit chi c6 thé 1am ting trang thai nap (SOC) 1én khoang 4%
khi van hanh theo ché d6 lai cho bbn chu ky lai xe (khoang 1600 gidy) vai bo sac lai
theo tiéu chuan ECE-40. Két qua caa cac bai kiém tra trén duong ciing cho thay rd
rang rang luong phat thai chat 6 nhiém cua dong co ¢ thé giam xudng & téc do thap
hoic diéu kién khong tai, va quing duong cho xe may dién cling c6 thé duoc ting
|én dang ké.

Jones va cong su [4] thi nghién ctu khao sat wu tién cua cac ho gia dinh tai
Ha Noi, Viét Nam dé phan tich viéc 4p dung moto dién hai banh trén xe hai banh
chay dién thay thé cho xe may chay xang. Két qua cho thay cai tién cong nghé va
wu dai vé kinh té, dac biét 1a thué thu nhap anh huong dang ké dén viéc 4p dung.
Huang va dong su [5] thi nghién ctu, md phong vé kha niang leo doc cua mot chiée
xe tay ga st dung pin nhién liéu. Cac md phong tap trung dac biét vao cac anh
huong caa goc doc, toe do leo doc va trong luong nguoi l4i trén mic tiéu thy ning
lwong, mic tiéu hao nhién liéu ciing nhu pham vi di chuyén téi da cua xe tay ga.
Két qua md phong cho thay dién nang tiéu thy va mac tiéu hao nhién liéu ting véi
g6c doc ngay cang tang, tbe do 1ai va trong lwong nguoi 14i. Hon nira, nghién cau
cho thay rang véi khéi luong hydro ban dau la 90g, van téc khong doi 40 km/h va
trong lwong 60 kg, pham vi di chuyén tdi da giam tir 47 con 5 km theo gdc déc ting
tir 0 do dén 40 do.

Céc nghién ctu trén trinh bay céch tiép can cua cac nha nghién ctu, tir d6
trinh bay dugc viéc dung phuong phap moé phong dé chirng minh tinh hiéu qua cia
viéc cai tién xe nén thanh xe lai voi hiéu qua str dung niang luong nhung chua tinh

dén nang lugng thu hoi tir phanh tai sinh.



Sheu [6] khi nghién cizu, md hinh trén mot chiéc xe tay ga (scooter) cho thay:
Cac md hinh thanh phan chi tiét cho mé-to dién lai dugc thiét 1ap st dung phan
mém Matlab Simulink thi hiéu suat caa hé thong hybrid duoc dé xuat nghién ctu sir
dung trén md hinh theo bén chu ky lai xe cho ra cac két qua mé phong xac minh
kha niang hoat dong cua hé thong xe lai dé xuat dong thoi hién thi ca dong co dot
trong va dong co dién trong mét trang thai ti wu trong cac diéu kién hoat dong
khac nhau.

V& cac nghién cau phanh téi sinh, trén thé gioi da co rat nhiéu nghién ctu trén
tau lura, 6 t6 dién, xe may dién, xe may lai...

Doi véi hé thdng phanh tai sinh trén tau dién cao tdc, Frilli va dong su [7] da
nghién ctu trén mé hinh tau cao tbc ETR 1000, sa dung mé phong Matlab-
Simscape TM thu dugc két qua rang hé théng phanh tai sinh 1a mot cach tiét kiém
nang luong tuyét voi. Trude d6, mot nghién ciru vé 6 bén moi cua dia phanh dbi
v6i duong sat dudi sy anh huong tir nang luong phanh cua Li va cong su [8] cho
thiy: Pia phanh s& dé bi nut khi phanh & téc d6 300 km/h va ran rd thuong xuat
hién khi phanh & 200 km/h lap di 1ap lai. Diéu nay kha nguy hiém va xay ra trén hé
théng phanh thudng, nd thuc day cho nhu cau can phai phat trién cac hé thong
phanh khac nhu phanh tai sinh.

Tai Thuy Dién, Bjérnsson va cong su [9] da nghién ciru rang: Phanh tai sinh
c6 kha nang thu hdi dén 27% cua tong nang lwong trung binh cung cap tai ting
banh xe trén xe 0 t6 trong diéu kién giao thdng tai Thuy Dién.

Dbi véi xe dién dan dong hai banh trude, Itani va cong sy [10] da so sanh 2
phuong phéap kiém soat phanh: phuong phap phanh thuong va phuong phap mo
phong ECE R13H. Két qua thu duoc rang phuong phap thir hai ¢ thé thu hdi ning
lwong thém 3,7%, 11,2% va 6,6% trén cac loai mat duong ma sat nhiéu, trung binh
va ma sét it.

Vé xe dién minivan, Junzhj va cong su [11] da két luan sau khi mé phong va
kiém tra vong lap HIL trén xe dién Minivan din dong cau sau la: hiéu qua cua

phanh tai sinh v4i phuong phap cai tao dat 47%, tic 1a cao hon 15% so véi phuong



phap co ban; va viéc tiét kiém nhién liéu dat thém 10% voi phuong phap cai tao,
con phuong phap co ban thi dat it hon vai 7%.

Déi véi xe Bus dién, Perrotta va cong su [12] d3 mo phong va phan tich dé
tim ra mac tiéu thy ning lugng, ddng thoi tim ra dugc tiém nang phuc hdi ning
luong khi phanh bang viéc sir dung cac siéu tu.

Trén xe O t6 lai dién (Hybrid), Kim va cong su [13] dd mo phong va xay
dung mé hinh dya trén Matlab Simulink dé so sanh hai phuong phap phanh téi sinh
va phanh thay lvc. Nhém két luan rang, quing duong phanh ngén hon, gip it 15i
hon cua goc truot va hé s truot cua hé théng phanh téi sinh so véi hé théng phanh
thay luc thuong.

Trén md hinh xe ba banh, Boisvet va cong sy [14] cho rang: Phanh téi sinh it
bi anh huong boi nhirg thay doi cta tham sb dwa trén b diéu khién truot khi mo
phong Matlab Simulink. Clarke va cong su [15] lai nghién cau vé khi thai va két
luan rang: luong khi thai Carbon giam dang ké dong thoi dat hiéu qua nhién ligu
cao hon khi dit song song motor dién véi dong co dot trong dé khai thac ton that
nang lugng tir phanh tai sinh. Trong phuong phap st dung phanh tai sinh, Kim va
cong su [16] nghién ctu rang: Khi st dung thém 1 may phat dién, hiéu qua duoc cai
thién thém 24% so vai khi sir dung motor. Mot nghién ctu khéac cho rang: 21%
nang lugng luu trlr & trong siéu tu, 15% thi luu trlr trong Pin; viéc tich trir nang
luong tai sinh trén siéu tu thi nhanh hon nhiéu so véi Pin, nghién ctru trén duoc Kim
va cong su [17] thuc hién vé phanh tai sinh trén dong co dién 3000 RPM.

Zou va cong su [18] cho thay rang: Pé nang cao hiéu qua cua viéc chuyén doi
nang luong va tang pham vi lai xe dién, nang lugng tai tao thu dwoc trong qué trinh
phanh dugc luu trir trong cé&c thiét bi luu trir nang luong va sau d6 s& duoc tai st
dung. Do mat do cdng suat cao cua cac siéu ty, ching duoc sir dung dé chiu dugc
dong dién cao trong thoi gian ngin va chi yéu thu duoc ning lwong tai tao. Cac
phuong phap do cho ning luwong tai sinh nén duogc diéu tra dé ude luong hiéu qua
chuyén d6i ning lwong va hiéu suit cua cac phuong tién dién. Dua trén phan tich hé

théng niang luong phanh tai tao caa mot chiéc siéu tu, mot hé thong danh gia phuc



hoi ning luong trong qua trinh phanh dugc thiét 1ap st dung cac thiét bi thu thap di
licu di dong USB, céc thi nghiém trong diéu kién phanh khac nhau duoc thuc hién.
Cac két qua xac minh hiéu qua cao hon cua hé thong tai tao ning luong bang céach
sir dung tu dién siéu cao va hiéu qua cia phuong phap do ludng duoc dé xuat. NO
cling chirng minh rang hiéu qua chuyén d6i nang luong tai tao tbi da co thé dat dén
88%.

Cac két qua nghién ctru tir cac cdng trinh nghién ciu trén cho thay céch tiép
can dé nghién ciru stir dung phan mém Matlab Simulink dé mé hinh héa, mé phong
s& dua ra hiéu qua cao nhat; dong thoi viéc sir dung ngudn nang luong thu hoi tir
phanh téi sinh c6 thé ap dung trén rat nhiéu loai phuong tién bang nhiéu cach khac
nhau nhu nap vao ac qui, siéu ty hay pin.

1.2.2. Tinh hinh nghién ciru trong nwéc

Nam 2012, trong luan van Thac si “Nghién citu, thiét ké hé théng cung cap
dién xe gan may bang siéu tu” cta Nguyén Khiac Bang [19], tAc gia da cho thay
viéc tng dung siéu tu dé thay thé ngudn luu trir cua binh &c qui chi 12 hoan toan co
thé.

Tai Hoi nghi Khoa hoc va Cong nghé toan qudc vé co khi dong luc, Ha Noi,
ngay 13-10-2016, Huynh Thinh va cong su [20] d4 trinh bay nghién ctiu vé xe may
xang lai dién cai tao dua trén xe Honda Lead véi dong co dién dugc dit tai banh
truéc. Nghién ctru nay di tinh toan va mé phong hoat dong hé thong truyén luc va
hé thong luu trit ning luong trén xe. Pong thoi xay dung nén co s& danh gia tinh
nang dong luc hoc ciing nhu tinh hiéu qua kinh té cua xe lai nay. Tuy nhién, nghién
ctru ndy chwa ap dung trong truong hop sir dung lai nang lwong mat mat tir phanh

Truong Pai hoc Bach khoa TPHCM dé xuat phuong an tich hop cdng nghé
hybrid trén xe nén Honda Lead 110cc. Phuong 4n dua ra 13 st dung phuong phap
phan phdi cdng suat phirc hop voi banh trudc dugc dan dong tryc tiép bang dong co
dién 1am ngudn dong luc thir hai, banh sau dwoc dan dong bang dong co dét trong
Vvéi bo truyén vo cap (CVT) nguyén ban. Bo nguon dién cua xe gom 4 ac quy axit —

chi 12V-30Ah lam cho khéi luong xe sau khi cai tao tang 1én rat nhiéu so voi xe



nén, trong d6, khdi lugng cum 4c quy chi — acid chiém phan 16n. Diéu nay duoc thé
hién rd trong dé tai s6 C2015-20-35 ctia Pham Tuin Anh va dong su [21].

Trong dé tai cua Bui Vin Ga va Nguyén Quan [22], nhém di dé xuit mé hinh
va thiét ké xe may hybrid LPG — dién kiéu néi tiép véi hai dong co DC 500W va
1000W dan dong tryc tiép banh truéc va banh sau véi bo nguon la 4 ac quy 12V —
30Ah mic song song. Xe dugc tich hgp mot may phat dién cong suat 1500W dugc
dan dong bang dong co d6t trong dung nhién liéu LPG duoc cai tién tir dong co
xang Honda 50cc. Ngoai ra con mot bo truyén dong dai ndi banh sau véi may phat
qua ly hop tir dé hoat dong khi phanh tai sinh.

Két qua tinh toan du kién: Xe khdng phat 6 nhiém khi chay bang dién va khi
chay bang LPG, muc d6 phat thai 6 nhiém cia no t6i da bang 20% muc d6 phat thai
cuia xe gan may chay bang xing cting ¢&; con téc do cuc dai 1a 80 km/h, trong lwong
xe: 120 kg, quang duong ty hanh khi chay bang dién 50-60km.. Tuy nhién nghién
ctru chua ché tao nguy@n mau nao dé thuc nghiém chung minh két qua ma chi ding
lai ¢ viéc thiét ké va tinh toan.

Huynh Thinh [23] d nghién citu md hinh héa va mé phong xe may lai dé giai
bai todn t6i wu phan phoi cong suat. Ngoai ra, nghién ciru trén da co ban gidi thiéu
viéc md hinh hda va mé phong céc khéi cua xe cai tao dua trén xe nén Honda Lead
110cc trén so d6 bang phan mém Matlab Simulink, 1am nén tang cho sy ké thira va
phét trién cua cac nghién ctru sau nay. Dé tai trén duwa trén nén tang tir dé tai ma sd
C2015-20-35, Truong Pai hoc Bach khoa TPHCM cua tac gia Pham Tuin Anh va
cac cong da nghién ctru kha nang tich hop cdng nghé hybrid cho xe may 02 banh
dua trén nén xe Honda Lead 110cc. Két qua ban dau cho thay khi xe chi hoat dong
v6i dong co dién, xe may lai c6 thé dat dén van tc toi da 1a 44,2 km/h khi di
chuyén on dinh trén duong bang, trong khi do doc 16n nhat xe c6 thé leo dugc la
3,54% cho truong hop 50% tai. Két qua chi ding lai & mic thir nghiém, chua dua ra
dugc phuong phap diéu khién phan phéi cong suit va bo ngudn phd hop cho xe
nen.

Trén day 1a nhitng nghién ctiu noi bat vé xe may lai va phanh tai sinh trén thé



thé giGi va trong nugce. Cac nghién ciu nay tap trung chu yéu vao thiét ké téi vu hoa
va hoat dong hiéu qua cta xe may lai. Tuy nhién, chua c6 nhiéu nghién ciru nao noi
bat vé viéc str dung hiéu qua phanh tai sinh; ddng thoi, cac nghién cau trén chua mo
hinh hda, md phong trén xe may lai. Vi vay, dé tai nghién ctu dudi day s& trinh bay
vé “Nghién ciru md phéng va thuc nghigm hé théng truyén déng xe lai cé tinh
dén trwong hgp phanh tdi sinh” dé nap lai Pin, dcqui hoic siéu tu trén xe may lai
phét trién dua trén xe nén Honda Lead 110cc; md phong dé nghién ciu vé hiéu qua
cta né trong diéu kién Viét Nam.

1.3.Y nghia khoa hoc va thuc tién cia dé tai

Y nghia khoa hoc: tir cac két qua md phong ching minh dugc thu hdi ning
lugng tai sinh trén xe hybrid trong qua trinh phanh gitip tang hiéu qua st dung nang
lugng cta xe may lai.

Y nghia thuc tién: Két qua cia dé tai 1a co s¢ ung dung vao thuc té dé thiét ké
xe lai ¢6 tinh dén str dung phanh tai sinh.

1.4. Muc tiéu va nhiém vu ciia dé tai

1.4.1. Muc tiéu cia deé tai

Muyc tiéu cua dé tai gom:

- M6 hinh héa déng luc hoc cua hé thong truyén luc va hé théng luu trir ning
luong cua xe gan may hybrid dugc tich hop thém hé théng phanh téi sinh.

- Mb phong hoat dong ctia xe may lai theo chu trinh ECE-R15 c¢6 tinh dén
truong hop phanh tai sinh dé so sanh dugc tinh hiéu qua cua xe khi c6 thém hé
thdng phanh téi sinh vgi xe nén va xe cai tao khi khong cé phanh tai sinh.

- Thiét ké mo hinh, hé théng thu hoi ning luong tir phanh téi sinh.

1.4.2. Nhiém vu ciia deé tai

- Nghién ciu ly thuyét vé xe hybrid, phan loai, cu tr(ic va hoat dong cua xe
hybrid.

- Tim hiéu co s& ly thuyét mé hinh héa va mé phong.

- Nghién ciru ly thuyét vé dong luc hoc khi phanh, giam téc.



- Nghién ciu ly thuyét vé phanh tai sinh, cac wu nhuge diém; phan tich va lva
chon phuong an thiét ké hé théng phanh tai sinh phd hop véi xe nén.

- Nghién ciu ly thuyét vé cac phuong phap luu trit ning luong phanh téi sinh,
phan tich vu nhugc diém va lya chon phuong phap luu trit phil hop cho phuong an
thiét ké, mé phong.

- Thyc hién md hinh hoa, mé phong xe hybrid bing Matlab Simulink.

1.5. Péi twong va pham vi nghién ciu

1.5.1. Péi twgng nghién ciu

- Heé théng truyén luc va hé théng luu trit ning luong trén xe may hybrid dugc
cai tao tir xe nén Honda Lead 110cc.

- Hé thdng chuyén doi motor dién 48V-1000W thanh mdy phat dé thu hoi
nang luong phanh tai sinh.

- Phan mém mé phong MatlabSimulink ¢& mé hinh hda, mé phong xe may lai.

1.5.2. Pham vi nghién c@u

Dé tai chi tap trung nghién cau Iy thuyét st dung phuong phap mo phong dé
dua ra giai phap nang cao hiéu qua st dung nang lugng cua xe may lai 02 banh cai
tao tir xe nén Honda Lead 110cc c6 xét dén thu héi nang lwogng tir phanh tai sinh.
1.6. Phwong phap nghién curu.

1.6.1. Phwong phap phan tich va tong hop ly thuyét.

Tim hiéu co so ly thuyét vé xe hybrid, md hinh héa, mé phong, hé thong
phanh tai sinh qua viéc nghién ctu, tham khao, suu tam nhitng tai liéu, cac cong
trinh trong va ngoai nudc da duoc cong bé.

1.6.2. Phwong phap tham van chuyén gia

Phuong phap chuyén gia la phuong phap st dung tri tu¢ cia doi ngii chuyén
gia c6 trinh d6 cao cua mot chuyén nganh dé xem xét, nhan dinh ban chat mot sy
kién khoa hoc hay thuc tién phic tap, dé tim ra giai phap téi wu cho céac sy kién d6

hay d4nh gia mét san pham khoa hoc.



D6 1a phuong phap thu thap thdng tin khoa hoc, nhan dinh, danh gia mot san pham
khoa hoc gi4o duc, bang cach sir dung tri tué mot doi ngii chuyén gia gido duc c6
trinh d6 cao, y kién cua timg nguoi s& bé sung 1an nhau, kiém tra 1an nhau cho ta

mot y kién da sb, khach quan vé mot van dé giao duc.

1.6.3. Phwong phap m6 hinh hoa va mé phéng

Muc dich: Xay dung mé hinh todn hoc cac bo phan trong hé théng nham tiét
kiém thoi gian va cong sirc, dong thoi dinh hudng dung phwong phép nghién ctu.

Tién hanh: Tinh toan, xay dung md hinh toan hé théng phanh tai sinh trén xe
hybrid. Tién hanh mé phong md hinh toan nay dua trén cong cu Matlab Simulink.

1.6.4. Phwong phap so sanh.

Két qua md phong dugc xtr 1y cho 03 truong hop: Xe nén nguyén ban, xe lai
cai tao, va xe lai cai tao c6 tinh dén phanh tai sinh. Tir d6 chimg minh duoc tinh

hiéu qua cua xe sau cai tao c6 phanh tai sinh.
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Chuong 2
CO SO LY THUYET

2.1. Khai niém xe hybrid

Trong khi dong co dbt trong trén céc xe 6 td truyén théng cho thoi gian hoat
dong lau dai va dic tinh hoat dong tét véi wu diém tir nguyén liéu dau mo. Tuy
nhién, cac phuong tién nay cd khuyét diém Ia tinh kinh té va gay 6 nhiém moi
truong. Chinh nhitng nhuoc diém nay thiic day con nguoi tim nhitng hudng khac dé
thay thé, va xe Hybrid dugc cho ra doi.

Xe hybrid, thuong dugc goi la xe lai hay xe lai dién, la loai xe sir dung hai
ngudn dong luc: Pong co dbt trong va dong co dién. Su hoat dong cua xe nay 1a su
két hop hoat dong gitta dong co dbt trong va dong co dién sao cho téi uu. Mot bo
diéu khién s& quyét dinh khi nao dong co dot trong hoat dong, khi nao dong co dién
hoat dong va khi nao ca hai cung hoat dong.

Vi du mét loi ich rd rang cua xe lai & diéu kién duong sa Viét Nam la: khi gap
dén do, hay khi ket xe, trén xe lai, khong c6 dong co nao hoat dong do d6 khong

mat méat cdng suat vo ich.

Hinh 2.1: Xe Toyota Hybrid [24]

Muc dich co ban cua xe lai 1&2 mic di nd khéng tiét kiém dugc nhiéu nhién

licu nhung chi yéu dé hd tro sy hoat dong cua dong co ddt trong ¢ mac hiéu qua
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hon. Trong thoi gian gan day k¥ thuat dong co dot trong phét trién it hon so vai k§
thuat trén dong co dién.
2.2. Céu triic, thanh phin clia h¢ thong truyén lyc va lwu trir niing luong.

2.2.1. Céu tric hé théng truyén lwe Hybrid xing dién

V& co ban ¢6 3 loai cau trdc truyén lyc hybrid xing dién khac nhau

- Truyén lyc hybrid dién song song: dong co hodc motor dién, hoic ca hai s&
cung cip moment cho banh xe. Khi dong co bi du lyc, nd san sinh nhiéu dong ning
hon nhiéu so véi luc day xe di, hodc trong khi ham tai sinh thi dong co dién hoat
dong nhu mot may phat dé nap lai nguon (pin, ac quy hay siéu ty...)

— = Dong coning - —-——-= Dong di¢n ning

Pin

Co cau I
truyén dong I A

O % Pong co dién

Doéng co dbt trong

Bénh xe
Hop giam tdc

Hinh 2.2: Hé théng truyén luc hybrid kiéu song song [25]
- Truyén luc hybrid dién kiéu ndi tiép: Pong co ddn dong mot may phat dién,
cdng suit dau ra cua may phat dién s& duoc dung dé nap vao pin va/hoic cung cap
nang luong dién cho motor dién. Va sau d6 moment xoan duoc truyén dén cac banh

xe chi thdng qua motor dién nay.
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— == Dong co ning - --- > Dong dién ning

Pong co dién

O

Pong co dot trong

May phat

Bénh xe
Hép giam toc

AR AR

Hinh 2.3: Hé thong truyén lyc hybrid kiéu nbi tiép [25]
- Truyén luc hybrid kiéu hdn hop: Tuy két cau, thiét ké va ché tao khéa phtc
tap va ton kém, nhung bu lai chlng s¢ hiru nhitng vu diém cua hai kiéu truyén lyuc

trén.

— = Dong coning - -——-== Déong dién ning

DPéng co d6t trong

O =

B4 chia cong suit

Poéng co dién

Banh xe
Hop giam toc

(T

Hinh 2.4: Hé théng truyén lyc hybrid kiéu hdn hop [26]
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Ngoai ra, con c6 thém loai xe hybrid dang Plug-in-hybrid. Dang nay nam
trong kiéu vira ndi tiép, vira song song c6 thé dugc xem nhu mot kiéu xe dién voi
pham vi hoat dong dugc mé rong nhd co dong co ddt trong din dong may phat.
Loai nay c6 dong co dién nho, pin nho, nén chi phi hé théng giam nhung van linh
hoat trong viéc t6i uu hoa kinh té nhién liéu trong cac diéu kién khac nhau.

2.2.2. Céc thanh phan ciia hé théng truyén lwe va hru trir ning lwong

Cac thanh phan chinh cua mét chiéc xe hybrid xing dién bao gom: Pong co
dién, dong co dot trong, hé théng truyén luc, hé thong luu trir ning luong va bo diéu
khién phan phéi cong suét.

a. Nguén céng sudt chinh

Pay 1a ngudn cong suat 6n dinh trén xe, thudng 1a dong co ddt trong hay fuel
cells. Viéc lua chon ngudn cong suat chinh cha yéu phu thudc vao nhitng yéu cau
vé tinh nang dong luc hoc, tinh ning 1ai, mirc tiéu thu nhién lidu hay giam thiéu 6
nhiém méi truong. Hién tai, trén xe may va trén xe hoi thi dong co xing 1a loai phd
bién nhit duoc lya chon. Cac wu diém chinh ctua dong co xang 1a cong suét riéng
cao (ti 1€ cong suét trén trong luong), hi¢u suét cao va dai toc do 16n.

b. Pong co dién

L4 ngudn cong sudt thir hai trong hé théng truyén luc xe hybrid. Hai loai
motor duoc st dung phd bién nhat hién nay 13 motor dién mét chiéu khong choi
than (BLBC) va motor dién xoay chiéu cam tng. Chung dugc st dung thuong
xuyén do mang dac diém hiéu suit cao, it bao dudng va tudi tho 1au dai. Ngoai ra,
xu huéng moi trong thiét ké nguén dong luc dién xe hybrid 1a stt dung cac loai dong
co dién néu trén nhiing tich hgp trong cac banh xe.

c. Hé théng truyén luc

Hé théng truyén luc trén xe hybrid c6 cac nhiém vu sau:

Chuyén d6i moment xoin va toc do quay tir cac ngudn dong luc dé dap tng
cdng suat kéo theo yéu ciu cua phuong tién.

Cung cip cbng suat dé xe tién va lui.
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Phéi hop cdng suit cua cac ngudn dong luc dé dat tinh kinh té nhién liéu va
giam luong khi thai ma van dap Gng cac yéu cau dong luc hoc.

d. H¢ théng lwu triv ning lwong

Piy 1a mét trong nhitng hé thong quan trong nhat trén xe hybrid, né anh
huong truc tiép dén hiéu qua cua chiéc xe. C6 nhiéu loai thiét bi luu trir nang lwong
da duoc dé xuit dé tng dung trén xe hybrid xing dién gém: ac quy kiém, dc quy
chi-axid, siéu ty, pin, banh da cao téc, hé théng nén khi hoic nén thuy luc... Tuy
nhién, cac nguédn luu trit ning lwong théng dung nhat hién nay trén xe hybrid 1a
nguon luu trir dién nang nhu: ic quy chi-acid, pin Lithium-ion, siéu tu.

e. By diéu khién va phan phoi cong suit

Bo diéu khién va phan phdi cong suat duoc vi nhu ndo bo cua chiée xe hybrid,
c6 nhiém vu x4c nhan céc tin hi¢u dau vao tir cac cam bién va nguoi 14i d€ x4c dinh
diéu kién hoat dong ciia xe va tir d6 diéu khién phan phdi cong suat tir cic ngudn
dong luc vira dé dép ung yéu ciu tinh ning dong luc hoc can thiét, vira dap tng tiéu
chi vé tinh kinh té nhién liéu va o nhiém moi trudng.

B6 diéu khién phan phéi cong suét thuong hoat dong theo mot thuat toan duoc
lap trinh trudce voi tat ca hodc mot vai ché do trong cac ché d6 1am viéc sau:

- Ché d6 minh dong co ddt trong: ché d6 nay duoc sir dung trong viing tdi wu
vé hiéu suat nhiét va suat tiéu hao nhién liéu ciing nhu giam thiéu khi thai cua dong
co d6t trong, khi xe dat dén mot toc d6 da dugc xac dinh tir ddc tinh dong co, dong
co s& duoc khai dong va khi dong co dat duoc sé vong quay & viing téi wu thi dong
co dién sé& ngit va xe duoc dan dong hoan toan bang dong co dét trong.

- Ché d6 minh dong co dién: ché do nay duoc st dung khi xe chay & ché do
mot minh khéi hanh, van hanh xe ¢ tbc do thp, hay dia hinh han ché phat thai 6
nhiém nhu trong thanh phd. Do dic tinh ctia dong co dién c6 md men 16n & sb vong
quay thap nén tan dung dugc moé men, khi & s6 vong quay thap dong co ddt trong c6
muc tiéu hao nhién liéu 16n do d6 st dung dong co dién s€ tiét kiém nhién liéu va

khong phat sinh khi thai.
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- Ché d ca hai dong co cung dan dong xe: ché do nay duogc sir dung trong qua
trinh tang toc hay leo doc. Khi xe ting tc dén téc do hodc ving cong suit ma dong
co dot trong vuot ra khoi dai t8i wu thi dong co dién lai dugc khoi dong bo sung
ning lugng. Cong suit hai dong co duge két ndi diy xe ting téc cuc dai hay cdn mo
men 16n dé vuot doc. Lic nay nhd sy dong gép cong suat ctia dong co dién nén
cong suit can thiét cua dong co ddt trong giam, dwa vé dai tdi vu.

- Ché d6 nap lai ngudn dién: Khi trang thai dung luong luu trit (SOC) cia
ngudn dién giam dén muc t6i thiéu ma xe dirng hodc tai cia xe & mirc thap va trung
binh. Pong co d6t trong hoat dong trong ving kém hiéu qua, luc ndy dong cong
suét tir dong co débt trong duoc chia lam hai nhanh, mot nhanh dan dong banh xe,
nhanh con lai kéo may phat (hoic dong co dién hoat dong ¢ ché d6 may phat) dé
phat dién nap lai cho bo ngudn dién. Viéc nap lai ngudn dién s& ngat néu tai cla xe
tang lam dong co d6t trong qua ving cong suat ti uu.

- Ché d6 phanh tai sinh: Truong hop xe tha dbc, giam tbc do hodc phanh, dong
nang cua xe liic nay dugc truyén téi may phat (hodc dong co dién hoat dong & ché
d6 may phat) dé phat dién nap lai cho ngudn dién hoic luu trit vao siéu tu hodc pin
dé cap nguoc lai cho dong co dién khi xe can cong suit.

2.3. Phuwong phép cii tao xe nén Honda Lead thanh xe Honda Lead 110cc
hybrid

Xe may lai 02 banh da dugc nhém nghién ciru va trinh bay & nghién ctru trude

ciia Pham Tuin Anh [27], xe ndy dugc cai tao tir xe nén Honda Lead 110cc.

2.3.1. Thong s6 xe Honda Lead nguyén bén
Thong sb xe Honda Lead nguyén ban dugc thé hién ¢ bang dudi:

Bang 2.1: Thong s6 ciia xe Honda Lead 110cc [28]

Tén sin phim HONDA LEAD 110

Trong lwgng ban than 115 kg

Kich thwéc (Dai x Rgng x Cao) 1.835 mm x 670 mm x 1.125 mm
Khoang cach truc banh xe 1.275 mm
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Do cao yén 740 mm

Khoang cach gim so véi mit dat 120 mm

Dung tich binh xing 6,5 lit

Phudc truéce Ong 16ng, 10 xo try, giam chan thiy luc
Phudc sau Lo xo try, giam chan thuy luc

Dung tich xi lanh 108 cm3

Pwong kinh x hanh trinh pit tong | 50 mm x 55 mm

Ty s6 nén 11:01

Cong suit toi da 6,4 KW / 7.500 vong/phut

Trude: 90/90-12

C& 16p trude/sau
Sau: 100/90-10

Mo men cuc dai 9,2 N.m / 6.000 vong/phut

Truyén djng Day dai

Hé thong ly hop Ma sat khd

Khéi dong may Dién

Dung tich nhét may 0,8 1it khi ra may; 0,7 lit khi thay nhot
Phanh truéc / sau Phanh dia/ Phanh co

2.3.2. Yéu cau thiét ké va phwong 4n cai tao xe

Tuy vao yéu cau cua diéu kién hoat dong, tinh ndng cua xe nén, cong nghé dap
ung, gia thanh ma lya chon phuong én cai tao sao cho hop 1y.

a. Yéu cdu

Xe sau cai tao can phai dap tng cac yéu cau ki thuat sau:

- Xe sau cai tao phai c6 kha ning giam suat tiéu hao nhién liéu cia dong co

nhiét va giam phat thai khi gdy 6 nhiém moi trudong, dong thoi xe van phai dap ung
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cac tinh nang dong lyc hoc nhu cua xe trudc cai tao khi st dung trong diéu kién
giao thong duong bo tai Viét Nam.

- C6 kich thudce phu hop céc tiéu chuan hién hanh quy dinh boi lut giao

thong duong bd Viét Nam.

- Han ché thay dbi két ciu cua xe nén, xe cai tao can c6 két cdu don gian,

gi4 thanh cai tao phai thip va phu hop véi trinh do cong nghé ciia Viét Nam.

- [t phai bao tri, bao dudng.

Khi chi hoat dong vdi1 dong co dién xe may lai sau cai tao phai dap ung:

- Xe c6 kha nang dat duoc van tdc 40 km/h trong diéu kién dudng bang, day
tai (02 nguoi), va hé s can lan £=0,018.

- O ché d6 hoat dong ¢ dai van tbe thép, xe c6 kha nang leo duogc goc dbe 2%.

- Thoi gian hoat dong lién tuc: xe cai tao c6 thé di chuyén it nhat 40 km trong
diéu kién giao thong d6 thi Viét Nam ma khong can sac lai 4c quy.

b. Phwong dan cdi tao

Do két cdu truyén dong cua xe nén Honda Lead 110cc ¢6 truc banh xe sau
quay cung voi cum banh xe va yéu cau thiét ké phai it thay doi két ciu cia xe nén
dé giam gia thanh xe cai tao nén cau tric hé théng truyén lyc ciia dong co dét trong
110cc véi bd truyén vo cip dan dong banh sau duoc giit nguyén.

Pong co dién mot chiéu khong chdi than loai gin lién véi banh xe (BLDC
Hub Motor) dugc chon dé tich hop cho xe may hybrid do tinh tién loi ciia khi tich
hop cho cic phuong tién khong cé nhiéu khoang khong. Pong co dién nay duoc dat
truc tiép tai banh trudc, Bong co dién mot chiéu khong choi than BLW-16B cua
hang Leaf Motor Technology Co. Ltd [29], v6i cong sudt 1000W duoc Iwa chon.

Do bd luu trit ngudn dién 1a cum bén dc quy CSB-EVX12300 [30] 12V 30Ah

mac noi ti€p nhau dat trong hoc chira d6 cua xe c6 khoi lugng 16n, nhom nghién ctru
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da thay bang pin Lithium-ion [31] dé dat dugc hiéu qua cao hon.
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Hinh 2.5: Béc tinh phong 1h cua cell
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Hinh 2.7: Dac tinh phong 10h cua cell
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Hinh 2.9: Bac tinh nap CC-CV
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Hinh 2.10: Pic tinh tudi tho cta bd ngudn
B6 pin hoan chinh ¢6 khéi lugng 10,84kg va kich thudc 308 x 183 x 144 mm
(Dai x Rong x Cao), thé tich 8,11 lit bao gdm ca vo hop.
Nhu vay, hé théng hybrid kiéu song song voi hai banh dan dong boi hai ngudn
dong luc doc 1ap duoc lya chon lam phuong an thiét ké dé cai tao xe nén Honda

Lead 110cc thanh xe may hybrid.

B diéu khién phan phéi cong suit
va bd Pin Lithium-ion 48V-33Ah

DBéng co BLDC 48V-1000W Dong co xang 110cc va
tich hop ché do may phat bo truyén CVT nguyén ban

Hinh 2.11: B4 tri cac thiét bi lap trén xe Honda Lead 110cc cai tao
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Hinh 2.12: Céu triic ctia xe hybrid sau khi cai tao [27]
2.3.3. Thong sb ciia xe sau cii tao

Céc thong so co ban cua xe sau cai tao dugc thé hién trong bang sau:
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Bang 2.2: Thong sb ciia xe Honda Lead hybrid sau cai tao

Xe Honda
Théne sé Xe Honda Lead | Xe Honda Lead Lead cé
& 110cc hybrid phanh téi
sinh
Chiéu dai (mm) 1838 1838 1838
Chiéu réng (mm) 668 668 668
&0 :
§ £, | Chiéu cao (mm) 1125 1125 1125
s = ‘
% “E’ Chicu dai co sé (mm) 1274 1225 1225
‘g Z ) , A
Khoang séng gam xe 115 115 115
(mm)
Trong luong (kg) 115 173 143
Ban kinh banh
an Kinn banh @ 234,3 mm 203 mm 203 mm
truoc
g Ban kinh banh xe sau 217 mm 217 mm 217 mm
a Hé théng phanh banh Phanh dia thuy Phanh dia thiay | Phanh dia thuy
= trudec luc luc luce
=
~ Hé thong phanh banh | Phanh gudc tang | Phanh gudc tang | Phanh guoc
sau tréng tréng tang trong
Dung tich binh xang 6,51 6,51 6,51
PGM —FI, xang, | PGM — FI, xdng, PGM — Fl,
4 4 xang, 4
Loai déng co ky, 1 >‘<y lanh, ky, 1 )\cy lanh, ky, 1 )\(y lanh,
lam lam lam
mat bang dung mat bang dung | mat bang dung
dich dich dich
=)
e Duong kinh piston 50 mm 50 mm 50 mm
=
‘5‘ Hanh trinh piston 55 mm 55 mm 55 mm
Dung tich xy lanh 108 cm3 108 cm3 108 cm3
Ty s6 nén 11:1 11:1 11:1
Cone suit cuc dai 6,4 kW tai 7500 | 6,4 kW tai 7500 6,4 kW tai
g Ic de rpm rpm 7500 rpm
Moment cuc dai 9,2 Nm tai 6000 | 9,2 Nm tai 6000 9,2 Nm tai
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rpm rpm 6000
Hé théng ly hop Ma sét kho Ma sat kho Ma sat kho
Heé thdng khoi dong Dién Dién Pién
May phat xoay May phéat xoay | May phéat xoay
Heé thdng cung cép chiéu chiéu 3 pha 220 chiéu 3 pha
dién 3 pha 220 W tai W 220 W
5000 rpm tai 5000 rpm tai 5000 rpm
DPong co
bBong co BLDC | BLDC tich
Loai dong co dién dat trong banh xe | hop may phat
trudc. dat trong banh
5§- xe trudce.
L=
3 Co 2 dai 1037,72 W/497 1037,72
é” ong suat cuc dai rpm W/497 rpm
Qe
R | Moment cuc dai 24,09 Nm 24,09 Nm
bién 4p dinh mirc 48 V 48 V
Dong dién cuc dai 25,55 A 2555 A
Ly hop khé, kiéu | Ly hop khé, kiéu | Ly hop khé,
| | kiéu 1
Ly hop yA yA AY
. hop ly tdm tu hop ly tam tu hop ly tdm tu
\g = dong dong dong
= .5 p : p
<. 2 | Tiso truyén hop so ) ) ) ) 2,59:1 -
= § CVT 2,59:1-0,88:1 | 2,59:1-0,88:1 0,881
Ti s6 truyén truyén luc
Lo 9,432 9,432 9,432
cuoi cung
o | o Ac quy chi—acid | Lithium-ion
oai ac qu
%” Khéi lugng 10,4 kg 10,84 kg
=
s Kich thude (D x R xC) 166 x 175x 125 | 308 x 183 x
b= mm 144 mm
5
E,J Dong phong cuc dai 400 A (5s) 330
p= 66A (tirc thoi
E- Dong nap cuc dai 9A 2C)
24,75a (lién
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tuc 0.75C)
. 4 ic quy mac nbi 01
S6 luong .
tiep
May phat 250W | ludi dién dan
S die . (HEM) hoac luéi dung
Nguon dién sac ac quy dién dan dung (PHEV)
(PHEV)

2.4. Co s& 1y thuyét vé phanh tai sinh va ciac phwong phap lwu trir ning lwong
phanh tai sinh

2.4.1. Cong dung, yéu ciu, phan loai phanh

a. Khai niém qua trinh phanh

Qua trinh phanh 13 qué trinh ding ngoai luc tic dong 1én mot co cdu nham tao
ra lyc can tac dong hé théng truyén luc cta xe mot cach co kiém soat dé giam tdc
d6 cua xe dén mot mirc ndo d6 hodc dén khi xe dung han.

Co ciu. hé théng nham tao ra va diéu khién luc can d6 goi la hé théng phanh.

b. Cong dung ciia hé théong phanh

- Dung dé giam tdc do cua xe cho dén mot toc do nao d6 hodc dung han

- Giir ¢ dinh xe khi dirng xe trong thoi gian dai

- Giir cho xe dung yén khi dimng xe trén doc

Nho cac cong dung d6, hé thong phanh bao dam cho xe c6 kha ning di chuyén
an toan ¢ toc do cao, cho phép lai xe diéu chinh dugc tbe do xe phu hop véi diéu
kién di chuyén, nang cao dugc van tdc trung binh cua xe.

C. Yéu cdu déi véi hé thong phanh

Hé théng phanh phai co chét lugng phanh tbt, tudi tho va do tin cay cao, phan
bd md men trén cac banh xe phai theo quan hé tdn dung triét trong lwong bam khi
phanh véi bat ky cuong do nao

- M6 men phanh phéi du 16n nhung kich thudc nhé gon;
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- Quéng duong phanh ngin nhét khi phanh dot ngdt, dam bao gia toc phanh
cuc dai, thoi gian phanh cuc tiéu.
- Qua trinh phanh ém, khéng xay ra hién twgng tu phanh;
- Dan dong diéu khién phanh phai nhe nhang.
- Co cAu phanh thoat nhiét tot
- Co6 kha nang dung xe trong thoi gian dai.
- Thoit gian tac dong nho.
d. Phdn logi phanh
- Phéan loai theo cong dung:
+ Phanh dirng: dung dé giam téc d6 hoic dung xe
+ Phanh d: dung dé dd xe trong thdi gian dai hodc ding xe trén doc
- Phan loai theo vi tri bd tri
+ Co cu phanh bé tri & banh xe: cac phanh chinh
+ Co cdu phanh b tri & tryc truyén: phanh tay
+ Co cdu phanh bd tri & co cdu chuyén hudng: cac loai xe xich
- Phan loai theo két cu
+ Phanh gudc
+ Phanh dia
+ Phanh dai
- Phan loai theo phén twr tro luc
+ Phanh tr¢ luc chan khong
+ Phanh tr¢ luc khi nén
+ Phanh tr¢ luc dién
+ Phanh khong c6 tro luc
- Phan loai theo dan dong phanh
+ Phanh dan dong co khi
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+ Phanh dan dong thiy luc
+ Phanh dan dong khi nén
+ Phanh dan dong thuy — khi (khi nén két hop thiy luc)

2.4.2. Ly thuyét phanh

Trong qué trinh diéu khién phuong tién tham gia giao théng. Ngudi 1ai ¢ thé
cam nhén thdy mot hién twong bit thuong xdy ra (bdng nhién c6 ngudi xut hién
sau vat can bang qua dudng, dudng bi hep lai; c6 phuong tién qua khd, qua tai di
nguoc chiéu; bat ngo xuat hién cac chudng ngai vat trén dudng...) can phai phanh
dé tir d6 ra quyét dinh phanh xe. Qu4 trinh phanh xe dugc chia 1am céc giai doan
nhu sau:

Tuy theo mirc d6 chu y quan sat, kinh nghi¢m cua mdi nguoi, ma ho cé thé co
nhan thirc vé su nguy hiém bat ngd xdy ra khac nhau ca vé tinh chét su viéc xay ra
va muc d§ nhanh nhay (thoi gian) cdm nhan cua mdi nguoi, co thé nguoi lai xe
chua c6 bat ky phan tng nao, phuong tién van hoat dong binh thuong. Thoi gian
cua giai doan nay khoang 0,2 giay.

Giai doan nhan thirc hodc co thé goi 1a giai doan phan xa. Trong giai doan nay
nhirng nguoi tham gia giao thong da thuc sy nhan thue duge mot nguy co, mot hién
tugng khac thuong di xay ra, truc tiép de doa s& gdy nguy hiém cho ban than ho
hoidc cho mot ngudi nao d6. Giai doan phan xa thuong dién ra qua 3 giai doan:

- Giai doan 1: Sau khi ngudi diéu khién phuong tién nhéan thirc ¢6 nguy hiém
Xay ra, than kinh trung wong chi dao hé co bap cua toan than thuc hién cac dong tac
phong tranh nhu kéu la, dap phanh hodc danh 14i... dé dé phong tai nan xay ra. Thoi
gian nay 1 khoang 0,6 gidy. Nhu vay, tir khi nhan thirc duge nguon nguy hiém dén
khi c6 phan xa dé thyc hién cac bién phap phanh dbi véi ngudi binh thuong 13 0,8
gidy. Va trong qua trinh dé, hoat dong phwong tién van dién ra binh thuong.

- Giai doan 2: La giai doan chdm tac dung cua hé thong phanh dén khi cac
phanh bat dau c6 tac dung, thoi gian nay khoang 0,2+0,4 gidy. Xe van chuyén dong
binh thuong.
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- Giai doan 3: Pugc tinh tir thoi diém phanh bat ddu ¢ hiéu luc cho dén thoi
diém xe ding han. Giai doan nay thudng c6 nhitng dién bién co ban sau: Mic du,
bd phan phanh ham da c6 hiéu luc (banh xe nging quay nhung do quén tinh lam
cho phuong tién van bi ddy, truot trén dudng tao nén nhitg vét truot, vét phanh.
Vét truot, vét phanh dai hay ngin, luc gdy ré ngang manh hay yéu, khoang cach ré
ngang ngin hay dai, thdm chi 14t d6 xe... phu thudc vao: Téc d6; Trong luong cia
xe; Phan xa va k¥ thuat ciia nguoi diéu khién; Chéat luong phanh; Tinh chat mat
duong (46 doc doc, dd nghiéng mit dudng, mit dudng nhwa, da, kho, udt; duong
ray).

Do thi dudi ddy mo ta cac giai doan xay ra trong qué trinh phanh xe:
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Hinh 2.13: Gian d6 phanh [32]
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Trong do:

tr: Thoi gian phan g cia nguoi lai

ta: Thoi gian cham tac dung cta hé théng phanh

ts: Thoi gian gia toc phanh tang tir 0 dén cuc dai.

to: Thoi gian phanh véi gia tbc phanh cyc dai.

Goi ty; 1a tong thoi gian tré, tn 13 thoi gian dig xe, Sh 13 quing duong dimg
by =+t +2  (21)

Bang 2.3: Cong thuc tinh thoi gian va quang duong dung

V, m/s V, km/h
Thoi gian ding, t |4 v
& & tn t, = t,, +j_p t, = t,, + 367,
Quang duong dumng, S, V2 /4 V2
S, =V.t —_— S, =—t —_—
" ve 2.J, hT3p T 254,

Twr do ta tinh toan va lap dugc bang sau:

Bang 2.4: Quang duong dirng khi phanh xe & cac toc do va gia toc khac nhau

Toc dd xe trwde khi phanh (km/h)

10 20 30 40 50 60 70 80 90

(/) Quéng dwdng di chuyén ciia xe trong thoi gian tré 1s (m)
m/s

2,8 5,6 8,3 11,2 14 17 19 22 25

Quang duong dirng (m)

4,4 3,7 8,9 16,1 | 26,3 36 48 62 78 96

5 3,5 8,5 153 | 24,8 33 44 57 71 87

5,8 3,4 8,1 146 | 23,3 30 40 52 65 79

7 3,3 7,7 139 | 21,8 28 36 46 57 70

8 3,3 7,3 13,3 | 20,3 26 34 43 53 64

9 3,2 7,0 12,7 | 18,9 25 32 40 50 60
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Khi tinh toan phanh cho xe, diéu kién tién quyét 1a luc phanh téi da khong
duoc 16n hon luc bAm & mdi banh xe dé tranh cac banh xe bi truot 1&t, luc phanh
cuc dai tac dung 1én cac banh xe cho trudong hop phanh trén duong bang duoc tinh
nhu sau:

Banh trudce la:

G Gb
Ppl = 71 moe = I m,@ (2.2)
Banh sau la:
G Gb
sz =72m2§0=zm2(0 (2.3)

Trong do6:

- G: 1a trong lugng xe khi day tai

- G, G2: la trong lugng bam (phan lyc mat duong) tac dung 1én banh xe trude
va sau & trang thai tinh trén mit phang ngang.

- a: khoang cach tir trong tdm dén banh trudc

- b: khoang céch trong tim dén banh sau

- ¢: hé s6 bam

- L: Chiéu dai co s& clia xe

Moémen phanh tinh toan can sinh ra & co ciu phanh banh trudc 1a:

.G G :
M P 71 m1¢'rbx = Z(b +@ hg )'(D'rbx (24)

Moémen phanh tinh toan can sinh ra & co cAu phanh banh sau la:

. G G :
I\/IP =72m2§0'rbx =Z(b+§0 hg)'¢'rbx (25)

Trong do6:

¢’ 1a h¢ s0 bam cuia banh sau (néu khac banh trudc)
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2.4.3. Ly thuyét phanh tsi sinh

a. Tinh cdn thiét ciia phanh tdi sinh

Hau hét cac loai phanh sir dung luc ma sat dé chuyén dong ning thanh nhiét
nang dé triét tiu dong ning ctia xe. Lugng nhiét ndy 1am ndng dia phanh (tréng
phanh) va ma phanh (gudc phanh) rdi toa ra méi truong, day la didu khdng mong
mudn vi vira gay giam tudi tho cta hé thong phanh, vira gay ting tiéu hao nhién liéu
vi phan dong ning dé chuyén thanh nhiét ning nay la phan ning luong tiéu hao vo
ich.

Xét vi du sau: phanh dimg han mét chiée xe c6 khi lugng 1500kg dang chay
voi van toe 100km/h can triét tiéu hét dong ning cia xe T=10,5 x m x v2 = 578,7 kJ
chuyén thanh nhiét ning téa ra mot trudng, ning luong nay twong dwong mot dong
co c6 cong suat khoang 1,6 kW hoat dong trong 6 phat. Néu luong ning lugng nay
dugc st dung trong lac chuyén dong déu ¢ 100 km/h (chi dé thang lyc can lan va

luc can khong khi), xe sé di dugc quang duong khoang 2 km nhu mo ta sau:

2.0 100
S
2
16} o 180
£ z
212t 160 2
= 8
on =]
§ 08¢ 140 =
o
.‘7}]’0"
0.4; ¢ 120
0 | 1 1 0
0 50 100 150 200

Thoi gian ding (s)

Hinh 2.14: Quing dudng dimg va van tdc dirng
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Nhu phan tich & trén, dé tan dung ngudn ning luong khi phanh nay. Tir lau da
¢6 nhitng phuong phap sir dung hé théng phanh dé chuyén dbi nhiét ning sang cac
dang nang luong khéc, vi du: chuyén d6i dong ning sang dién ning, chuyén doi
dong niang thanh thé ning dudi dang khi nén hoic dung ning luong nay dé lam
quay banh da nham tich trir ngudn ning lwong nay dé dung cho nhiéu muc dich
khac. Ta goi cac hé thdng phanh d6 1a phanh tai sinh.

Pé minh ching cho loi ich nang luong hay loi ich vé hiéu suét nhién liéu,
Mehrdad [33] va cac cong sy da@ mé hinh hoa va mé phong hoat dong cua xe du lich
nang 1500 kg dé tinh toan va so sanh van téc cuc dai, van toc trung binh, tong ning
lurong kéo, va nang luong dugc dung baoi luc can va phanh trén 100km quang duong

di chuyén & nhitng chu ky 1am viéc khac nhau nhu do thi va bang dudi day:

L AT

1+ Luc kéo & banh xe

—

B D [0} o

o o o o
T T

Van toe (km/h)

N
o

o

—t
(8]

Luc can

Luc phanh

0 200 400 600 800 1000 1200 1400

Thoi gian (s)

0.5

Nang luong (kWh)

Hinh 2.15: Téng ning luong kéo va ning luong sir dung béi luc can va phanh &

chu ky lam viée d6 thi FTP 75 [33]
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Bang 2.5: Cac thong sd luc kéo, luc can va phanh trén 100km quang dudng di

chuyén & nhitng chu ky lam viéc khac nhau [33]

FTP75 | FTP 75 New
) US06 | ECE -1
D6 thi | Cao toc York
Vin toc cue dai (km/h) 86.4 97.7 128.5 120 44.6
Vin téc trung binh (km/h) 27.9 79.3 775 49.9 12.2
Ning lwgng kéo ¢ banh xe
10.47 10.45 17.03 11.79 15.51
cha dong. (kwh)
Nang lwgng can ¢ banh xe
5.95 9.47 11.73 8.74 4.69
cha dong. (kwh)
Ning lwgng phanh, é banh
4,52 0.98 5.30 3.05 10.82
xe cha dong. (kwh)
Ty I€ niang lwong phanh véi
43.17 9.38 31.12 25.87 69.76
niang lwong kéo (%0)

Ttr tinh toan trén ta thiy, khi xe dang hoat dong vé6i kiéu ngirmg va chay trong
diéu kién thanh phd, mot luong 16n ning lugng duoc st dung cho viéc phanh
thuong xuyén, diéu ndy dan dén két qua la su ti€u thu nhién liéu cao. Nang luong
phanh & khu vyc thanh phé tiéu biéu c6 thé chiém téi hon 43% tong niang luong
kéo. O nhitng thanh phd 16n, mat do xe déng va di chuyén cham, nhu New York, c6
thé dat t6i 70%.

Nghién ciru ndy da chimg minh rang phanh tai sinh khong chi ¢ tac dung dé
giam tdc d6 hay dimg xe ma viéc thu hoi lai mot phan ning lugng vo ich trong qua
trinh phanh c6 thé cai thién dang ké tinh kinh té nhién liéu ciia EVs va HEVs.

b. Nguyén ly hoat dong

Phanh tai sinh c¢6 thé dugc thiét ké trén nhiéu dong xe. Tuy nhién, vdi cac xe
chi c6 mot ngudn ning luwong 1a dong co ddt trong thi viée thiét ké thém mot may

phat dién va hé thdng dan dong va diéu khién dé thu hoi ning luong phanh rat phirc
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tap. Riéng trén xe dién ( Evs — Electric Vehicles), xe lai ( EHVs - Electric Hybrid
Vehicles) va xe pin nhién liéu ( FCVs- Fuel Cell Vehicles ) thi phanh tai sinh co
tinh kha thi cao hon vi dong co dién trén xe co thé dugc diéu khién dé hoat dong &
chiéu nghich nhu may phat dién nhim chuyén dbi dong ning hay quan tinh cua xe
thanh nang luong dién luu trit trong bo luu trit ning luong ESS (ic quy hoic siéu tu

dién) va sau do tai sir dung.

' Driving wheel I-[ T'he transmission

Motor ACDC Rattery \

. Regeneralive
Engine Sensor
5 braking controller

Hinh 2.16: So d6 hé thdng truyén luc xe hybrid c6 phanh tai sinh [34]

Tuy nhién trong qua trinh thiét ké hé théng phanh tai sinh thi hiéu suat phanh
13 mot yéu td quan trong dam béo tinh an toan cua mdt chiéc xe. Mot hé thong
phanh t6t luén phai dap tng duoc yéu cau giam nhanh téc d xe va duy tri kha ning
diéu khién huéng di cia xe. Yéu cau trudc hét 13 hé thdng phanh phai cung cp du
mo men phanh trén tat ca cac banh xe. Tiép dén 1a phai phan b lyc phanh hop 1y
trén cac banh xe. Nhin chung, mémen phanh can thiét 1én hon nhiéu so v6i mémen
can ma may phét dién hodc dong co dién (khi 1am viéc & ché d6 may phat) c6 thé
tao ra, dic biét 1a trong lac phanh gap. Do d6, trén cac dong xe dién, xe lai va xe pin
nhién liéu (EVs, HEVs, FCVs) hé théng phanh co khi phai cung ton tai v6i phanh
tai tao dién nén thuong goi day la mdt h¢ théng phanh lai. Mac du, trong h¢ théng
dong co cua xe lai, xe dién, c6 rat nhidu kiéu va phuwong phap diéu khién song muc
tiéu cudi cung cua viée thiét ké va diéu khién cac hé thong phanh 13 phai dam bao

hiéu suit phanh va kha ning thu hoi ning lugng phanh nhiéu nhat co thé.
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Thiét ké hé thong thu hdi ning luong khi phanh 1a mét vin dé twong dbi phirc
tap khi thiét ké hé théng phanh cua xe dién, xe lai va xe pin nhién li¢u. C6 2 van dé
can phai giai quyét: tht nhat , 12 phai phan bd lyc phanh téng thanh lyc phanh tai
tao (phan s& thu hdi) va lyc phanh ma sat (phan khong thu héi) nhu thé nao dé c6
thé tai tao nang luong nhiéu nhét c6 thé; hai 1 phai phan bd tong lyc phanh nhu thé
nao trén truc trude, sau dé dam bao sy 6n dinh va hiéu qua phanh. Thong thuong,
luc phanh tai tao chi hi¢u qua trén tryc chu dong. BPong co dién s€ phai dugc diéu
khién dé tao ra mot luong luc phanh phi hop sao cho ning lugng thu hoi 1a 16n nhét
c6 thé, dong thoi, tong luc phanh dé 1am xe giam tc do cling phai phu hop véi 1énh
cua nguoi lai.

Hé théng may tinh s& tinh toan luc phanh can thiét dang duoc dua dén cac
banh xe bi dong twong ing véi mirc d6 dap ban dap phanh cia tai xé.

Tiép theo no sé& tinh toan lyc phanh cho banh xe chii dong tuwong g véi luc
phanh cia banh xe bi dong, lyc phanh phuc hdi 16n nhat ma hé théng c6 thé tao ra
g véi tinh trang hoat dong hién tai cta xe (luc phanh phuc hoi kha thi).

Sau do6 viéc phanh banh xe chi dong s€ dugc thuc hién béng chi phanh phuc
héi hodc ca phanh phuc hdi va phanh thily Iyc. Piéu ndy con tiy thudc va luc phanh
phuc hoi kha thi ma hé thong co thé tao ra tai thoi diém do.

c. Céu triic hé thong phanh tdi sinh

Cac thiét bi co ban nhét can c¢6 cho mot xe sir dung ning lwong dién dugc
trang bi hé théng phanh téi sinh gom:

- May phat dién va co ciu dan dong may phét dién tir hé théng truyén luc cua
xe (trong trudng hop xe chi co dong co dét trong hodc dong co dién khdng thé hoat
dong o ché do may phéat)

- Pong co dién dé dan dong banh xe chi dong va tao ra moment phanh cho

banh xe (trong trudng hop dong co dién c6 thé hoat dong & ché do may phat).
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- Mbt thiét bi dé luu trit ning luong thu hdi dugc trong qué trinh phanh (banh
da, ac quy, pin, siéu tu...) va cung cap ning luong cho dong co dién hoic cac hé
théng khac trén xe.

- Mot hé théng phanh thuy luc dé phanh cac banh xe dé dam bao hiéu suat
phanh cua xe.

Input
con:crol
Motor ¢
Motor _..__controller- Battery
U 3]
DC/DC Ultra-

converter —capacitor

Hinh 2.17: Céu trac hé théng phanh tai sinh trén xe dién [35]

Input
control

Motor [ | DC/DC Ultra-
controller|__| converter | capacitor

M
Drive

Hinh 2.18: Ciu triic hé thong phanh tai sinh trén xe chi c6 dong co dbt trong hodc
xe hybrid [35]
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Hinh 2.19: Céu tric hé thong phanh téi sinh hoan chinh trén xe 6 t6 hybrid [36]

Gidi thich ky hiéu dung trong Hinh 2.19:

20-Engine: Pong co dét trong; 22-M/G (Motor/Generator): Pong co dién
(may phat) dan dong banh xe cha dong va thue hién chirc nang phanh bang moment
dién tir dé thu hdi nang luong; 24-Inverter: thiét bi dién-dién tir cong suat diéu khién
tryc tiép M/G; 25-MCU (Motor Control Unit): may tinh diéu khién bo hoat dong
ciia M/G thong qua diéu khién Inverter; 26-Battery: Binh dc-quy dung dé luu trix
nang luong dugc phuc hoi va cung cip niang luong cho M/G va céc thiét bi khac;
28-T/M (Transmission): hop sd, c6 thé 13 co cip hodc vo cép, st dung banh ring
thuong hodc hé banh rang hanh trinh; 30-F/R: truyén luc cudi cung cau chu dong (vi
sai); 32a-32b: cac banh xe trai-phai phia trudc; 37a-37b: cac banh xe phia sau ; 34a-
34b: co cAu phanh ma sat ciia cac banh xe trudc ; 36a-36b: co ciu phanh ma st cua
cac banh xe sau ; 38-Hydraulic braking for regenerative braking: by phén phanh
thuy luc hd trg cho phanh phuc hoi; 40-Brake pedal: Ban dap chan phanh; 42-BCU
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(Brake Control Unit): May tinh diéu khién hé thong phanh; 44-HEV-ECU (Hybrid
Electric Vehicle — Electronic Control Unit): may tinh diéu khién hé théng dién cao
ap trén xe hybrid; 45-Vehicle Speed detect: bo cam bién tdc d6 xe; 46-Ly hop.

2.4.4. Cac phwong phap lwu trir nang lwgng khi phanh tai sinh

C6 nhiéu phuong phap dé luu trir ning luong thu hdi duoc trong qué trinh
phanh tai sinh nhu chuyén thanh dién ning dé luu trir vao pin (ic quy, siéu tu),
chuyén thanh thé niang dé luu trir trong binh khi nén hodc chuyén thanh dong niang
lwru trit trong banh da. Tuy nhién, xét pham vi va dbi teong cua dé tai 1a 1a xe may
Honda Lead cai tao thanh xe may lai nén vi¢c luu trix béng khi nén va banh da la
khong kha thi. O day chi xét dén cac phwong phép luu trit ning luong phanh tai sinh
thu hoi duge chuyén thanh nang luong dién dé nap cho ac quy axit - chi, pin Li-ion
va siéu tu.

a. Ac quy axit — chi

Ac qui 1a mot thiét bi dién hda chuyén ddi ning luong dién thanh niang luong
hda hoc trong suét qua trinh nap, va chuyén doi niang luong hda hoc thanh nang
lugng dién trong qué trinh phong dién.

Ac quy chi c6 nang luong sac xa chi 1a 32Wh/kg, mat 6 nang luong thap
dong xa nho dan dén kha ning chiu tai kém khong phu hop véi xe may hay 6 to
dién. Ac quy chi c6 kha ning tii tao ning luong cham mét hang gio dong ho do
dong nap tdi da nho, néu ting dong nap cs thé gay hong dc quy. Pong thoi néu bi xa
qua 50% ma khong dugc sac ddy dc quy sé hong sau 1-2 thang sir dung. Néu bi xa
ti tan dy s& xuat hién PbSO4 dang tinh thé bam vao ban cuc giy hong ban cuc va
chét dc quy, dic biét mudi PbSO4 nay bam vao dau cuc c6 thé gdy han gi dau cuc
dan t6i tu phong dién va chay nd.

Dai nhiét hoat dong cua ac quy chi chi tir 0°-50°C, tai nhiét do 50°C tudi tho
ctia dc quy chi khoang 1 nim.

Do cdu tao boi chi va axit nén ic quy gdy 6 nhiém nghiém trong voi moi

truong va stirc khoe con ngudi. Luong accu phé thai 1a nguon gay 6 nhidm moi
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treong véi hau qua hét siec nang né vi chi (Pb) duoc coi 1a chat thai cuc ky doc hai,
v6i ham luong vai ppm/kg trong luong co thé da gay anh huong nghiém trong dén
suc khoe.

V& mit hiéu qua kinh té, ac quy chi co tudi tho chi khoang 1 nam do hi¢u suét
su dung thép, ndi tré cao lam cho tén kém nhién liéu khi van hanh, giam tudi tho
dong co xe. Chi phi dé trang bi mot bo 4c quy ban dau kha ré nhung theo thoi gian
khai thac xe thi chi phi s& ting 1én do phai thudng xuyén thay ac quy.

Accu chi c6 nhuge diém cin ban 12 tudi tho thap. Loai accu chi hoan hao nhat
hién nay ciing chi c6 thé 1am viéc khong qua 5 nam. Nhu vay, mot luong rat 16n cac
loai accu hét thoi han st dung bi thai loai va tré thanh phé thai.

Do vay iac quy axit — chi it duoc ding 1am thanh phan luu trit ning luong
trong hé théng phanh tai sinh ma chi thuong duogc dung dé chay may khoi dong
dién va ngudn dién bd trg cho céc thiét i dién trén xe véi thoi gian hoat dong ngan.

b. Siéu tu

Thong thuong, khi muén luwu trir dién ning ching ta thuong nghi dén pin hoic
dc quy la nhitng nguon dién hoéa quen thudc. Cac ngudn dién hoa mic du rat pho
bién nhung c6 nhugc diém chung 13 ¢6 dung luong han ché, cac san pham phé thai
ctia chung khong than thién v6i méi truong, thoi gian nap doi hoi nhiéu gio.. .

Tu dién 1a mot thiét bi dung dé tich trir dién ning bang cac twong tac vat ly
gitra cac dién cuc va dién tich. Boi vay, tu dién c6 kha ning phong va nap dién rat
nhanh nhung nhuoc diém 1a c6 dung lwong rat nhé chi vai nano hay pico Fara (nF
hay pF). Mot s6 tu dién hoa hoc 16n ciing chi ¢6 dung luong dén vai chuc microFara
(uF).

Nam 1957, khi céc k¥ su cuia General Electric sit dung than hoat tinh dé ché
tao dién cuc, nguoi ta da tinh co phat hién siéu tu dién (Super Capacitor). Vao thoi
diém do nguoi ta chua gidi thich dugc co ché hoat dong cta no6. Tuy nhién, rat tiée
1a sau d6 General Electric ngiing phat trién nghién ctru nay. Mii cho dén nim 1966

siéu tu dién dugc nghién ctru trd lai khi cac k¥ su Standard Oil ctia Ohio nghién cttu

39



phat trién pin nhién liéu. Ngudi ta sit dung hai 16p than hoat tinh duoc phan cach
br:ing chit cach dién Xép, tuy nhién khong co siéu tu dién nao dugc thuong mai hoa
do gia thanh ché tao kh4 dat va kich thudc kha cong kénh. Tir nam 1990 do sy phat
trién cua cong nghé vt liéu tién tién ¢& nano (1 nano mét bang mot phan ty mét da
cho phép khic phuc duoc nhitng nhugc diém nay. Ngiy nay nguoi ta di ché tao
duoc cac si€u tu dién co dién dung té1 5000 Fara. cao hon dién dung cua cac tu dién
thong thuong hang ty 1an, thoi gian nap chi khoang 10 gidy. Cac san pham siéu tu
dién da dugc thuong mai hoa véi thi truong 1én dén 400 triéu USD vao nam 2005.
Trong linh vuc nguén dién cho 6t6 dién dya trén cong ngh¢ CMOS kich ¢& 22 nm,
siéu tu dién dd co budc tién rat dang ké va mo ra trién vong tng dung vo cung to
16n cho nganh cong nghiép luu trlr nang lwong ndi chung va tng dung cho xe dién
va xe lai noi riéng.

Siéu tu, ban chat 1a tu dién, van gilt dugc dac tinh nay, do do siéu tu c6 mat do
cong suat rat 16n. Bén canh d6, dién dung 16n téi hang nghin Fara cho phép siéu tu
tich trit mot lwong dién ning 16n, diéu nay cho phép siéu tu co thé hoat dong nhu
mot ngudn chira ning luong trong khi cac tu dién thong thudng chi co vai trd 1a
phan tir phong — nap trong qua trinh trao d6i nang lugng.

Tuy nhién, cac siéu tu c6 dién dung hang nghin Fara trén thi truong hién nay
chi c6 muc dién ap khodng vai Volt, 1y do 1a céc 16p cach dién trong siéu tu khong
chiu duoc dién ap cao. Khi mudn su dung véi dién ap cao, chéng han nhu vai tram
Volt nhu trong 6 t6 dién, thi siéu tu phai duoc méc ndi tiép thanh cac module. Ta
biét réng khi méc nbi tiép, dién dung cua si€u tu nho di. Do do, trén thi trudong hién
nay, module c6 dién ap 16n nhat (125V) chi c¢6 dién dung 63F theo danh muc san
pham cia cong ty Maxwell Technology, mot trong nhitng nha san xuat siéu ty hang
dau thé gidi hién nay. Vi cong nghé tai thoi diém hién tai, siéu tu dién chua di kha
ning cung cap ngudn cho 6 t6 dién chay trén mot quing dudng dai nhu ic quy, pin
hay fuel cell. N6 chi dugc dung nhu mét nguén phu, dac biét hittu dung trong qua

trinh ham tai sinh ning lugng do c6 kha ning nap rat nhanh.
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Mot sb loai siéu tu hién nay:

- Si€u tu graphene

- Siéu tu gidy

- Siéu tu thé rin

- Céc loai si€u tu khac (si€u tu nano Xép, siéu tu li-ion...)

Siéu tu ¢6 cac dic diém:

- Cho phép nap rat nhanh (nap ddy trong khoang 10 gidy).

- Cho phép phong nap nhiéu lan (hang van 1an) so véi tir 200 dén 1000 1an cia
ac quy va pin.

- Phuong phap nap don gian, khong can mach canh bao nap ddy, khi qua tai
khong gay anh huong t6i tudi tho.

- Tubi tho cao, trén 10 nam.

- Nhuogce diém cua siéu tu dién 1a dién 4p mdi tu nguyén to thép hon, hién
tuong tu phong nhanh hon so v4i pin dién hda do c6 ndi tré 16n hon.

Thong $6 k¥ thuat dac trung cua siéu tu:

- bién dung C (F, pF).

- bién thé lam viéc — Working Voltage (V)

Thoi gian phong dién 1 (s) 1a tich s6 ciia dién trd cach dién R va dién dung C.
Tu dién c6 © cang 16n thi chat lugng cang tot, gia tri ctia T thuong trong khoang

1000s dén 10000s.

Hinh 2.20: Mét s loai siéu tu
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Tir 40, ta c6 thé két luan: Siéu tu co6 thé nap va phong cung cip dong dién véi
cong suat 16n hon so voi pin va ic quy, nhung tong luong dién nang tich trit dugc
lai it hon it hon. Nho tée do nap — xa cua siéu tu la rat 16n nén thuong dugc ung
dung 1am ngudn ning lwong khan cdp cho may tinh hay ngudn ning luong bd trg
trong xe dién dé luu trir nang lwong thu dugc trong qua trinh phanh tai sinh.

c. Pin Lithium - ion

Pin Lithium- ion hay pin Li-ion la loai pin dién hoéa thuan nghich c6 thé sac
lai. Trong d6 cac ion lithium di chuyén tir dién cuc 4m dén cuc dwong trong qua
trinh x4, va ngugc lai khi sac.

Pin Li-ion co ciu tao g@)m 4 phén chinh: dién cuc am, dién cuc duong, mang
ngan cach dién va chit dién phén.

- Pién cuc am (Cathode): thuong duoc ndi voi vo pin va duge 1am tir graphit
(than chi) c6 chirc ning luu giit cac ion Li* trong tinh thé.

- Pién cuc duong (Anot) thuong dugc ciu thanh tir mot 16p oxit (nhu lithium
cobalt oxide), mot polyanion (nhu lithium sit photphat), hodc mot spinel (nhu
lithium oxit mangan). Khi c6 dong dién chay qua, nguyén tir lithium dé dang tach
khoi cdu trac tao thanh ion duong Li*.

- Mang ngin cach dién (separator) 1a mang mong dugc 1am bang nhya PE
hoic PP niam gitta cuc duong va cuc am, c6 nhiéu 16 nho c6 chic ning ngin cach
giita cuc duong va cyc 4m nhung van cho céc ion Li* di qua. Mot s6 pin mang ngan
cach c6 kha nang khit lai khi nhiét do cao, khong cho Li* di qua.

- Chét dién phan (Electrolyte): thuong 1a chat long chtra hdn hop cia cacbonat
hiru co nhu ethylene cacbonat hodc cacbonat diethyl chira phirc hop cua céac ion
lithitum. Tuy thudc vao vat liéu ché tao ma dién ap, cong suét, sb chu ky phong-nap
va an toan cua pin Li-ion c6 thé thay d6i dang ké. Gan day, kién trac méi st dung
cong nghé nano di duoc sir dung dé cai thién hiéu suit caa pin.

Pin Li-ion c6 toc do tu phong dién thap (2%+8% mdi thang) va cé dai nhiét

do hoat dong rong (nap di¢n & nhiét do tur -20°C +60°C, phong dién duoc ¢ nhiét do
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tor 40°C +65°C) cho phép chung dugc ing dung mét cach da dang va rong rai. Pi¢n
thé cua pin Li-ion c6 thé dat trong khoang 2,5V dén 4,2V, 16n gén gép 3 1an so véi
pin NiCd hay pin NiMh, va can it don vi cdu tao hon cho mdt pin. Pin Li-ion ¢6 thé
cho kha nang phong di¢n tdc do cao. Phong dién voi tdc d6 lién tuc 5C, hodc & ché
do xung la 25C.

Nguyén tac hoat dong cua pin Li-ion dya vao su tach cac ion Li* tur vat liéu
dién cuc duong dién k& vao céc "khoang tréng" o vat li€u dién cuc am. Cac vat liéu
dung 1am dién cuc thuong dugce quét 1én bo gdp bang dong (véi vat lidu dién cuc
am) hoac béng nhom (véi vat liéu dién cuc duong) tao thanh céc dién cuc cho pin
Li-ion, cac cuc nay duoc dat cach dién dé dam bao an toan va tranh bi tiép xtc dan
dén hién tuong doan mach. Trong qua trinh nap, vat liéu dién cuc duong dong vai
trd 1a chat oxi hoa con vat liéu dién cuc am dong vai tro la chat khtr, tai cuc duong,
c4c ion Li* dugc tach ra va dién k& vao giita cac 16p graphite carbon.

Trong qua trinh phong thi qua trinh xay ra ngugc lai, ion Li* tach ra tir cuc am
va dién k& vao khoang trong giita cac 16p oxi trong vat liéu dién cuc duong. Cac
qua trinh phong va nap cta pin Li-ion khong 1am thay dbi ciu trac cua cac vat liéu

dung lam di¢n cuc.

Ban cwc dwong Ban cwc am
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Hinh 2.21: Nguyén ly hoat dong ctia pin Li-ion [31]
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Pin Lithium-ion 1a loai pin duoc st dung rat nhiéu trong cac thiét bi nhu dién

thoai di dong, may tinh xach tay, xe dién, quan sy, va cac ung dung hang khong vii
try... Khéc véi pin nikel, Pin Li-ion dat tién hon nhung bu lai s6 lan sac, xa gip 3
l4n so véi dc quy thong thuong khi st dung cho xe dién, n6 c6 tudi tho cao hon,
trong lugng nhe hon, thé tich nho gon hon va cho phép nap voi tdc do nhanh hon rat
nhiéu 14n so véi dc quy. Do ban chit héa hoc dic biét nén Pin Li-ion ¢6 quy trinh
sac riéng, khong giéng cac loai ac quy hay pin nikel khic. Qua trinh sac pin Li-ion
gdm 2 giai doan co ban: sac dong khong doi (sac 6n dong) va sac bio hoa (sac 6n
ap). Toan bo qua trinh sac kéo dai khoang 3 gio.
- Sac 6n dong: Pay 13 qua trinh sac véi dong khong d6i, trong giai doan nay dong
sac nam trong khoang 0,1-0,7C. Tang dong sac giup ddy nhanh giai doan nap dong
nhirng lai kéo dai thoi gian nap 6n ap nén tong thoi gian sac khong thay doi vi mic
du pin dat dén dinh dién ap nhanh hon véi sac nhanh nhung sac bao hoa s¢€ mét
nhiéu thoi gian cho phu hgp. Mirc dong sac 4p dung chi don gian 13 thay d6i thoi
gian can thiét cho timg giai doan; Giai doan 1 s& ngin hon nhung giai doan bdo hoa
2 s& mat nhiéu thoi gian. Sac dong cao s& nhanh chong dap ng pin dén khoang
70%.

Dong dién sac cang 16n thi s& 1am tang nhiét d6 pin. Trong qua trinh sac can
theo doi nhi¢t do sat sao vi nhi¢t 4o qua cao s€ cod thé 1am cho pin boc chay hodc
phat n6. Thong thudng, nhiét do khong nén vuot qua 45°C. Mot sb pin Li-ion st
dung cong nghé Lithium-Ferro-Phophat (LiFePO4) c6 thé day nhiét do khi sac 1én
dén 60°C. Néu sir dung bd sac nhanh (quick charge) chi thuc hién bom dong on
dinh vao pin (sac 6n dong) do d6, gii han vé nhiét d6 16n hon dong nghia voi viée
dong dién sac 16n hon hay thoi gian sac nhanh s& ngan hon.

Trong qua trinh sac 6n dong, dién 4p trén hai dau cuc pin ting dan. Khi dién
ap dat bang suc dién dong cia pin luc day, bo sac két thic qua trinh sac 6n dong va
chuyén sac ché d6 sac 6n ap. Toan bd thoi gian sac 6n dong thudng kéo dai tdi da
khoang 1h (tuy thudc vao dung lwong con lai ban dau cua pin). Két thuc ciia quéa

trinh sac 6n dong, dung luong pin di phuc hdi duoc khoang 70%. Trong nhiéu
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truong hop sac nhanh (quick-charge) ngudi ta c6 thé dem st dung ngay (“charge-
and-run”). Piéu nay mic du 1am giam bét thoi gian sac dong thoi 1am cho thiét ké
cua bg sac don gian hon rat nhiéu nhung mat khac s€ lam giam tudi tho pin. Pé dam
bao tudi tho cta pin theo dung thong sd nha san xut dua ra, ngudi ta thudng phai
tién hanh ca giai doan sac 6n ap, giai doan nay thuong mat thoi gian hon rat nhicu
so voi giai doan sac 6n dong.

- Sac 6n ap: Trong ché do sac on 4ap, dién ap sac thudng duoc gitr khong d6i bang
4,2 V/cell. Do dung luong cta pin duoc phuc hdi dan, stc dién dong ciia no ting 1én
1am cho dong dién giam dan. Khi dong dién giam vé nho hon 3%C, ché do sac on
ap két thic. Lac nay, dung lugng pin dat khoang 99%. Khac véi pin nikel hodc
acid-chi, pin Li-ion khong can va khong duoc phép duy tri 4p sac sau khi pin da day
(dong dién sac giam nhé hon 3%C) vi tinh chét cua Lithium-ion khdng cho phép
over-charge; néu van c6 over-charge co thé s& lam noéng va gy ra n. Ngoai ra, theo
cac chuyén gia, khong nén sac pin Li-ion vuot qua 100% dung lugng vi nhu vy sé€
lam giam tudi tho cua pin.

Néu pin dugc sac dﬁy, sau khi nging sac, dién ap hd mach cua pin s€ gidm
dan vé& mtru 6n dinh khoang 3,6 — 3,9 V/cell. Trai lai, néu chi sac nhanh (sac on
dong) thi sau khi ngimg sac, dién ap pin s& giam nhanh hon vé khoang 3,3 — 3,5
V/cell. Do pin Lithium-ion ciing c6 tinh chat tu phong dién khi khong st dung (self-
discharge) nén trong mot s6 truong hop, dé dién ddy pin, ngoai viéc str dung qua
trinh 6n dong, 6n ap, nguoi ta thudng két hop thém k§ thuat sac xung ngan. Ching
han, khi ap ac quy dat 4,2V/cell, qua trinh sac s& dimg ngay. Lic nay, dién ap pin s&
giam dan; khi dién ap pin giam con 4,05V/cell hé théng sac lai tiép tuc dong ap sac
4,2V/cell vao dé tiép tuc qua trinh sac ap. Viéc dong cit nhu vay sé& duoc dién ra
lién tuc. Nho vay, dién ap pin s& dugc gitt on dinh trong khoang 4,05 — 4,2V/cell,
do d6, lam pin duoc nap sau hon, tranh dugc hién tugng over-charging va kéo dai

tudi tho pin.

45



Constant current Constant voltage
e R =— ——
gr' v . I — 1
E” “’ =T k
40 — ! T 1 [ I [ g
E 1u1 . ’-'—hCharge capaclty Charge float voltage| rE
F | = [4+)
100 25 g
S s
= 80 20 o,
g 40 15 <
© i >
g 20 05
=
o 0) 15
Char&e time (hr)

Hinh 2.22: Cac giai doan cta qua trinh nap pin li-ion [31]
So sanh chu ku tudi tho cua pin Li-ion khi sac va xa tai 1C, 2C va 3C. Chu ky
sac va xa 1C giy ra su sut giam dung luong tir 650mAh xudng 550mAh sau 500
chu ky, phan anh sy sut giam con 84%. Chu ky sac va x4 2C thi dung lugng mat
dan con 310mAh tirc 13 giam con 47% va v6i 3C pin hong sau 360 chu ky véi dung

lugng con lai 26%.
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Hinh 2.23: Anh huéng cta dong nap — x4 dén tudi tho pin Li-ion [31]
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Sac va x4 pin Li-ion trén 1C 1am giam tudi tho. Cac nha san xuit khuyén céo
nén st dung sac va xa cham hon néu co6 thé va diéu nay ap dung cho hau hét cac
pin. Mdc du pin van hanh tdt véi tde d6 sac cham cta 1C va it hon, ching ta phai
ghi nhé rang mot sé tmg dung doi hoi tde d6 sac va xa cao va ngudi dung budc phai
chap nhan tudi tho pin giam.

Uu nhuoge diém cua pin Li-ion dugc thé hién & bang duoi:

Bang 2.6: Uu nhuoc diém cia pin Li-ion

Uu diém Nhwoc diém
-Kin, khong can bao tri. -Gia trung binh ban dau cao.
-Chu ky song dai. -Giam kha nang ¢ nhiét do cao.
-Dai nhiét d0 hoat dong rong. -Can phai bao vé h¢ théng mach dién.
-Thoi gian hoat dong dai. -Dung lugng bi gidm hoac nong 1én khi bi
-Tbc d6 tu phong cham. qua tai.
-Khé ning nap nhanh, -Bi thiing va c6 thé bi toa nhiét khi bi ép.

-Kha ning phong dién c6 téc do va -Thiét ké dang try dién hinh cho mat do
cong suét cao. nang luong thap hon NiCd hodc NiMH.
-Hiéu qua nang lugng, dién lugng
cao.

-Nang luong riéng va mat d0 nang
luong cao.

-Khong c6 hiéu tng nho.

Nhu vay: pin Li — ion ¢ mat d6 ning luong cao, thoi gian nap ngan (sac
nhanh), dong nap xa cao (1C hoac Ién hon), tudi tho 7-10 nam, nhiét do lam viéc
phU hop nén c6 thé sir dung 1am thiét bi luu trit nang lugng phanh tai sinh.

* Két luan

Do thuc té cai tao xe Honda Lead thanh xe lai da dwgc tich hop mot bo ngudn

pin Lithium — jon dé luu trir va cung cap ning luong cho dong co dién [31] nén
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trong nghién ciru ndy, tac gia chon chinh bo Pin Lithium — ion nay 1am ngudn luu

trir nang luong thu hdi dwoc trong qua trinh hoat dong cua hé thong phanh tai sinh.

2.5. Gigi thiéu cum motor dién BLBC
2.5.1. Céu tao dong co BLDC

Pong co BLDC c¢6 ciu tao va nguyén ly hoat dong twong tu dong co DC ¢

choi than, nhung chirc ndng cua rotor va stator dugc dao nguoc.

Hinh 2.24: Ciu tao dong co Hub-BLDC [31]

Céu tao chinh cua dong co BLDC g@)m: Rotor, stator, cam bién vj tri rotor...

- Rotor dugc tao thanh tir mot b6 nam cham vinh ctru, thuwong la 3 nam cham
v&1 6 cuc tir xem k& nhau.

- Stator 1a nam cham dién c6 diéu khién, mdi cuc tir gdbm mot cudn diy quan
trén mot 15i théo tr. SO cuc tir tuong ung véi sb cuc tr cua rotor. DY 16n va chiéu
ctia dong dién trong cac cudn day c6 thé diéu khién dugc bang Transistor cong suit
hoac Mosfet thong qua mét bo diéu khién dién tir. Cac cudn day stator duogc ndi véi
nhau thanh mach dién ba pha hinh sao.

- Cam bién vi tri rotor thudng ding 3 cam bién Hall dat trén stator 1éch nhau
120°, tuy thudc vao vi tri clia rotor ma gia tri dién 4p cua cic cam bién s& khéc nhau.

Tuy theo muc dich st dung ma khi ché tao, cac nha san xuét s& thiét ké rotor

nam trong (truc quay) hodc rotor nam ngoai (vé quay nhu Hub-BLDC).
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Pong co BLDC loai bo duogc chdi than va c¢d g6p nén loai bo duoc tia lra dién
sinh ra. Tia ltra dién nay khong chi lam giam tudi tho sir dung cua dong co, ma con
tao ra nhiéu dién tir tac dong x4u cac hé théng diéu khién dién tu.

2.5.2. Nguyén ly hoat dong ciia dong co BLDC

Khi cdp mot ngudn dién cho cudn day stator, mot tir trudng trong 16i thép cua
stator dwoC tao ra, tly theo cudn day nao dugc cip dién va chiéu dong dién ma
phuong cua tir trudng thay doi.

Magnetic
field A

"
la<0,Ib=lc=0 l 1a>0,1c<0,1b=0
|lal = |ic|

lla>0,lb=lc=0

Magnetic
field

[3

Magnetic field

Hinh 2.25: Tur truong tao ra trén stator [31]

T trurong cua stator tac dong Ién tir truong nam cham vinh cuu trén rotor tao

nén mot luc tr [am rotor quay.

axis of M 1 v axis of 5 pole
of rotor Pde—"'". -«—  of stator

Hinh 2.26: Lyc tr trong dong co BLDC [31]
Vi vy mudn dong co BLDC quay lién tuc thi phuong cua tir truong trong

stator ciing phai lién tuc thay d6i. Do dé, chiéu dong dién trong cac cudn day ciing
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phai thay doi lién tuc. Trong dong co DC c6 chdi than, viéc thay d6i chiéu dong
dién do choi than va ¢ gop dam nhiém, con trong dong co BLDC, viéc nay duoc
thuc hién thong qua mot mach diéu khién dién tu.

2.5.3. Nguyén ly diéu khién dong co BLDC

Nhu dd néi o trén, dé rotor c6 thé quay lién tuc thuan chiéu hay nguoc chiéu
thi trén stator phai tao ra mot tir truong quay tuwong wng. Trén hinh 4.2 cho ta thay,
néu mdi cudn day cé chiéu dong dién khac nhau thi chiéu tir truong khac nhau, cac
cudn day pha dit 1éch nhau 120° nén tong hop tir trudng caa cac cudn day theo quy
tic hinh binh hanh ta dwoc tir truong tong. Vi vay, mudn tao ra mot tir trudng quay
ta chi can diéu khién dong ngit va/hoic dao chiéu dong dién qua cac cudn day theo
nguyén ly 6 budc [37]
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Hinh 2.27: Nguyén ly tao tir truong quay 6 budc trong dong co BLDC [37]

Ba cam bién Hall Ha, Hs, Hc dat 1éch nhau 120° dé xac dinh vi tri rotor bang
cach thay d6i muac logic mdi khi & gan cuc bac hoic cuc nam cua nam chiam vinh
ctru trén rotor. Tin hiéu tra vé caa 3 cam bién Hall 12 mot ddy s nhi phan 3 bit, c6 8
gia tri tir 000 dén 111, tuy nhién do cach b tri cam bién Hall va cac cuc tir cua
rotor thi khdng c6 gi4 tri nao 1 000 va 111 nén gi4 tri tra vé chi c6 6 gia tri tir 001
dén 110.
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Habc=100

Habc=101
Habc=110

_____________________

\Hb Habc=010

Habc=001

Habc=011

Hinh 2.28: Gi4 tri trd vé clia cam bién Hall & céc vi tri [37]

Nhu vay, & mot trang thai bat ky thi dong dién trén mot cuc ludn cé gia tri
bang khéng, mot cuc di vao va mot cuc di ra. Dé rotor quay lién tuc, viéc dao trang
thai dong dién duogc thuc hién ngay khi gia tri tra vé cia cam bién Hall thay doi voi
th tu nhu sau: AC—- BC - BA —-CA—-CB— AB —> AC

Gia tri dong dién cua cac pha theo tin hiéu tra vé caa cam bién Hall Puoc thé
hién nhu sau:

Biang 2.7: S6 liéu so sanh cong suat phanh tai sinh va tong cong suat phanh

Cam bién Hall Pha
a b C A B C
0 1 1 N/C + -
0 0 1 - + N/C
1 0 1 - N/C +
1 0 0 N/C - +
1 1 0 + - N/C
0 1 0 + N/C -
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Dé diéu khién dong co BLDC quay theo chiéu nguoc lai, chi cin dao dau cua
dong dién ¢ cac trang thai tuong ung cua bang 2.7.

Do dong co BLDC str dung nam cham vinh ctru nén c0 tinh thuan nghich, khi
hoat dong & ché d6 may phat c6 nguyén ly hoat dong tuong tuy may phat xoay chiéu
3 pha nam cham vinh ctru. Bé thu hdi nung luong dién phat ra nay chi can bo chinh

lru 6 diode dé dua dong dién vé dong dién mot chiéu sac cho pin.

2.6. Lwa chon mé hinh mé phéng

Chu ky thir nghiém ECE + EUDC, con duoc goi la chu ky MVEG-A, dugc sir
dung dé thir nghiém tai thi truong chau au (EU) vé khi thai va muc tiéu thu nhién
liéu tir cac phuong tién van tai hang nhe (Chi thi EEC 90/C81/01). Cac thir nghiém
duoc thuc hién trén mot hé théng khung gam. Toan bo chu trinh bao gém bén phan
doan ECE duoc lap lai ma khong bi gian doan. Trudc khi thir nghiém, chiéc xe
dugc phép thi nghiém trong it nhat 6 gio & nhiét do thir nghiém tir 20-30°C. Sau d6
n6 duoc bat dau lai va nghi trong 40 giay.
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Hinh 2.29: Chu trinh ECE-R15

Bat dau tir nam 2000, thoi gian nghi da duoc loai bo, tic 13, dong co bat dau tir

0 giay va viéc ldy mau phat thai bat dau cing mét lac. Quy trinh khoi dong ngudi
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duoc stra d6i nay duoc goi 1a Chu ky 1ai xe chau Au méi New European Driving
Cycle (NEDC) hodc la chu trinh thir nghiém MVEG-B

Thir nghiém day du bét dau vai bén 1an 13p lai cua chu trinh ECE. ECE 1a mét
chu ky 14i xe d6 thi, con duoc goi 1a UDC. Né da dugc nghién cau dé dai dién cho
diéu kién lai xe trong thanh phé, vi du: ¢ Paris hoic Rome. N6 dugc dic trung boi
toc do xe thap, tai dong co thap va nhiét do khi thai thap.

Chu trinh ECE-R15 duoc ap dung trong nhirng diéu kién dudi day phu hop
Vé6i cac diéu kién xuyén sudt cua dé tai nén chu trinh ECE-R15 nay da dugc chon dé
mo phong:

- Van tdc t6i da theo chu trinh 1 50,4 km/h phit hop Véi téc do t6i da cho phép
tai Thanh phd H6 Chi Minh 12 50 km/h.

- Ché d¢ hoat dong cua chu trinh 14 tang toc va giam tdc thuong xuyén, ngat
quang lién tyc. Piéu nay ciing twong (tng va phil hop véi diéu kién do thi caa Thanh
phd H6 Chi Minh hién tai.

- Péi voi thi truong giao thdng tai Chau Au, xe dién duoc sir dung nhiéu, két
qua cua chu trinh ECE-R15 nay da dugc nghién ciru va md phong rat nhiéu va da
thu duoc nhiéu két qua kha quan. Do d6, viéc &p dung chu trinh nay vao trong
nghién ctru caa dé tai nay hoan toan phu hop.

2.7. Co s& 1y thuyét vé mé hinh héa va mé phéng

2.7.1. Khai niém va vai trd ciia md hinh héa va mé phéng hé thong

a. Cac khadi ni¢m

Mo hinh hoéa 1 thay thé d6i tugng gdc bang mot md hinh nham céc thu nhan
thong tin quan trong vé d6i twong bang cach tién hanh cac thuc nghiém trén mo
hinh. Néu cac qué trinh xay ra trong md hinh dong nhét (theo cac chi tiéu dinh
trudc) voi cac qué trinh xay ra trong ddi twong gbc thi ngudi ta néi rang mo hinh
ddng nhat véi dbi twong. Luc ndy ngudi ta c6 thé tién hanh cac thuc nghiém trén mo
hinh dé thu nhan thong tin vé d6i tuong.

Trong do6:
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- M6 hinh 13 mét so d phan anh ddi twong, con ngudi dung so d6 dé dé
nghién ctru, thuc nghiém nham tim ra quy ludt hoat dong cta ddi twong hay noi
cach khac mo hinh 1a d6i tugng thay thé cta dbi twong gbc dé nghién ctru vé dbi
tuong géc.

- Péi tuong la tat ca nhirng su vat, sy kién ma hoat dong cua con nguoi cod
lién quan téi. Hé théng 1a tap hop cac dbi twong, su kién ma giira ching c6 nhiing
moi quan hé nhit dinh. Trang thai cia hé thdng 1a tp hop cac tham sb, bién sb dung
dé mo ta hé thong tai mot thoi diém va trong diéu kién nhét dinh.

Mo phong 1a qua trinh xay dung mé hinh toan hoc ciia hé thdng thyc va sau d6
tién hanh tinh toan thuc nghiém trén mo hinh dé mo ta, gidi thich va dy dodn hanh
vi ctia hé thong thuc.

b. Vai tro ciia mé hinh héa va mé phong

- Cho phép nghién ctru hé thong ngay ca khi chua c6 hé thong thuc. Trong
truong hop ndy, viéc nghién ciru trén mé hinh 13 giai phap duy nhat dé danh gia cac
chi tiéu k¥ thuat ciia hé théng, lva chon cau tric va thong s toi uu cua hé thong. ..

- Cho phép quan sat, phan tich, danh gia d6 muc do dap ung ctia hé thong khi
thay d6i tham sb dau vao hodc ciu trac cua hé thong ciing nhu thay doi tin hiéu diéu
khién. Nhiing s6 liéu nay dung dé thiét ké hé théng hodc lya chon thong s6 ti wu dé
van hanh hé théng hoat dong mot cach hi¢u qua nhéat.

- Trong mot s6 truong hop, nghién ctu trén hé thong that khong kha quan do
nhiéu nguyén nhan nhu: Gia thanh nghién ctru trén hé théng thue qua dit, doi hoi
thoi gian qua dai, tdn nhiéu cong strc, hodc khong thé lam thuc nghiém trén hé
thdng thuc. .. thi lic nay phuong phdp mé hinh hoa va méd phong hé théng duoc st
dung.

2.7.2. Phan loai m6 hinh hoa

Trong phuong phap mé hinh hda thi mé hinh phai dat dwoc hai tinh chit co

ban sau:
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- Tinh dong nhit: mé hinh phai dong nhat voi d6i twong ma né thay thé trong
hé théng theo nhitng tiéu chuan dinh trudc.

- Tinh thyc dung: Sir dung m6 hinh phai nghién ctru dugc céc thude tinh can
nghién ctru ciia d6i tugng.

Mubn tang tinh déng nhét trong mo hinh phai dua vao nhiéu yéu té phan anh
day du cac thudc tinh cua ddi twong. Nhung didu d6 lai 1am cho mé hinh tré nén
qua phtrc tap tham chi khong thé tinh toan duoc, mat di tinh chét thuc dung cua no.
Nhung néu qué chi trong tinh thue dung, xdy dung mé hinh qua don gian thi sai
léch gitta mo hinh va d6i tuong thuc s& 16n, diéu d6 s& din dén két qua nghién ciru
khéng chinh xac.

Vi vay, tily thudc vao muc dich nghién ctru ma nguoi ta lya chon tinh dong
nhét va tinh thuc dung ctia mo6 hinh mét cach thich hop.

Trong nghién ctru, mé hinh hoéa dugc chia 1am hai phuong phap dién hinh 13
mo hinh vat ly va mo6 hinh toan hoc.

a. Mo hinh vat ly

Mo hinh vat 1y 13 loai mé hinh duoc cdu tao boi cac phan tir vat 1y. Cac thudc
tinh cua doi tuong phan anh céc dinh luat vat 1y xdy ra trong mo hinh. Nhém mo
hinh vat 1y duoc chia thanh mo hinh thu nho va moé hinh twong tu. M6 hinh vat 1y
thu nho c6 cdu tao gidng ddi twong thuc nhung cé kich thude nhé hon cho phu hop
véi diéu kién cua phong thi nghi¢ém. M6 hinh vat Iy twong tu duoc ciu tao b:;ing cac
phan tir vat 1y khong gidng véi ddi twong thuc nhung cac qua trinh xay ra trong mo
hinh twong duwong véi qua trinh xay ra trong dbi tuong thuyc.

b. M6 hinh todn hoc

M6 hinh toan hoc 1a loai mé hinh triru tugng. Cac thudc tinh dugc phan anh
bang cac biéu thirc, phuong trinh toan hoc. M6 hinh toan hoc dugc chia thanh mo
hinh giai tich va mé hinh sé.

- Mo hinh giai tich dugc xay dung bdi cac biéu thirc giai tich. Uu diém cia

loai m6 hinh 14 cho ta két qua rd rang, tong quat. Nhugc diém ctia mo hinh giai tich
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1a thuong phai chip nhan mot sd gia thiét don gian hoa dé c6 thé biéu dién ddi
tugng thuc bang cac biéu thirc giai tich, vi vy loai mé hinh nay chii yéu duoc ding
cho céc hé tién dinh va tuyén tinh

- M6 hinh sb dugc xay dung theo phuong phap sb tirc 1a bang cac chuong
trinh chay trén may tinh s6. Ngay nay, nhd su phat trién cua k¥ thuat may tinh va
cong nghé thong tin, ngudi ta di xay dung duoc cac mo hinh sé co thé md phong
duoc qua trinh hoat dong cua dbi tuong thuc. Cac mo hinh loai nay dugc goi 1a mo
hinh mé phong. Uu diém ctia mé hinh mé phong 13 ¢6 thé mé ta cac yéu td ngiu
nhién va tinh phi tuyén ctia ddi twong thuc, do d6 mé hinh cang gan véi doi tuong
thuc va két qua khi mo phong cang sat v6i thyc nghiém.

Ngay nay, do su phat trién manh mé ciia cong nghé thong tin di cho ra doi
nhiéu may tinh c6 kha ning xir Iy nhiéu bai toan phirc tap trong thoi gian ngan ma
néu tinh toan thu cong s& ton rat nhiéu thoi gian va cong sirc nén moé hinh mé phong
dugc ting dung rat rong rai.

2.7.3. Phuwong phap mé phéng

Phuong phap md phong duoc ing dung vao nhidu giai doan khac nhau cia
viéc nghién ciru, thiét ké va van hanh hé thong:

- Giai doan nghién ctru: nham tinh toan, khao sat, danh gia mot sb thudc tinh
ctia hé théng trudc khi tién hanh thiét ké nham xac dinh kha ning dap ung cua hé
thong dbi v6i su thay d6i cau trac va tham sb cia hé thong.

- Giai doan thiét ké hé thong: nhdm phan tich va tong hop cac phuong an thiét
ké hé thong, lua chon cau truc hé théng thoa mén céc chi tiéu cho trude.

- Giai doan van hanh hé thong: nham danh gia kha ning hoat dong, tang kha
nang van hanh tdi wu, chan doéan céc trang thai & mot thoi diém hay mot vi tri dac

biét ctia hé thong.
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Chuong 3

LUA CHON PHUONG AN THIET KE, MO HINH
HOA, MO PHONG HE THONG TRUYEN PONG LAI
CO TiNH PEN PHANH TAI SINH

3.1. Lwa chon phwong 4n thiét ké hé théng phanh tai sinh.

3.1.1. Lwa chon phwong 4an thiét ké hé thong phanh tai sinh

a. Yéu ciu

Khi thiét ké hé thong phanh tai sinh cdn dap tng cic yéu cau sau:

- Tuan thii nguyén tac khong anh huong nhidu dén thiét ké ban dau;

- Khdi luong toan bo khong hon qua nhiéu so voi xe nguyén bén;

- Pap tmg day du cac tinh ning dong luc hoc gidng véi xe trude cai tao trong
qua trinh sir dung ¢ diéu kién giao thong Viét Nam;

- Co kich thudc phu hop véi cac qui dinh hién hiru duoc &ap dung theo luat
giao thong duong bo;

- Thiét ké don gian, chi phi ché tao thap;

- Ché @6 van hanh don gian, it bao dudng, bao tri;

C6 nhiéu phuong an dé thiét ké hé thong phanh tai sinh cho xe Honda Lead
110cc. Tuy nhién, dua trén cac yéu cau thiét ké & trén, c6 hai phuong an kha thi
nhat dé thiét ké gom: Mot 1a 1ap thém mot may phat rdi véi bd truyén dong két ndi
voi1 dia phanh cua banh trude. Hai 1a st dung dong co di¢n BLDC hoat dong & ché
d6 may phat dé thu hdi nang luong phanh.

b. Phwong dn 1: Lip thém mét b mdy phdt roi

Uu diém:

- Méay phét van hanh doc lap vai dong co dién;

- Thiét bi hu hong khong anh hudng t6i thiét bi khac;
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Nhuoc diém:

- Can phai thiét ké thém mot bo banh ring truyén dong voi ti sb truyén theo
tinh toan phu hop vai may phat roi;

- Can thiét ké thém bo gia 45, 1ap rap cac chi tiét roi ciia bo banh ring va may
phat roi;

- Tang kich thudc va trong lugng hon nhiéu so véi thiét ké ban dau;

- Thiét ké phtc tap, cAn phai bao dudng bo truyén va may phat thuong xuyén

C. Phwong dn 2: Sir dung dong co BLDC ¢ ché dp mdy phdt khi phanh

Uu diém:

- Thiét bi gon, nhe, khong cong kénh do khéng phai lap thém cac thiét bi roi,
ma tan dung motor 1am may phat dién khi phanh phu hop véi yéu ciu thiét ké dit ra
cua xe 12 khong ting thém khoi luong ciia xe nén.

Nhuoc diém:

- Ché tao thém bo mach chuyén doi dé chuyén ché do dong co sang may phat

Phuong an 2 duogc lya chon sir dung dong co dién BLDC tich hop ché do may
phét khi phanh dé thiét ké va ap dung cho hé théng phanh tai sinh cho xe may lai
duoc cai tao tir xe nén Honda Lead 110cc.

3.1.2. Tinh toan thiét ké hé thong phanh tai sinh.

Viéc tinh toan cac ché d6 cua xe duoc duwa trén phuong trinh can bang cong
suat. Ty vao tirng ché do 1am viéc cia xe ma ta c6 thé don gian phuong trinh bang
cach bo qua cac cong suit can khong dang ké. Phuong trinh can bang cong suit:

P, +P,=P+P,+P +P (3.1)
Trong do:
P,.: Cong suat kéo cua dong co ddt trong xe nén Honda Lead 110cc
P, = P..m (3.2)
P,l1a cong suat kéo ciia dong co

P,,: Cong suat kéo cua motor dién
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P;: Cong Suit tiéu hao dé thang luc can lan
Pr = f.G.v.cosa (W) (3.3)
P,,: Cong suit tiéu hao dé thang lec can khong khi
P, = K.S.v° (W)  (3.4)
P;: Cong suit tiéu hao dé thang luc can déc
P, = G.v.sina (W) (3.5
P;: Cong suét tiéu hao @€ thang luc can quan tinh
P = S.&i.].v (W) (3.6)
Céc thoéng sb tinh toan dugc chon theo bang 3.1 va céc thong sb cua dong co
d6t trong theo bang 3.2:

Bang 3.1: Gia tri cac thong sd tinh toan

Théng s6 Gia trj lya chon
Hé s6 can lan f 0,018

Hiéu suat truyén dong n 0,94

Hé s6 can gio K 0,4 N.s?/m*
Gia toc trong trudng g 9,81 m/s?

Hé s6 anh huong caa khéi luong quay &; 1,05

Dién tich can gi6 S 0,4 m?

Ban Kinh banh trudc 203 mm

Ban kinh banh sau 217 mm

Van toc xe theo s6 vong quay dong co v = % m/s2
Khdi lwong xe sau khi cai tao 143 kg

Khéi lwong xe khi chi co nguoi lai 208 kg

Khéi Iwong xe khi c6 mot ngudi lai va mot hanh khach 273 kg
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Déi véi xe nén khdi luong khi khong c6 ngudi i, chi c6 nguoi 1ai va c6 ca ngudi
14i va ngudi ngdi sau thi co cac khdi lugng twong wng 14 115 kg, 180 kg va 245 kg.
Déi véi xe cai tao khdi lwong khi khong co6 nguoi lai, chi co nguoi lai va co ca
nguoi 1ai va ngudi ngdi sau thi cé cac khéi lwong twong ung 1a 173 kg, 238 kg, 303
kg.

Bang 3.2: COng suit va mod men xoan co ich trong ving hoat dong hiéu qua cia

dong co Honda Lead 110cc

S6 vong quay Cong suit c6 ich Mémen xoin
(rpm) (kw) (Nm)
5000 4,572 8,733
5100 4,711 8,822
5200 4,847 8,901
5300 4,979 8,971
5400 5,107 9,032
5500 5,232 9,083
5600 5,351 9,125
5700 5,466 9,158
5800 5,576 9,181
5900 5,681 9,195
6000 5,781 9,200
6100 5,874 9,195
6200 5,961 9,181
6300 6,042 9,158
6400 6,116 9,125
6500 6,183 9,083
6600 6,242 9,032
6700 6,294 8,971
6800 6,338 8,901
6900 6,374 8,822
7000 6,401 8,733
7100 6,420 8,635
7200 6,429 8,527
7300 6,429 8,410
7400 6,420 8,284
7500 6,400 8,149
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3.1.3. X4c dinh trong tam xe sau khi cai tao.

Dé x4c dinh trong tAm cla xe sau cai tao, tac gia st dung phuwong phap “Po
kich thudc — khdi lwong” ap dung cho xe hai banh va ba banh ddi xing theo TCVN-
7353:2003.

a. Xdc dinh trong tdm xe theo phwong doc Lq

Budre 1: Can tong khbi lwong xe m.

Buéc 2: Dit xe trén mit phang ngang va can dé do khéi luong dit trén mdi

banh m1, m; bang cam bién load cell.

Ly

&L 1 c{/,i::
AT\ D)

mig mg mag

Hinh 3.1: Xac dinh vi tri trong tdm Lg theo phuong doc [38]
Vi tri trong tdm xe theo phuong doc Lg dugc tinh theo cong thirc
— M2
L,=1L - (3.7)
Trong d6 L 1a chiéu dai co s& cta xe (khoang cach giira hai truc banh xe)

Két qua nhu sau:
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Bang 3.3: Toa do trong tdm theo phuong doc

Théng sb Gia tri Pon vi
Téng trong lugng clia xe m 143 kg
Trong lwong phan bd ra cau sau my 81,5 kg
Trong lwong phén bd ra cau trude my 61,5 kg
Khoang cach gitra 2 truc banh xe L 1225 mm
Khoang cach trong tim cua xe Lg 698 mm

Trong khi dé, tong trong luong ban than xe nén va xe di cai tao trudc day 1a
115 kg va 173 kg

b. Chiéu cao trong tim Hy

Buéc 1: Dit xe trén mit phang ngang va can dé do khéi luong dit trén mdi
banh m1, My bang cam bién load cell.

Buéc 2: Dit xe trén mit phang nghiéng mot goc a va can dé do khéi lwong dat

trén moi banh m'y, m',.

'
ng

mg
Hinh 3.2: Xac dinh chiéu cao trong tim Hg [38]
Chiéu cao trong tdm duogc tinh theo cong thirc:

_ . o Lma—ms)
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Két qua nhu sau:

Bang 3.4: Chiéu cao trong tim Hy

Lindo | m2 (kg) | Am2 (kg) | h (m) Goc a rj (m) Hg (m)
Lan 1 80,795 0,705 0.08 | 3,744430013 | 0,19304 0.289
Lan 2 80,509 0,991 0.118 | 5,527674606 | 0,19304 0.284
Lan 3 80,08 1,42 0.156 | 7,316308815 | 0,19304 0.288

Trung binh cac lin do 0.287

3.1.4. Tinh toan phanh.
a. Cdc luc va mo men tdac dung lén xe khi phanh

Gia thiét phanh xe trén duong bang, trude khi phanh di cat truyén luc tir dong

co dén banh xe. Céc luc va md men tac dong 1én xe khi phanh nhu hinh dudi:

() P

Hinh 3.3: Cac luc va mo6 men tac dong 1én xe khi phanh
Trong do:

G - trong luong cua xe (N);

Pt — Luc can lan cua banh xe (Ps1, Pr2) (N);
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Pp — Luc phanh sinh ra ¢ banh xe (Pp1, Pp2) (N);

P; — Luc quén tinh caa xe sinh ra trong qua trinh phanh, c6 chiéu cing voi
chiéu chuyén dong cua xe (N);

Z1,Z> — Phan lyc thang goc mat duong 1én cac banh truéc va sau (N);

v - Van téc chuyén dong cua xe (m/s);

L, a, hg — 1a c4c thdng sb xac dinh kich thudc va toa do trong tm cua xe.
Pw- luc can khong khi (khong dang ké bo qua trong qué trinh tinh toan).

Pé tinh cac phan lyc Z1 , Z ta chi can lap phuong trinh can bang mdmen tai
diém A va B.

Ta c6 phuong trinh cdn bang momen tai diém A:
1
Z,=7(G.a=P.hy) (3.10)
Tuong ty voi phuong trinh can bang md men tai diém B ta tinh duoc:
1
Z, = z(G. b+P.hy) (3.11)

Nhan xét: Cac phan luc tiép tuyén tai banh xe 1a ham bac nhat ddi véi luc

phanh va phu thugc vao trong lugng xe khi phanh va toa d6 trong tdm
Luc quan tinh Pj dugc xac dinh theo biéu thic sau:
P = g J i (3.12)
Trong do:
g: Gia tdc trong truong (g = 9,81 m/s?)

jo: Gia téc cham dan khi phanh
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8. : Hé sb tinh dén anh hudng cua céc chi tiét chuyén dong quay

Khi phanh thi lyc can khdng khi P, va luc can lan P va Pr2 khong dang ké, ¢6
thé bo qua. Su bo qua nay chi gay sai s6 1,5 + 2% [39]

b. Tinh toan phanh

Bang cach lap cac phuong trinh cAn bang md men cua céc lec tac dung 1én xe
khi phanh ddi voi cac diém tiép xUc gitra banh xe voi mat duong A va B, ta cd thé

x4c dinh céc phan lyc thang goc Z; va Z nhu sau:

Véi:
Gg
z,=%(pb+ %) (3.14)

Z,=%(a- %) (3.15)

L
Dé sir dung hét trong lwong bam cua xe thi co cdu phanh duoc bé tri ¢ céc
banh xe trugc va sau. Luc phanh I6n nhat ddi véi toan bo xe tic 12 phanh c6 hiéu
qua nhét khi lyc phanh sinh ra & cac banh xe ti 1& thuan véi tai trong tac dung 1én
ching.

Tur @6 ta c6 luc phanh cuc dai tAc dung 1én banh trudc va sau la :
- Luc phanh cuc dai sinh ra ¢ banh trudc:
Fp1=0.Z1 (3.16)
- Luc phanh cuc dai sinh ra ¢ banh sau:
Fp2 = 90.22 (3.17)

Ta v& duoc dic tinh phanh 1y tudng cua xe trong trudng hop day tai (273 kg)
va trudng hop nira tai (208 kg) v6i hé sé bam ¢ =0,1-0,8.
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Hinh 3.4: Dac tinh phanh ly tuong cua xe.
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Hinh 3.5: Phan b lyc phanh téi uu theo diéu kién bam.
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66

0.8




Do day 1a xe hai banh, theo gia thiét phanh xe trén dudng nhya phang, thoi tiét
kho réo nén chon hé sé bdm ¢ = 0.7. Xe hai banh c6 phan khdi luong chi tiét quay
khi phanh khong dang ké, chi c6 rotor dong co dién va hai banh xe trudc sau nén
chon hé sé anh huéng quan tinh cua cac chi tiét chuyén dong quay 9 = 1,05,

Thay céc théng s6 s6 vao ta tinh dugc gia téc phanh tdi da theo diéu kién bam

Jomax = 8¢ /6 = 654m/s*  (3.18)
Xét dai van tbc ma xe cai tao di chuyén trong diéu kién TP.HCM 1a 0 — 50
km/h.
Pong ning khi phanh xe trong truong hop diy tai va nira tai & cac van toc khac
nhau dugc the hién nhu hinh dudi.

x 10°
3

Half load
Full load

25

—

'

T
T

Brake Energy (J)
T

0.5

| |
0 ] 10 14 20 25 30 35 40 45 50

U 1 1
Velocity (km/h)

Hinh 3.6: Pong ning khi phanh xe ¢ cac dai van tdc khac nhau.
Trong truong hop dang tinh toan nang luong phanh nén khi phanh tac gia

khong xét dén do tré phin xa ctia ngudi diéu khién va do tré cham tac dung cta co
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cAu phanh, Vi thong sb d6 tré d6 chi anh hudéng dén quing dudng phanh, luc nay
qua trinh phanh 1a qua trinh chuyén dong cham dan déu cho dén khi xe ding han
(v=0).

Thoi gian phanh ti thiéu cho timg truong hop tai tmg véi cac van tde tir 0-
50km/h.

tymin = —— (3.19)

Jpmax

2.5 T T T T T T T T T

—
sy ]
T

1

Brake time (s)

0.5 .

U 1 | | | | | | 1 |
0 5 10 15 20 25 30 35 40 45 &0

Velocity (km/h)

Hinh 3.7: Thoi gian phanh xe tdi thiéu
Cong suat can ciia may phat va hé thong phanh can thiét dé hap thu hét dong
nang cua xe khi phanh dot ngdt trong hai truong hop tai

Wi
N, = 2t (3.20)

tpmin
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Hinh 3.8: Cong suat phanh theo van toc

Cong suat can cua may phat va phanh trudc véi cong suat can cua phanh sau

trong hai truong hop
pr = pr.v (321)
Ny = Py v (3.22)
18000 ' ' ' ' ' ' ' ' '
+  Front half
16000 - +  Front full o]
Rear half ’.‘
14000 - Rear full o .
‘0
*
Z 12000} - o
o ’oo o“
= - +*
& 10000 - o Wt .
o - *0‘
G Bo0OF ot Lot g
0 0‘ 0’
= o .+’
2 Gooof Wt .t .
g + + ¥
‘0 ‘Q
+ 3
4000 | RS .
* *‘
PR
2000 |- o .
*
U 1 1 1 1 1 1 1

1 1
0 5 10 15 20 25 30 35 40 45 &0
Velocity (km/h)

Hinh 3.9: Cong suit phanh tai banh trudc va banh sau
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Véi cong suét tiéu thy 16n nhat cua dong co dién 1a 1225W (tra bang TS-
DCD) ta théy réng véi mdi 1an phanh khan cép, dong co dién chi tao dugc tdi da
cong suat can 1a 1225W, phan cong suat can con lai dé xe dimg han do hé thong
phanh co khi ddm nhiém.

MG&i 1an cho dong co dién hoat dong hét cong sudt & ché do may phat trong

thoi gian tomin, cOng can 16n nhét ciia may phat nhu sau:

3[][][] I I I I I I I I I

2500

2000

1500

1000

Generatar resistant Wark (W s)

500+ -

D ] | ] ] ] ] ] ] ]
0 5 0 15 20 25 30 3B 40 45 50

Velocity (km/h)

Hinh 3.10: Cong can cua may phat theo van toc
Tra clru bang sb lieu dong co dién dé co gia tri hiéu suét cta dong co & ché o

may phét & cac gia tri vong quay c6 van toc tuong tmg tir 0-50km/h.
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Bang 3.5: Thong sé dong co dién

Théng sb k§ thuat Motor BLW-16B (BLDC Hub Motor) : 48V-1000W

Van toc .
STT| V A rpm W_In W_out T Eg' xe, c(::ll

(km/h)

114954 4.37 679 216.49 10.54 1 4.9 51.707
2 | 49.54 4.76 679 234.62 13.66 150 5.8 51.707
3| 49.54 8.08 679 251.66 17.06 240 6.8 51.707
4 | 49.53 5.665 672 280.64 43.63 620 | 15.6 51.174
51 49.54 6.518 671 322.90 92.75 1320 | 28.7 51.098
6 | 49.53 7.725 665 382.66 154.93 2225 | 40.5 50.641
7 | 49.53 9.24 658 457.70 231.51 3360 | 50.6 50.108
8 | 49.53 11.16 651 552.78 326.52 | 4790 | 59.1 49.575
9| 49.53 | 13.491 639 668.18 436.59 6525 | 65.3 48.661
10 | 49.53 | 16.251 631 804.91 568.23 8600 | 70.6 48.052
11 | 49.53 | 19.413 623 961.53 715.31 | 10965 | 74.4 47.443
12 | 49.53 | 22.944 593 1136.44 865.5 | 13550 | 76.2 45,158
13 | 49.51 | 25.551 524 1264.90 1008.96 | 16415 | 79.8 39.904
14 | 49.47 | 25.003 463 1236.75 1037.72 | 19940 | 83.9 35.258
15 | 49.44 | 24.793 392 1225.77 988.83 | 24090 | 80.7 29.852
16 | 49.44 24.8 326 1226.11 965 | 22320 | 78.7 24.826
17 | 49.44 24.76 263 1226.11 902 | 19253 | 73.6 20.028
18 | 49.42 24.67 198 1226.11 841 | 17689 | 68.6 15.078
19| 494 24.65 132 1217.71 738 | 12485 | 60.6 10.052
20| 49.2 24.48 65 1204.42 604 | 7746 | 50.1 4,950

Ta v& dugc do thi bi€u dién modi quan hé gitra hiéu suat dong co dién tng voi

cac dai van toc

M@i Lién Hé Gitra Hiéu Suat(%) va Van Téc
Xe(km

90.0
80.0
70.0
gG0.0
w5 50.0
A
240.0
@
T30.0
20.0
10.0

0.0
0.000 10.000 20.000 30.000 40.000 50.000 60.000
Van Téc (Km/h)

Hinh 3.11: Hiéu suit dong co dién theo van toc
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Ta thay ¢ dai toc do tir 15 — 45 km/h 13 dai tdc do ma hiéu suat dong co dién dat cao
nhat (>70%), Pay ciing 1a dai toc d6 thuong xuyén chuyén dong cua xe ¢ diéu kién
duong thanh phd. Vi vay chon dong co dién & ché 46 may phat dé thu hoi cong sut
phanh ¢ dai toc do nay 1a phu hop.

3.1.5. Phwong an diéu khién thu hdi cong suit phanh.

Xét qua trinh phanh khan cap véi gia tbc phanh 16n nhit.

Tir cac két qua & muc 3.1.4, ta 1ap duoc cac bang thong sb sau:

Bang 3.6: SO liéu so sanh cong suat phanh tai sinh va tong cong suat phanh

Bang s6 liéu so sanh cdng suat phanh tai sinh thu héi dwoc véi tdng cong suat phanh can thiét dé dirng xe

Van téc
xe

v(km/h) 0 5 10 15 20 25 30 35 40 45 50

Cong suat
phanh
trwdc nira
tai

Npfl 0 1221 2443 3664 4886 | 6107 7329 8550 9772 | 10993 | 12215

Cong suat
phanh
trudc day
tai

Npf2 0 1603 3206 4809 6413 | 8016 9619 | 11222 | 12825 | 14428 | 16032

Cong suat
phanh
sau nira
tai

Nprl 0| 861.5|1723.1 | 2584.6 | 3446.1 | 4308 | 5169.2 | 6030.8 | 6892.3 | 7753.8 | 8615.4

Céng suat
phanh
sau day
tai

Nprr 0 1131 2262 3392 4523 | 5654 6785 7915 9046 | 10177 | 11308

Céng suat
phanh
téng nlra
tai

Npl 0| 2082.5 | 4166.1 | 6248.6 | 8332.1 | 10415 | 12498 | 14581 | 16664 | 18747 | 20830

Codng suat
phanh
tong day
tail

Np2 0 2734 5468 8201 | 10936 | 13670 | 16404 | 19137 | 21871 | 24605 | 27340

Cdng suat
cancla
may phat

Nger 0 1225 1225 1225 1225 | 1225 1225 1225 1225 1225 1225

hiéu suat
may phat

Eff.ge 0 50.1 60.6 68.6 73.6 78.7 80.7 83.9 79.8 76.2 59.1

Cdng suat
phat dién

Ngi 0| 613.73 | 742.35 | 840.35 | 901.6 | 964.1 | 988.58 | 1027.8 | 977.55 | 933.45 | 723.98
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Imax

Igi

12.786

15.466 | 17.507 | 18.783

20.08 | 20.595

21.412 | 20.366

19.447

15.083

Hiéu suat
thu hoi
nlra tai

Eff.Bh

29.471

17.819 | 13.449 | 10.821

9.257 | 7.9097

7.0488 | 5.8661

4.9792

3.4756

Hiéu suat
thu hoi
day tai

Eff.Bf

0

22.448

13.576 | 10.247 | 8.2443

7.052 | 6.0264

5.3706 | 4.4696

3.7937

2.648

Tur bang trén ta vé dugc cac do thi biéu dién mdi quan hé giira hiéu suat phanh

tai sinh twong g voi dai toc do cua xe.

35

30

EFF.RECOVERY (%)
- N N
(82} o (8]

=
o

10 15 20 25

— Eff.

Br_half

30 35

VELOCITY (M/S)

40 45 50

Hinh 3.12: Hiéu sut thu hdi ning luong phanh

Xét khi giam tdc chi st dung phanh tai sinh, cong suat can clia may phat & ché

do tdi da:

N, = Ny, = 1225 W

(3.23)

Luc phanh ctia may phat tic dong 1én than xe ¢ cac van toc khac nhau 1a:

Gia toc cham dan khi chi c¢6 phanh tai sinh hoat dong:

Fpge = -2
pge —

Jpr = 222 (Truomg hop nira tai)
1

Fpge
mp

]bz =

73

(Truong hop day tai)

(3.24)
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Ta vé duoc do thi bi€u dién

4.5 T T T T T T T

Half load
Full load

Brake acceleration (m/s2)

U 1 1 | 1 | 1 | |
5 10 15 20 25 30 35 40 45 50

Velocity (km/h)

Hinh 3.13: Gia tc phanh tai sinh

Tir cac két qua tinh toan trén, tic gia co cac nhan dinh:

- Trong qua trinh phanh khan cap hiéu suat thu hdi cong suat dat tir 3%-30%

- Hiéu suat thu hoi cong suat phanh tai sinh giam khi van téc ban dau cua xe
tang. Trong khi d6 dong co da hoat dong & ché dd may phat v6i cong suat cao nhat
nhung con nhd, chua thu hoi hét nang luong phanh ma can hé théng phanh co khi
tac dong dé dimg xe. -> Khi phanh khan cép luén mé ché do phanh tai sinh & ché do
cuc dai.

- Hiéu suét thu hoi ting cao nhat khi xe thay doi téc do khong 1on voi thoi
gian cham, diéu nay rat phu hop cho viéc phanh tai sinh khi di chuyén ¢ duong do
thi, can tang giam tdc dd lién tuc. Mdi khi ¢6 tin hiéu giam tde d6 cua nguoi 1ai,
ngay lap tic can bat ché do phanh tai sinh -> bat phanh téi sinh ngay khi nguoi lai
tac dong vao tay phanh (cong tic phanh déng)

- Gia tbc phanh khi chi ¢6 minh phanh tai sinh hoat dong 16n nhat khi xe chay

tdc do cham va giam dan & tde dd cao, vai te dd cao nhit 1a 50km/h, gia tde phanh
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do phanh tai sinh sinh ra chi khoang 0,5m/s?, diéu nay bao dam doé ém diu cua
chuyén dong xe khi bat phanh ti sinh ngay khi nguoi 14i can giam toc do. Phu hop
v6i diéu kién chuyén dong ¢ dudng do thi.

3.2. M0 hinh hoa xe hybrid c6 phanh tai sinh.

Trong khuén kho nghién ctru cia Huynh Thinh [23] d4 tién hanh m6 hinh hoa
xe Honda Lead va nguoi 1ai, trong ndi dung nay tac gia trinh bay lai phuong phap
mo hinh héa nguoi 14i va mé hinh hoa dong luc hoc than xe, ¢6 bd sung thém phan
mo hinh héa hé thong phanh ti sinh.

Dé gian hoéa mo hinh, mot sb ton that duge bé qua, mot sb tinh toan phirc tap
thay bang cidc mo hinh don gian, cdu trac va thuat toan diéu khién don gian hon
thuc té xe ma van dap Gmg dugc tinh chinh xac tuong ddi ctia phép tinh.

3.2.1. M6 hinh héa nguwoi lai

Nguoi 1ai dua ra yéu cau vé luc kéo va téc do xe théng qua vi tri tay ga. D6 1a
gia tri ngau nhién, phu thugc vao quyét dinh ciia ngudi lai khi luu thong trén duong.
Trong md hinh cua hé thdng truyén luc va hé théng luu trit ning lwong xe may lai,
néu xét mot cach roi rac, luc kéo hay cong suat yéu cau cé thé xem la mot xich
Markov, tic 1a xac suat cua ching chi phu thudc vao thoi diém hién tai (t). Thong
qua céc chu trinh chay thir (ECE R15), tai mdi thoi diém t, tong luc can (Fioad) tai
van toc theo chu trinh (Vdemand(t)) dugc tinh toan. Sau do6, thuat toan PI duoc sir
dung dé dua téc d6 thuc (Vac) tién dén téc do yéu cau (Vdemand) theo chu trinh. Két
qua khi két hop hai thanh phan nay Ia su md phong sy thay doi luc (Fdemand) va cong
Suit yéu cau (Pdemand) khi ngudi 1ai chay xe chi theo bién thoi gian t. Khi (Fdemand) =
0 thi tin hiéu phanh tai sinh (Brake) dugc bat.

Céc lién hé toan hoc duoc thé hién nhu sau:

Faemana(£) = Floqq(£) + Fpi(t) (3.27)
Fload (t) = Frolling (t) + Faero (t) + Fgrade (t) (328)
For(t) = Kpe(t) + K; J; e(x) (3.29)
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e(t) = Vaemana(t) = Vaer (t) (3.30)
Piemana(€) = Faemana (t) X Vaemana () (3.31)

3.2.2. M6 hinh héa déng co ddt trong va hé thong truyén luc

Banh sau ctia xe my lai dugc dan dong bang dong co, théng qua hé théng
truyén luc gém ly hop, hop sb CVT, truyén luc cudi cung rdi t6i banh xe dé sinh ra
moment kéo. Dé xay dyng mo hinh toan hoc cho dong co va hé théng truyén luc, ¢co
hai phuong phap tiép cin nhu sau:

- M5 hinh hoa ting bd phan: Pong co, ly hop, hop sd, truyén luc cudi cing va
banh xe, mbi bo phan dugc dac trung béng mot mo hinh. Lién h¢ gitta cAc mo hinh
13 hai thong sb: tbc d6 va moment (hodc cong suat). Cac thong sd co ban can thiét
cho viéc xay dung mé hinh timg bd phan gom:

+ Ban dd moment Tetheo téc d6 dong co we va dd méd budm ga O
Te = (we, On) (3.32)
+ Ban d6 suat tiéu hao nhién liéu cua dong co:
BSFC = f(T,, w,) (3.33)
+ Bang ché d6 dong — ngat caa ly hop.
+ Ban d6 ti s6 truyén hop sé CVT theo téc d6 pulley chu dong va moment
can tai pulley bi dong:

in=7r (win_CVT» Tout_CVT) (3.34)
+ Ban d6 hiéu suat hop sb:
nn=f (win_CVTr Tout_CVT) (3.35)

+ Ti s6 truyén luc cudi cing.
+ Ban kinh banh xe.
- M6 hinh héa ca cum hé théng: Viéc mé phong ting bd phan rat phuc tap,
yéu cau phai khao sat chi tiét tirng bo phan. Phuong phap mé hinh héa cho biét hoat
dong cua ting bo phan trong timg ché dd mo phong, tir d6 gitip dé ra giai phap. cai

tién bo phan d6. Tuy nhién, viéc thuc hién phirc tap, dé gay nham 1an va sé mé hinh
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tang 1én khién sai s6 cong don ciing ting theo. Ddi v6i phuong phap cai tao dé xuit,
c6 mot nguyén tic 1a “It 1a thay d6i két ciu xe nén”. Do d6, két cau tir dong co dén
banh xe sau dugc gilt nguyén va khong c6 nhu cau phai thay doi. Mic khac, khi xe
duogc thir nghiém trén bang thir, chay theo chu trinh kiém tra tiéu chudn, nhu Japan
10 — 15 Mode chang han, thi khi mé phong truong hop nay, ta co thé gia thiét rang
d6ng co chi hoat dong & hai ché d6: cam chirng va sinh cong suit kéo trong sb 4 ché
d6: Khoi dong, cam chimg, sinh cong sudt kéo va ngat. Xe chi khi dong mot 1an
trude khi chay va khong tit mdy trong qua trinh chay thir nghiém. Vi vay, c6 thé mé
hinh héa ca cum hé thong ma khong can quan tAm chi tiét dén timg bo phan.

Tai thoi diém t, cong suat kéo phan phé)i ra banh sau 1 Pe tai tbc d6 V. Vi hé
thong truyén luc banh sau duoc gilt nguyén nén tai trang thai (Pe, V), cic thong sb
hé thong truyén luc gom do mé budm ga (), toc d6 dong co (we), ti s6 truyén hop
s6 CVT (in), hiéu sudt (nn), trang théi ly hop, v.v... co gia tri nhat dinh va khong
doi. Béng cach do moment kéo tai banh sau va lugng nhién li¢u ti€u hao, mirc ti€u
hao nhién liéu gre (g/s) khi thay d6i d6 md budm ga O tir 0 — 100% va tdc do banh
sau v tir 0 — 60 km/h, hai ban do Tk(6, V) Va grei(Tk, v) (hodc BSFC(Tk, V) ) ta xay

dung duoc mo hinh cho hé thong truyén luc tir dong co dbt trong dén banh sau.
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Hinh 3.14: Ban d6 dong co va hé théng truyén luc [23]
Luong nhién lidu tiéu hao (Grel (g)) tinh dén thoi diém t cua dong co dugc
tinh:

Gruet () = [ Gruer(T)dT (3.36)
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Cac ban dd khi thai céc loai ciing duoc xay dung twong tu: femission = h(Tk, V).
Nong d6 khi thai sau khi chay theo chu trinh duoc tinh:
1 ot
Femission(t) = ;fo femission(f)df (3.37)
3.2.3. M6 hinh héa dong co di¢n
Khi hoat dong & ché do motor, motor cung cap moment kéo truyén téi cac

banh chi d6ng. Moment motor sinh ra dwgc tinh tir cac méi lién hé sau:

dwm
Ty = m_demand T Tioss + Jmot % (338)

Trong do: Tm <Tm_max
Pon gian hda bang cach bo qua ton that va moment quéan tinh:
T = Trm_demand (3.39)

Cong suat va dong dién yéu cau cap cho dong co dién:

Pm Pm
Pelec - ﬂ - Nm (Tm.wm) (340)
_ Polec
= (3.41)

Trong d6 cac thong s6 Ty max M (T, @p) €6 dugce tlr bang tra thong s6 k¥
thuat ctia motor (Bang 3.5). Cong suat dién motor tiéu thu Perec c6 gia tri duong khi

hoat dong & ché do dong co dién nén | > 0.

Cong suit Cong suat P2 Mémen

bl Momen xoén TN Gim)
1200 - = 30
1000 + b 25
800 + - 20
600 + + 15
400 + - 10
200 4 L 5

0 T T T T 0

0 10 20 30 40 50

Vin téc (km/h)

Hinh 3.15: Ban d6 cong suat va md men xoan cua dong co dién [23]
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Khi dong co hoat dong ¢ ché do may phat trong qua trinh phanh tai sinh, dong
co dién nhan momen tir xe, xét hiéu suét cia dong co khi hoat dong & ché d6 may
phat nhu da tinh & myc 3.1.5.

Vi di xét dén hiéu suét cua dong co di¢én khi lam viéc nén bo qua tdn hao ma

sat bén trong khi dong co quay tron.

Power demand

for motor
Motor drive shaft Torque _Total req'd
oMotordrvo shat ] o\ Toque

i -~ “demand( 3 W M(lJlor max |Achieved G Achieved mechanical power
T orque torque t T from motor (+)

"] lookup
Spln torque loss(+) |-

A

Motor Efficien Req'd electric power(+
( "1 efficiency —;1\/ * & P ),

“a »
g lookup Le,
Discharge current (+)
HV bus voltage
Bus voltage
»

Hinh 3.16: So do khdi dong co dién trong Matlab Simulink

3.2.4. M6 hinh héa hé thong lwru trir ning lwong
Do phuong an thiét ké 1a xe Hybrid plug-in, dung bd nguén pin Lithium-ion
48V-33Ah nén bo luu trir nang luong chi ¢d ché do phong, ché do sac lai chi xét khi
phanh tai sinh hoat dong. Bé don gian trong tinh toan xem nhiét do bo pin 1a khdng
d6i trong qua trinh hoat dong.
Nhu vay, SOC thay doi theo cuong d6 dong dién iw. Khi phong dién, I > 0,
Unv, SOC giam. Khi phanh tai sinh, I < 0, UHV, SOC tang. Muac d6 sac (SOC)
cua pin ¢d thé dugc tinh dya vao dung lugng Ah cua pin, dong dién phong hay nap
theo thoi gian hay mac d6 tu phong dién cua pin. Trong md hinh toan nay, tac gia
str dung phuong phap tich phan dong dién phong — nap cua ac quy theo thoi gian dé
tinh SOC. Md hinh héa mach dién thong qua méi lién hé giira dong dién trong mach
va dién ap 2 dau mach. Pién &p 2 cuc mach:
Uyy = Upe + U, (3.42)
Trong d6, dién &p khi hd mach caa ngudn phu thudc vao muc :
Uye = f(SOC) (3.43)
Sut ap do dién tré trong cua pin:

U-=1Lr (3.44)
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S0C(t) = S0C, — —f “”Q’Z"“t dr; SOC(t,) = SOC, (3.45)

V6i Npqee 12 e s6 Coulombic va Qi 1a dung lwong Ah caa pin
Khi phanh tai sinh: Cong suit Petec <0 nén 1 < 0

Ldc nay:

SOC(t) = SOCy + — [ XDbat 5o (3.46)

3600 Jto  Q;

3.3. Md phéng xe may Hybrid c6 hé théng phanh tai sinh.

M6 hinh cac hé thong duogc cu thé hoa thanh cac khdi trong Matlab/Simulink.
M6 phéng bat dau tir van toc tir chu trinh chay thir theo thoi gian t. Cac théng sé
van téc, moment, céng suat... duoc tinh theo céc lién hé toan hoc nhu trong mo
hinh. Céc ban d6 thuc nghiém Ia cac bang tra 1 chiéu, 2 chiéu hoic 3 chiéu. Buéc
tang thoi gian 1s, thoi gian md phong la tir 0 d&én khi két thic chu trinh. Cau hinh xe
plug — in hybrid phiic hop dugc md phong dé danh gia tinh hidu qua va kha thi caa
phanh tai sinh. Céc két qua quan tam bao gom: Mic d6 thu hdi céng suat cua phanh
tai sinh, cAc mc cong suat can thiét, ti 16 céng suat thu hoi so véi tong cong suat
ctia may phét theo chu trinh ECE, mirc d6 thay d6i SOC cua pin sau cac chu trinh

thtr nghigém.
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Hinh 3.17: M6 hinh xe hybrid khéng c6 phanh tai sinh [23]

RefSpd

Drive Cycle Source
ECE R15 (single cycle) (195 secondd, Cyclic)

Des_spd
Fke
—* Pe_demand
Fke
Des_spd
<P 7?7 Fke P_brake ? 7 7 Act_spd
? ﬁ:zdemand
| Act_spd ¥ Act_spd o
m
: Pe_dEmand FHm
Driver Engine/Trans Vehicle
Pk_demand
Act_spH
LD Pk_demand Pe_demand
Pelec  SOC| S
—» Pm_demand Fkm
1 spd P _
Act spd 777 P_brake Pelec Battery
P_brake 277 soc_ sTOP
Pm_demand
—» S0C Pm_demand il # Act_spd Pelec
Controller Motor/Gen 1
Act_spd 8
S0C

Hinh 3.18: M@ hinh xe hybrid c6 tinh dén phanh téi sinh
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Chuong 4
KET QUA MO PHONG VA THIET KE BO CHUYEN
POI PONG CO PIEN BLDC THANH MAY PHAT

4.1. Két qua mo phéng
Khi méd phong mé hinh xe may hybrid & ché do nira tai day tai véi chu trinh

chay thir 1a ECE thi két qua dat dwgc nhu sau:

I | I .

14

Des_spd

Act spd

12

Velocity (m/s)
D (@] 8

~

t(s)

Hinh 4.1: D6 thi dap tung van toc
Vé dap ang van tdc: trong qué trinh md phong, xe hybrid c6 do vot 16 va do tré
vé van tdc, tuy nhién sai léch tai thoi diém 16n nhat nho hon 2%, sai s6 nay 1a khéng

dang ké va co thé bo qua.
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Hinh 4.2: P6 thi cong suét can thiét khong c6 phanh tai sinh

T

i
7

Pe_demand |
Pm_demand
Pk_demand |

20 40 60 80 100 120 140
t(s)

160

Hinh 4.3: D6 thi cong suét can thiét c6 phanh tai sinh

180 20(

Véi chu trinh md phong ECE, phan c6ng suat Pk demand < O 1a phan cong suit

ton that khi phanh, phan cong suat Px_dgemand > 0 12 cOng suat kéo can thiét dé xe hoat

dong. Tich phan cong suat phanh va cong suat kéo theo thoi gian ta duoc ning

luong phanh va ning luong kéo. Ti 1é niang luong phanh twong dwong 31% tong

nang lugng kéo cia xe. Nhu vay két qua md phong 1a hop 1y véi két qua nghién ctu

ly thuyét.
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Hinh 4.4: Do thi cong suat thu hoi khi chay nura tai
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Hinh 4.5: D6 thi cong suat thu hdi khi chay diy tai

N(ra tai D3y tai

e

= N&ng lwong thu hdi = Nang lwgng phanh = Nang lwong thu hdi = Nang lwong phanh

Hinh 4.6: Biéu do so sanh ti 1& ning lugng thu hoi véi tong ning luong phanh
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O ché do nua tai: Tich phan cong suat thu hdi (real_regen) va céng suit phanh
theo thoi gian (regen), ta duoc niang luoc thu héi va ning luong phanh. Ti Ié ning
lwong thu hdi dugc bing 53% ning lwong phanh. Nhu vay, ti 1é ning luong thu hoi
duoc bang 16,43% tong ning luong kéo cua xe.

O ché d6 day tai, nang lugng thu hdi dugc bang 45% nang luong phanh. Ti 1é
nang lugng thu hdi duoc bang 13,95% tong ning lugng kéo cua xe.

Két qua nay cho thay hiéu qua caa phanh tai sinh khi cho dong co dién lam
viéc & ché do may phét. Tuy nhién, hiéu suat cua dong co ¢ ché do may phét thay
d6i theo van toc va con han ché. Tinh trung binh trong chu trinh chi dat khoang 45 —
53%, gay nén ton that khong dang co.
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| 1 | | L
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Hinh 4.7: Mic d6 giam SOC khi chay nira tai khdng cé phanh tai sinh [23]
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Hinh 4.8: Mitc d6 giam SOC khi chay nura tai cd phanh tai sinh

Trong mét chu ky thir nghiém ECE-R15 (195 gidy), mtc giam SOC cua xe
HEM khong c6 phanh tai sinh va c6 phanh tai sinh twong tng la 0,0105 va 0,0055.
Nhu vy, mic giam SOC cua xe ¢6 phanh tai sinh thap hon 47,6% so vdi xe khong
c6 phanh tai sinh.
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Hinh 4.9: Quang duong t6i da & ché d6 nira tai khong c6 phanh tai sinh
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Hinh 4.10: Quing dudng tdi da & ché do day tai khdng c6 phanh tai sinh
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Hinh 4.11: Quing dudng tdi da & ché do nira tai c6 phanh tai sinh
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Hinh 4.12: Quing duong t6i da & ché do day tai co phanh tai sinh
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Hinh 4.13: Biéu db so sanh quang dudng di chuyén ti da & cac ché do
Nhan xét:

O ché d6 nira tai, quang duong di chuyén téi da cua xe lai cai tao khdng c6
phanh tai sinh trong nghién ctu cia Huynh Thinh 1a 53,8 km; con quang duong caa
xe ¢0 phanh tai sinh la 78,5 km.

O ché do day tai, quang duong di chuyén téi da cua xe lai ban dau khong co
phanh tai sinh 1a 47,8 km; con quing duong di chuyén ti da cua xe lai c6 phanh tai
sinh la 62,8 km.
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Hinh 4.14: Luong tiéu hao nhién liéu ¢ ché d6 ntra tai khong cé phanh téi sinh
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Hinh 4.15: Luong tiéu hao nhién liéu ¢ ché d6 ntra tai ¢d phanh tai sinh
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Hinh 4.16: Lugng tiéu hao nhién liéu & ché d6 day tai khong c6 phanh tai sinh
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Hinh 4.17: Lugng tiéu hao nhién liéu & ché do ddy tai c6 phanh tai sinh
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Hinh 4.18: Biéu d so sanh luong ti€u hao nhién li€u & cac ché do
Nhan xét:
O ché @6 nira tai, lugng tiéu hao nhién liéu di vai xe cai tao khong ¢ tinh

dén phanh téi sinh 12 2,66 1it/200 km va d6i v4i xe cai tao co tinh dén phanh tai sinh
la 2,204 lit/100km

O ché @6 day tai, luong tiéu hao nhién lidu di véi xe cai tao khong c6 tinh
dén phanh téi sinh 12 2,94 1it/200km va ddi vai xe cai tao c6 tinh dén phanh tai sinh
la 2,35 lit/100km.

4.2. Ché tao mach diéu khién dong co BLDC c6 thu hdi cong suit

4.2.1. Nguyén Iy mach diéu khién

Dua vao cac gia thiét va két qua mé phong & chwong 3 va nguyén ly diéu
khién dong co BLDC, tac gia thiét ké so bo mach diéu khién gom céc khdi chirc

nang nhu sau:
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Hinh 4.19: So d6 khi bo diéu khién dong co

- Khéi diéu khién: Str dung MCU STM32F030C8T6 c6 chirc ning nhan cac
tin hiéu vao, diéu khién tin hiéu ra cho khéi cong suat, diéu khién giao tiép ngoai Vi
va cac dén bao.

- Khéi tin hiéu vao: géom cam bién dién ap, cam bién dong dién va cam bién
Hall cua dong co, co tac dung cung cap cac tham sé dé khéi diéu khién xur ly va ra
lénh diéu khién khéi cong suit gitip dong co hoat dong hoic ngit dong co trong céac
truong hop bao vé qua dong, qua 4p va thap ap, qua nhiét. ..

- Khéi cbng suat: St dung 3 Mosfet thuan va 3 Mosfet nghich dé tao thanh 3
nira cau H, mdi nira cau diéu khién mot pha. 6 Diode dong lén dé diéu hudng va
dan dong dién cam ung sinh ra khi phanh tai sinh dé nap lai nguon dién.

- Céc khéi phu tro gdm: Céc bo loc, 6n &p 12V, 6n ap 3,3V, giao tiép ngoai vi
(véi may tinh hoac ECU qua USB hodc RS232)...

4.2.2. Thiét ké so @6 nguyén ly

Véi so dd khdi nhu trén, tac gia da thiét ké so 6 ngyén Iy caa bo diéu khién
dong co nhu sau:

Khéi diéu khién va tao tin hiéu:
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Hinh 4.21: So d6 nguyén 1y khéi cong suat
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4.2.3. Ché tao mach dién ciia b diéu khién

Xuét file mach in, thué gia cong mach in va han cac linh kién Ién board, ta
duoc bo diéu khién dong co nhu hinh dudi:

N
»

)
3
>
»

Hinh 4.23: Mit dudi bo diéu khién

Pé giam gia thanh va d& tim nguon linh kién, tac gia di sir dung cap Mosfet
IRF540N va IRF9540P dé thay thé cho IRF53006. Vé&i dong dién dinh muc cua
IRF540 12 40A, dé bao dam an toan cho mach, trong board mach nay, tac gia lip

song song 2 Mosfet ciing loa & mdi vi tri.

Str dung bo thu vién code mau cho BLDC [40] phan mém ST Utility dé chinh
stra va nap phan mém diéu khién cho STM32F030C8TS.
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Chuwong 5
KET LUAN VA KIEN NGHI

5.1. Két luan
5.1.1. Céc két qua da dat dwoc

Dé tai da giai quyét duoc nhirng van dé sau:

- Nghién ctru tinh hinh va xu hudng phét trién xe gan may ¢ céc thanh phé Ién
tai Viét Nam n6i chung va TPHCM néi riéng, phan tich wu nhuoc diém cia xe xing
va xe dién tur do di sau vao giai phap cai tao xe xang thanh xe hybrid.

- Nghién ctru tong quan vé tinh hinh nghién ct trong va ngoai nudc co lién
quan dén linh vuc xe hybrid dic biét 12 xe may hybrid. Tir d6 xem xét cac van dé
con vudng Mac trong Viéc cai tao xe may thanh xe hybrid va dé ra hudng giai quyét
mét trong cac vudng mac dé 1a thiét ké hé thdng phanh tai sinh cho xe may lai cai
tfao.

- Trinh bay co s& Iy thuyét vé xe hybrid, phuong 4n cai tao xe phuong an cai
tao xe nén thanh xe hybrid, co 1y thuyét vé mo hinh va mé phong, Iy thuyét phanh
va phanh tai sinh.

- Phan tich wu nhugc diém cua cac hé théng phanh tai sinh sir dung trén xe
hybrid, lya chon phuong an, thiét ké, ché tao hé théng phanh tai sinh

- Thiét ké, ché tao bo diéu khién dong co BLDC c¢6 tich hop ché do phanh tai
sinh. Két qua md phong theo chu trinh ECE-R15 cho thay khi xét dén phanh tai
sinh, thi niang lugng phanh thu hoéi dugc khi chay nira tai 1a 16,43%, day tai la
13,95%; quang duong di chuyén 1a 78,5 km va 62,8 km ¢ ché d6 nura tai va day tai.

5.1.2. Céc han ché

- Pham vi cua dé tai chi dirng lai & phuong phép nghién ctu ly thuyét sir dung
phan mém Matlab Simulink dé mé hinh hda va mé phong nham rut gon thoi gian
thiét ké nén dé tai van con ton tai mot s6 van dé can cai thién

- Két qua tinh toan va md phong xe hybrid khi phanh tai sinh chua xét dén

hiéu suat, ton that ciia mach diéu khién nap pin.
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- Viéc nghién ciru cha yéu dua trén két qua md phong ma chua cé diéu kién

thuc nghiém trén xe that.

5.2. Kién nghi

Dé tai budc dau di dua ra dugc phuong an cai tao xe lai c6 xét thém truong
hop phanh tai sinh. Két qua md phong ban dau da ching minh khi tich hop phanh
tai sinh, xe may lai c6 thé di chuyén quing dudng xa hon véi cling mot lan sac pin.
Diy 14 co sd dé tiép tuc thiét ké xe thuc té. Trong giai doan t&i, nhém nghién ctu s&
tién hanh cac cong viéc tiép theo sau day:

- Do dic tinh may phat dang duoc xay dung duya trén ly thuyét do d6 dé nang
cao do chinh xac cua két qua md phong can tién hanh do duong dic tinh cua dong
co dién & ché do may phat dé xay dung dudng dic tinh 1am co s mo hinh héa dic
trung ctia may phat.

- Ché tao, lap dit céc thiét b lip thém trén xe may lai c6 tinh dén truong hop
phanh tai sinh va tién hanh thir nghiém thyc té trén duong dé danh gia hiéu qua sir
dung ning luong trong diéu kién giao théng & Thanh phé H6 Chi Minh.

- Thir nghiém do sy ém diu cua qua trinh phanh khi phanh tai sinh cho phuong
an chuyén doi motor thanh may phét tai banh trudc trong nghién ciu nay

- Hoan thién thiét ké va cong nghé ché tao dé co thé tién hanh danh gia tinh

kha thi cua nghién cuu.
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PHU LUC 2
MO HINH VA MA NGUON MATLAB/SIMULINK

1. M6 hinh ngwai lai

NOTCharge >

1 ]
Fe_demand —b-l-t—_' ‘?
=

llllll
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3. M6 hinh dgng co dién cd phanh tai sinh

- e

= ]
ol_spd — _%)
o 1]
u Eclncout 1
4. M0 hinh b¢ dieu khiéen
iy —
P S plasaret F:(E'v:
o=

Wae
e Mg " NOTCrange

5. Md hinh bd nguén pin Li-ion
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6. M6 hinh dong luc hoc than xe

|
|

[t sps MOTChargs

7. Code chwong trinh diéu khién cong suat Rule — based control

function [Pe demand, Pm demand, P brake, MODE NUM, ModeSet] =
fecn (P_demand, SOC, SOC min, SOC max, Peff max, Peff min, MODE NUMI,
Pm max, P_charge)

Pm demand=0;

P brake=0;

Pe demand=0;

MODE NUM=1;
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ModeSet=0;
if SOC<SOC min
MODE_NUM=0;
else
if SOC>SOC _max
MODE_NUM=1;
else
if SOC>=S0C min && SOC<=SOC max
if MODE NUMl==

MODE NUM=1;
else
MODE_NUM=0;
end
end
end
end
if P_demand>=0;
P brake=0;

if MODE_NUM1~=0
if P _demand<Peff min
Pe demand=0;
Pm demand=P_ demand;
ModeSet=11;
else
if (P _demand>=Peff min) && (P_demand<Peff max)
Pe demand=P_ demand;
Pm_ demand=0;
ModeSet=12;
else
if (P_demand>=Peff max) && (P _demand<=(Peff max+Pm max))
Pe demand=Peff max;
Pm demand=P_ demandPe demand;
ModeSet=13;
else
if P _demand> (Peff max+Pm max)
Pm_demand=Pm max;
Pe demand=P_ demand-Pm_ demand;
ModeSet=14;
end
end
end
end
else
if P demand<Peff max
Pm demand=0;
Pe demand=P_demand;
ModeSet=22;
else
Pe demand=Peff max;
Pm demand=P demandPe demand;
ModeSet=23;
end
end
if Pm demand>Pm max
Pe demand=Pe demand+ (Pm_ demandPm max) ;
Pm_demand=Pm max;
ModeSet=24;
end
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if Pm demand<O0
Pe demand=P_ demand;
Pm_ demand=0;

end

else
P brake=P demand;
Pe demand=0;
Pm_ demand=0;
ModeSet=30;

End
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PHU LUC 3
MA NGUON LAP TRINH MATLAB

syms v phi;

a=1.05

g=9.81

L=1.225;

La=0.698;

Lb=L-La;

Hg=0.287

ml=208;

m2=273;

Pphil=phi*ml*g;

Pphi2=phi*m2*g;

Jmax=phi*g/a
Zfl=(ml*g*a/L)* (Lb+ (Jmax*Hg/qg) ) ;
Zrl=(ml*g*a/L)* (La- (Jmax*Hg/qg)) ;
Ppfl=phi*zfl;

Pprl=phi*zZrl;

phi1=0.1:0.01:0.8
SubPpfl=double (subs (Ppfl,phi,phil
)) i
SubPprl=double (subs (Pprl,phi,phil
))

figure (1)

plot (SubPpfl, SubPprl, "'red'")

hold on
Zf2=(m2*g*a/L)* (Lb+ (Jmax*Hg/qg) ) ;
Zr2=(m2*g*a/L) * (La- (Jmax*Hg/qg) ) ;
Ppf2=phi*zf2;

Ppr2=phi*Zr2;

SubPpf2=double (subs (Ppf2,phi,phil
))
SubPpr2=double (subs (Ppr2, phi,phil
))

plot (SubPpf2, SubPpr2, 'blue')
xlabel ('Front wheel Maximum Brake

Force (N)');

ylabel ('"Rear wheel Maximum Brake
Force (N)');

legend('Half load', 'Full load');
figure (2)

plot (phil, SubPpfl, 'red'")

hold on

plot (phil, SubPpf2, '.red")

plot (phil, SubPprl, 'blue')

plot (phil, SubPpr2, '.blue')

xlabel ("Phi'");

ylabel ('Brake Force (N)');

legend ('Ppfl', 'Ppf2', 'Pprl', 'Ppr2
")

Wt1=0.5*ml*v"2;
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Wt2=0.5*m2*v"2;
v1l=[0:5:507];

v2=v1/3.6;

SubWtl=subs (Wtl,v,Vv2);
SubWt2=subs (Wt2,v,v2);
figure (3)

plot (vl,SubWtl, "'red")

hold on

plot (vl, SubWt2, 'blue')
xlabel ('Velocity (km/h)");
ylabel ('Brake Energy (J)"):;
legend ('Half load', '"Full load');
phi2=0.7;

Jmaxl=subs (Jmax,phi,phi2);
tpmin=v/Jmax1;
Subtpmin=subs (tpmin,v,v2);
figure (4)

plot (vl, Subtpmin)

xlabel ('Velocity (km/h)"');
ylabel ('Brake time (s)');
Ngl = Wtl/tpmin;
SubNgl=subs (Ngl,v,v2);

Ng2 = Wt2/tpmin;
SubNg2=subs (Ng2,v,Vv2) ;
figure (5)

plot (vl, SubNgl, 'red")

hold on

plot (vl, SubNg2, 'blue')
xlabel ('Velocity (km/h)");
ylabel ('Brake Power (W)"');
legend ('Half load', '"Full load');
Fpfl=subs (Ppfl,phi,phi2)
Fpf2=subs (Ppf2, phi, phi2)
Fprl=subs (Pprl, phi,phi2)
Fpr2=subs (Ppr2,phi,phi2)
Npfl=Fpfl*v;

Npf2=Fpf2*v;

Nprl=Fprl*v;

Npr2=Fpr2*v;

SubNpfl=subs (Npfl,v,v2);
SubNpf2=subs (Npf2,v,v2);
dbSubNpfl=double (SubNpfl) ;
dbSubNpf2=double (SubNpf2) ;
SubNprl=subs (Nprl,v,v2);
SubNpr2=subs (Npr2,v,v2);
dbSubNprl=double (SubNprl) ;
dbSubNpr2=double (SubNpr2) ;
figure (6)

plot (vl, SubNpfl,'.red")
hold on

plot (vl, SubNpf2, '.blue')



plot (vl, SubNprl, 'red')
plot (vl, SubNpr2, 'blue')
xlabel ('Velocity (km/h)");
ylabel ('Wheels Brake Power
(W) ')

legend ('Front half', 'Front
full', "Rear half', 'Rear
full');

Wg=tpmin*1225;

SubWg=subs (Wg,v,v2) ;

dbSubWg=double (SubWg) ;
figure (7)

plot (v1l, SubWg)

xlabel ('Velocity (km/h)");

ylabel ('Generator resistant

Work (W.s)');
Fpge=1225/v;
Jpl=Fpge/ (ml*a);

Jp2=Fpge/ (m2*a) ;
v3=[5:5:501];

v4=v3/3.6;

SubdJpl=subs (Jpl,v,v4)
SubJdp2=subs (Jp2, v, v4)
figure (8)

plot (v3,Subdpl, 'red")

hold on

plot (v3, Subdp2, 'blue')
xlabel ('Velocity (km/h)"');
ylabel ('Brake acceleration
(m/s2)");

legend ('Half load', 'Full
load'");



MO HINH HOA, MO PHONG XE GAN MAY TiCH HQP
TRUYEN PONG LAI CO TiNH PEN PHANH TAI SINH

TS. Pham Tuén Anh — Trirong PH Nguyén Tat Thanh
TS. Nguyén Vin Trang — Truwong PHSPKT TPHCM
KS. Tran Cao Cwong — HVCH/Truong PHSPKT TPHCM
ToOm tit: Bai viét trinh bay cac két qua nghién ciru cia tac gia vé hé thong dong truyén lyc cta xe Honda
Lead Hybrid da cai tién, din dong banh sau bang dong co xing, ddn dong banh trude bang dong co dién 48V-

1000W, c6 tinh dén phanh tai sinh.
Tir khoa: xe may hybrid, phanh tai sinh.....

|. Pit vin dé

Hi¢n nay, nguén nhién liéu hoa thach
ngay cang can kiét, cling nhu viéc st
dung nhién liéu nay s& phat sinh ra nhiéu
khi thai anh huong dén chat lugng moi
truong.

Pbi véi xe stir dung dong co ddt trong
dui dd c6 nhiéu cai tién nhu toi wu trinh
chay, st dung dong co ting ap, kiém soat
qua trinh thai khi nhung hiéu suat dong
co dét trong van chua cao ....

Tt nhuge diém d6 mot xu hudéng moi
ra doi do 1a st dung xe dién. Tuy nhién,
dong co dién va bd ngudn cb gia thanh
cao, hanh trinh du trir ngén, thot gian sac
lai b nguodn 1au, dong bo ha tang thiéu.

T d6 dé tan dung wu diém va khic
phuc nhuoc diém cua hai loai dong co
khi hoat dong ¢ ché d6 riéng biét, ngudi
ta tich hop ca hai loai dong co 1én xe
thanh xe lai dién. Cac ché do hoat dong
duoc diéu khién gém: ché @6 dong co dot
trong, ché d6 dong co dién, ché do 2
dong co cung hoat dong. Viéc ché tao xe
lai m&i gip nhidu khé khin vé mit ky
thuat va gia thanh cao.

Theo nghién ctru, Thanh phd H6 Chi
Minh ¢6 dén hon 9 triéu xe may, mot y
tudng maoi1 duge dua ra la cai tao cac xe
hién c6 thanh xe lai dién dé giam chi phi.
Trong nhirng nam gan day, y tuong do da
dugc cu thé héa bang nhidu nghién ciu,
tiéu biéu 1a: “Nghién citu tich hop cong
nghé hybrid cho xe Honda Lead 110cc’’

cua Pham Tuén Anh; “M6 hinh héa va
moé phong xe may lai hai banh Honda
Lead 110cc voi dong co dién dat tai banh
trwéc’’ cia Huynh Thinh; ké tiép 1a
‘Nghién ciru ldp bé nguon sac ngodi
bang pin lithium-ion’ ctia nhom tic gia
Nguyén Van Trang, Pham Tuian Anh,
Nguyén Duy Tan.

Tuy nhién, cic nghién ctru trude chua
tinh dén qua trinh phanh tai sinh. Vi vay,
trong nghién clru nay tac gia da nghién
ctru bo diéu khién dé diéu khién dong co
dién hoat dong & ché do may phat trong
qua trinh phanh véi muc dich thu hdi
ning luong phanh nhim ting hanh trinh
dy trit va tinh kinh té nhién liéu cla xe
trong khi cac tinh nang dong luc hoc
dugc gilr nguyén.

I1. NOi dung nghién ciru
1. Phwong an cai tao xe Honda Lead

Hinh 1.1: B tri cac thiét bi lip trén xe Honda Lead
110cc cai tao

Cac thong s6 xe sau khi cai tao:

Thong s6 Xe nén Xe lai
Tu trong(kg) 115 173
Nura tai(kg) 180 238
Pay tai(kg) 245 303




2. M6 hinh hoa xe trong matlap-
simulink
2.1. M6 hinh héa nguoi lai

Nguoi lai dua ra yéu cau vé luc kéo va
tbc do xe théng qua vi tri tay ga. D6 1a
gia tri ngau nhién, phy thudc vao quyét
dinh cua nguoi lai khi luu thong trén
duong.Trong md hinh cua hé théng
truyén luc va hé théng luu trit ning luong
xe may lali, néu xét mot cach roi rac, luc
kéo hay cong sut yéu ciu co6 thé xem la
mot xich
Markov, tic 12 x4c suat cua chung chi
phu thudc vao thoi diém hién tai (t).
Thoéng
qua céac chu trinh chay thu (ECE R15), tai
mdi thoi diém t, tong luc can (Fload) tai
van toc theo chu trinh (Vdemand(t)) duoc
tinh toan. Sau do, thuat toan PI duoc st
dung dé dua toc do thuc (Vact) tién dén
toc do yéu cau (Vdemand) theo chu trinh.
Két qua khi két hop hai thanh phan nay 1a
su m6 phong su thay d6i lyc (Fdemand) Va
cong sudt yéu cau (Pdemand) khi nguoi lai
chay xe chi theo bién thoi gian t. Khi
(Fdemand) = O thi tin hiéu phanh tai sinh
(Brake) dugc bat. Cac lién hé toan hoc
duoc thé hién nhu sau:
Faemana ) = Fioaa ) + Fp, (1)
Fioqq(t) = Frolling () + Faero () +
F grade (t) (1)
Fp(t) = Kpe(®) + K; [ e()
e(t) = Vdemand(t) — Ve (1)
Pyemana = Faemana (t) x Vdemgnd ®)
2.2. M6 hinh héa dong co dot trong va
hé thong truyén luc

Luc kéo yéu cau dugc phan bd cho
banh trudc va sau khac nhau tuy thude
vao ché d0 van hanh cua xe. Tai thoi
diém t, gia tri luc kéo phan phdi ra banh
sau 1a Fur tai toc d6 V. Vi hé thong truyén

luc banh sau dugce gilt nguyén nén tai
trang thai (Fwr,V) cac thong s6 hé thong
truyén luc gom do mo budm ga (6w). toc
d6 dong co (we), ti sb truyén cua hop sb
CVT (in), hiéu sudt (mn), trang thai ly
hop.... c6 gia tri nhat dinh va khong doi.
Béng cach do luc kéo Fwr tai banh sau va
lurong nhién liéu tiéu hao gn(g/s) khi thay
d6i 46 mo budm ga tir 0-100% va toe do
banh sau Vr tir 0-60 km.h, hai ban do Fur-
(6m, Vi) Va gni(8w, V+) dai dién cho h¢ théng
truyén lyc tir dong co dét trong dén banh
sau duogc xay dung. Lugng nhién li¢u tiéu
hao Gni(g) tinh dén thoi diém t cua dong
co duoc tinh toan la:

Gy (0) = [ 94 ()d @

Hlnh 2 1 Ban 6 dong co va h¢ théng
truyén luc
2.3. M6 hinh héa dong co di€én
Theo s6 liéu nha san xut, ta co dic tinh
mé men va cong suit cua dong co
BLDC-48V-1000W nhu sau:

Cong suit Cong suat P2 Momen

W Momen xoan xokn (Nm)
1200 30
1000 25

800 20
600 15

400 10

200 5

0 0
0 10 20 30 40 50
Vin téc (km/h)

Hinh 2.2: Ban d6 cong suit va mé men
xodn cia dong co dién
Khi dong co hoat dong & ché do may
phat trong qué trinh phanh tai sinh, dong
co dién nhan momen tir xe, hiéu suét cta




dong co khi hoat dong & ché do may
phat:
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Hinh 2.3: Hiéu suat thu hoi
nang luong phanh
2.4. Mo hinh héa hé théng lwu trir
nang lugng.

Hé thong luu trit ning lugng 12 bo pin
lithium-ion 48V-33Ah dit trong cdp xe.
Trong mo hinh todn nay, tac gia st dung
phuong phap tich phan dong dién phong
— nap cua ic quy theo thoi gian dé tinh
SOC (state of charge). M6 hinh héa mach
dién thong qua mdi lién hé gitta dong
dién trong mach va dién ap 2 dau mach.
bién &p 2 cyc mach:

Upy = Upc + Uy

Trong do, dién &p khi hd mach cua
nguén phu thudc vao muec :

Uoc = f(S0C)

Sut &p do dién tré trong cia pin:

Uu.=1Ir

SOC(t) = SOC, —

S0C(ty) = SOC,

V6i Npgee 12 hé s6 Coulombic va Qi la
dung lugng Ah cua pin.

Khi phanh téi sinh: Cong suit Peiec < 0
nénl<o0.

Ldc nay:
SOC(t) = S0Co + —— |} ‘(’Z’l"“fd (3)

2.5. M6 hinh hoéa dong luc hoc doc truc
than xe

1 ft l(T)nbatd
3600 'to  Q;

M6 hinh dong luc hoc doc truc cua xe
cung cap gia tri luc can dé tinh ra gia toc
thuc cua xe dat duoc. Tir d6, van toc thuc
té Vact cia xe dat duge tinh toan dé so
sanh v&i chu trinh chay tht dugc sir dung
trong mo6 hinh nguoi lai. Mte do phu hop
gilta hai gia tri toc do cho phép danh gia
kha nang dong luc hoc cua xe cai tao va
do tin cdy cua mo hinh. Cac gia tri tinh
toan theo cac phuong trinh:

z th = I:rolling + I:aero + I:grade + Facce

Froting = Maf cos(a)

I:aero = %Cd Af IOV ? (4)
I:grade = mg Sin(a)

Fre =M,V

acce

Vi () =iv (r)dz

2.6. M6 hinh héa b diéu khién

Bo diéu khién dung diéu khién phéan
phdi cong suit & cac ché do khac nhau
nhu:

- Ché do kéo: khi cong suit yéu cau
nam dudi ving toi wu cta dong co xing,
xe may lai chi dugc dan dong bang dong
co dién, khi cong suat yéu cau nam trong
vung téi wu chi c¢6 dong co xing hoat
dong, dong co dién bi ngét. Khi cong suét
yéu cau vuot qua gidi han Pet max, dong
co dién s€ hoat dong hd tro dong co
xang.

- Ché do phanh tai sinh: khi xe can
giam to¢ Pgemana<0, bd diéu khién sé& diéu
khién dong co dién hoat dong & ché do
may phat nap dién cho bd ngudn.

2.7. Chu trinh ECE-R15
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Hinh 2.4: Chu trinh ECE-R15

Chu trinh ECE-R15 dugc ap dung
trong nhiing diéu kién dudi day phu hop
v6i cac diéu kién xuyén sudt cua dé tai
nén chu trinh ECE-R15 nay da dugc chon
dé mo phong:

- Van tdc tbi da theo chu trinh la 50,4
km/h phu hop véi téc do t6i da cho phép
tai Thanh phd HO Chi Minh 1a 50 km/h.

- Ché d6 hoat dong cta chu trinh 1a
tang toc va giam toc thuong xuyén, ngat
quing lién tyc. Piéu nay ciing twong ung
va phu hop voi diéu kién d6 thi cia
Thanh phé H6 Chi Minh hién tai.

- P6i voi thi truong giao thong tai
Chau Au, xe dién duoc st dung nhiéu,
két qua cua chu trinh ECE-R15 nay da
dugc nghién ciru va mo phong rat nhiéu
va di thu duoc nhiéu két qua kha quan.
2.8. M6 hinh xe may lai Honda Lead
110cc ¢6 tinh phanh téi sinh

Tu cac mo hinh trén, xay dung duogc
mo hinh sau:

L
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Hinh 2.5: Md h|nh xe may lai Honda
Lead 110cc c6 tinh dén phanh tai sinh
3. M6 phéng hoat dong cua xe lai

MO hinh cac hé théng duoc cu thé hoa
thanh cac khéi trong Matlab/Simulink.
Mo phong bat dau tir van tdc tir chu trinh
chay thur theo thoi gian t. Cac thong s6
van tbc, moment, cong suit... dugc tinh
theo céc lién hé toan hoc nhu: trong mo
hinh. Céc ban db thuc nghiém 1a cac bang
tra 1 chiéu, 2 chiéu hoac 3 chiéu. Buéc
tang thoi gian 1s, thoi gian mo phdng la
tir 0 dén khi két thuc chu trinh. CAu hinh
xe plug — in hybrid phirc hgp dugc mo
phong dé danh gia tinh hiéu qua va kha
thi cua phanh tai sinh. Cac két qua quan
tam bao gdm: Mirc d6 thu hoi cong suat
ctia phanh tai sinh, cdc mirc cong suat can
thiét, ti 1¢ cong sut thu hoi so véi tong
cong suit ciia mdy phat theo chu trinh
ECE-R15, mic d6 thay doi SOC cua pin
sau cac chu trinh thir nghiém.

4. Két qua mo phéng
4.1. Cong suit thu hoi

|

Hinh 4.1: D6 thi cong suat thu hoi khi chay
ntra tai

e Power (W)

Power (W)

Regenerative Power

o 20 o w© » o m e w w
Hinh 4.2: D0 thi cong suat thu hoi khi chay
day tai
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= Nang lwong thu hoi = Nang lwong thu hoi

= Nang lwong phanh = Nang lwong phanh

Hinh 4.3: Biéu d0 so snh ti 1¢ nang lugng
thu hoi véi tong nang luong phanh

O ché do nira tai: Ti 1é nang luong thu
hoi duoc bang 53% nang lugng phanh.
Nhu vay, ti 1€ nang luong thu hdi duoc
bang 16,43% tong ning luong kéo cua
Xe.

O ché do day tai, nang luong thu hoi
duoc béng 45% nang lugng phanh. Ti 1€
ning luong thu héi dugc bang 13,95%
tong nang lugng kéo cua xe.

Két qua nay cho thiy hiéu qua cia
phanh téi sinh khi cho dong co dién lam
viéc & ché d6 may phat. Tuy nhién, hiéu
suat ciia dong co dién ¢ ché d6 may phat
thay ddi theo van tdc va con han ché.
Tinh trung binh trong chu trinh chi dat
khoang 45 — 53%, giy nén ton that khong
dang co.

4.2. Tinh trang bd nguon SOC

Hinh 4.5: Mc
do giam SOC

Hinh 4.4: Muc 3o

giam SOC khi
chay nura tai khong  khi chay ntra tai
cO phanh tai sinh ¢4 phanh tai sinh

Trong mét chu ky thu nghiém ECE-
R15 (195 gidy), mic giam SOC cua xe
may lai dién khéng c6 phanh tai sinh va
cO phanh tai sinh tuong ing la 0,0105 va
0,0055. Nhu vay, mirc giam SOC cua xe
c¢6 phanh tai sinh thap hon 47,6% so voi
xe khdng co phanh tai sinh.

4.3. Quing duwong toi da

Hinh 4.7: Quang duong
toi da & ché dd nira tai co
phanh téi sinh

Hinh 4.6: Quang duong tdi
da ¢ ché d¢ nura tai khong
¢6 phanh tai sinh

Hinh 4.9: Quang duong
toi da & ché do day tai cd
phanh tai sinh
m Khéng ¢6
phanh tai sinh
® C6 phanh tai
sinh

Hinh 4.8: Quang dudng toi
da ¢ che d¢ day tai khong
c6 phanh tai sinh
100
80
60
40

20

Quéng duong di
chuyén (km)

0

Nira tai Piy tai

Hinh 4.10: Biéu db so sanh quing dudng
di chuyén téi da & cac ché do
Nhan xét:

O ché d6 nira tai, quing duong di
chuyén tdi da cua xe lai cai tao khong c6
phanh tai sinh 14 53,8 km; con quéng
duong ctia xe c6 phanh tai sinh la 78,5
km tang 46% so voi khi khong c6 phanh
tai sinh.

O ché 46 day tai, quing duong di
chuyén téi da cia xe lai ban dau khong
c6 phanh tai sinh la 47,8 km; con quang
duong di chuyén t6i da cua xe lai co
phanh tai sinh la 62,8 km tang 31,3% so
v&i khi khong c6 phanh tai sinh.

4.4. Lwgng tiéu hao nhién liéu




Hinh 4.12: Luong ticu
h‘ao nhién liéu & ché do
day tai co phanh tai sinh

Hinh 4.11: Luong ti€u hao
nhién liéu & ché do day tai
khong c6 phanh tai sinh

3.5 mKhong c6 phanh tai sinh
Co6 phanh tai sinh
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Hinh 4.13: Biéu d6 so sanh lugng tiéu
hao nhién liéu & cc ché do
Nhan xét:

O ché d6 nura tai, luong tiéu hao nhién
liéu d6i véi xe cai tao khong co tinh dén
phanh tai sinh 13 2,66 1it/100 km va dbi
vGi xe cai tao c6 tinh dén phanh tai sinh
1a 2,204 1it/100km giam 17%.

O ché d6 day tai, luong tiéu hao nhién
lidu dbi voi xe cai tao khong co tinh dén
phanh tai sinh 13 2,94 1it/100km va dbi
v6i xe cai tao ¢o tinh dén phanh tai sinh
la 2,35 1it/100km giam 20%.

I11. Két luén va kién nghi

1. Két ludn

Tai liéu tham khéo

Dé tai da giai quyét dugc nhing van
dé sau:

- Trinh bay co so Iy thuyét vé xe
hybrid, phuong an cai tao xe phuong an
cai tao xe nén thanh xe hybrid, co ly
thuyét vé md hinh va mé phong, 1y thuyét
phanh va phanh tai sinh.

- Két qua mé phong theo chu trinh
ECE-R15 cho thiy khi xét dén phanh tai
sinh, thi ning lugng phanh thu hdi dugc
khi chay nira tai 1a 16,43%, day tai 1a
13,95%; quing duong di chuyén la 78,5
km va 62,8 km tuong ung ting 46% va
31,3% & ché d6 nira tai va day tai, luong
nhién li€u tiéu thu giam tuong tng 17%
va
20% so v&i1 khi khong tinh phanh tai sinh.

Han ché:

- Pham vi cia d& tai chi dung lai &
phuong phap nghién ctru 1y thuyét .

- Két qua tinh toan va md phong xe
hybrid khi phanh tai sinh chua xét dén
hiéu suat, ton that cia mach diéu khién
nap pin.

2. Kién nghi va huéng phat trién

DPé dé tai hoan thién hon, cic van dé
sau day can tiép tuc dugc nghién ctru:

- Thir nghiém xe cai tao & ché do
phanh tai sinh;

- Tinh toan sy anh huong cua viéc
cai tao dén do bam, tinh nang lai khi
lap dong co dién dan dong banh trudc;

- Hoan thién thiét ké va cong nghé
ché tao dé c6 thé tién hanh trén dién
rong./.
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