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TOM TAT

Tén dé tai: Thiét ké kién tric dong luc Hybrid trén co so xe tai nhe.
Sinh vién thyc hién: Nguyén Minh Purc MSSV: 103200078
Sinh vién thyc hién: Nguyén Lé Anh Tt MSSV: 103200106
Sinh vién thyc hién: L& Vi Bao MSSV: 103200111
Sinh vién thyc hién: L& Minh Hung MSSV: 103200120
Sinh vién thyc hién: Nguyén Pang Truong  MSSV: 103200141

Céu triic d6 an t6t nghiép gdm 7 chuong sau:
» Chuong 1: Tong quan

- Téng quan vé HEV
- Tong quan vé xe KIA Frontier K200
» Chwong 2: Phan tich chon hé djng luc hev trén co sé xe KIA Frontier K200
- Hé thong HEV nbi tiép (Series hybrid)
- Hé thong HEV song song (Parallel hybrid)
- Hé thong HEV néi tiép-song song (Series-parallel hybrid)
- Hé thong HEV phitc hop (Complex hybrid)
- Lya chon phuong an thiét ké
» Chuwong 3: Tinh chon dong co di€n — pin — may phat
- Tinh chon dong co dién
- Tinh chon pin
- Tinh chon may phat dién
> Chuong 4: So' d6 pin va hé théng kiém soat nhiét dd bang khong khi
- So d6 dau ndi pin
- Thiét ké hé théng kiém soét nhiét do pin
- M6 phong nhiét do dong khi lam mat
> Chuong 5: Thiét ké, bo tri va kiém nghiém hé dong luwc HEV trén co sé xe
KIA Frontier K200
- M6 phong bén
- M6 phong an toan va cham pack pin
> Chuong 6: Hé thong diéu khién dong luc hybrid trén co sé xe KIA Frontier
K200
- Tong quan vé hé thong diéu khién xe hybrid
- Hé thdng diéu khién hybrid trén co so xe KIA Frontier K200
- M6 phong hé thong diéu khién xe hybrid
- Thiét ké hé thdng diéu khién dong ngit dong co nhiét



- Bé xuit thiét ké bo diéu khién quan 1y pin
» Chuwong 7: M6 hinh thuc nghiém

- G161 thi€u mo hinh thyc nghi¢m

- Hé dong luc HEV néi tiép trén mé hinh

- Hé théng diéu khién

- Panh gia két qua thir nghiém

- Thao luan vé mé hinh thyc nghiém



DAl HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG PAI HQC BACH KHOA Poc lap - Tw do - Hanh phiic

KHOA CO KHI GIAO THONG

NHIEM VU PO AN TOT NGHIEP

TT Ho tén sinh vién So thé SV Lop Nganh

1 | Nguyén Minh Puc 103200078 | 20C4CLC1 | Co Khi Bong Luc

2 | Nguyén Lé Anh Tu 103200106 | 20C4CLC1 | Co Khi Bong Luc

3 |LéVuBao 103200111 | 20C4CLC2 | Co Khi Bbong Luc

4 | Lé Minh Hung 103200120 | 20C4CLC2 | Co Khi Bong Luc

5 | Nguyén Ping Truong | 103200141 | 20C4CLC2 | Co Khi Pong Luc

Tén deé tai do an: Thiét ké kién trac dong luc Hybrid trén co s¢ xe tai nhe

1. Pé tai thude dién: O C6 ky két théa thudn s& hiku tri tué doi véi két qua thuwce hién

2. Cdc s6 liéu va dir liéu ban dau:

Kich thudc tong thé 5.100 x 1.750 x 2.100 mm, dong co HYUNDAI — D4CB Diesel
04 ky 04 xilanh thang hang ting ap, cong suat cuc dai/ toc do quay: 130 / 3.800
Ps/(vong/phut), M6 men xodn/ toc d6 quay: 255/(1.500 — 3.500) N.m/(vong/phit), hop

s6 M6AR1 — 6MT s6 san 6 cap.
3. Noi dung cac phan thuyét minh va tinh toan:

a. Phan chung:

TT Ho tén sinh vién Noi dung
1 | Nguyén Minh Dirc Chuong 1: Tong quan.
2 | Nguyen L€ Anh T4 | chyong 7: M6 hinh thuc nghiém.
Chuong 1: Té)ng quan.
3 |LéViBao Chuong 2: Phan tich chon hé dong luc HEV trén co s&
xe KIA Frontier K200.
4 | Lé Minh Hung Chuong 7: Mb hinh thuc nghiém.




Nguyén Pang Truong

Chuong 2: Phan tich chon h¢ dong luc HEV trén co so
xe KIA Frontier K200.

b. Phan riéng:

TT Ho tén sinh vién Noi dung

1 | Nguyén Minh Bire Chuong 5: Thiét ké, bo tri va kiém nghiém hé dong luc
HEVtrén co s¢ xe KIA Frontier K200.

2 | NguydnLé AnhTa | Chuong 6: He thong diéu khién dong luc hybrid trén
co s& xe KIA Frontier K200.

3 | Lé Vi Bao Chuong 3: Tinh chon dong co dién — pin — may phat.

4 | Lé Minh Hung C‘huong 4: So d6 pin va hé thong kiém soat nhiét do
bang khong khi.

5 | Nguyén Dang Truomg Chuong 5: Thiét ké, bo tri va kiém nghiém hé dong luc

hev trén co so xe KIA Frontier K200.

4. Cdc ban vé, do thi ( ghi ré cdc logi va kich thiedc ban vé ):

a. Phdn chung:

TT Ho tén sinh vién Noi dung
1 | Nguyén Minh Pric
2 | Nguyén Lé Anh Tu - Ban v& so d6 tong thé h¢ thong HEV.
3 | Lé Vii Bao - Ban vé téng thé Kia Frontier K200.
4 | Lé Minh Hung
5 | Nguyén Ding Trudng

b. Phan riéng:

TT Ho tén sinh vién No6i dung
- Ban vé lap gia d& may phat.
1 | Nguyén Minh Blrc | . B4n v& 1p gia d& dong co dién.
- Ban v& lap gia d& pin.
2 | Nguyén Lé Anh Tu - Ban v& so dd mach dién hé théng phanh tai sinh.
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- Ban v& so dd mach dién diéu khién déng ngit dong co
dbt trong.
- Ban v& chi tiét cac ding B1.

- Ban v& chi tiét cac ding B2.

3 | Lé Vi Béo

- Ban v& chi tiét nita khop ndi Al.
- Ban v& chi tiét nita khop ndi A2.
- Ban v& chi tiét vong dém.

- Ban v@ so d6 dau ndi diéu khién dong co dién.

4 | Lé Minh Hung

- Ban v& chi tiét vo pack pin.

- Ban v& chi tiét khung pack pin.

- Ban v& lap pack pin.

- Ban v& so d6 mach dién hé théng kiém soat nhiét do

pin.

- Ban v& chi tiét khung K200.
- Ban vé& chi tiét khung K200 HEV.

Nguyén Ding )
5 Truong - Ban vé b’cA) tri khung K200 HEV.
- Ban vé€ lap cac dang.
- Ban vé& lap khép nbi.
5. Ho tén nguoi huéng dan: Phan/ Néi dung:

PGS.TS. Lé Minh Dtrc

ThS. Nguyén Vin Phuc

6. Ngdy giao nhiém vu do dn:

7. Ngay hoan thanh dé dn:

Pa Nang, ngay...thang .... nam 2025

Truéng Bo mén Co khi Pong luc Nguoi huwéng dan

PGS. TS. Lé Minh Duc

Vil



LOI NOI PAU

Trong bdi canh nganh cong nghiép 6 to ngay cang phat trién, nhu ciu cai tién va
t61 wu hoa hé thdng dong luc cho cac dong xe thuong mai tré nén cip thiét hon bao gid
hét. Xe Kia Frontier, voi tinh tng dung cao trong van tai hang hoa va kha ning van hanh
manh mé, 1a mot trong nhitng dong xe tai nho dugc wa chudng tai thi truong Viét Nam.

Tuy nhién, dé dap Gmg nhirng yéu cu ngay cang khit khe vé hiéu suit, tiét kiém
nhién li¢u va bao v&€ moi trudng, viéc thiét ké lai hé théng dong luc 1a mot bude tién
quan trong nham nang cao kha ning canh tranh ciia dong xe nay.

Dé tai “Thiét ké kién tric dong lwe Hybrid trén co sé xe tai nhe” tip trung
vao viéc nghién ciru, phan tich va dua ra cac giai phap k¥ thuat t6i wu nham cai thién
hiéu sudt dong co, tang kha nang van hanh va dap Gmg cac tiéu chuan khi thai hién hanh.
Bén canh do6, dé tai cling hudng dén viéc ing dung céc cong nghé méi nham t6i wu hoa
hiéu qua st dung nhién liéu va nang cao do bén ctia hé théng.

Véi tam quan trong cila viéc cai tién dong co khong chi ddi véi nganh cong
nghiép 6 td ma con gdp phan giam thiéu tc dong tiéu cuc dén moi truong, nghién ciru
nay hy vong s& mang lai nhitng dong gop gia tri cho linh vuc thiét ké va ché tao xe tai,
dong thoi cung cip co so khoa hoc va thuc tién cho cac tng dung sau nay.

Cudi cung, nhém chung em xin bay to 1ong biét on siu sic dén cac thay, co da
tan tinh truyén dat lai nhitng kién thirc quy bau cho em. Pic biét, em xin gui 10i cam on
dén thdy PGS.TS. Lé Minh Pirc va thidy ThS. Nguyén Vin Phuc, nhiét tinh huéng
dan trong qua trinh nhém ching em thuc tap t6t nghiép. Nhom chiing em rat mong mudn
nhan dugc su xem xét va chi dan ciia cac thay dé ching em ngay cang hoan thién kién
thirc ctia minh. Nhom chung em xin chan thanh cam on, mong giri duoc 101 chic tot dep

nhat dén cac thay dé l1a nguoi 1a1 do viing chac cho thé hé mai sau.
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

MO DAU

Muc dich cta dé tai 1a nghién ctru va thiét ké hé dong luc Hybrid (HEV) trén co
s& xe tai nhe KIA Frontier K200, v&i muc tiéu cai thién hiéu sudt van hanh, giam tiéu
hao nhién liéu va giam thiéu tic dong méi truong. DE tai tap trung vao viée tng dung
cac cong ngh¢ mai dé t6i wu hoa hé dong lyc, nang cao do bén va kha nang canh tranh
ctia dong xe trong thuc té.

Pham vi nghién ctru bao gém khao sat ddc tinh k¥ thuat caa xe KIA Frontier
K200, phan tich va lya chon c4u hinh hé dong lyc Hybrid ti wu, cling nhu thiét ké va
mo phong cac hé thong lién quan nhu dong co dién, pin, may phat va hé diéu khién. Dbi
tugng chinh ctia nghién ctru 1 xe KIA Frontier K200 véi cac thong sd ki thuat cu thé
da duoc khao sat.

Phuong phap nghién ctru bao gom viéc thu thap dir liéu thong qua khao sat thong
s6 k¥ thuat va nghién ciru tai liéu lién quan, phan tich va tinh toan cac thong sb dua trén
cac cong thire thuc nghiém, va st dung phan mém chuyén dung dé mé phong hé théng
dong luc, hé théng lam mat va kiém nghiém do bén. Két qua dugc danh gia qua so sanh
giita hiéu suat cia xe sau khi 4p dung hé dong luc Hybrid va xe co so, tir d6 dua ra cac
giai phap cai tién.

D6 an dugc chia thanh 7 chuong, bao gom:

Chuong 1: Téng quan

Chuong 2: Phan tich chon hé dong luc HEV trén co sé xe KIA FRONTIER K200
Chuong 3: Tinh chon dong co dién — pin — may phat

Chuong 4: So d6 pin va hé thong kiém soat nhiét d6 bang khong khi

Chuong 5: Thiét ké, bo tri va kiém nghiém hé dong luc HEV trén co so xe KIA
FRONTIER K200

Chuong 6: Hé théng diéu khién dong luc hybrid trén co so xe KIA FRONTIER
K200

Chuong 7: M6 hinh thuc nghi¢m

Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Chwong 1: TONG QUAN

1.1 Téng quan vé HEV

Xe HEV (Hybrid Electric Vehicle) 1a mot budc dot pha trong nganh cong nghiép
6 t6, két hop gitta dong co ddt trong va dong co dién dé tan dung tdi da wu diém cua ca
hai cong nghé. Su két hop nay mang lai nhiéu loi ich vuot troi, tir kha nang tiét kiém
nhién liéu, giam phat thai khi nha kinh, dén cai thién trai nghiém lai xe. Véi hé théng
quan Iy ning luong thong minh, xe HEV c6 thé tir dong chuyén dbi giira cac ché do hoat
dong, nhu st dung dong co dién, dong co dbt trong hodc ca hai, tuy thudc vao diéu kién

van hanh.

. a’-‘r/ﬂi.“'\. N e e — e ""—
T e —

Hinh 1.1 Hybrid 1a dong xe két hop dong co xing véi dong co dién

Mot trong nhiing lgi thé 16n nhéat ciia xe HEV 1a kha ning tai tao nang luong
thong qua hé théng phanh tai tao. Hé thong nay cho phép niang luong tir qua trinh phanh
dugc chuyén dbi thanh dién nang va luu trit trong pin, gitip nang cao hiéu qua sir dung
nang lugng. Ngoai ra, xe HEV con ndi bat voi su ém ai khi van hanh, dic biét trong ché
dd su dung dong co dién, mang lai trai nghiém lai xe muot ma va than thi¢én vi moi
truong d6 thi. Tuy nhién, khi di sdu hon vao céc loai cau triic cia xe HEV, ndi bat nhat
1a HEV nbi tiép, v6i ddc diém van hanh va thiét ké riéng biét. Trong HEV néi tiép, dong
co d6t trong khong truc tiép tham gia vao viéc truyén dong luc cho banh xe. Thay vao
do, né hoat dong nhu mdt may phat dién, tao ra nang luong dé cung c?ip cho dong co
dién hodc sac pin.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc



trung toan b luc kéo tir dong co dién. Diéu nay mang lai su linh hoat va hi¢u qua tdi
vy, dic biét trong diéu kién giao théng db thi, noi xe thuong xuyén phai khéi dong va
dung lai. Khi van hanh ¢ tdc do thép hoac trong diéu kién un tic, xe c6 thé hoat dong
hoan toan bang ning luong tir déng co dién, gitp tiét kiém nhién lidu dang ké va giam
thiéu phat thai. Dac tinh van hanh cia HEV ndi tiép cling mang lai nhiéu loi thé vé mat
k¥ thuat. Pong co dbt trong trong hé thong nay duoc thiét ké dé hoat dong & mirc cong
suat 6n dinh va hiéu qua cao nhat. Diéu nay khong chi kéo dai tudi tho cua dong co ma
con giam tiéu thu nhién liéu trong sudt vong doi cta xe. Dong thoi, cdu trac truyén dong
don gian hon gitp xe di chuyén muot ma va khong bi gian doan khi chuyén d6i ning

lugng.

1.2 Téng quan vé xe KIA Frontier K200
1.2.1 Gigi thigu xe KIA Frontier K200

Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Khac véi cac hé théng HEV song song hay HEV hén hop , HEV nbi tiép tap

- Théng s k¥ thuat co ban cia xe Kia Frontier K200 [1]:

Hinh 1.2 Xe KIA FRONTIER K200
Bang 1.1 Thong s6 k§ thuat co ban cua xe KIA FRONTIER K200

TT Tén thong sb Pon vi Gia tri

1 | Khoi lugng ban than kg 1.440

2 | Khoi lugng cho cho phép kg 1.990

3 | Khoi luong toan bd kg 3.995

4 | Kich thudc tong thé (DxRxC) mm 5.100 x 1.750 x 2.100
5 | Chiéu dai co so mm 2.615

6 | Toc do toi da km/h 115

7 | Khoang sang gam xe mm 185

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc.

Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc




Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

8 | Kha nang leo doc % 33,4
9 | Ban kinh quay vong nho nhat m 5.2
10 | ya x MBAR1 — 6MT. Co khi, s san, 6 sé tién, 1
Hop s6 N
sO It
11 ini= 4,271; ino= 2,248; ins= 1,364; ina=1;

Ty s0 truyén ihs = 0,823; ine = 0,676; ir = 3,727

12 | Hé théng phanh Thuy lyc, trudc dia/sau tang tréng, tro luc
chan khong

Hé thong treo

Doc 1ap, thanh xoa“in, thanh can bé’tng, giam

13 | Truée chan thuy luc
Sau Phuy thudc, nhip 14, giam chén thay luc
14 | Hé thong 14i Thanh ring — banh ring, tro luc thily luc
Ki hiéu 16p
15 | Trudc 195R15C
Sau 155R12C

- Théng s k¥ thuat cia dong co HYUNDAI D4CB-CRDi:

Hinh 1.3. Pong co D4CB
Bang 1.2 Thong s6 k¥ thuét cua dong co D4CB

TT Tén thong sb Pon vi Gia tri
1 | Tén dong co HYUNDAI - D4ACB
Diesel, 04 ky, 04 xilanh thang hang,
2 | Loai dong co tang ap, phun nhién li¢u truc tiép dicu
khién dién tu (ECU)
3 | Dung tich xi lanh cc 2.497
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

4 | Puong kinh x hanh trinh piston mm 91 x 96
5 | Cong suit cyuc dai/ toc d6 quay Ps/(vong/phut) 130/3.800
6 | M6 men xodn/ tbe do quay N.m/(vong/phat) | 255/1.500 — 3.500

1.2.2 Khdo st cdc dic tinh ciia xe Kia Frontier K200
1.2.2.1 Khdo sdt dic tinh ngoai ciia dong co nhiét

- Phuong trinh dic tinh ngoai cua déng co: Phuong trinh cong suét Gmg voi ting
gia tri s6 vong quay cua truc khuyu dong co dugce viét theo cong thire thyc nghiém cua
S.R. Lay Décman [2]:

P=P_.(a1+ba*-ca’) (1.1)

Trong d6: L =1 vi 1a dong co diesel 4 ky c6 budng chay truc tiép, a = 0,5;

b=15;c=1.

- Phuong trinh momen xo0an ¢ing véi timg gia tri 6 vong quay cua truc khuyu
dong co duogc Viét theo cong thuc [2]:

R

M, =9551.—¢ (1.2)
n

e

- Vay hé sb can lan f duoc tinh:

V 2
f=f.01+-"T= 1.3
oL+ 25 13)
- Lap bang:
+ Cac thong s6 nn; Pe; Me da ¢ cong thirc tinh
+Cho A=2% véin=01:02;...:1. (1.4)
nN

- Két qua tinh duogc ghi & bang:

Béang 1.3 Thong s6 cong suat va momen cua dong co

A ne(V/p) Po(KW) Me(N.m)

0.1 380 6.144 154.408

0.2 760 14.592 183.360

0.3 1140 24.768 207.486

0.4 1520 36.096 226.787

0.5 1900 48 241.263

0.6 2280 59.904 250.914

0.7 2660 71.232 255.739
Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vii Bao; 5 Hudng dan: PSG.TS. Le:: Minh B
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

0.8 3040 81.408 255.739
0.9 3420 89.856 250.914
1 3800 96 241.263

- Sau khi tinh toan va xir 1i sé liéu ta xdy dung duoc dudng dic tinh ngoai voi
cong suit Pe(kW) va momen xoin Me(N.m):

300 120
250 ~ I 100
= 200 80
Z 150 60 X
: &
= 100 40
50 20
0 0
0 500 1000 1500 2000 2500 3000 3500 4000
S6 vong quay (v/p)
—@— Me(N.m) Pe(kw)

Hinh 1.3 D6 thi dic tinh ngoai ctia dong co
Nhan xét: D6 thi thé hién mbi quan hé gitra toc do quay ctia dong co (ne) va cong
sudt (Pe) cung mo-men xoan (Me). Cong suat ctiia dong co ting dan theo téc do quay,
cho théiy dong co hoat dong hi¢u qua hon & tdc do cao. Trong khi d6, m6-men X04n tang
1én téi mot gia tri ti da tai khoang 2500-3500 vong/phut, sau d6 giam dan khi toc do
quay tiép tuc ting. Piéu nay chi ra rang dong co dat hiéu suat t6i uu trong mot dai toc

d6 nhat dinh va giam hiéu suat khi vuot qua ngudng nay.

1.2.2.2 Pé thi cdn bang lwc kéo

- Phuong trinh can bang luc kéo cua 6 t6 [2]:

Fo=F +F+F +F, (1.5)
F, = M, _ M o1y 72y (1.6)
rb rb

Trong d6:  Fx 1a luc kéo tiép tuyén & banh xe chu dong.

Ff la lyc can lan. Ff = G.f.cosa = G.f (do a = 0) .7)

Fi 1a lyc can 1én déc. Fi = G.sina =0 (do a = 0) (1.8)
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Fij 1a luc quan tinh (xut hién khi xe chuyén dong khong 6n dinh).
—_ G H
Fo 12 luc can khong khi.  F, =W.V2

- Van toc tmg véi mdi tay so [2]:

v, = 2 (L9)
60.1,.1,;
- Lap bang va tinh toan cac gia tri Fy va vj tuong ung:
Bang 1.4 Thong s6 luc kéo trén timg tay so
Pe Me ne Tay s6 1 Tay s6 2 Tay sb 3
(Kw) | (N.m) | (v/p) Vi Fra V2 Fro V3 Fks

6.14 [154.41| 380 | 0.506 |10815.85| 0.96 |5692.82 | 1.58 3454.19

10.12 [169.49 | 570 | 0.758 |11872.09 | 1.44 |6248.76 | 2.37 379151

1459 |183.36| 760 | 1.011 |12843.83| 1.92 |6760.23 | 3.17 4101.84

19.50 |196.03| 950 | 1.264 | 13731.06 | 2.40 |7227.21 | 3.96 4385.20

24.77 |207.49 | 1140 | 1.517 | 14533.80 | 2.88 | 7649.73 | 4.75 4641.56

30.32 | 217.74| 1330 | 1.770 | 15252.04 | 3.36 |8027.77 | 5.54 4870.94

36.10 |226.79 | 1520 | 2.022 | 15885.78 | 3.84 |8361.33 | 6.33 5073.33

42.01 |234.63| 1710 | 2.275 | 16435.03 | 4.32 |8650.42 | 7.12 5248.74

48.00 |[241.26 | 1900 | 2.528 | 16899.77 | 4.80 |8895.03 | 7.92 5397.16

53.99 |246.69 | 2090 | 2.781 |17280.02 | 5.28 |9095.17 | 8.71 5518.60

59.90 | 250.91 | 2280 | 3.034 | 1/575.76 | 5.76 |9250.83 | 9.50 5613.05

65.68 | 253.93 | 2470 | 3.286 | 17/87.01 | 6.24 |9362.02 | 10.29 5680.52

71.23 | 255.74 | 2660 | 3.539 |17913.76 | 6.72 |9428.73 | 11.08 5720.99

76.50 |256.34 | 2850 | 3.792 | 17956.01 | 7.20 |9450.97 | 11.87 5734.49

81.41 | 255.74 | 3040 | 4.045 | 17913.76 | 7.68 |9428.73 | 12.67 5720.99

85.88 | 253.93 | 3230 | 4.298 | 17787.01 | 8.17 |9362.02 | 13.46 5680.52

89.86 | 250.91 | 3420 | 4.550 | 17575.76 | 8.65 |9250.83 | 14.25 5613.05

93.25 | 246.69 | 3610 | 4.803 | 17280.02 | 9.13 |9095.17 | 15.04 5518.60

96.00 | 241.26 | 3800 | 5.056 | 16899.77 | 9.61 |8895.03 | 15.83 5397.16

Tay s6 4 Tay s6 5 Tay sb 6 Tay sé lui

\V Fka Vs Fks V6 Fke Vr Fr
2.16 | 2532.39 | 2.62 | 2084.16 3.19 1711.90 0.57 | 8596.11
3.24 | 2779.70 | 3.94 | 2287.69 479 1879.08 0.85| 9435.57
4.32 | 3007.22 | 5.25 | 2474.94 6.39 2032.88 1.13 | 10207.88
540 | 321495 | 6.56 | 2645.91 7.99 2173.31 1.42 | 10913.03

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

6.48 | 3402.90 | 7.87 | 2800.59 9.58 2300.36 1.70 | 11551.02
7.56 | 3571.07 | 9.18 | 2938.99 | 11.18 2414.04 1.98 | 12121.86
8.64 | 3719.45 | 10.50 | 3061.11 | 12.7/8 2514.35 2.26 | 12625.54
9.72 | 3848.05 |11.81 | 3166.95 | 14.37 2601.28 2.55 | 13062.06
10.80 | 3956.87 | 13.12 | 3256.50 | 15.97 2674.84 2.83 | 1343142
11.88 | 4045.89 | 14.43 | 3329.77 | 17.57 2735.02 3.11 | 13733.63
12.96 | 4115.14 | 15.74 | 3386.76 | 19.17 2781.83 3.40 | 13968.68
14.04 | 4164.60 | 17.06 | 3427.47 | 20.76 2815.27 3.68 | 14136.57
15.12 | 4194.28 | 18.37 | 3451.89 | 22.36 2835.33 3.96 | 14237.31
16.20 | 4204.17 | 19.68 | 3460.03 | 23.96 2842.02 4.25 | 14270.88
17.28 | 4194.28 | 20.99 | 3451.89 | 25.56 2835.33 453 | 14237.31
18.36 | 4164.60 | 22.30 | 3427.47 | 27.15 2815.27 4.81 | 14136.57
19.43 | 4115.14 | 23.61 | 3386.76 | 28.75 2781.83 5.10 | 13968.68
20.51 | 4045.89 | 24.93 | 3329.77 | 30.35 2735.02 5.38 | 13733.63
21.59 | 3956.87 | 26.24 | 3256.50 | 31.94 2674.84 5.66 | 13431.42
Bang 1.5 Théng sd luc can tmg véi timg tay sd
Vian toc 5.056 9.61 15.83 21.59 26.24 31.94
Fe 644.23 791.33 1140.53 1616.09 2105.93 2837.95
Fo 21069.05 | 21069.05 |21069.05 |21069.05 | 21069.05 |21069.05
20000
18000
16000
14000 Flcl
£ 12000 Fk2
§ 10000 Fk3
2. 8000 =
~ 6000 ——Fk5
4000 6
0
0 5 10 15 20 25 30 35
Van toc (m/s)
Hinh 1.4 D6 thi can bang luc kéo
Nhan xét:

+ Truc tung biéu dién cac luc kéo Fii, Fre, Fis, Fka, Fis, Fks, Fe(gio+an). Truc hoanh

biéu dién van téc v (m/s).

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

+ Khoang gi6i han giira cac duong cong kéo Fii va dudng cong tong luc can 1a
luc kéo du dung dé tiang téc hoic leo déc.

+ Dbi v6i dudng cong Fis khoang tdc do 16n nhét cua xe khong giao v6i duong
cong lyc can Fe nén ¢ trang thai tirc thoi va cuc dai cua dong co s& cung cap luc kéo tiép
tuyén 16n hon luc can dé xe dat duoc tde d6 16n nhét Vimax= 31,94 m/s.

+ Tong lue kéo cua xe tai phai nhoé hon lyc bam giita banh xe va mit dudng.

+ Tir dd thi dong co phu hop véi diéu kién chuyén dong dong cua 6 to va dap
g duoc stre kéo yéu cau.
1.2.2.4 Pé thi nhdn té déong luc hec

- Nhan tb dong luc hoc la ty ) gitra hiéu s6 cua luc kéo tiép tuyén Fk va luc can
khong khi Fe, v6i trong lugng toan bo cia 6 t6 khach. Ty s6 nay duoc ky hiéu 1a “D”

[2]:

p=fi=F :[Me"t'” —W.vzji (1.10)

I, G

- Xay dung do thi:

(1.11)

D = Me'iO'ihi'ntl —W.VZ i
I G

- D6 thi nhan tb dong luc hoc thé hién mbi quan h¢ gitta D véi tdc do chuyén
dong v cua 6 t6 khi du tai va dong co lam viéc & dudng dic tinh tdc d6 ngoai, D=Ff(v).
- Lap bang va tinh toan cac gia tri Dk va vi tuong Gng:

Bang 1.6 Thong s6 nhan tdc dong luc hoc

ne (v/p) Me Tay s6 1 Tay s6 2 Tay s6 3
(Nm) Vi D: Va D2 V3 Ds
380 154.41 0.51 0.28 0.96 0.15 1.58 0.09
570 169.49 0.76 0.30 1.44 0.16 2.37 0.10
760 183.36 1.01 0.33 1.92 0.17 3.17 0.10
950 196.03 1.26 0.35 2.40 0.18 3.96 0.11
1140 207.49 1.52 0.37 2.88 0.19 4.75 0.12
1330 217.74 1.77 0.39 3.36 0.20 5.54 0.12
1520 226.79 2.02 0.41 3.84 0.21 6.33 0.13
1710 234.63 2.28 0.42 4.32 0.22 7.12 0.13
1900 241.26 2.53 0.43 4.80 0.23 7.92 0.13
2090 246.69 2.78 0.44 5.28 0.23 8.71 0.14
2280 250.91 3.03 0.45 5.76 0.23 9.50 0.14

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

2470 253.93 3.29 0.45 6.24 0.24 10.29 0.14
2660 255.74 3.54 0.46 6.72 0.24 11.08 0.14
2850 256.34 3.79 0.46 7.20 0.24 11.87 0.14
3040 255.74 4.04 0.46 7.68 0.24 12.67 0.14
3230 253.93 4.30 0.45 8.17 0.24 13.46 0.13
3420 250.91 4.55 0.45 8.65 0.23 14.25 0.13
3610 246.69 4.80 0.44 9.13 0.23 15.04 0.13
Tay s6 4 Tay s6 5 Tay s6 6
V4 D4 Vs Ds Vs Ds
2.16 0.06 2.62 0.05 3.19 0.04
3.24 0.07 3.94 0.06 4.79 0.05
4.32 0.08 5.25 0.06 6.39 0.05
5.40 0.08 6.56 0.07 7.99 0.05
6.48 0.08 7.87 0.07 9.58 0.05
7.56 0.09 9.18 0.07 11.18 0.05
8.64 0.09 10.50 0.07 12.78 0.05
9.72 0.09 11.81 0.07 14.37 0.05
10.80 0.09 13.12 0.07 15.97 0.05
11.88 0.10 14.43 0.07 17.57 0.05
12.96 0.10 15.74 0.07 19.17 0.05
14.04 0.10 17.06 0.07 20.76 0.05
15.12 0.09 18.37 0.07 22.36 0.04
16.20 0.09 19.68 0.07 23.96 0.04
17.28 0.09 20.99 0.06 25.56 0.04
18.36 0.09 22.30 0.06 27.15 0.03
19.43 0.08 23.61 0.06 28.75 0.02
20.51 0.08 24.93 0.05 30.35 0.02
Bang 1.7 Thong s6 nhan t6 dong luc hoc theo diéu kién bam
v (m/s) 5.056 9.606 15.832 21.594 26.239 31.944
Do 0.5361 0.5324 0.5234 0.5113 0.4988 0.4801
f 0.0152 0.0159 0.0175 0.0196 0.0218 0.0252

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
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0,50
» 0,45
£ 0,40
5035 D1
o0 0,30 D2
& 025
D3
g 0,20
= 0,15 D4
<«
= 0,10 o5
% 0,05 == —
0,00 D6
0,00 500 10,00 1500 20,00 2500 30,00 35,00
Van tc (m/s)
Hinh 1.5 D6 thi nhan t6 dong luc hoc
Nhan xét:

+ Dang dd thi nhan to dong luc hoc D= f(v) tuong tu nhu dang dd thi lyc kéo
Fx =f(v), nhung van toc 16n thi duong cong dbc hon.

+ Pé xe tai chuyén dong khong bi truot quay thi nhan t6 dong luc hoc D phai
thoa man diéu kién sau: f<D <D,

+ Vung giéi han giita dudng cong Dy 13 ving thoa man diéu kién trén. Khi D >
D, trong gidi han nhat dinh c6 thé dung dudng dic tinh cuc bd cua dong co dé chéng

truot quay néu diéu kién khai thac thuc té xay ra.

1.2.2.5 Do thi gia toc
- Biéu thirc tinh gia tc [2]:

D—f
J=— X 1.12
5 g (1.12)
- Khi 6t6 chuyén dong trén dudng bang (a = 0) thi:
D —f
J = X g

Trong d6:  Di la gia tri nhan t& dong luc hoc o tay s6 tha i twong tng
voi toc do vi da biét tr d6 thi D = f(v).
f-a 12 hé s can lan va do déc cua dudng.
Ji 14 gia toc ctia 6t6 ¢ tay sd thi i.

o 1a hé s6 ké dén anh hudng cua cac khoi lugng chuyén

dong quay.
5, =1+0.05(1+i,’) (1.13)
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Bang 1.8 Hé s6 anh hudng cua cac khdi luong chuyén dong quay

Tay s6 1 2 3 4 5 6
TST 4.271 2.248 1.364 1 0.823 | 0.676
8 1.962 1.302 1.143 1.1 |1.083| 1.072

- Khi 6 t6 chuyén dong voi vén tde v <22 m/s thi f = fo .Khi 6 t6 chuyén dong véi

van toc v>22 m/s thi f = fox[1+

V2
1500}

- Lap bang tinh toan céc gia tri ji theo vi mg voi ting tay sb:

Béng 1.9 Thong s6 gia toc ung véi mdi tay sb

ne (v/p) Me Tay s6 1 Tay s 2 Tay so 3

(Nm) V1 J1 V2 J2 V3 JE
380 154.41 0.51 1.30 0.96 0.98 1.58 0.626
570 169.49 0.76 1.44 1.44 1.09 2.37 0.698
760 183.36 1.01 1.56 1.92 1.18 3.17 0.764
950 196.03 1.26 1.68 2.40 1.27 3.96 0.824
1140 207.49 1.52 1.78 2.88 1.35 4.75 0.876
1330 217.74 1.77 1.87 3.36 1.42 5.54 0.923
1520 226.79 2.02 1.95 3.84 1.49 6.33 0.962
1710 234.63 2.28 2.02 4.32 1.54 7.12 0.996
1900 241.26 2.53 2.08 4.80 1.59 7.92 1.022
2090 246.69 2.78 2.13 5.28 1.62 8.71 1.043
2280 250.91 3.03 2.16 5.76 1.65 9.50 1.056
2470 253.93 3.29 2.19 6.24 1.67 10.29 1.064
2660 255.74 3.54 2.21 6.72 1.68 11.08 1.064
2850 256.34 3.79 2.21 7.20 1.68 11.87 1.058
3040 255.74 4.04 2.21 7.68 1.67 12.67 1.046
3230 253.93 4.30 2.19 8.17 1.66 13.46 1.027
3420 250.91 4.55 2.16 8.65 1.63 14.25 1.002
3610 246.69 4.80 2.12 9.13 1.60 15.04 | 0.970

Tay s6 4 Tay s6 5 Tay s6 6
V4 Ja Vs Js Ve J6

2.16 0.44 2.62 0.34 3.19 0.2570

3.24 0.49 3.94 0.38 4.79 0.2894

4.32 0.54 5.25 0.42 6.39 0.3161

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec.

Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc
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5.40 0.58 6.56 0.45 7.99 0.3371
6.48 0.62 7.87 0.48 9.58 0.3523
7.56 0.65 9.18 0.50 11.18 0.3618
8.64 0.68 10.50 0.52 12.78 0.3655
9.72 0.69 11.81 0.52 14.37 0.3635
10.80 0.71 13.12 0.53 15.97 0.3557
11.88 0.72 14.43 0.53 17.57 0.3422
12.96 0.72 15.74 0.52 19.17 0.3229
14.04 0.72 17.06 0.51 20.76 0.2979
15.12 0.71 18.37 0.49 22.36 0.2671
16.20 0.69 19.68 0.47 23.96 0.2306
17.28 0.67 20.99 0.44 25.56 0.1884
18.36 0.64 22.30 0.40 27.15 0.1404
19.43 0.61 23.61 0.36 28.75 0.0867
20.51 0.58 24.93 0.32 30.35 0.0272
2,50

=
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Gia toc (m/s"2)
5 8

o
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o
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Van toc (m/s)

Hinh 1.6 D6 thi gia toc
Nhan xét:
+ Gia téc cuc dai cua xe tai 1on nhat & tay s6 mot va giam dan dén tay sé cudi cung.
+ Tbc d6 nho nhat cua xe tai Vmin= 0,64 m/s tuong Gng voi s6 vong quay 6n dinh nho
nhat ctia ddng co nmin = 320 vong/phut.
+ Trong khoang van tdc tir 0 dén vmin, xe tai bat dau khai hanh, khi d6, ly hop trugt va
buém ga md dan dan.
+ O tdc d6 vmax = 31,94 /s thi j = 0, ltc d6 xe khong con kha ning ting tdc.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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1.2.2.6 Suit tiéu hao nhién li¢u

Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Khi 6 t6 chuyén dong, tinh kinh té nhién liéu ciia n6 phu thudc vao tinh kinh té

nhién li¢u cua dong co dat trén 6 t6 va ti€u hao cong suat dé khac phuc lyc can chuyén

dong. Khi thi nghiém dong co trén bé thi nghiém, ta xac dinh dugc muirc ti€u hao nhién

lidu theo thoi gian (kg/h) va cong suat phét ra ctia dong co Pe (kW)

Muc ti€u hao nhién li€u theo thoi gian duge xac dinh theo biéu thuc:

Trong do:

GT_

_%(k_ﬂ
t h

Q 1a murc tiéu hao nhién li¢u (lit)

t 1a thoi gian dong co hoat dong

pnla ti trong nhiéu liu (dau diesel 13 0.85).

(1.14)

Biéu thire danh gia tinh kinh té nhién liéu cua dong co, ta dung suét tiéu hao nhién

liéu c6 ich ge:

GT Qpn kg
% P PRt (kW.hJ (1.15)
Bang 1.10 Thong s suét tiéu hao nhién lidu (mg vi mdi tay sd
Tay sb 1 Tay s6 2 Tay s6 3
ne Ne

Vi 1 Qe1 V2 % Qe2 V3 3 Je3
380 | 6.14 | 182 | 5494 | 0.25 | 3.46 | 28.92 | 048 | 5.70 | 17.55 | 0.79
570 |10.12| 2.73 | 36.63 | 0.23 | 5.19 | 19.28 |0.44| 855 | 11.70 | 0.72
760 | 1459 | 3.64 | 2747 | 0.21 | 6.92 | 1446 |040| 11.40 | 8.77 | 0.66
950 |19.50| 455 | 21.98 | 0.20 | 8.65 | 11.57 | 0.38 | 14.25 | 7.02 | 0.62
1140 | 24.77 | 5.46 | 18.31 | 0.19 | 10.37 | 9.64 |0.36 | 17.10 | 5.85 | 0.59
1330 1 30.32 | 6.37 | 15.70 | 0.18 | 12.10 | 8.26 |0.34 | 19.95 | 5.01 | 0.56
1520 | 36.10 | 7.28 | 13.73 | 0.17 | 13.83 | 7.23 | 0.33 | 22.80 | 4.39 | 0.54
1710 |42.01| 8.19 | 1221 | 0.17 | 1556 | 6.43 |0.31| 2565 | 3.90 | 0.52
1900 | 48.00 | 9.10 | 10.99 | 0.16 | 17.29 | 5.78 |0.31 | 28.50 | 3.51 | 0.50
2090 | 53.99 | 10.01 | 9.99 | 0.16 | 19.02 | 5.26 |0.30 | 31.35 | 3.19 | 0.49
2280 15990 | 1092 | 9.16 | 0.15 | 20.75 | 4.82 [0.29 | 3420 | 2.92 | 0.49
2470 | 65.68 | 11.83 | 845 | 0.15 | 2248 | 445 |0.29 | 37.05 | 2.70 | 0.48
2660 | 71.23 | 12.74 | 7.85 | 0.15 | 2421 | 413 [0.29| 39.90 | 251 | 0.48
2850 | 76.50 | 13.65 | 7.33 | 0.15 | 2594 | 3.86 [0.29 | 42.75 | 2.34 | 0.47
3040 | 81.41| 1456 | 6.87 | 0.15 | 27.67 | 3.61 |0.29| 45.60 | 2.19 | 0.48
3230 | 85.88 | 1547 | 6.46 | 0.15]29.39 | 3.40 [0.29 | 4845 | 2.06 | 0.48
3420 1 89.86 | 16.38 | 6.10 | 0.15 | 31.12 | 3.21 |0.29| 51.29 | 195 | 0.49
3610 | 93.25| 17.29 | 578 | 0.16 | 32.85 | 3.04 |0.30| 54.14 | 185 | 0.49
3800 | 96.00 | 18.20 | 549 | 0.16 | 3458 | 289 |0.31| 56.99 | 1.75 | 0.50

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec.

Huéng dan: PSG.TS. Lé Minh Dric

ThS. Nguyén Vin Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Tay s6 4 Tay s6 5 Tay s 6
V4 ta Jes Vs ts Jes Ve ts Jes

7.77 | 12.863 | 1.076 | 9.45 10.587 | 1.307 11.50 8.696 | 1.591
11.66 | 8576 | 0.980 | 14.17 7.058 1.191 17.25 5.797 | 1.449
1555 | 6.432 | 0.906 | 18.89 5.293 1.100 23.00 | 4.348 | 1.340
19.43 | 5.145 | 0.847 | 23.61 4.235 1.029 28.75 3.478 | 1.253
23.32 | 4.288 | 0.800 | 28.34 3.529 0.973 34.50 2.899 | 1.184
27.21 | 3.675 | 0.763 | 33.06 3.025 0.927 40.25 2.484 | 1.128
31.10 | 3.216 | 0.732 | 37.78 2.647 0.890 46.00 2.174 | 1.083
3498 | 2.859 |0.708 | 42.51 2.353 0.860 51.75 1.932 | 1.047
38.87 | 2.573 | 0.688 | 47.23 2.117 0.836 57.50 1.739 | 1.018
42.76 | 2.339 | 0.673 | 51.95 1.925 0.818 63.25 1.581 | 0.996
46.64 | 2.144 | 0.662 | 56.68 1.764 0.804 69.00 1.449 | 0.979
50.53 | 1.979 | 0.654 | 61.40 1.629 0.795 74.75 1.338 | 0.967
54.42 | 1.838 | 0.649 | 66.12 1.512 0.789 80.50 1.242 | 0.961
58.30 | 1.715 | 0.648 | 70.84 1.412 0.787 86.25 1.159 | 0.958
62.19 | 1.608 | 0.649 | 75.57 1.323 0.789 92.00 1.087 | 0.961
66.08 | 1.513 | 0.654 | 80.29 1.245 0.795 97.75 1.023 | 0.967
69.97 | 1.429 | 0.662 | 85.01 1.176 0.804 | 103.50 | 0.966 | 0.979
73.85| 1.354 | 0.673 | 89.74 1.114 0.818 | 109.25 | 0.915 | 0.996
77.74 | 1.286 | 0.688 | 94.46 1.059 0.836 | 115.00 | 0.870 | 1.018
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Hinh 1.7 D6 thi suat tiéu hao nhién li¢u
Nhan xét:

+ Sudt tiéu hao nhién liéu tiét kiém nhat ¢ ddy vong tua tir 2500-3000 v/p.
Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec.
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

+ O vong tua thip (<1000 v/p), hau hét cac duong déu cé gia tri tiéu hao nhién liéu cao,
thé hién hiéu suat dong co thép khi lam viéc & tbe do quay nho.
+ Khi vong tua ting 1én, suit tiéu hao giam dan cho dén mot gia trj toi wu, sau d6 c6 xu

hudng tang nhe trd lai, diéu nay cho thay c6 mot diém van hanh toi vu vé hi¢u suat nhién

liéu.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Chwong 2: PHAN TiCH CHON HE PONG LUC HEV TREN CO SO XE KIA
FRONTIER K200

2.1 Hé thong HEV néi tiép (Series hybrid)

- Hé théng hybrid ndi tiép 1a loai HEV don gian nhat. Cong suit co hoc cia dong
co dugc chuyén doi thanh dién ning thong qua mot may phat dién. Dién ning chuyén
d6i nay s& sac pin, hodc bé qua pin dé din dong banh xe thong qua cing mot dong co
dién va hé théng truyén dong co hoc. V& mit y tuong, day la mot loai xe dién c6 hd tro
thém may phat dién, nham kéo dai pham vi hoat déng dé twong duong vé6i xe chay bang
dong co dot trong (ICEV). Do khong ¢ ly hop trong toan bo lién két co hoc, hé thong
nay co loi thé dang ké vé tinh linh hoat trong viéc b6 tri bO may phat dién. Mac du cé
thém loi thé 14 hé thong truyén dong don gian, nhung nd can ba thiét bi truyén dong -
dong co, may phat dién va dong co dién. Mot nhuoc diém khac 1a tat ca cac thiét bi
truyén dong nay can duoc thiét ké dé dat cong suét toi da néu HEV noi tiép duoc thiét
ké dé leo dbc dai. Tuy nhién, khi chi can phuc vu cac chuyén di ngian nhu di lam hoic

mua sam, bd may phat dién c6 thé st dung mirc cong suat thap hon [3].

Fuel Tank IC Engine
c
@)
. —
7
v
- p—
Generator g
7}
c
[av]
=
Battery Power Electric
converter motor
Hinh 2.1 So d6 Hybrid ndi tiép
- Trong d6:
+ Fuel tank: thung xang
+ IC Engine: dong co dbt trong
+ Generator: may phat dién
+ Battery: pin
+ Power converter: bo chuyén d6i
+ Electric motor: dong co dién
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

+ Transmission: vi sali
e Uudiém:
+ Chay ¢ toc do thap va trong diéu ki¢én do thi, xe hybrid noi tiép c6 thé st dung dong
co dién dé cung cap hi¢u suat tot va giam lugng khi thai.
+ Phanh tai tao cho phép hé théng thu hoéi ning luong khi phanh, gitp tiét kiém nhién
liéu bang cach chuyén doi déng ning tir phanh lai thanh dién ning.
+ Vi khong c6 ly hop trong lién két co hoc, viéc dit vi tri ctia dong co va may phat
dién c¢ tinh linh hoat cao.
e Nhuoc diém:

+ Pin c6 dung tich va kich thudc 16n vi dong co dién dong vai tro truyén luc
chinh. Do d6, dong co diesel d¢ roi vao tinh trang qua tai khi phai lam viéc lién
tuc dé cung cap du nang lugng cho pin va dong co dién.

+ Xe c6 cau trac phirc tap hon, yéu cau nhiéu thiét bi dong co khac nhau nhu
dong co nhiét, may phat dién va dong co di€n, lam tang chi phi san xuét va bao
dudng.

2.2 Hé thong HEV song song (Parallel hybrid)

- Khac voi hybrid ndi tiép, HEV song song cho phép ca dong co va dong co dién
cung cap cong suit song song dé din dong banh xe. Vi ca dong co va dong co dién
thudong duoc két ndi véi truc ddn dong cua banh xe thong qua hai bd ly hop, cong sut
dan dong co thé duoc cung céip bo1 dong co dot trong, dong co dién hodc ca hai. Vé mit
y tudng, nod von 1a mot loai ICEV duge hd tro bﬁng dién dé giam lugng khi thai va tiéu
thu nhién liéu. Pong co dién c6 thé duge sir dung lam may phat dién dé sac pin thong
qua phanh tai tao ning luong hodc hap thu cong suat tir dong co khi cong suat dong co
16n hon mirc can thiét dé din dong banh xe. So vai HEV ndi tiép, hybrid song song chi
can hai thiét bi truyén dong - dong co va dong co dién. Mot wu diém khac so véi hybrid
ndi tiép la mot dong co nho hon va mot dong co dién nhd hon co thé duoc st dung dé
dat hiéu suét tuong tu cho dén khi pin can kiét. Ngay ca ddi véi cac chuyén di dai, chi
can dong co duoc thiét ké cho cong suat tdi da, trong khi dong co dién c6 thé chi bang

khoang mét nira [3].

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Fuel tank |IC Engine S
k7))

0

-

7))

&

Power Electric b

Battery converter motor =

Hinh 2.2 So d6 Hybrid song song

- Trong do:
+ Fuel tank: thung xang
+ IC Engine: dong co d6t trong
+ Generator: may phat dién
+ Battery: pin
+ Power converter: bo chuyén d6i
+ Electric motor: dong co dién
+ Transmission: vi sali
e Uudiém:
+ Xe s& co cong suit cao hon nhd dugce trang bi hai ngudn truyén luc. Pin ¢6 dung
tich va kich thudc khong qua 16n, giup gidm é4p luc 1én I€n dong co xang.
+ C6 thé st dung dong co dién dé ting cudng mo-men xodn hoic cong suit khi
can thiét, dic biét trong cac tinh hudng yéu cau moé-men xoin cao nhu khi khoi dong.
e Nhuoc diém:
+ Chi phi san xuat cao vi hé thong co két ciu phurc tap.
+ Xe hybrid song song c6 cau tric phirc tap hon xe hybrid ndi tiép va yéu cau hé
thong diéu khién phirc tap dé quan 1y viéc chuyén ddi giira hai nguon nang luong.
+ Viée dat vi tri ctia dong co d6t trong va dong co dién c6 thé bi han ché do can

két ndi vo1 hop so va truc truyén dong.

2.3 Hé théng HEV néi tiép-song song (Series-parallel hybrid)

- Trong hybrid nbi tiép-song song, ciu hinh két hop cac dic diém cua ca hybrid nbi
tiép va song song, nhung c6 thém mot lién két co hoc so voi hybrid nbi tiép va mot may
phat dién bd sung so v6i hybrid song song. Mic du sé hiru cac dic tinh wu viét cia ca

hai loai, HEV néi tiép-song song tuong dbi phirc tap hon va tén kém hon. Tuy nhién,

Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

voi1 su tién bd cua cong nghé diéu khién va san xuat, mot s6 HEV hién dai uvu tién ap

dung hé thdng nay [3].
) Mech.
Fuel tank IC Engine coupler
a
S
v
wn
o p—
Generator —— &
wn
g
<
—
P El 1 =
Batte ry ower ectric
converter motor

Hinh 2.3 So d6 Hybrid néi tiép song song

- Trong d6:

+ Fuel tank: thung xang

+ IC Engine: dong co dét trong

+ Generator: may phat dién

+ Battery: pin

+ Power converter: bd chuyén doi

+ Electric motor: dong co dién

+ Transmission: vi sai

+ Mech coupler: bo phan két ndi
o Uu diém:

+ Xe ¢6 cac vu diém cta ca xe ndi tiép va song song. Xe van hanh tot & cac ché do
lam viéc khac nhau, phu hop véi nhu cau van hanh cu thé, cung cép hiéu suat toi vu
tur viée st dung dong co dién dén dong co dot trong hodc ca hai d@)ng thoi.

e Nhuoc diém:

+ Chi phi san xuét cao vi hé théng c6 két ciu phtc tap hon so vdi xe hybrid ndi
tiép va song song.

+ Yéu cau hé théng diéu khién phirc tap va chinh xac dé quan 1y viéc chuyén doi

gifra hai ngudn nang luong.

2.4 Hé thong HEV phiic hep (Complex hybrid)
- Pung nhu tén goi, hé thong nay ¢ cau hinh phirc tap khong thé duge phan loai

vao ba loai trén. Hé thong hybrid phtrc hop dudng nhu twong ti nhu hybrid ndi tiép-
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

song song, vi ca may phat dién va dong co dién déu 1a thiét bi dién. Tuy nhién, diém
khac biét chinh nim ¢ dong ning lwong hai chidu cia déng co dién trong hybrid phirc
hop va dong ning luong mot chiéu ciia may phat trong hybrid ndi tiép-song song. Dong
nang luong hai chiéu nay cho phép cac ché d6 van hanh da dang, dac biét la ché d6 van
hanh véi ba ngudn coéng suat (dong co va hai dong co dién), didu ma hybrid ndi tiép-
song song khong thé thyc hién. Tuong ty nhu HEV nbi tiép-song song, hybrid phtrc hop
gip phai sy phirc tap va chi phi cao hon. Tuy nhién, mot sé HEV méi ra mit di ap dung

hé théng nay cho cac phuong tién din dong hai cau (dual axle propulsion) [3].

Fuel tank [ IC engine [ Mech. coupler [—

wn

C

Power converter Generator/ o

ower converte Motor 3

£

w

C

@©

—

Power Electric =

Battery —

converter motor

Hinh 2.4 So d6 Hybrid phitc hop

- Trong do6:

+ Fuel tank: thung xang

+ IC Engine: dong co dbt trong

+ Generator: may phat dién

+ Battery: pin

+ Power converter: bo chuyén doi

+ Electric motor: dong co dién

+ Transmission: vi sai

+ Mech coupler: bo phan két ndi

e Uu diém:

+ Xe c6 kha nang van hanh ¢ nhiéu ché do khac nhau nén tin dung linh hoat nguén
nang lugng tir dong co dbt trong va cac dong co dién dé cung cap hidu suat t6i uu
trong cac tinh hudng khac nhau.

e Nhuoc diém:

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
21



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

+ CAu tric va hé théng diéu khién cua xe hybrid phtic hop thudng phirc tap hon nhiéu
so voi cac loai hybrid khéc, lam ting d6 phirc tap trong viéc san xuét va bao tri ddn dén
chi phi cao.

+ Hé thdéng diéu khién cua xe hybrid phtc hop yéu cau sy chinh xac va kiém soat

cao dé quan 1y hoat dong cua cac thanh phan phirc tap nay.

2.5 Lwa chon phwong an thiét ké

- Hé thong hybrid nbi tiép cho phép dong co dbt trong hoat dong 6n dinh & dai
cong suét tbi wu, trong khi dong co dién ddm nhiém viéc dan dong banh xe. biéu nay
gitp giam ti€u hao nhién li¢u va khi thai, dac biét trong méi truong do thi hoac khi xe
tai thuong xuyén khai dong va dimg. Dong co dot trong khong két ndi trire tiép voi banh
xe ma chi tao ra dién, hé thong hybrid ndi tiép cho phép bb tri dong co va may phat dién
& nhitng vi tri t6i uu trén xe tai, tao khong gian linh hoat hon cho cac thanh phan khac.
Phuong phap HEV nbi tiép khong sir dung ly hop hodc hop sd phirc tap, hé thong nay
giam bot chi phi bao tri va d6 phirc tap cta hé truyén dong.Véi nhitng wu diém trén va
kha ning dap ung diéu kién lam viéc cua xe tai Thaco Frontier hoat dong trong db thi,

cau tric hé théng HEV ndi tiép 1a su lya chon phu hop.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Chwong 3: TINH CHON PONG CO PIEN — PIN - MAY PHAT

3.1 Tinh chon djng co di¢n
Dong co dién la gi?

Trong bbi canh nhu cau vé xe 6 to than thién véi moi trudng ngay cang ting, dong
co dién di tré thanh mot phan quan trong trong nganh céng nghiép 6 t6. Cac dong co
dién khong chi gitp giam thiéu khi thai va 6 nhiém méi trudng, ma con dem lai nhimng
lgi ich vé hiéu suit, chi phi van hanh thép va bao dudng don gian hon so voi cac dong
co ddt trong truyén théng. Cung véi sy phat trién manh mé cta cong nghé, xe dién hién
dai dang ngay cang tré nén pho bién, thay thé dan céac xe st dung dong co xing va dau.
bong co dién trén 6 t6 hién nay chu yéu dugc chia thanh hai loai chinh: Bong co mot
chiéu (DC) va dong co xoay chiéu (AC). Mdi loai dong co déu cé nhimng wu diém va
ng dung riéng, tiy thudc vao yéu cau vé hiéu suat, tudi tho va chi phi san xuat ciia cac
hang xe. Pong co dién hoat dong dua trén nguyén 1y chuyén doi nang luong dién thanh
co ning, giup xe di chuyén ma khong can nhién liéu hoa thach, tir d6 giam bét sy phu
thudc vao ngudn nhién licu truyén théng va giam thiéu khi thai CO2, mot trong nhiing

tac nhan gay 6 nhiém khong khi nghiém trong.

Mot trong nhitng loi thé noi bat ciia dong co dién 1a kha ning cung cap mo-men
xodn 16n ngay tir khi bat dau khoi dong, gitp xe dién c6 kha nang ting toc nhanh chong
va muot ma ma khong can phai chuyén s nhu dong co dot trong. Pong thoi, dong co
dién ciing it gdy tiéng 6n hon rat nhiéu so véi cac loai dong co xing hay diu, mang dén
mot trdi nghiém lai xe ém ai va yén tinh. Hi€n cac hang xe 16n dang st dung nhu dugc
biét dén 1a mot trong nhitng hang xe tién phong trong viéc ap dung cong nghé xe dién,
Tesla 1a mt trong nhirng hang xe tién phong trong vi¢c st dung dong co dién trong cac
mau xe 6 t6 cua minh. Pic biét, Tesla sir dung dong co déng bdo AC (PMSM) cho céc
mau xe nhu Model S va Model X. Pong co dong bd AC cta Tesla noi bat voi kha ning
cung cép mé-men xodn manh mé& va hiéu suit 6n dinh, déng thoi giam thiéu su can thiét
phai bao tri, vi chiing khong sir dung chdi than. Pay 1a mot yéu t6 quan trong gitp Tesla

dat dugc pham vi hoat dong 16n va hi¢u suét van hanh an tuong trén cac dong xe cua

minh.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc

23



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 3.1 Xe Tesla Model S

Nissan da khing dinh vi thé ctia minh trong nganh xe dién voi mau Nissan Leaf,
chiéc xe dién ban chay nhat thé gigi trong nhiéu nam. Nissan st dung dong co dién xoay
chiéu ddng bo trong Leaf, gitip nang cao hiéu suat va giam chi phi bao dudng. Pong co
PMSM mang lai mé-men xoan manh mé& va hiéu suat cao, déng thoi it phai bao tri nho
vao cong nghé nam cham vinh ciru. Mau xe nay da dugc nhiéu nguoi tidu ding yéu

thich nho vao gia thanh phai ching va tinh nang than thién véi moi truong.

Hinh 3.2 Xe Nissan Leaf

VinFast, thuong hiéu 6 t6 Viét Nam, da nhanh chong gia nhép thi truong xe dién
toan cau va st dung cong nghé dong co dién tién tién trong cic mau xe ctia minh. Pic
biét, VinFast VF5 sir dung dong co PMSM (Permanent Magnet Synchronous Motor),
mot lwa chon pho bién trong nganh cong nghiép xe dién nho vao hiéu suat cao, mo-men
xoan manh mé va do bén lau dai. Pong co PMSM gitip VF5 van hanh ém &i, tiét kiém
ning luong va dat hiéu qua t6i wu trong viée di chuyén, dong thoi mang dén trai nghiém
141 xe linh hoat va manh mé. VinFast da chon dong co PMSM cho VF5 nham dam béao
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mau xe ndy khong chi than thién vi moi truong ma con ¢é kha nang van hanh 6n dinh

va hiéu qua trong moi di€u ki¢n st dung.

Hinh 3.3 Xe Vinfast VF 5

Ngoai cac thuong hiéu 16n trén, con nhiéu hing xe khac nhu Porsche Taycan,
Audi e-tron Hyundai Kona Electric va Ioniq 5, BMW i3 hay Kia EV6 ciing dang dau tu
manh mé vao cac dong xe dién. Cac thuong hi¢u nay khong chi tap trung vao viéc cai
thién hiéu suat ctia dong co dién ma con phat trién cong nghé pin tién tién dé tang cuong

pham vi di chuyén va giam thoi gian sac.

3.1.1. Gigi thiéu cdc loai s dung dong co dién
3.1.1.1 Pong co dién mét chiéu (DC Motor)

DPong co dién 1 chiéu 1a loai dong co hoat dong dira trén chuyén d6i nang luong
dién thanh nang luong co hoc nghia la sy tuong tac gitra tur truong va dong dién mot
chiéu dé tao ra momen quay. Pong co DC 14y ning luong dién thong qua dong dién truc
tiép va chuyén dbi ning luong ndy thanh vong quay co hoc. Pong co dién mot chiéu
duoc chia lam 2 loai chinh 1a: Pong co dién 1 chiéu dugc kich tir boi dong dién va dong
co dién mot chiéu duoc kich tir boi nam cham vinh cuu. Trong linh vuc 6 t6, dong co
DC duogc ua chuong nho kha nang kiém soat chinh x4c tdc do va mo-men xoén, diéu
nay dac bi€t quan trong trong cac hé théng nhu tro luc 14i, ctra s6 tu dong hay quat lam
mat. Pong co DC c6 thé khai dong, ding va dao chiéu tirc thi, hd tro cac chirc ning nhu

phanh téi tao trong xe di¢n, gitip t01 uu hoa hi¢u suat va nang cao trai nghiém lai.

Céc kiéu dong co DC (Direct Current) khac nhau da dugc ap dung rong rai cho
cac loai 6 t6 dién khac nhau véi chirc nang di€u chinh toc do linh hoat khi khéi dong,
phanh va lui xe. Cau hinh dong co dién DC cho xe dién mdi nhat gdm mdt mach di¢n
tréd mac noi ti€p hodc song song véoi dong co. Dién ap dong co bang dién ap cua pin trir
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di dién ap tiéu hao trén cac dién trd va c6 thé duoc diéu chinh bang cach sir dung chuyén
mach co dé md hodc nga"lt cac dién tr¢ d6. Trudc day, viéc ap dung diéu khién cac dong
co DC kiéu luu bién (reostatic) 1 phd bién do né c6 thiét ké don gian va chi phi thap,
nhung hién nay khong ap dung nita ma thuong ap dung rong rii bo diéu khién chopper
DC vi chung c6 kich thuéc nhé hon, trong lwgng nhe hon, hiéu sut cao hon va kha niang
kiém soat tot hon. Hinh 3.4 cho thiy c4u hinh co ban cua bo truyén dong dong co DC,
trong d6 bd bién d6i DC — DC dung dé chuyén doi ngudn dong dién mét chiéu tir mirc
dién 4p nay sang mirc dién ap khac phu hop vé6i dién ap phan tng va yéu cau kich ti.
Bién s diéu khién phan héi 1 tbc d6 dong co va phan hdi dong dién phan tmg dé bao
vé dong co [4].

Banh xe

Bo chuyén dbi
L]

Bong co
DC-DC

DC

FG| | Visai

Banh xe

Tin hiéu Toc dd

Lénh diéu L .
Khidn —p Bo diéukhién — Cam bién

Hinh 3.4 CAu hinh co ban cta bd truyén dong dong co dién DC trén xe dién

Déi voi dong co dién cta EV, bo truyén dong dong co DC thudng sir dung toc
dd cao dé dat dugc mat do cong suét cao, thong thuong 1én dén 5000 vong/phut, do do
thuong dung mot cip banh ring c6 dinh (FG) nham giam toc d6 xudng con 1000
vong/phiit dé dan dong cac banh xe. Khi d6 xe, c¢6 hai phuong phap 1a diéu khién dong
co dién mot chiéu quay nguoc lai hoac dung két hop mot s6 i, tuy nhién, thuong dung
dong co dién quay nguoc vi sb 1ui cong kénh, kém hiéu qua va phuec tap.

CAu tao chung cua mdt dong co DC nhu hinh 3.5, bao g6m stator, rotor, chdi than
va cb gop. Stator 1a phan dung yén véi mot hodc nhidu cip nam chdm vinh ciru
(Permanent Magnet - PM) d¢ tao ra truong kich tir, trong khi rotor 1a phan 15i chuyén
dong quay dugc lam tir cac cudn day, quan tao thanh nam cham dién; chéi than (Carbon
Brush) 13 phan tiép xtc va tiép dién cho ¢ gop, cb gbp (Commutator) 1a bo phan 1am
nhiém vu tiép xuc va chia nho nguén dién cho céc cudn day trén rotor. M3di 1 diém tiép
xuc s€ twong ung voi 1 cudn day trén rotor. Mot bd phan khéc cling kha quan trong 1a

b6 phan chinh luu, dé bién d6i dong dién trong khi rotor quay lién tuc [4].
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Rotor Coils

Stator
Magnets

Shaft

Brushes

Hinh 3.5 C4u tao dong co DC c6 chdi than

3.1.1.1.1 Péng co DC khéng choi than (Brushless DC Motor - BLDC)

a. C4u tao va nguyén Iy hoat dong

Pong co DC khong chdi than (BLDC) 1a loai dong co dién phd bién trong cac
tmg dung xe dién va cac thiét bi dién tir hién dai, dic biét vi hiéu suit cao, do bén lau
dai va it phai bao tri. So vé6i cac dong co DC truyén théng, dong co BLDC khong str
dung chdi than dé chuyén doi dong dién trong cudn day, do d6 giam thiéu ma sat va mai

mon, gitp tdng tudi tho va hi¢u suat cua dong co.

Rotor
Hall Effect IC
(Sensor)

Stator

Hinh 3.6 Cu tao dong co BLDC

Nguyén 1y co ban cua dong co BLDC la stt dung nam cham vinh ctru (permanent
magnets) & phan rotor va cac cudn day (stator) & phan ¢ dinh. Khi dong dién dugc cung
cip cho cac cudn day cua stator, tir trudng dugc tao ra, lam cho rotor quay theo tir trudng
nay. Piéu nay tao ra chuyén dong quay ma khéng can st dung cac chdi than va bd
chuyén mach (commutator) nhu trong déng co DC truyén thong. Qua trinh nay duogc
diéu khién bai mot bo didu khién dién tir (Electronic Speed Controller - ESC), bo diéu
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khién nay s€ xac dinh khi nao va nhu thé nao dong di¢n s€ duoc cap cho cac cudn day
cua stator. ESC giup di€u chinh toc d6 quay va mo-men xodn cuia dong co, dong thoi

dam bao rang dong co hoat dong hiéu qua va 6n dinh trong sudt qua trinh str dung.

Hinh 3.7 Bong co BLDC

b. B4 tri chung dong co BLDC trén xe dién

CAu hinh b6 tri hé théng truyén dong dong co BLDC cho xe dién twong ty nhu
cAu hinh truyén dong dong co cam tng. Co thé ¢ cac phuong an nhu ciu hinh mot dong
co va nhiéu dong co ciing nhu hé truyén lyc c6 hop s6 va khong hop sb. V& co ban, cdu
hinh hé théng mot dong co bao gém mot may nam cham vinh cttu khong chdi than, mot
bién tan cp dién ap, mot bo didu khién dién tir va mot sé cam bién nhu trong hinh 3.8

[4].

B¢ bién tin
‘[ dién ap nap BLDC
Déng dién Dién ap
A 4
Lénh didu N . .
khién — P Bodicukhién «——— Cac cambién Vi
itri

Hinh 3.8 B6 tri dong co khong chéi than trén xe dién

Khi dong co PM khong chdi than duoc thiét ké voi su phan bd hinh sin cua tir
thong khe ho khong khi va b tri cudn day stator phan bd, nd hoat dong nhu mot dong
co dﬁ“)ng b0, (dong co déng bd PM hodc dong co AC khong choi than PM brushless AC
- BLAC). Tuong ty nhu hé truyén lyc dong co IM (Induction Motor), hé truyén luc dong
co dong bd PM ap dung cac phuong phap diéu khién téc d6 phuc tap nhu didu khién
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huéng truong FOC va diéu khién mé-men truc tiép, cin mot cam bién vi tri dit tién nhu
bd mé hoa hodc bd phan giai vi tri tuyét ddi. Mic du vé Iy thuyét co thé bo qua cam bién

vi tri d6i véi van hanh vong hé, nhung chién luoc nay it khi dung cho dong co EV.

Khi dong co PM khong chdi than duge thiét ké v6i sy phan bd tir thong khe ho
khong khi theo hinh thang va bd tri tip trung cac cudn day stator, dong co s& hoat dong
gidng nhu dong co DC khong ¢ chdi than, goi 1a dong co PM BLDC. Diéu khién tdc
d6 twong Gmg don gian trong d6 dong dién stator duoc didu khién sao cho dong dién
hinh chit nhat thing hang voi tir théng hinh thang. Cam bién vi tri 13 bat budc dé dam
bao ddng bo hoa dong dién véi tir théng. Yéu cau vé& do phan giai cua cam bién vi tri
nay khong doi hoi cao vi chi can sau thoi diém chuyén mach cho mdi chu ky dién. No6i
chung. cam bién vi tri Hall dugc str dung vi c6 chi phi thap [4].
c¢. Uu va nhugc diém
- Uu diém:

+ Pong co BLDC dat hiéu suét cao nhat do sir dung nam cham vinh ciru (PM) dé
kich tir ma khong tiéu thy dién, dong thoi loai bo ton that do ma sat co hoc tir ¢ gop va
choi than.

+ Nam cham dat hiém giup BLDC dat mat do tir thong cao, tao mo-men 16n trong
khi dong co nhé gon va nhe.

+Pong co BLDC dé diéu khién nhu dong co DC, véi cac bién diéu khién 6n dinh
trong sudt qua trinh hoat dong.

+ Rotor khong nong 1én do khong c6 dong dién luu thong, nhiét chi sinh ra &
stator va dé tan nhiét hon.

+ Khong c6 chdi than va ¢ gop nén giam nhu cau bao tri, ting d6 tin cy va tudi
tho, chi phu thudc vao cach dién, vong bi va nam cham.

+ Chuyén mach dién tir va tin s cao giam dang ké tiéng 6n, khong gay kho chiu
khi hoat dong.

- Nhugc diém:
+ Nam cham dat hiém c6 gia thanh cao, lam ting chi phi san xuat dong co BLDC.
+ Pong co PM BLDC bi giéi han tc do tdi da, khong thé vuot qua hai lan toc

d6 co ban, anh huong dén hiéu qua phuong tién.
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+ Nam cham dit hiém 16n gdy nguy hiém trong ché tao do hut cac vat kim loai
bay; khi xe chim nuéc, dong co van tao dién 4p cao ¢ dau ndi, nguy hiém cho hanh
khach va nguoi ctiru ho.

+ Nam cham dé bi khr tir bai luc tir dong 16n hodc nhiét 6 cao, doi hoi lam mat
can than, dic biét trong dong co lién khéi.

+ Ldi bién tan ngdn mach gdy dong 16n trong cudn day, c6 thé lam chin rotor,

dan dén mat kiém soat phuong tién va nguy co khir tir hodc pha huy nam cham.

3.1.1.1.2 Pjng co DC cé choi than (Brushed DC Motor)

a. CAu tao va nguyén Iy hoat dong

Pong co DC ¢6 chdi than (BDC) duoc dit tén tir "chdi than", bd phan dung dé
tao su tiép xuc dién vo1 rotor va chuyén mach dong di¢n trong dong co. Mac du khong
con phé bién trong cac xe di¢n hién dai, dong co DC co choi than van duoc su dung
trong mot sd ung dung 6 t, ddc biét 1a trong cac xe 6 to truyén thdng hoidc xe hybrid.
bdng co nay c6 kha niang diéu chinh ty 1€ mo-men xo0dn va toc dd linh hoat, vi toc do
va mo-men xo4n ty 1 thudn véi dién ap va dong dién cap vao dong co, diéu nay giup dé
dang diéu khién.

Mot dong co DC ¢6 chdi than bao gdm 4 thanh phan chinh: stator (cudn day tinh),
rotor (phan quay), chdi than va bd chuyén mach (commutator). Rotor 14 phan quay cta
dong co, bao gém mét hodc nhiéu cudn day. Khi cac cudn day nay duogc cép dién, ching
tao ra mot truong tir. Céac cuc tir cua rotor s€ bi hut vé phia céac cuc tu ddi dién cua stator,
1am cho rotor quay. Pé duy tri chuyén dong quay lién tuc, cudn ddy trong rotor can phai
duoc cép dién theo mot chu trinh thay ddi lién tuc, diéu nay dugc thuc hién nho vao bo
chuyén mach (commutator), gitip dao nguoc chiéu dong dién trong cudn day rotor. Qua
trinh chuyén d6i nay goi 1a commutation, va né dam bao rang rotor tiép tuc quay ma
khoéng bi can trd boi cac cuc tir da tao ra trong stator. Huéng quay cta dong co c6 thé
duge dao nguge mot cach dé dang bang cach thay doi chiéu cta dong dién cap cho dong

co, tire 1a thay doi chi€u cuc cua cac choi than hodac ngudn dién cung cap.
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Hinh 3.9 Ciu tao dong co BDC

Pong co DC c6 chdi than (BDC) hoat dong dua trén nguyén 1y tir trudong va chuyén
mach dong dién trong rotor dé tao ra chuyén dong quay. Cau tao co ban ctia dong co

gdm c6 stator, rotor phan quay, chdi than va bo chuyén mach.
b. Uu va nhuoc diém
- Uu diém:
+ Hiéu suét cao khoang 85-90%, van hanh nhe nhang, ém ai du ¢ van toe théip
hay cao.
+ Do duoc kich tir nam cham vinh ctru nén c6 thé giam t6n hao dong va sat, dong
thoi giam hao ton nguon nang lugng.
+ C6 thé ting toc va giam tdc trong khoang thoi gian ngan.
+ Tiét kiém chi phi bao tri chdi than va vanh truot.
+P0 bén ciia dong co (motor) cao hon.
- Nhuoc diém:
+ Gié thanh cao hon do can bd dicu khién dién tir.
+ Can giai phap lam mat hiéu qua khi hoat dong & cong suat cao.
+ Stra chita phirc tap néu bd diéu khién hodc cam bién hong.
3.1.1.2 Péng co dién xoay chiéu (AC Motor)
bong co di¢n xoay chiéu 1a dong co dién hoat dong vdi dong dién xoay chiéu.
Pong co dién xoay chiéu duoc san xuat voi nhiéu kiéu va cong sudt khac nhau. Theo so
dd ndi dién c6 thé phan ra lam 2 loai: dong co 3 pha va 1 pha, va néu theo tdc d6 co

dong co ddng bod va dong co khong dong bo.
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Phu thudc vao ciu tao ciia mdi loai dong co di¢n ma ching c6 nguyén ly hoat
dong khac nhau. Dbi v6i dong co dién xoay chiéu ciing co ciu tao va nguyén 1y hoat
dong rd rang. V& phan ciu tao, dong co dién xoay chiéu gdm co hai phan chinh: stator
va rotor. Stato gdm cac cudn ddy ciia ba pha dién quin trén cac 15i sat bd tri trén mot
vanh tron dé tao ra tir trudng quay. Roto hinh tru ¢é tic dung nhu mét cudn diy quén
trén 101 thép [4].

Stator with
stator windings

Terminal box Cooling fan

(Quat 1am mat)

(HOp du ngudn)

Cooling air flow

(Tryc ddng co)
Motor shaft

Squirrel-cage rotor
Bearing

Cooling fins

Chassis
Hinh 3.10 Ciu tao dong co dién xoay chiéu

Khi mic déng co vao mang dién xoay chiéu, tir trudng quay do stato gdy ra lam
cho réto quay trén truc. Chuyén dong quay cua roto dugc truc may truyén ra ngodi va

dugc st dung d€ van hanh cdc may cong cu hodc cac co cau chuyén dong khac.

ACSource ACSource
Hinh 3.11 Nguyén Iy lam viéc dong co dién xoay chiéu
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3.1.1.2.1 Péng co dién xoay chiéu cam vng (Induction Motor)

Pong co cam tng IM (Induction Motor) khong c6 gop dugc tng dung rong rii
cho h¢ dong luc cac xe EV, HEV. Bong co IM c6 tbc do quay cua rotor cham hon so
v6i toc d6 quay cia tir trudng stator. Gia thanh thap, thong dung, dé ché tao, dong co
IM hoan toan c6 thé thuc hién cac thuét toan diéu khién vector tién tién cho dong co 0
t6 dién. Bong co IM dat hi¢u suét cao khi st dung cho xe chay thuong xuyén trén nhirng
dia hinh cho phép tdc do cao. Hiéu suit ciing nhu quing dudng di duoc s& khong t6i vu,
néu st dung dong co IM cho nhirng quing dudng nho, hay dimng d6 nhu nudc ta. Co hai
loai dong co cam tng 13 dong co cam tng rotor diy quan va dong co cam tng 16ng soc.
Vi chi phi cao, can bao tri va thiéu do bén, dong co cam tng rotor ddy quén it duoc dung
so v4i dong co cam ung 16ng soc trong xe dién EV va HEV. Do d6, dong co cam ng
16ng séc duge goi chung 1a dong co cam tng dung trong xe dién. Rotor 16ng séc duge
sir dung trong phan 16n dong co cam tmg 3 pha vi nd ¢6 ciu tao don gian va chac chan,
cho phép hoat dong trong nhitng diéu kién x4u nhat. Tuy nhién, IM c6 nhuoc diém 1a co
mo-men khdi dong thap, cac thanh rotor bi ngan mach vinh vién va khong c6 cach nio

dé ting mo-men ban dau [4].
a. CAu tao va nguyén 1y hoat dong

IM 1ong séc bao gom mat stator két hop v6i cudn day phan Gmg ba pha. Rotor
16ng soc¢ co cac thanh nhom duge duc trong cac khe & ngoai vi ngodi cua rotor. Cac
thanh nhém ngan mach véi nhau ¢ ca hai dau cua rotor bang cac vong dau bang nhom
duc, c6 dang hinh quat két hop dé 1am mat. Mit cat cua dong co cam ung hai cyc nhu
hinh 3.12. Khe & vong trong cua stator duoc mic vio cac cudn ddy 3 pha, a-a', b-b', va
c-¢'. Cac dudng cudn ctia mdi cudn day duoc phan bd sao cho dong dién trong cudn day
tao ra gia tri gn dung mat do tir thong phan b hinh sin xung quanh ngoai vi ctia khe
h& khong khi. Bo ba cac cudn day duge b tri theo goc 120° [4].
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Khun:
9 Stator

Cugn day

Canh quat

Bac dan
Trye

Hinh 3.12 Mit cit ngang cta dong co cam tng va rotor 1dng soc

Khi tdc d6 dong co vuot qua tdc d6 dinh murc cua no, dién ap duoc ¢6 dinh & gia
tri danh dinh ctia né va tan sd tang lién tuc theo tdc do dong co. Pong co hoat dong vdi
phuong phap giam dong dién kich tir (Field weakening) theo diéu khién tc do tir thong
(Field Oriented Control - FOC). B¢ truot s dugc ¢d dinh ¢ gia tri dinh muic cta nd twong
ung voi gia tri dinh muc tan s6 va tdc do truot 6 tang tuyén tinh vé6i tde do dong co.
Phuong thirc diéu khién ndy dan dén ving hoat dong cong suit khong doi, nhu hinh 3.13

[4].

y:
T
.
r e L
Py
><md
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; y Ving tan sé va
Vurr':génn;b;g\en l vun&t:;ngéwé'_"l’— dién ép cb dinh
Hinh 3.13 Bac tinh dong co IM véi cac vung lam viéc

Nguyén 1y hoat dong ctia dong co dién khong dong bd khi cap ngudn dién xoay
chiéu cho stator, tir truong quay dugc tao ra. Tl trudng nay cat cac thanh dan cua rotor,
tao dong di¢n cam ung trong rotor. Dong di¢n ndy twong tac voi tu truong quay cua
stator, tao ra lyc dién tir 1am rotor quay. Tc d6 rotor ludn nho hon téc do tir truong quay
dé duy tri qua trinh cam tng dién tir
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b. C4u hinh d6ng co cam mg

CAu hinh co ban cua hé truyén dong IM, bao gdm mot dong co cam tng 16ng soc
3 pha, bién tan diéu ché d6 rong xung (pulse-width modulated - PWM) ba pha dugc cip
ngué)n dién ap, bo diéu khién dién tir va mot s6 cam bién nhu trong hinh 3.14a. Péi voi
dong co dién xe EV, co thé bd tri hé dong luc c6 mdt hoac nhiéu dong co. HE dong luc
mot dong co cam ung duoc ap dung rong rai cho xe dién thuong mai. Nhu trong hinh
3.14b, cAu hinh mot déng co chi sir dung mot IM va mot bién tin PWM, cho phép giam
thiéu kich thudc, trong luong va chi phi. Hé dong lyc nay can mot bd vi sai dé diéu
chinh tdc d6 cuia cac banh xe khi vao dudng vong. Ngoai ra, con sir dung mot bd banh
rang cb dinh (FG) dé giam téc do dong co phu hop véi tbe do banh xe. Can luu ¥ ring
thiét ké dong co toc do cao ciia IM dugc ap dung rat rong rii cho dong co EV vi giup

giam kich thudc va trong luong, von 1a yéu td quan trong dbi véi EV [4].

PWM

B4 bién tan
|

Tin hi¢u Téc dé

\ 4

Lénh diéu o .
hidn — W Bodidukhién —— Cam bién

Vi tri

Hinh 3.14a So d6 cau hinh co ban cua dong co cam ung

* Banh xe

Visai

* Banh xe

Hinh 3.14b C4u hinh mét dong co cho xe dién thuong mai

c¢. Uu diém va nhuoc diém

- Uu diém:
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+ C6 cau tao don gian, khong cin bd chdi than, cd gop hay bd phan phirc tap,
gitp gidm chi phi va bao tri.
+ Bén bi va it phai bao tri vi khong c6 chdi than hay bd phan chuyén dong phirc
tap.
+ Chi phi san xuét va bao tri déng co cam tng thap.
+ Hoat dong 6n dinh trong nhiéu diéu kién khac nhau va c6 kha nang chiu tai tbt.
+ C6 kha ning ty khoi dong ma khong can céc thiét bi khai dong phuc tap.

- Nhuoc diém:

+ C6 hiéu suat thap hon so vdi dong co dong bd vi ¢o ton that nang luong do ma

sat.

+ Tdc do cua rotor khong on dinh va luén nhé hon toc do tir truong quay cua

stator, gy hién tugong truot.
+ C6 mo-men xoan théip & toc do thép, dac biét khi khéi dong hodc tai nhe.

+ DPong co cam tng khong dat do chinh xac cao trong viéc diéu khién tdc do hoic

V1 tri rotor.

+ Pé didu khién dong co cam tng trong cic ung dung thay doi toc do, can phai

st dung bo bién tan hodc bd diéu khién tan sb, 1am tang dg phuec tap.

3.1.1.2.2 Péng co dién xoay chiéu dong bé (Synchronous Motor)

a. Ciu tao va nguyén Iy hoat dong

Synchronous motor (ddng co dong bo) 1a loai dong co dién trong d6 téc dd quay
ctia rotor (phan cam) ludn dong bd véi toc do quay cua tir truong stator (phan Gng). Toc
d6 nay khong thay doi du tai c6 thay do6i, nhd co ché "ddng bo" giira tir trudng rotor va
tin hiéu dién tir stator. Pong co déng bo dugc trng dung rong rai trong xe dién nho kha
nang duy tri téc d6 chinh xac va hiéu suat cao. Tinh ning ndy rat quan trong trong viéc
kiém soat dong co banh xe, hé thdng phanh tai tao, hodc cac chirc ning doi hoi su dong

bd va on dinh nhu diéu khién vi tri banh xe hay toc do.
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Stator

Frame

Exciter

Hinh 3.15 Synchronous Motor

Nguyén 1y hoat dong cia dong co nay dua trén su twong tac gitra tir trudng quay
do dong dién trong stato tao ra va tir trudng cua roto. Khi dong dién xoay chiéu chay
qua cudn day stato, nd tao ra mdt tir trudng quay. Roto cua dong co, dugc kich thich béi
dong dién mot chiéu hodc dong dién xoay chiéu, s& quay véi téc do sao cho nd dong bo
v6i tir trudng quay cua stato. Toc do quay nay khong thay doi va ludn gilt & mot gia tri

nhat dinh, goi 13 toc 6 dong bo.
b. Cau hinh dong co xoay chiéu dong bod

CAu hinh co ban ciia hé truyén dong SM (Synchronous Motor) bao gdm mot dong co
ddng bo 3 pha, bién tan diéu ché d6 rong xung (pulse-width modulated - PWM) ba pha
duoc cép nguén dién ap, bo diéu khién dién tir va mot sé cam bién. Doi vai dong co
dién trén xe EV, ¢6 thé bd tri hé dong luc vé1 mot hoac nhiéu dong co. H¢ dong luc mot
dong co déng bd dugc ap dung rong rai cho xe dién thuong mai nho thiét ké don gian,
hiéu suét cao va do tin cay. CAu hinh mét dong co chi st dung mgt SM va mot bién tan
PWM, gitip giam thiéu kich thudc, trong lugng va chi phi. H¢ dong luc nay can mot bo
vi sai dé diéu chinh toc d6 ctia cac banh xe khi vao dudong vong. Ngoai ra, con sir dung
mot bd banh rang ¢b dinh (FG) dé giam tdc d6 dong co phu hop voi tée d6 banh xe.
DPong co dong bo tde d6 cao (high-speed SM) duoc tng dung phd bién trong thiét ké
EV, gitp giam kich thudc va trong luong dong co, von 1a yéu td quan trong ddi véi xe
dién hién dai [4].
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PMSM

L B4 bién tin
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Hinh 3.16 So db c4u hinh co ban ciia dong co ddng bd
c. Bién tan cho dong co dong bd

Bién tan cho dong co xoay chiéu déng bd (Synchronous Motor - SM) thudng
dugc phan thanh hai loai 13 bién tan dién ap (Voltage-Fed Inverter - VFI) va bién tan
dong dién (Current-Fed Inverter - CFI). Tuy nhién, bién tan dong dién it dugc st dung
trong dong co dong bo trén xe dién do yéu cau can thém phan tir dién cam ndi tiép 16n
dé diéu chinh dong dién nguén. Trén thuc té, bién tin dién ap dugc su dung phé bién
hon nho thiét ké don gian va cong suat thip & mot trong hai chiéu quay. B bién tin
dién 4p dién hinh dang Fed Full-Bridge ba pha tao ra dong dién xoay chiéu cung cép
cho stator ctia dong co dong bo. Dang song dau ra co thé 1a sau budc hoic PWM (Pulse

Width Modulation), tily thudc vao chién lugc diéu khién ap dung cho timg tng dung.

Bién tan sau budc don gian hon voi suy hao chuyén mach thap, duoc sir dung
rong rai nhd dang séng dau ra ti wu vé thanh phan hai va cudng do. Tan sd co ban cta
bién tan sau bude co6 thé diéu chinh linh hoat, cho phép kiém soat toc do dong co. Cac
chién lwoc PWM hién dai nhu PWM hinh sin, PWM vecto khong gian, PWM thong
thuong, va PWM tdi wu da duoc ap dung phé bién trong dong co dé)ng bo. Dac biét,
PWM vecto khong gian (Space Vector PWM) duoc st dung rong rdi nho kha ning t6i

vu héa tir truong quay, giup duy tri sy dong bo giita rotor va stator.

Thiét ké bién tan cho dong co dong bd phy thudc rat nhiéu vao cong nghé thiét
bi cong suét. Hién tai, bién tan sir dung IGBT (Insulated-Gate Bipolar Transistor) 1a lya
chon pho bién trén cac xe dién hién dai nho kha ning hoat dong hiéu qua & téc do chuyén
mach cao, giam séng hai va nhiéu 4m hoc. Khi thiét ké, dién ap lam viéc cua IGBT phai
16n hon it nhat hai 1an dién 4p pin danh dinh dé dam bao an toan trudc cic xung tang ap
trong qua trinh chuyén ddi. Déng thoi, dong dién 1am vi¢ce phai da 16n dé tranh viéc can
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két n61 song song nhiéu thiét bi, va tdc do chuyén mach phai cao dé ngan ngura song hai

dong co ciing nhu nhiéu 4m hoc [4].

sl &0, s &0, s %o,

A

s ko, s 4o, s 4o,

Hinh 3.17 Bién tan dién 4p Fed Full-Bridge ba pha

d. Uu va nhuoc diém
- Uu diém:
+ Hi¢u suat cao nho st dung nam cham vinh ctru trong rotor.

+ Tao ra hi¢u suat nang lugng cao hon so vdi céac loai dong co khac nho it ton

thit nang luong.
+ Kich thuéc nho gon va nhe hon.
+ Hoat dong ém 4i, it ma sat va ton that nang luong, giam tiéng on va rung.

+ Rotor quay dong bd véi tan s dong dién, PMSM duy tri tbc d6 6n dinh, chinh
xé4c va phan tng nhanh véi tai thay doi.
- Nhuoc diém:
+ Str dung nam cham vinh ctru 1am tang chi phi san xuat.
+ Céan mot bo diéu khién dién tir phtic tap dé diéu chinh dong dién va vi tri rotor,
1am ting do phirc tap cta hé thong.
+ Nam cham vinh ctru c6 thé bi hu hong néu dong co hoat dong qua tai hoic qua
nhiét.
+ Yéu cau hé thong lam mat t6t dé ngin ngira qua nhiét khi hoat dong 1au dai &
cong suit cao.
= Dua trén céc ti€u chi quan trong nhu hi¢u suét, toc do chinh xac, mo-men
xodn, chi phi, kich thudc, va yéu cau vé kha nang van hanh. Nén chon dong co dién AC
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déng bo cho viéc cai tao xe tai dién. Vi dong co déng bd mang lai hiéu suét cao nhat
trong cac loai dong co hién nay, rotor quay dong bo véi tir trudng quay trong stator, giup
giam thiéu ton that ning luong va ting hiéu qua sir dung ning luong, diéu nay rit quan
trong d6i voi cac ing dung yéu cau tiét kiém ning luong nhu xe tai dién. Hon nita, toc
d6 chinh x4c ciia dong co ddng bd 1a mot yéu td then chdt, vi rotor ciia dong co nay quay
hoan toan dong bd véi tir trudng cua stator, gitp duy tri toe do 6n dinh, khong bi anh
huong boi tai va do truot nhu dong co cam tmg. Giup dam bao rang xe tai c6 thé van
hanh 6n dinh trén cac tuyén dudng dai, giam thiéu su thay d6i téc do khi gip tai thay
doi.

V& M6-men xoén, dong co ddng bd cung cdp md-men xodn 6n dinh va manh mé,
diéu nay rat quan trong khi xe tai phai van hanh duéi tai nang va thay doi lién tuc, giup
xe dé dang vuot qua cac vat can va duy tri tbc d6 on dinh trong moi diéu kién. Mic du
chi phi dau tu ban dau cho dong co dong bd co thé cao hon so voi dong co cam ung
hodc BLDC, nhung véi hiéu suat cao va kha ning duy tri hiéu suat on dinh trong sudt
qua trinh van hanh, dong co déng bo s& tiét kiém chi phi dai han nho vao viéc giam ton
thit nang luong va toi wu hoa hiéu qua van hanh. Cudi cing, vé kich thudc va kha ning
van hanh, mac du dong co d@)ng bd ¢6 thé co kich thude 16n hon, nhung su on dinh va
bén bi ma n6 mang lai trong cac img dung cong suit 1on va yéu cau do chinh xac cao s&

dam bao ring xe tai dién c6 thé hoat dong hiéu qua va dang tin cay trong thoi gian dai.

V&1 nhitng yé€u t6 trén, dong co dong bo 1a Iya chon t61 vu cho viéce cai tao xe tai

dién, ddm bao hi€u suat cao, 6 6n dinh va kha nang van hanh bén bi.

3.1.2 Tinh chon dong co dién

- Xe tai sau cdi tao theo quy dinh cuta luat giao thong dudng bd vdi xe tai nhe xe
di chuyén tir 50 km/h dén téi da 1a 90 km/h, dudng cao toc thi dudi 120 km/h.

- Cong suét can thiét cua dong co dién dugc tinh toan dua trén phuong trinh can

bang luc kéo theo tai liéu [2] duge xac dinh theo biéu thirc sau:
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Hinh 3.18 So db tac dung luc 1én xe tai khi chuyén dong 1én doc

F=F +F+F+F, (3.1)
Trong do: Fi1a luc kéo tiép tuyén tai banh xe chu dong
Fr1a luc can lan
Fi 1a lyc can ddc
Fo 1a lyc can khi dong
Fjla luc can quan tinh
* Truong hop 1:

- Thoi diém xe hoat dong & van toc cuc dai ctiia dong co dién (100 km/h) thi luc
nay duong dic tinh kéo cit duong dic tinh can tai Vmax nén s& khong tinh chon cong sut
dong co cho luc can dbc va luc quan tinh tdng tdc, chi ton tai luc can 1an va lyc can gio.

+ Luc can lan theo tai liéu [2] dugc xac dinh theo biéu thirc sau:
F, = .G =0,018.39190,95 = 705,437N (3.2)
Trong d6:  f 1a hé sb can lin
G 1a tong trong luong cua xe, & day G =3995.9,81=39190,95N

+ Luc can khong khi theo tai lidu [2] dugc xac dinh theo biéu thire sau:
F =C,.Sv*=0,6.1,75.2,1.27,7778> =1701,39N (3.3)
Trong d6:  Cx 14 hé s6 can khong khi. Di vai 6 t6 tai chon Cx = 0,6 (Ns2/m?)
S 1a dién tich can chinh dién. (S = B.H)
B 14 chiéu rong 16n nhat, B = 1,75 m
H 1a chiéu cao Ién nhat, H=2,1 m
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v 1a van téc 16n nhat cua xe v = 100 (km/h) = 27,7778(m/s);
- Thay phuong trinh (3.2) va (3.3) vao (3.1) ta co:
F, =F, + F, = 705,44 +1701,39 = 2406,83N (3.4)

- Cong suat cua xe tai tbe do ti da theo tai liéu [2] duoc xac dinh theo biéu
thirc sau, hiéu suat dong co dién 95%:

o _ RV _ 2406,83.27,7778

) = 70375, 20W (3.5)
Ty 0,95

- Xe ¢cé s& Kia Frontier K200 c6 cong suat dong co 1a 96 kW, sau khi cong suét
di qua cac bd truyén véi hiéu suat nethi cong suat ciia dong co cong suat dugc truyen
dén trude vi sai 1a 75,7 KW so véi van téc chon dé tinh chon dong co dién thi dong co
dién dap ung dugc cong suat can thiét dé xe hoat dong.

+ Hiéu suat truyén dén trudc vi sai theo tai liéu [5]:
T = T 1l Moaraon o = 0,9.0,96%.0.97.0,99% =0,788  (3.6)
+ Cong suat duogc truyén dén trudc vi sai:

P

tvs

=P, 7, =96.0,788 =75, 7kW (3.7)

* Truong hop 2:

Khi xe leo doc v6i van téc khoang 5 m/s, can tinh todn cong suat dong co dién
bao gom cac thanh phan lyc can quan trong nhu lyc can dbc, luc can lan, luc can gid.
Trong trudng hop nay, dudng dic tinh kéo ctia ddng co phai vuot qua tong cac luc can
dé dam bao xe c6 thé duy tri van téc 5 m/s trén doan dudng ddc.

+ Luc can lan theo tai li€u [2] dugc xac dinh theo biéu thirc sau:

F, = .G =0,018.39190,95 = 705,437N (3.8)
+ Luc can khong khi theo tai lidu [2] dugc xac dinh theo biéu thic sau:

F, =W.V? =0,6.1,75.2,1.5° =55,125N (3.9
+ Luc can dbc theo tai liéu [2] duoc xac dinh theo biéu thirc sau:

F =G.sina =39190,95.5in(18,47) =12415,57N (3.10)

Trong d6 véi do leo dbc 12 33,4% tuong duong véi 18,47 6.
- Thay phuong trinh (3.8), (3.9) va (3.10) vao (3.1) ta co:

F=F +F +F =70544+55125+12415,6 =13176,13N (3.11)
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- Cong suét cua xe tai tbe do ti da theo tai lidu [2] duoc xac dinh theo biéu
thire sau c6 hiéu suat dong co dién 95%:

P F.v _ 13176,13.5

) = 69348,05W (3.12)
X 0,95

- Tr cac dir liéu trén ta chon duoc dong co dién co cac thong sé sau [10]:

Hinh 3.20 Cym d6ng co dién va bd bién tan (TZ-280-X-S-GA05) [10]

a. Thong sb dong co dién:
+ Tén nha cung cap: Anyang Wanfeng Industrial & Trading Co., Ltd.
+ M4 san pham: TZ-280-X-S-GA05
+ Cong suat: 55/80 kW
+ Momen xoédn: 240 Nm
+ Hiéu dién thé: 350/750V
+ Cuong do dong dién: 152A-334A
+ S6 vong quay: 4400/6000rpm
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+ Khdi lugng 62kg

+ Kich thuée DxR: 357 x 280 mm
b. Thong sb b bién tan:

+ Dién ap/pin: 540V

+ Dai dién ap dau vao: 350-720V

+ Cong suét cuc dai: 122kW

+ Dong ra dinh murc: 225A

+ Dong ra toi da: 338A

+ Dai tan s6 dau ra: 0-600Hz

+ Lam mat: bang nu6e (Water Cooling)

+ Khéi luong : < 10kg

3.1.3 Tinh todn ddac tinh ngoai dong co dién
- Pac tinh co cua dong co dién la quan hé gitra tdc do quay vo1 momen va cong
suit cta dong co [6].

P. = oM (3.13)

max ~

- Phuong trinh momen dong co di¢n [6]:

M. :M;Va}B <o < o,
@ (3.14)
M

P
=—EMX Vo < @,
Wy

E max

- Khi toc do goc cuia dong co dién ws < o thi ta cd Pe = const. Con khi toc d6 goc ws
> o thi ta co Memax = const
- Toc dd goc tai di€m cong suat cuc dai:

o, =N 7000 ograd /s (3.15)
30
- Mémen dinh mirc cua dong co dién:
M, = Peme _ 80000 =127,38Nm (3.16)
, 628

e
- Hé s thich Gmg cua dong co theo momen xoan theo tai liéu [2] duoc x4c dinh theo

biéu thuc sau:

M 240
K, =—me = ~1,884 (3.17)
M, 127,38
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Ay = 1 = L =0.530785563 (3.18)
Ky 1884
- Téc dd gbc tai diém momen xoén cuc dai:
Wy = P e = 80000 =333,33rad /s (3.19)
\V/ . 240

- Tur c4c tinh toan trén ta 1ap duoc bang so liéu sau:

Bang 3.1 Thong s6 dic tinh ngoai dong co dién

A ® M Pe
0.1 62.83 240 15079.6
0.2 125.66 240 30159.3
0.3 188.50 240 45238.9
0.4 251.33 240 60318.6
0.5 314.16 240 75398.2

0.5305 | 333.33 240 80000
0.6 376.99 212.21 80000
0.7 439.82 181.89 80000
0.8 502.65 159.15 80000
0.9 565.49 141.47 80000

1 628.32 127.32 80000
250 90000
80000
_®e 70000 _
£ 60000 =
Z 150 <
E 50000 = —O—M
=
g 100 40000 :D Pe
S 30000 §
= O
50 20000
10000
0 0
-50 50 150 250 350 450 550 650
Téc d6 goc (rad/s)
Hinh 3.21 D6 thi dic tinh ngoai dong co dién
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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3.1.4 Pac tinh kéo xe HEV
3.1.4.1 Dac tinh kéo ciia dong co di¢n
Ta ¢6 lyc kéo & banh xe chu ddng ctia xe theo tai li€u [6] dugc xac dinh theo biéu
thure sau:
Fk _ Me"t My (3.20)
rb
Trong d6: M ld momen xodn cta dong co dién (N.m)
it 12 ti s6 truyén tir dong co dién dén banh xe cha dong, i= 3,727
nu la Hi¢u suat truyén dong tir dong co di¢n dén banh xe chu dong,
lay na = 0,95.
I'x 1a ban kinh banh xe chi dong, rox=0,25515 m
Ta c6 bang tinh va do thi Fk = f(v):
Bang 3.2 Thong sb dic tinh kéo

A ® % Fx

0.1 62.832 3.21 4201.51

0.2 125.664 6.41 4201.51

0.3 188.496 9.62 4201.51

0.4 251.327 12.83 4201.51

0.5 314.159 16.03 4201.51

0.5305 333.333 17.01 4201.51

0.6 376.991 19.24 3714.95

0.7 439.823 22.45 3184.24

0.8 502.655 25.65 2786.21

0.9 565.487 28.86 2476.63

1 628.319 32.07 2228.97
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4500
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2500
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Luc kéo (N)

0 5 10 15 20 25 30 35
Van toc (m/s)

Hinh 3.22 D) thi dic tinh kéo

Nhan xét:

+ Luc kéo (Fx) duy tri 6n dinh & muc cao (khoang 4200 N) khi van tdc tir 0 dén
khoang 20 m/s. Diéu nay cho thiy dong co c6 kha ning tao ra luc kéo 16n trong giai
doan khoi dong va tde do thap.

Sau vén toc khoang 20 m/s, lyc kéo giam dan khi van téc tang 1én

3.1.4.2 Po thi nhan t6 dgng luc hoc cia xe

Ta c6 d6 thi nhan t6 dong luc hoc D = f(v) duoc xay dung theo tai liéu [2] dugc
xac
dinh theo biéu thirc sau:

@ (3.21)

F =C,.SV (3.22)

Trong d6: G la trong lugng xe sau cai tao (N), G =39190,95 (N);

Cx1a hé sb can khong khi. Dbi véi 6 o tai chon Cx = 0,6 (Ns¥/m?);

Fo 1a luc can khi dong;

S 1a dién tich can chinh dién (S = B.H);

B 1a chiéu rong lon nhéat, B=1,75 m;

H 1a chiéu cao 16n nhat, H=2,1 m;

v 12 van tdc 16n nhat cua xe;

Béang 3.3 Thong sb do thi nhan t6 dong lyc hoc cua xe

A Q) \Y Fk Fw D
0.1 | 62.832 3.207 3330.4174 22.675 0.107
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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0.2 |125.664| 6.414 3330.4174 90.700 0.105
0.3 |188.496 | 9.620 3330.4174 204.074 0.102
0.4 |251.327| 12.827 3330.4174 362.798 0.098
0.5 |314.159 | 16.034 3330.4174 566.873 0.093
0.531 | 333.333 | 17.012 3330.4174 638.180 0.091
0.6 |376.991| 19.241 2944.7355 816.297 0.074
0.7 [439.823 | 22.447 2524.059 1111.070 0.053
0.8 |502.655 | 25.654 2208.5516 1451.194 0.034
0.9 |565.487| 28.861 1963.157 1836.667 0.016
1 [628.319| 32.068 1766.8413 2267.490 -0.001

0,120
0,100

0,080

luc hoc

o
o
D
o

0,040

0,020

Nhan t6 dong

0,000
0 5 10 15 20 25 30 35

Van tée (m/s)

Hinh 3.23 D6 thi nhan t6 dong luc hoc

Nhan xét:
+ D6 thi cho théy nhan to dong lyc hoc cuia dong co dién gidm dan khi van tdc
tang. Piéu nay nghia 13 hiéu suit dong lyc hoc ctia ddng co giam & van toc cao hon. Nhu

vay, dong co hoat dong hi¢u qua hon ¢ cac van tde thflp va trung binh.

3.1.4.3 Pé thj gia téc ciia xe

Ta xay dung do thi dya theo tai liéu [2] duoc xac dinh theo biéu thirc sau:
D —f

J= X 3.23
5 (3.23)
5, =1+0.05(1+i”) (3.24)

Bang 3.4 Thong sb d6 thi gia toc
% D f ]
4.046 0.107 0.0181 0.4977
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8.091 0.105 0.0185 0.4858
12.137 0.102 0.0191 0.4661
16.182 0.098 0.0200 0.4385
20.228 0.093 0.0211 0.4029
21.462 0.091 0.0215 0.3905
24.273 0.074 0.0224 0.2897
28.319 0.053 0.0240 0.1622
32.364 0.034 0.0259 0.0459
36.410 0.016 0.0280 -0.0656
40.455 -0.001 0.0303 -0.1761

0,6000
0,5000
N
<5 04000
=)
~ 0,3000
© 0,2000
@)
0,1000
0,0000
0,00 5,00 10,00 15,00 20,00 25,00 30,00
Van toc (m/s)
Hinh 3.24 D6 thi gia tdc
Nhan xét:

+ D0 thi thé hién gia toc gidam dan khi van tdc tdng, phan anh lyc can va gidi han

cong suat dong co lam giam kha nang tang toc ¢ toc do cao.

3.2 Tinh chon pin
3.2.1 Gigi thiéu cdc loai pin
3.2.1.1 Pin axit chi

Pin axit chi, hay con duoc goi 1a dc quy axit chi, 1a mot loai pin sir dung cong
nghé axit chi dé luu trit va cung cap niang lugng dién. Pugc phat minh tir 1au va van
dugc st dung rdng rai cho cac thiét bi dién tu, xe may, 6 to, h¢ th6ng nang lugng du
phong va nhiéu tmg dung khéc, pin axit chi 1a mot trong nhiing cong nghé pin pho bién
nhat trén thi trudng.
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Véch ngin Véch ngan

Hinh 3.25 Pin axit chi (ic quy chi)

Trudc kia, loai pin duoc biét dén nhiéu nhat va duoc sir dung rong rii nhat cho
xe dién 1a pin axit chi. Trong cac cell pin axit chi, cac ban cuc am c6 chi xdp lam vat
liéu hoat tinh, trong khi cac ban cuc duong cé vat li€u hoat tinh 1a chi dioxit. Cac tam
duoc ngam trong dung dich dién phan axit sunfuric lodng. Axit sunfuric két hop véi chi
va oxit chi dé tao ra chi sunfat va nuéc, ning luong dién duoc giai phong cia pin duoc
dua ra trong bang 3.5 [4].

Béng 3.5 Thong s6 cta pin chi axit

Théng sb Gia tri
Nang luong riéng 30 - 40 Wh/kg tuy thudc vao viéc st dung
Mat do nang luong 60 - 95 Wh/L
Cong suat riéng ~ 250 W/kg trudc khi hiéu suat giam nhat nhiéu

Dién 4p danh nghia cuacell |2V

Hiéu suat dung lugng 80-92 % thay doi theo toc d6 xa va nhiét do

Noi tré Cuc nho ~ 0.022(1/cell pin cho 1Ah cell pin

Thuong mai va gia C6 san trén thi truong gia tr 0,15-0,30 USD/Wh

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
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A . Moi truong thuong, hiéu suat kém trong diéu kién
Nhi¢t do hoat dong
cuc lanh
Tu xa dién 3-20% trén 1 thang
Chu ky sac xa Lén dén 800 lan, dén 80% dung lugng
Thoi gian sac 8 210 (nhung 90% dugc sac trong 1 gio)

a. Pin axit chi ¢ cdu tao co ban gém cac thanh phan chinh sau:

- Ong 4n mon: Pay 1a thanh phin ngoai cing cta pin, thuong duge lam bang
nhua chiu axit hoac kim loai chéng an mon nhu thép. Ong an mon gitr chat cac thanh
phan bén trong va ngan chin sy 10 ri cta dung dich axit.

- TAm 4m dién: TAm am dién trong pin axit chi dugc 1am bang chi (Pb). Thuong
c6 dang tdm tao ra cac 6 cam nho dé giir axit sulfuric.

- Tam duong dién: TAm duong dién duoc lam bang chi 6xit (PbO2). TAm nay
tao di€n ap va phan tng hoda hoc trong qua trinh sac va x4 pin.

- Giéy bac: Giéy bac duoc dat gitra cac tAm aAm va duong dién trong pin axit chi.
Chtic ning ctia gidy bac 1 ngin cach cic tAm, ngan chin su tiép xtc tryc tiép va ngin
chan ngan mach trong pin.

- Dung dich axit sulfuric: Dung dich axit sulfuric nim trong 6ng an mon va la
chat mang dién trong qua trinh hoat dong cta pin. Axit sulfuric tac dong voi tim am va
duong dién, tao ra phan ting hoa hoc dé tao ra dong di¢n.

- Cai ndp: Mot sd loai pin axit chi ¢6 nip vin c6 thé mé dé kiém tra murc axit
hoic thay thé dung dich axit sulfuric. Nip ciing c6 chirc ning cho phép thoat khi néu ap
suat bén trong pin ting cao.

Céu nbi cac

dién cuc té
Cuwc am \ bao &c quy

Cuwc dwong

Nap déng

Nap

day
Déu
mirc
acid

Vo
binh
Lién két
true tiép

céc té bao

Thanh ray Vach ngan Ban cwc Tam phan cach
& day binh cac té bao dwong bang chat déo

Hinh 3.26 Ciu tao pin axit chi (ac quy chi)

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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b. Nguyén 1y hoat dong

Khi sac, ngudn dién bén ngoai cung cip ning lwrong dé déo nguoc cac phan Gng
hoa hoc trong pin axit-chi. Chi sunfat (PbSO, ) trén ban cuc dwong chuyén thanh chi
dioxit (PbO, ), con trén ban cuc 4m, nd chuyén thanh chi kim loai (Pb). Ddng thoi, axit
sulfuric (H, SO, ) trong chét dién phan duoc tai tao, va cac ion di chuyén trong dung
dich dé duy tri dong dién. O giai doan cudi, phan tng dién phin nudc co thé xay ra, tao

ra khi hydro va oxy, vi vay can kiém soat dong va dién ap dé tranh lam hong pin [4].

_ 5 Nguén cép
2H,0 — 4H*+ 202 4H* + 2502 -5 2H,S0, J
¥ 4 dién 1 chieu
74 ' &

PbSO, + 20> — PbO, + SO + 2"
I

Hinh 3.27 Quaé trinh x4ay ra trong pin chi — axit khi pin dugc nap dién

c. bic diém dic biét

Cac phan tng cia pin axit chi voi chi va chi diotxit khong 6n dinh trong axit
sunfuric va bi phan huy, mac du rat cham véi cac phan tng:

+ O dién cuc duong: 2Pb0O; + 2H2S04 — 2PbSO4 + 2H20 + 02(3.25)

+ O dién cuc am:  Pb+ H2SO4 — PbSO4 + Ha (3.26)

Diéu nay dan dén hién tuong pin tu x4, voi toc do tu xa phu thudc vao nhiét do
cua cell, xay ra nhanh hon khi nhiét do cao. Ngoai ra, cac yéu to nhu d6 tinh khiét cua
vt lidu va hop kim sir dung trong gia d& dién cuc cling anh huong dén téc do tu xa.
Nhitng phan (mg khéng mong mudn ndy, bao gdm viéc tao ra khi hydro va oxy, ciing
Xay ra trong qua trinh x4 pin, dic biét nhanh hon khi pin xa ¢ toc do cao. Piéu nay la do
dién ap thap, nhiét do ting va hoat dong dién cuc manh hon, din dén hién tuong chai
pin va pin can nhanh hon. M6t van dé khac 1a cac cell pin khong xa dong déu, dan dén
mot s6 cell xa nhiéu hon cell khac. Piéu nay anh hudong dén cach pin dugc sac va dé
gay chai pin. Cac phan ung tao khi xay ra khi trén dién cuc khong con PbSO,, dé nhuong
hodc nhan electron, thuong xuat hién khi pin dugc sac day hoic gan dy. Luu y rang ca
qua trinh sac va xa déu lam thay d6i nong do chat dién ly trong cell pin [4].
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Khi Hz hinh thanh
& cuc am

Ngubdn cép
2H0 - 4H' + 2\°" dién 1 chiéu
) +
20 0, +2¢° 1
Khi Ozhinh thénhl \—
& cuc duong

Hinh 3.28 Phan tng tao khi ¢ cac cuc khi pin dugc sac déy

Sy thay ddi ndng d6 cua cac chit phan tmg c6 nghia 1a c6 mét su thay dbi nho
trong dién 4p tao ra boi cell pin khi né phong dién. Dbi vai loai pin chi axit kin hién dai,
su thay doi 1a tuyén tinh & murc d6 kha tot. Luu ¥ rang dién 4p nay ciia pin thong thuong
khong thé dugc st dung dé chi thi trang thai sac cuia pin. Thong thuong khong thé do
dién ap hé mach nay khi pin dang dugc su dung va trong moi truong hop, no cling bi
anh huong nhiéu bai nhiét do va do d6, mot phép do su thay ddi ciia dién ap pin c6 thé
bi anh huéng manh boi nhitng yéu t6 khac [4].

2.15 —
2.10
2.05
2.00

1.95 -

1.90
Dién ap

el D6 xa sau (DOD) e

Hinh 3.29 Sy thay dbi cua dién ap mach ho cua cell pin chi axit loai kin

Khi Sac qua mirc va hién tugng tu xa cla pin axit-chi thuong dan dén viéc mat
nuée, do nudce bi phan tach thanh khi hydro (H, ) va oxy (O3 ). Trong cac thiét ké pin
cil, cac khi nay thoat ra ngoai, khién chét dién phan can duoc bo sung nude dinh ky. Tuy
nhién, cac loai pin kin hién dai da khac phuc van dé nay nho kha nang gitr lai va tai két
hop khi dé tao thanh nudc, dam bao hoat dong on dinh ma khong can bao tri thuong
xuyén. Du vay, tbc d6 tao khi van can duoc kiém soat dé tranh ap suat qua 1on gay hong
pin.
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Mot van dé quan trong khéc 1a sy da dang ctia cac loai pin axit-chi trén thi truong.
Nguoi dung can chon ding loai pin phi hop v6i muc dich sir dung. Vi du, pin SLI (khéi
dong, chiéu sang, danh lira) dung cho 6 t6 thong thuong khong phu hop cho xe dién.
Tuong tu, cac loai pin cho hé théng chiéu sang sy ¢ hoidc bao dong ciing khong thich
hop. Chi cac loai pin axit-chi x4 sau, dugc phat minh bdi Vincent va Scrosati (1998),
méi dap tmg tot yéu cau cua xe dién, nhung day ciing 13 loai pin c6 gia thanh cao nhit
[4].

d. Uu va nhuge diém
- Uu diém:

+ Gi4 thanh thdp hon so v6i nhiéu cong nghé pin khac, 1a mot loi thé dang ké ddi
v6i nhidu ngudi tiéu dung.

+ Cung cap cong suat cao, dic biét trong khoang thoi gian ngan. Piéu nay lam
cho pin axit chi pht hop véi cac thiét bi yéu cau ning luong 16n nhu 6 to, xe may va hé
théng dy phong.

+ C6 kha ning chiu tai cao, cho phép né phuc vu trong cac ung dung yéu cau kha
nang kho1 dong manh mé nhu khéi dong dong co 6 to.

+ Khong doi hoi quy trinh sac phirc tap va dé dang bao dudng. Viéc kiém tra va
thay thé dung dich axit sulfuric ciing kha don gian.

- Nhuoc diém:

+ C6 trong lwong ning so v4i nhiu cong nghé pin khac. Piéu nay tao ra han ché
trong viéc di chuyén va lip dit, dic biét dbi v6i cac thiét bi di dong nhu dién thoai di
dong.

+ Tudi tho khong cao so vdi cac cong nghé pin tién tién khac nhu pin lithium-
ion. Piéu nay yéu cau viéc thay thé pin thuong xuyén va lam ting chi phi dai han.

+ Yéu cdu bao dudng dinh ky dé dam bao hiéu suit va tudi tho t6i vu. Viée kiém
tra dung dich axit, kiém tra va thay thé cac thanh phan bi hong 1a can thiét.

+ Pin axit chi chia axit sulfuric va chi, hai chét c6 tac dong ti€u cuc dén moi
truong néu khong duoc xir Iy ding cach. Thai pin axit chi khong dung cach cé thé gay

0 nhiém va anh hudng dén stirc khde con nguoi.

3.2.1.2 Pin Niken

Nhiéu loai pin thuong mai st dung niken lam vét li€u dién cuc duong, bao gé)m
pin sat-niken, k&m-niken, cadmium-niken va pin Nickel-Metal Hydride (NiMH). Trong
sb nay, pin NiIMH duoc sir dung rong rai nht nho hiéu suit cao va than thién véi méi
truong hon so véi pin cadmium-niken (Ni-Cd). Pin kém-niken c6 hiéu suét ning luong
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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kha tét, nhung tudi tho cua no lai han ché, chi khoang 300 chu ky xa-sac sau, khién no
it ph6 bién hon. Mic du cac loai pin khac nhu sit-niken c6 d6 bén cao, nhung chung
thudng ning va c6 mat do ning lwong thap hon, lam giam tinh canh tranh trong cac tng
dung hién dai. Do do, pin NiMH da tr¢ thanh lya chon phé bién trong nhiéu thiét bj tiéu

dung nho dung lwong 16n, d6 bén 6n dinh va giam thiéu tic dong moi truong.

3.2.1.2.1 Pin Niken Cadmium (NiCad)

a. CAu tao ‘ N
Pin NiCad c6 nhi€u kich ¢& va hinh dang khac nhau, mac du khong dé dang co

dugc chiung voi kich thudce 16n hon can thiét cho xe dién, thi truong chinh ctia chung la
cac cong cu cam tay va thiét bi dién tr. Chiing cling rit manh mé& ca vé co hoc va dién
nang va c6 thé duoc sac lai trong vong mot gio va 1én dén 60% dung luong trong 20
phut.

NiCD spring loaded (+)nickelic hydroxide
cap electrode or plate

(-)cadmium hydroxide
electrode or plate

Nickel-plated
steel case —

vent \
hole
— POrous separator
insulating
washer ~_| =2
=

N

Hinh 3.30 C4u tao bén trong pin Niken Cadmium

Pin niken cadmium duoc coi 1a mot trong nhitng ddi thi canh tranh chinh ciia pin
axit chi dé st dung cho xe dién va loai pin ndy c6 ning lugng riéng gan gap doi pin axit
chi. Pin NiCad st dung niken oxyhydroxide cho di¢n cuc duong va cadmium kim loai
cho dién cuc am. Nang lugng dién thu dugc tir phdn rng sau.

Cd + 2NiO OH + 2H20 — Cd(OH)2 + 2Ni(OH): (3.27)

Céc phan tng x4y ra trén cac dién cuc duge mo ta trong hinh 2.10, gitp lam rd

cac electron dugc tao ra tir ddu va pin hoat dong nhu thé nao. C6 mot diéu trai nguoc

giita pin ndy va pin chi axit 6 1a chét dién phan ciia n6 lai dic lai khi pin xa dién.
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Tai dién

* -—
2NiO(OH) + 2H,0 + 2e~ - 2Ni(OH), + 20H" (g/
-

Hinh 3.31 Cac phan ing xay ra khi pin NiCad phéng dién

Pin NiCad da dugc stir dung rong rai trong nhiéu thiét bi, bao gém ca viéc s dung
trong xe dién. Pin NiCad c6 vu diém 1a cong suit riéng cao, vong doi dai (1én dén 2500
chu ky), pham vi nhiét 46 hoat dong rong tir — 40° C dén + 80° C, tu phong dién thép va
Iwu trit 1au dai. Piéu nay 1a do pin 12 mot hé thong rat on dinh, véi cac phan tng tuong
duong v6i qua trinh tu phéng dién cua pin chi axit chi dién ra rat cham.

Nhuoc diém ciia pin dién ap hoat dong ctia mdi cell chi khoang 1,2 V, vi vay can
10 cell trong mdi vién pin 12V danh nghia, so véi 6 cell dbi v6i pin chi axit. Diéu nay
giai thich mot phan gia thanh cua loai pin nay cao hon. Mot van dé nira 1 chi phi cia
cadmium gap vai lan chi va diéu nay khong c6 kha nang thay d6i. Cadmium ciing c6 hai
cho méi truong va gy ung thu.

Bang 3.6 Thong s6 cua pin Niken Cadmium

Thong so Gia tri
Nang lugng riéng 40-55 Wh/kg tuy thudc vao dong
Mat do nang luong 70 - 90 Wh/l tuy thude vao dong
Cong suat riéng ~ 125 W/kg
Dién ap danh nghia cua cell (1.2 V
Hiéu suat dung lugng Tot
NOi tro Rét thap, khoang 0.06 Q / mdi cell ¢6 dung lugng 1Ah
Tinh thuong mai Tt khi kich ¢& nho, khé khin véi kich ¢& 16n
Nhiét do lam viéc -40°--80°C
Ty xa dién 0.5 % /1 ngay, rat thap
Chu ky sac xa 1200 dén khi con khoang 80 % dung luong
Thoi gian sac 1 gio sac nhanh, 20 pht c6 thé sac dugc 60%

Chi phi ciia pin NiCad thuong gap 3 lan so véi pin chi axit va né duoc bu dip
phan nao d6 bang vong doi dai hon. Hiéu suét sac ctia né giam nhanh chong trén 35°C
nhung diéu nay khong anh hudng dén viéc sir dung né trong xe dién [4].

b. Dic diém dac biét
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Ciing nhu pin chi axit, pin NiCad can duoc sac ding cach. Tuy nhién, béi vi cac
cell NiCad it c6 xu hudng ty phong dién hon nén van dé ¢ thé don gian hon so véi pin
chi axit. Thong thudng, pin dugc sac voi dong dién khong d6i cho dén khi dién 4p cell
ctia n6 dat dén gia tri dinh muc, luc nay dong di¢n sé& tat. Tai thoi diém nay, dién ap ctua
cell giam Xuéng murc thép hon dién 4p dinh muc va dong dién dugc bat trd lai. Qua
trinh nay duogc tiép tuc cho dén khi pin dugc sac lai.

Ngoai ra, pin c6 thé duoc sac lai & dong dién khong ddi, thip hon; day 1a mot hé
théng don gian hon, nhung mat nhiéu thoi gian hon. Mot tinh ning théng minh cua pin
NiCad 1a cach no6 doi phé véi viée sac qua mue. Cell pin dugc tao ra dé co luong du
cadimi hydroxit trong dién cuc 4m. Diéu nay c6 nghia 13 dién cuc duong s& lubn dugc
sac dﬁy trude. Néu tiép tuc c6 dong dién nap thi s& dan dén viéc tao ra oxy O dién cuc
duong thong qua phan tng:

40H— — 2H20 + Oz + 4e— (3.28)

Két qua 1a Oz tu do tao thanh khuéch tan dén dién cuc am & d6 no tac dung véi
Cadimi va H>0 tao ra Hyroxit Cadimi theo phan Gng:

02 + 2Cd + 2H20 — 2Cd(OH): (3.29)

Ciing nhu phan tng ndy, phan ing sac binh thudng sé dién ra & dién cuc nay, sir
dung cac di¢n cuc dugc tao ra boi phan ung:

2Cd(OH)2 + 4e— — 2Cd + 40H- (3.30)

Quan sat 2 phan tng trén ta thiy ti 1¢ tao ra Cadium Hydroxit bang véi ti 1& né
chuyén héa thanh Cadium. Do dé chiing ta c6 mot hé thong bén viing hoan hao, khong
str dung bat ky vat liéu ndo tir pin. Tong ctia 3 phan tng trén 1a khong anh hudng gi dén

pin. Do d6, tinh trang sac qua mirc nay co thé tiép tuc vo thoi han [4].

3.2.1.2.2 Pin Niken Hydrua kim logi (NiMH)
a. Céu tao

Pin NiMH d4 dugc dua vao ung dung thuong mai vao nhitng nam cubi cia thé
ky 20. Hiéu suat cta loai pin nay twong duong véi pin NiCad, nhung diém khac biét
chinh 1a & di¢n cyc am cua pin NiMH, thay vi st dung cadmium nhu pin NiCad, n6 st
dung hydro hap thu trong mot hydrua kim loai, diéu nay gitp loai bo cadmium, mang
lai mot 1oi thé 1on. Mot dac diém dic biét caa pin NiMH 1a dién cuc 4m hoat dong gidng
nhu moét pin nhién li¢u. Phan g ¢ dién cuc duong tuong tu nhu trong pin NiCad, khi
niken oxyhydroxit chuyén thanh niken hydroxit trong qua trinh phong dién. Tai dién cuc

am, H, s& duogc giai phong khoi kim loai ma no da lién két tam thoi, va phan ung nay
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tao ra nude cing véi cac dién tir. Cac hop kim kim loai dung dé giit hydro c6 cong thirc
thuong 13 doc quyén.

Hop kim diing @é hap thu tam thoi
H2 va sau do tra lai

= .
K t‘zo OH‘,\ Tai dién

X
2NiO(OH) + 2H,0 + 2e~ — 2Ni(OH), + 20H"~
+

Hinh 3.32 Céc phan tmg xay ra khi pin NiMH phong dién

Nguyén tic hoat dong cta ching hoan toan gidng nhu trong cac hydro hydrua
kim loai duoc str dung cting véi pin nhién liéu. Nguyén tic co ban 1a mot phan tmg thuan
nghich, trong d6 hydro dugc lién két voi kim loai, va sau d6 duogc giai phong duéi dang
hydro tu do khi can thiét. Dé diéu nay c6 thé dién ra cell phai dwoc 1am kin, vi mot xac
tac quan trong trong qua trinh hap thu/giai hap 1a ap suit cta khi hydro phai duoc duy
tri & mat gia tri kha on dinh. Mot diém quan trong nira vé van dé 1am kin 12 céac hop kim
hép thy hydro s& bi hong néu khong khi lot vao cell. D6 1a do chung s& phan Gmg véi

khong khi va cac phén tir khac s& chiém giir cac vi tri dugc sir dung dé luu trir hydro.

Hinh 3.33 Pin niken hydrua kim loai

Phéan tng hoa hoc téng quét xay ra trong pin NiMH nhu sau:
MH + NiOOH <> M + Ni(OH): (3.31)
Xét vé mat do nang lugng va mat dg cong sut, pin NiMH c6 phﬁn tdt hon so véi
pin NiCad. Pin NiMH c6 nang luong riéng danh dinh khoang 65Wh/kg va mat d§ nang
luong danh dinh 14 150 Wh/l va cong suét riéng toi da khoang 200W/kg. Vé hau hét cac

khia canh, hiéu sut ctia nd tuong tu hodc tdt hon mét chut so véi pin NiCad. Di¢n ap
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danh dinh cua té bao 1a 1,2 V. Mot khia canh ma NiMH t6t hon NiCad 1a c6 thé sac pin
nhanh hon mét chit do d6 né can phai dugc lam mat.

Bang 3.7 Thong sb cta Pin Niken Hydrua kim loai

Thong s6 Gia tri

Nang lugng riéng 40-120 Wh/kg tuy thudc vao nang luong
Mat d6 nang luong 140-400 Wh/I

Cong suat riéng 300-1000 W/kg

Dién ap danh nghia cua cell|1.2 V
Hiéu suat dung lugng 65-80%

INOi tro RAt thip, 0.06 Q/ cell ¢6 dung luong 1Ah
Tinh thuong mai T6t v6i cell pin nho

INhiét d6 lam viéc Nhi¢t d0 moi truong

Tu xa dién 30% thang

Chu ky sac xa ~1000 dén khi con khoang 80 % phéng dién
Thoi gian sac 1 gi0 sac nhanh, 20 phtt c6 thé sac dugc 60%

Cung v6i luong nhiét dugce tao ra do ndi tr¢ cua pin, phan img H» lién két véi
kim loai tiép gidp véi dién cuc 4m téa nhiét kha manh. Ngoai trir nhiing pin ¢& nho sir
dung trén cac loai xe may, h¢ théng lam mat 1a mdt dac tinh quan trong ctua hé théng
pin NiMH. Pin NiMH c¢6 kha ning luu trir ning luong cao hon mot chut so v6i hé thong
NiCad va cling dit hon mot chit. C6 mot khia canh ma hiéu suit ctia n6 kém hon dang
ké so vai pin NiCa d¢ 1a dac tinh tu xa cua nd. Cac phan tir H rat nho, va ching co thé
dé dang khuéch tan qua chit dién phan dén dién cuc duong, noi nd s& phan Gng:

H2 + Ni O OH — Ni(OH): (3.32)

Két qua 1a Hz bi mat tir cuc 4m va niken hydroxit dugc hinh thanh & cuc duong.
Viéc nay khién pin tu xa kha nhanh. Mot dic diém doc ddo cta pin NiMH 1a thanh phan
ctia chat dién phan khong thay doi trong qua trinh sac hodc phong dién; nudc va ion
OH- dugc tao ra va sir dung véi ty 1é chinh xac. Két qua 1a dién trd bén trong va dién
ap mach ho cia cell khong thay d6i nhiéu trong qua trinh phong dién so véi pin chi axit
hodc pin NiCad.

Ché d¢ sac ctia pin NiMH tuong ty nhu cta pin NiCad, dong dién dugc bat va tat
dé giir dién ap cell ¢ giita gidi han trén va giéi han dudi. Gidng nhu pin NiCad, pin
NiMH c6 thé duoc sac trong vong 1 gio [4].
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3.2.1.3 Pin Lithium

Pin Lithium, con duoc goi 1a pin Li-ion hodc pin Lithi-ion, viét tit 1a LIB, 1a mot
loai pin sac bao gdm nhiéu té bao ghép lai, twong tu nhu pin axit-chi va mot sd loai pin
khac. Pin nay st dung kim loai Lithium hoac hgp kim Lithium lam vat liéu dién cuc &m
va dung dich dién giai khong dan dinh. Pin Lithium duoc phan thanh hai loai chinh: pin
Lithium kim loai va pin Lithium-lon (Li-Ion). Trong dd, pin Lithium-Ion khong chira
Lithium kim loai va c6 kha nang sac lai.
3.2.1.3.1 Pin Lithium-ion
a. CAu tao:

Pin Lithium-ion (Li-ion) dugc phat trién tir nhitng nim 1990, gom dién cuc
duong lam tir oxit kim loai chuyén tiép, dién cuc am tir carbon, chat dién phan (dung
dich hitu co hodc polyme rin), vd mang phan cach nhwa x6p. Trong qua trinh x4, ion
lithium di chuyén tor cyc am qua chat dién phan dén cuc duong, tao ra dong dién khi
electron chay qua mach ngoai. Khi sac, ion lithium di chuyén nguoc lai. Phan tng hoa
hoc thuan nghich cho phép pin sac lai nhiéu lan.

@ 2V
LITHIUM ION
@[/

ELECTRON e
ELECTROLYTE

BARRIER

TITANIUM DISULPHIDE

ANODE
METALLIC
LITHIUM

Hinh 3.34 So db c4u tao cta pin Li-ion

Chu tao pin Li-ion bao gém: 1 cuc duong, 1 cuc am, bg phan tach, chét dién phan
va hai bd thu dong dién.

- Bién cyc duong: vat li€u sir dung cho dién cuc duong thuong 1a LiCoO, hoac
LiMn, O, . Cau trac phin tir ciia chiing bao gdm cac phan tir oxit cobalt lién két véi
cac nguyén tir lithium. Khi dong dién chay qua, cac nguyén tir lithium tach khoi cu trac

nay, tao thanh cac ion lithium duong (Li* ).
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- Pién cyc am: thuong dugc lam tir than chi (graphite) hoac cac vat liéu carbon
khac. Vai trd chinh cta né 1a lwu trit cac ion lithium (Li* ) trong céc 16p tinh thé cta cdu
truc carbon.

- BG phan tach: hay mang ngan cach dién, duoc lam tir nhya polyethylene (PE)
hoic polypropylene (PP). N6 nim gitta dién cuc duong va dién cuc am, voi clu tric
nhiéu 16 nhé. Chtrc ning chinh ctia bd phan tach 1a ngin chin su tiép xuc truc tiép giira
hai dién cuc, tranh hién twong doan mach, dong thoi cho phép cac ion lithium (Li* ) di
chuyén qua.

- Chét dién phén : day 1a dung dich lap day khong gian giita hai dién cyc va mang
ngin. Thanh phan chinh cua chit dién phan thuong bao gdm LiPF¢ (mubi lithium
hexafluorophosphate) va dung méi hitu co. Vai trd cta chat dién phan 1a dan truyén cac
ion lithium gitta hai dién cuc trong qua trinh sac va xa. D6 dan ion cao, thuong dat tir 1-
2 S/cm & nhiét do phong, dd dan ting khoang 30-40% khi nhiét do dat 40°C va giam
nhe khi nhiét do xubng dudi 0°C [4].

b. Nguyén ly hoat dong
- Quy trinh xa:

Li-ion mang dién duong di chuyén tir cuc 4m (thudng 1a graphite) qua dung dich
dién ly sang cuc duong va duong cuc sé c6 phan tmg véi ion liti. Mdi ion Li dich chuyén
tir cue Am sang cyc duong trong pin thi & mach ngoai, lai tiép tuc c6 1 electron chuyén
dong tur cuc am sang cuc duong, sinh ra dong dién chay tir cuc duong sang cuc am. Diéu
nay tao ra can bang dién tich gitra 2 cuyc.

- Quy trinh sac:

Qua trinh sac dién ra nguoc lai qué trinh xa. Dudi dién ap sac, electron bi budc
chay tur dién cuc duong cua pin (tré thanh cyc am), Li-ion tach khoi cuc duong di chuyén
tré vé dién cuc Am cua pin (& quy trinh nay dong vai tro cuc duong). Trong qué trinh
sac va xa pin s& dao chiéu. Trong mot chu ky phéng dién, nhimg nguyén ti liti & cuc
duong bi ion hoa va tach khoi cac dién tir ctia chung. Cac ion liti di chuyén tir cyc duong
va di qua chat dién phan cho dén khi chiing dén duoc cuc 4m. Tai day chung tai két hop

voi1 cac dién tr va trung hoa vé dién.
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When storing energy
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Hinh 3.35 Nguyén ly hoat dong ctia pin Lithium ion thé hién qua quy trinh sac

Bang 3.8 Thong sb ctia Pin Li-Ion

Théng s6

Gi4 tri

Nang luong riéng

200-350 Wh/kg

Mat d0 nang lugng

250 - 620 Wh/L

Cong suat riéng

1000-5000 W/kg

Dién ap danh nghia cuacell 3.5V

Hiéu suat Amphour 95-99%

Noi trd Rat thap

Tinh thuong mai Nhiéu nha cung cép

Nhiét do lam viéc

Nhiét 6 moi truong

Tu x4 dién rat thap, 5%/thang
Chu ky sac xa 2000
Thoi gian sac 2-3h

Cathode (3)
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¢. Uu diém va nhuogc diém
- Uu diém:

+ Pin Li-ion ¢6 thé luu trit ning lwong nhiéu hon 3-4 1an so véi pin niken-
cadmium cung kich thudc, cho phép thiét bi hoat dong lau hon va thiét ké nho hon, nhe
hon.

+ Pin Li-ion dugc danh gia an toan v4i ngudi st dung, khong gay 6 nhiém va c6
nguy co chay nd thip. Pin ¢ thé hoat dong hiéu qua hon 2,5 lan & nhiét do thip va hoat
dong an toan 1én dén 65 do C.

+ Sac nhanh, an toan trong nhiing vu diém cua pin Li-ion trong 60 phut co thé
tién hanh nap dugc 80% dung lugng pin.

+ Khi khong sir dung, pin Li-ion chi méat 2-3% dién tich mdi thang, duy tri ngudn
dién trong thoi gian dai hon.

+ Néu duogc cham soc dang cach, pin Li-ion c6 thé chiu dugc 2.000 chu ky sac-
xa tré 1én, trong nhiéu trudng hop co thé kéo dai 8-10 nam.

- Nhuoc diém:

+ Nhirng loai pin nay dé bi mét kiém soat nhiét, co kha nang dan dén hoa hoan
hodc nd, dic biét 1a khi bi hu hong hodc quan ly khong dung céch.

+ Hiéu sut va tudi tho c6 thé bi anh huong dang ké khi tiép xUc v6i nhiét do rat
cao hoic rat thap.

+ Quy trinh san xuét phtrc tap va vat liéu duoc stir dung khién pin lithium-ion dat
hon mot s6 loai pin thay thé khéc.

+ Theo thoi gian, pin lithium-ion bi suy gidm, thuong chi chiu dugc 500-1000
chu ky sac trude khi dung lugng giam dang ké.

+ Viéc khai thac lithium va cac vat liéu khac c6 thé gay hai cho h¢ sinh thai, lam

6 nhiém ngudn nudc va gop phan gy 6 nhiém khong khi.

3.2.1.3.2 Pin Lithium Polymer (Li-Po)
a. Ciu tao nguyén ly

Pin Li-Po (Lithium-lon Polymer, Lithium-Polymer) khong sir dung chat dién
phan dang 1ong ma thay vao d6 no sir dung chat dién phan xbp hodc chét dién phan
giong gel, dang polymer kho, twong ty nhu mot miéng phim nhya mong miéng phim
nay duoc kep (thuc su 1a ghép 1a) gitta cuc duong va cuc am cia pin cho phép trao doi
ion, vi vay pin c6 thé 1am rat mong véi cac hinh dang va kich thudc cta cell pin khac
nhau.
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Lithium Polymer Battery
e
‘ Cathode Polymer Electrolyte Anode '
] e
OLi ' )
? @cC
OMn '
| ' OH
[ Jo) \
Al Current \& | 8 Cu Current
Collector pels, o Collector

Hinh 3.36 C4u tao cua pin Li-Po

Pin Lithium-Polymer str dung kim loai lithium lam dién cuc am va oxit kim loai
lam dién cyc duong. Trong qué trinh phan ung hoa hoc, lithium két hop véi oxit kim
loai tao thanh oxit kim loai lithium (LixMyOz), dong thoi giai phong ning luong. Khi
sac lai, phan tng hoa hoc dién ra nguoc lai, véi lithium vira 1a chét phan tng vira l1a ion
di dong qua chit dién phan.Phan tng hoa hoc tong quat:

xLi + MyOz — LixMyOz (3.33)

Tuy nhién, dién cuc 4m bang lithium rin gdy ra cac van dé vé an toan va hiéu
suat, dan dén viéc pin Lithium-Polymer dan duoc thay thé bang pin Lithium-lon.

Vé nguyén Iy hoat dong sac xa gidng voi Li-Ton nhung lai khac nhau vé chat dién
phan. Li-Ton sir dung chat dién phan léng (dung dich hitu co) con Li-Po sir dung chét
dién phan dang polymer (thuong la dang gel), giup pin méng hon, nhe hon va c6 kha
nang chiu dugc hinh dang linh hoat hon [4].

b. Uu va nhuoc diém
- Uu diém

+ Pin Li-Po c¢6 kha ning cung cip dung lugng ning luong 16n, gitp xe dién c6
thé di dugc mot khoang cach xa trudc khi can sac lai.

+ Pin Li-Po c6 kha nang xa tai manh, cho phép xe dién van hanh manh mé va dat
dugce toe do cao.

+ CAu trac mong va linh hoat ctia pin Li-Po cho phép nd dugc thiét ké véi kich
thude nho gon, gitip giam trong lwong va tao khong gian linh hoat cho hé théng pin
trong xe dién.

+ Pin Li-Po c6 hiéu suét sac va xa tot, cho phép nap va giai phong ning luong
nhanh chong va hi¢u qua.
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- Nhuoc diém:

+ Pin Li-Po c6 tudi tho thip hon so vdi cac loai pin Lithium-ion khac nhu pin
LiFePOA4. Viéc str dung pin Li-Po cho xe dién c6 thé yéu cau thay thé pin sau mot khoang
thoi gian ngén hon.

+ Pin Li-Po c6 kha ning nd, chay hoidc phat nhiét néu khong duoc sir dung hoic
bdo quan dung cach. Do do, viéc bdo quan, sac va van hanh pin Li-Po phai tuan thu cac
quy dinh an toan nghiém ngit dé tranh tai nan.

+ Pin Li-Po c6 gia thanh cao hon so v&i mt sb loai pin khac, diéu nay c6 thé 1a
mot yéu td quan trong trong quyét dinh str dung cho xe dién.

3.2.2 Tinh chen pin

3.2.2.1 Co so Iy thuyét

a. Thong sd tinh toan

Dua vio cac thong s6 k¥ thuét cia xe co s Kia Frontier K200 [1].
Bang 3.9 Thong s k¥ thuat cia xe Kia Frontier K200

Théng s6 k§ thuat Pon vi Kia Frontier K200
Dai-Rong-Cao
(DXRXC) mm 5.100 x 1.750 x 2.100
Chiéu dai co s& mm 2.615
Trong lu({r}g khong kg 1.440
tai
Trong lugng toan tai kg 3.995
Dong co HYUNDAI — D4ACB
Cong suateycdai/ | p oo mhar) 130/ 3.800
toc do quay
Moment xodn /10¢ |\ oo mhit) 255/1.500 — 3.500
do quay
Téc do t6i da km/h 115

b. Co sé tinh toan muc tiéu tén nang luong:

Dé xac dinh kich thudc va sb luong pin can st dung trong hé théng, can phai co
hai thong s chinh, d6 la:

+ Mtic nang lugng tiéu ton trung binh (Eavg): DAy 1a mirc ning luong trung binh

ma xe tiéu thu trong qua trinh vén hanh.
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+ Khoang cach ma xe di dugc trong mdt 1an nap (Dv): Pay 13 quing dudng ma
xe ¢6 thé di chuyén sau mdi 1an nap day pin.

Dé tinh toan muc tiéu hao ning lugng trung binh Eayvg, ching ta can dua xe 1én
bang thir cong suit va sir dung cac chu trinh 14i khac nhau dé tinh toan mirc tiéu hao nay.
Trong nghién cru nay, ching t6i s€ sir dung chu trinh 1ai WLTC (Worldwide
Harmonized Light Vehicles Test Cycle), mot chuan dugc ap dung rong rii tai Chau Au
dé xac dinh mirc khi thai va mirc tiéu hao nhién liéu cua céac loai xe xang va xe hybrid
[7].

Chu trinh 141 WLTC goém ba chu trinh, stir dung tiéu chuan nao 1a phu thudc vao
ti s6 cong sudt tdi da chia khdi lugng khong tai (power to mass ratio) PM; (W/kg).

+ Loai 1: Phuong tién cong suat nho vai PM, < 22.

+ Loai 2: Phuong tién cong suét trung binh véi 22 < PM, < 34,

+ Loai 3: Phuong tién cong suat 16n vdi PMr > 34,

Xe Kia Frontier K200 c6 ti so:

pM, = Fem 90000 _ 5 667 2 (3.34)
m, 1440

= ta s€ st dung chu trinh lai loai 3.
Chu trinh 14i dugc chia thanh 4 giai doan, mdi giai doan co tbc d0 tbi da khac nhau:
thap: 56.5 km/h, Trung binh: 76.6 km/h, Cao: 97.4 km/h, Cuc cao: 131.3 km/h.

Bon giai doan ndy mé phdéng cho céac loai duong: do thi, ngoai 6, ndng thon va cao

toc.
km »
RefSpd P » km/h . Quang duéng (km)
mi/s
L R
Van tée (m/s)
RefAcc ’ — g
Gia toc (m/s*2)
| [a] [v]
Drive Cycle Source WLTC 3
.mat, .xls, .xlsx or .txt file (1800 seconds)
Hinh 3.37 M6 hinh MATLAB chu trinh WLTC loai 3
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 3.38 Biéu d6 chu trinh WLTC loai 3
Béang 3.10 Chu trinh WLTC loai 3
Thap Trung | Cao Cao Tong
binh cuc cong
Thoi gian (s) 589 433 455 323 1800
Thoi gian dung (s) 150 49 31 8 235
Quéang duong (m) 3095 4756 7162 | 8254 23266
% dung 26.50% 11.10% |6.80% | 2.20% | 13.40%
Téc do t6i da (km/h) 56.5 76.6 97.4 | 131.3
Téc d6 trung binh
khong tinh thoi gian 25.3 44.5 60.7 94 53.5
dung (km/h)
Téc do trung binh ¢
tinh thoi gian dung 18.9 394 56.5 91.7 46.5
(km/h)
Gia toc thap nhat 15 15 | -15 | -1.44
(m/s9)
Gia toc cao nhat 1611 1611 | 1.666 | 1.055
(m/s9)

c. M6 phong chu trinh l4i bing MATLAB:
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec.

Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc
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bau tién dé tinh dugc nang luong ti€u ton trung binh theo céc chu trinh 1ai thu
nghi¢m, ching ta phai xem xét cac loai luc can khi xe di chuyén trén duong. Cac luc
can chinh bao gom: luc quan tinh, lyc can lan, luc can doc, luc can gid.

- Lyc can tong cong [2]:

Fa=F+F+F+F, (3.35)
- Luc can lan:

F, =G.f.cos(x) (3.36)
- Luc can déc:

F. =G.sin(a) (3.37)
- Luc can khi dong:

F - %.p.CX.S.Vz (3.38)

Trong d6:  p la khoi luong riéng khong khi p = 1,225 (kg/m?3).
Cx 12 hé s6 can khong khi Cx= 0,6 (Ns/m?).
S 1a dién tich mit can gi6 S = 3.675 (m?).
- Lyc can quan tinh:
F =2 ] (3.39)
g
Trong d6: | - 1a gia tdc tinh tién cta xe (m/s?).

Ff—‘
>+

Lwc can lan (N)

v] qll Fw L+

Luc khi dong (N)

Fi P+

Luc can doc (N)

Luc quén tinh (N)

Hinh 3.39 M6 hinh tinh toan MATLAB tinh luc kéo va cong suét cua xe

Tir so dd tinh toan MATLAB trén ta chay chu trinh WTLC loai 3 thi ta s& tinh

cong suat tong cong Prot.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 3.40 Biéu d6 luc kéo va cong suit ctia xe
Ta lay nguyén ham cua tong cong suét theo thoi gian ta s& c¢6 dugc tong ning
lugng tiéu thy Etot (Wh).

o = | Pacd (3.40)

; v" Ea (Wh)
it >= 0) b Etot (Wh) ¢ D
i d Eb (Wh) |
M ifut e,:: m Téing tbe

A

Q/1000

: Quang duong chu trinh
K-

Hinh 3.41 M6 hinh tinh toan MATLAB tinh ning lugng tiéu ton trung binh

Sau khi chay mo phong thi ta c6 két qua ning luong tiéu ton trung binh I3
E,=366,4 Wh.

Ea (Wh), Elol (Wh), Eb (wh)
|

Hinh 3.42 Biéu d6 ning luong

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Sau khi tinh toan tong ning luong tiéu thy, ta chia gia tri ndy cho quing dudng
mé phong 13 23266 m dé tinh dugc niang luong tiéu thu trung binh. Khi xe ting tdc, Fio
s& ¢6 gia tri dwong, dan dén Pit va Eot cling duong, c¢6 nghia 1a ning luong tiéu thu theo
thoi gian s€ tang. Nguoc lai, khi xe phanh, Fiot s€ ¢6 gia tri am, kéo theo Ptot va Etot cling
am, nghia 1a nang lugng ti€u thu theo thoi gian s€ giam.

d. Tong ning lwong tiéu ton trung binh [8]:

Ngoai viéc cung cap ning luong dé xe di chuyén, hé théng pin con phai cung cip

dién cho cac hé théng phu khac nhu: cac hé théng 12V, hé thé)ng lam mat,...

Bang 3.11 Cong suét tiéu hao ciia céc tai lién tuc trén xe

STT Tai lién tuc Cong suit (W)

1 Dén duodi va dén hai bén 30
2 Dén bién s6 10
3 Dén pha chinh 120
4 Pén cot 100
5 Dén tap-16 25
6 Radio/ cassette/ CD 15

Tong 300

Bang 3.12 Cong suat tiéu hao cua cac tai gian doan trén xe

STT Tai gian doan Cong suit (W)

1 Dén phanh 40

2 Giat mua trudc 80

3 Nang kinh dién 150

4 Quat dan nong 150

5 Motor quat thoi 80

6 Dén ndi that 10

7 Coi 40

8 Dén suong mu 10

9 Dén lui 40

10 Cac dén phu 110

11 Thiét bi cham thudc 100

12 Quat tan nhiét pin 80
Sinh vién thyc hién: Lé Minh Hung; Lé Vil Bao; _ Huéng dan: PSG.TS. L& Minh Birc
Nguyén Ding Truong; Nguyén Lé Anh Tii; Nguyén Minh Diic. ThS. Nguyén Vin Phuc
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Téng 890

Dé tinh duoc cong sut cua cac tai gian doan ta phai nhan véi hé sb hoat dong
duogc udc tinh khoang 10% (0,1.890 = 89 W). Sau d6 ta cong Vi cong suit tiéu thu cua
tai lién tuc ta s& duoc cong sut tidu ton cua cac hé théng phu [8],[9]:

P, =300+89 =389W (3.41)
Chu trinh thoi gian mé phong 1a 1800s vy tong nang luong cac hé théng phu:

E, =389.1800.0,00027778 =194,5W (3.42)
Ning luong tiéu ton trung binh cho cac hé théng phu:

E,, =194,5:23,266 =8,35Wh/ km (3.43)

Ning luong tiéu tén tong cong:
Eavg = (Ep + Eaux)*(2 —77p)
= (366,4 +8,35).(2—0,9) =412,225Wh/ km
Trong dé: 7, 1a hiéu suat truyén dong tir dién nang thanh co ning, np=0,9.

(3.44)

Paux —l_’ @—b + [Eavg]
X X »
eycle w j. . 8.36 x
Q/1000 [Eaux] 2
+

np

Hinh 3.43 M6 hinh tinh toan MATLAB tinh ning luong tiéu ton tong cong

3.2.2.2 Tinh todn cdc thong sé pin

a. Thong sb pin chon: )
- Chon loai pin 18650. Thong so cua pin dugce trinh bay trong bang 3.10.

Bang 3.13 Thong sb cua ky thuat cua pin

Hinh dang Hinh try Khéi lugng mpe (Kg) 0,046
Model 18650 Dung lugng Chc (Ah) 3,5
Chiéu dai Lo (m) 0,065 Dién ap U (V) 3,7
Puong kinh Dy (m) 0,018 C-rate 3
Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vi Béo; 5 Hudng dan: PSG.TS. Le:: Minh B
Nguyén Pang Truong; Nguyén Lé Anh Tu; Nguyén Minh Dic. ThS. Nguyén Van Phuc
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- Thé tich ctia mdi cell pin:

2 2
V, = ”’Z)bc L, = 200185 0e53-1.755.10°m*  (3.45)
- Nang luong cua mot cell pin:
E,. =C..U,, =3.5*3.7=12,95Wh (3.46)
- Ning luong riéng theo thé tich:
J=iwm o 129 997773 gawh/me (3.47)
V, 1.755.10
- Nang luong riéng theo khéi luong:
¢ = By (1295 281,521Wh / kg (3.48)
m,. 0,046

b. Tinh toan cac théng s6 cua hé thong pin [9]:
- Cong suat caa hé théng:
P=U.I (3.49)
Trong d6: U —Bién ap dinh danh chon 570 V.
- Ning lugng ma hé thong can cung cap dé di hét quang dudng Dy, gia thiét quing
duong téi da xe di hét nang lugng 1a Dy = 60 km.

E,, = E. D, =412,235.60 = 24734,149Wh (3.50)
- S6 cell pin mac ndi tiép:
U
CS _Zw 31045, (3.51)
U, 37
- Ta s€ ¢6 dugc dién ap cua hé théng pin:
U,, =N U, =154.3,7 =569,8V (3.52)
- Nang luong ctia mot chudi cell ndi tiép Ens:
E. =E...N, =12,95.154 =1994,3Wh (3.53)

- S chudi ndi tiép mac song song Ns:

E
_Ey 24734149 ., (3.54)

N =
* E, 1994,3

Vi sb chudi phai 14 s6 nguyén nén ta phai 1am tron dén s6 nguyén 16n nhat Nes=13.
- Nang luong cua hé thong pin theo s6 chudi mic song song:
E,, = Ey,-N,, =1942,5.13 = 25925,9Wh (3.55)

- Dung luong cta hé thdng pin Cop:
Cyy = N,,.C, =13.3,5=45,5Ah (3.56)
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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- S6 cell pin c6 trong hé thong pin Nep:

N, = N,,.N_ =150.13 = 2002 (3.57)
- Dong dién xa cuc dai caa mot chudi lspe:

I, =Crue Cyo =3.3,5=10,5A (3.58)
- Dong dién xa cuc dai cua hé théng pin lopp:

1, = 1..N,, =10,5.13=136,5A (3.59)
- Khéi luong cua ca hé thong pin:

m,, =m, .N_, =0,046.1950 = 92,092kg (3.60)
- Cong suat pin:

R,y =Uy, 1y, =570.136,5 = 77777, 7W (3.61)

3.3 Tinh chon may phat dién
3.3.1 Gigi thigu mdy phat di¢n

May phat dién 1 thiét bi bién d6i co nang thanh dién ning thong thuong sir dung
nguyén 1y cam tmg dién tir. Ngudn co ning so cap c6 thé 1a cac dong co tua bin hoi, tua
bin nudc, dong co dét trong, tua bin gio hodc cac ngudn co ning khac.

May phat dién trén 6 t6, ngudn co ning so cip thudng la dong co dét trong cua
xe. Khi dong co hoat dong, né truyén chuyén dong quay tdi may phat dién thong qua
day dai truyén dong (day curoa). May phat dién trén 6 to c6 nhiém vu cung cap dién
nang cho cac hé théng dién trén xe, nhu dén pha, hé théng diéu hoa, hé théng am thanh,
va nap lai ning luong cho 4c quy. Qué trinh ndy dam bao rang cac thiét bi dién tr trén
xe hoat dong 6n dinh ngay ca khi dong co chay & cac toc d6 khac nhau. May phét dién
trén 6 t0 thudng duoc thiét ké nho gon va bén bi, phu hop véi diéu kién van hanh lién

tuc va da dang.

o )
[ -]

Hinh 3.44 May phat dién 3 pha

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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- Cong dung: May phat dién c6 vai trd quan trong trong doi séng sinh hoat, san
xudt va hd tro cac phuong tién giao thong. Khong chi dam bao cung cap ngudn dién cho
may moc hoat dong 6n dinh ma méy phat dién con mang dén nhiéu cong dung hitu ich
khéc:

+ Phat dién: Khi van hanh, dong co quay trong mdy s& hoat dong, truyén chuyén
dong quay qua day dai dén may phat dién. Rotor bang nam cham dién ctia may sé tao ra
tir trudng, sau do6 tic dong 1én day quin trong stator dé phat ra dién.

+ Chinh lru: Khi may phat dién tao ra dién ning, dong dién xoay chiéu nay chua
thé sir dung truc tiép cho cac thiét bi. Vi thé bén trong may s& c6 bd phan chinh luu,
gitip diéu chinh dong dién xoay chiéu thanh mot chiéu, dé cac thiét bi dién co6 thé st
dung duoc.

+ Hiéu chinh di¢n ap: C6 chlrc nang diéu chinh dién ap sinh ra luén 6n dinh.
Ngay ca khi toc d6 may phat dién thay d6i thi bo hiéu chinh vin dam bao hiéu dién thé
ctia dong dién truyén dén céc thiét bi dién ludn 1a hang sd.

- Nguyén ly hoat dong: May phat dién hoat dong dya trén nguyén ly cam g
dién tir. May hoat dong s& 1am ting giam luan phién s6 duong stc tir nam cham di qua
tiét dién cudn day, tur do xuét hién dong dién cam Ung trong cudn day va dong di¢n éy

cling luan phién doi chiéu, tao ra dong di¢n.

Hinh 3.45 May phat dién hoat dong dua trén nguyén 1y cam tng dién tur

3.3.2 Tinh chon may phat dién
Pau tién ta phai xac dinh dugc cong suat may phat dién phai chon 1a bao nhiéu,

ta co cong thic sau:

P, =P, +P,+P, (3.62)
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Trong d6:  Pg 14 cong suat may phat
Pe 14 cong suat dong co dién tai v = 60 km/h
Pes 13 cOng suét hé théng dién trén xe
Peb 14 cong suit sac pin
- Cong suat dong co dién (*) :

Dua vao toc do trung binh ma xe khi di chuyén khoang 50-60km/h ta tinh duoc
cong suit cua dong co dién tai diy téc d6 d6 ma chon may phat phu hop két ciu khung
gam xe va cong suit cua dong co dién. Ta van sai cac cong thirc & phan “3.1.2. Tinh
chon dong co dién” dé xac dinh cong suét cua xe:

+ Phuong trinh can bang luc kéo

Fo=F +F+F, +F (3.63)

+ Luc can lan

F, = f.G = 0,018.39190,95 = 705,4371N (3.64)
Trong d6:  f1a hé s can lan.

G 1a tong trong luong cua Xe.
+ Luc can khong khi

F =WV =0,6.1,75.2,1.16,1667> = 612,5N (3.65)

Trong d6: W 1a nhan t6 can khong khi. (W=Cx.S)

Cx 1 hé s6 can khong khi. Di voi 6 t6 tai chon Cx = 0,6 (Ns/m?);
S 1a dién tich can chinh dién. (S = B.H);

B 1a chiéu rong 16n nhat, B = 1,75 m;

H 1a chiéu cao I6n nhat, H = 2,1 m;

v 1a van téc 16n nhat caa xe v = 60 (km/h) = 16,16667(m/s);

+ Thay phuong trinh (3.64) va (3.65) vao (3.63) ta co:

F=F +F,6 =70544+612,5=1317,94N (3.66)

+ Cong suit cua xe tai toc d6 tdi da, hiéu suit dong co dién 95%:

R 1324,5.16,16667

P — 23121,703W (3.67)
X 0,95
- Cong suat hé thong dién trén xe (¥*):
Thong sb cong suit da duoc tinh & (3.36).
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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P =P, =389W (3.68)

aux

- Cong suat can dé sac pin (***) trong vong 2 gio:

E
p = 299259 15905 g5 (3.69)
cb t 2

- Ta thé (*),(**) va (***) vio cong thiic (xx):

P,=R.+P+PR,
=23121,703+ 389 +12962,95 = 36473,653W

(3.70)

=> Vay ta chon may phat c6 cong suét Ién hon 36473,653W

- Tur cac dir li¢u trén ta chon dugc may phat ¢ cac thong so sau:

Hinh 3.46 May phat GDF -180

+ Tén nha cung cdp: QINGDAO GREEF NEW ENERGY EQUIPMENT
CO.,LTD.

+ M2 san pham: GDF — 180

+ Loai dong co: Pong co xoay chiéu dong bd (3phase)
+ Cong suat: 40 kW

+ Mo-men xoén: 2,6/129,3 N.m

+ Heé s6 cong suat: > 0.95%

+ Hiéu dién thé: 380 VAC

+ Cuong do dong dién: 60,8 A

+ Tan s6: 100 Hz

+S6 cap cuc: 2

+ S6 vong quay: 3000 rpm

+ Khdi luong: 186kg

+ Kich thuéce: 78,2 x 35,5 x 45,5 cm

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 3.47 Ban v¢ kich thudc may phat GDF -180

Sinh vién thuc hién: Lé Minh Hung; Lé Vii Bao;

Huéng dan: PSG.TS. Lé Minh Dric
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Chuwong 4: SO PO PIN VA HE THONG KIEM SOAT NHIET PO
BANG KHONG KHi

4.1 So' @6 @au ndi pin
4.1.1 Gidi thigu cdc kiéu diu néi phé bién hign nay

Péu ndi ndi tiép: La phuwong phap két ndi cac cuc am va cuc duong cia cac cell pin
theo chudi. Kiéu nbi nay lam tang dién 4p tong cua hé thong ma khong thay doi dong
dién. Vi du, 10 cell pin mdi cell 3.7V ndi tiép s& tao ra hé thdng pin co6 dién ap 37V.
Phuong phap nay phu hop vé6i cac hé thong can dién 4p cao nhu xe may dién hodc 6 t6
dién. Tuy nhién, néu mot cell bi hong, toan bo h¢ théng s€ ngurng hoat dong, do do can

st dung hé thdng quan 1y pin (BMS) dé giam sét va bao vé cac cell.

Hinh 4.1 Pack Pin trén xe dién Volkswagen

Pau ndi song song: Két ndi cuc duong v6i cuc duong va cuc am véi cuc am gitra cac
cell pin. Phuong phép nay giit nguyén dién ap nhung ting dung lugng ciia hé théng,
gitip xe dién co thé hoat dong 1au hon. Chang han, 5 cell pin 3.7V, 2Ah d4u song song
s& tao ra hé thong pin c6 dién ap 3.7V va dung luong 10Ah. Kiéu ndi nay thuong dugc
st dung trong cac hé théng cin thoi gian hoat dong 1au, nhu xe dap dién hoic xe dién

cd nho.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Le:: Minh B
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DPéu ndi két hop: La su két hop giira ndi tiép va song song, vira ting dién ap vira ting
dung luong ctia hé théng pin. Vi du, néu c6 8 cell pin mdi cell 3.7V, 2Ah, ban c6 thé
chia thanh 2 chudi, mbi chudi gdbm 4 cell ndi tiép dé tao ra dién ap 14.8V, sau d6 ndi
song song 2 chudi dé dat dung luong 4Ah. Cach dau ndi nay thudng duoc ap dung trong

cac xe dién yéu cau ca dién ap va dung luong cao, nhu 6 t6 dién hoac xe tai dién.

4.1.2 So d6 ddu néi Pin trén xe

Dya theo thong sb tinh toan pin tai myc “3.2.2.2” tién hanh bé tri theo diéu kién thuc
té. Pé dam bao dugc yéu cau vé cong suat, dién ap ciing nhu thoi gian tiéu thy ngudn
ning luong pin. Hai phuong phap déu ndi phd bién nhat 1a ndi tiép va song song duoc
két hop st dung nham ting dién 4p va thoi gian st dung pin. Nhim ting tdi da thoi han
sit dung Pin, tranh dugc tinh trang dung luong trén timg cell khac nhau din dén pin
nhanh xudng cip.

Giai thich cach mac ndi: Sau khi lién hé thuc té thi cach dau nbi pin c6 mot chut thay
d6i dé phu hop véi diéu khién bé tri trén xe. Tong sd pack trén xe 1a 3 pack, trong d6
bao gdm 2 pack c6 9 module ndi tiép va 1 pack c6 8 module ndi tiép (duoc tach lam 2
b 4 module). Dé kich duoc hiéu dién thé 1én thi ta can ndi tiép thém 1 b 4 module cho
2 pack 9 module. Tir d6 ta c6 dugc 2 bd mdi bo gom 13 module nbi tiép. Cudi cing ta

mic song song 2 bd lai va dugc két qua nhu da tinh toan.
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Hinh 4.2 So d6 dau néi Cell Pin trén xe
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4.2 Thiét ké hé théng kiém soat nhiét do pin
4.2.1 Dit vin dé

Trén cac dong xe hybrid (HEV), viéc duy tri nhiét d6 on dinh cho pin 14 yéu t6 quan
trong dé dam bao hiéu suit, do bén va an toan ctia hé théng nang lugng. Pin lithium-ion,
vbn dugc sir dung rong rdi trong cac phwong tién nay, c6 thé bi giam hiéu suit hodc
tham chi hu hong néu khong dugc 1am mét ding cach. Khi pin hoat dong, né phat sinh
nhiét, va néu khong duoc kiém soat, nhiét do qué cao co thé 1am giam tudi tho cta pin,
ting nguy co chdy nd hodc gay ra su ¢ cho cac bo phan lién quan.

Do d6, viéc thiét ké mot mach diéu khién 1am mat pin hiéu qua 13 vo cung can thiét.
Mach diéu khién nay can phai dam bao rang cac cam bién nhiét do c6 thé giam sat lién
tuc nhiét do cta pin va kich hoat cac co ché 1am mat nhu quat hodc h¢ théng tan nhiét
khi can thiét. Hé thong phai duoc t6i vu héa dé phan tmg nhanh véi sy thay dbi nhiét o
va duy tri nhiét do cta pin trong pham vi an toan. Ngoai ra, mach diéu khién ciing can
phai c6 kha ning quan 1y ning luong hiéu qua, dam bao viéc lam mat khong tiéu tén
qua nhiéu ning luong ctia hé théng. Mot trong nhitng thach thirc chinh trong thiét ké
mach diéu khién 13 viéc xay dung mot so d6 mach c6 thé phdi hop hiéu qua giira cac
thanh phan nhu cam bién nhiét do, quat 1am mat, b diéu khién, relay va céac linh kién
dién tir khac. Cac thanh phan nay can duoc két ndi mot cach thong minh dé phan tng
nhanh chéng va chinh xac véi nhitng thay doi nhiét d6 cua pin, dong thoi giam thiéu tdi
da sy that thoat nang luong va ddm bdo su bén bi lau dai cta hé théng.

Vi vay, viéc thiét ké so do mach diéu khién lam maét pin khong chi 1a van dé vé k¥
thuat ma con lién quan dén t6i wu hoa hiéu qua lam mat va nang cao do an toan cua xe,

g6p phan nang cao trai nghiém va dg tin cdy cta nguoi st dung.

4.2.2 Thiét ké mach lam mat Pin trén mé hinh HEV néi tiép

Mach diéu khién 1am mat pin trén xe Hybrid Electric Vehicle (HEV) dong vai trd
rat quan trong trong vi¢c duy tri nhiét d on dinh cho hé théng pin, giap t8i wu hoa hiéu
suét hoat dong va bao vé pin khoi cac tac dong x4u do qué nhiét. Pin trong xe HEV, dac
biét la cac pin lithium-ion, thudong xuyén phai trdi qua qua trinh sac va xa nang luong,
va trong sudt qua trinh ndy, nhiét d6 cta pin c6 thé ting 1én dang ké. Néu nhiét d6 khong
duoc kiém soat kip thoi, s€ anh huong dén tudi tho cua pin va cé thé dan dén cac su cb
nghiém trong nhu giam hiéu suat hoic chay nd. Mach diéu khién lam mat pin trong xe
HEV hoat dong bang cach két nbi va diéu phdi cac thanh phan nhu cam bién nhiét do,
quat lam mat, by tan nhiét, relay va bd diéu khién trung tam. Cac cam bién nhiét do gén
truc tiép trén cac té bao pin s€ lién tuc theo dodi nhiét d¢ va gui tin hi¢u dén bd diéu
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khién. Khi nhiét d6 vuot quéa ngudng an toan, bo diéu khién s& kich hoat cac co ché 1am
mat nhu quat hodc h¢ thé)ng tan nhiét dé gidm nhiét do nhanh chong. Mach diéu khién
nay ciing dugc thiét ké dé t6i uvu hoéa ning lwong, dam bao rang hé thong lam mat hoat
dong hi€u qua ma khong lam giam hi¢u suét cua xe. Céc tin hiéu tir cam bién nhiét do
s& duge xtr 1y va chuyén db6i thanh tin hiéu diéu khién, gitp diéu chinh toc do quat hodc
bat/tit cac co ché 1am mat khac, tuy thudc vao tinh trang nhiét do cua pin.

Mot tinh ndng quan trong ciia mach diéu khién 13 kha nang ty dong hoa. Khi nhiét do
ctia pin dat dén mtrc nguy hiém, hé thong s& tw dong diéu chinh cac hoat dong lam mat
ma khong can sy can thiép cta ngudi 1ai xe. Piéu nay giup bao vé pin khoi qua nhiét,
dé)ng thoi dam béo xe ludn van hanh & hiéu suit tdi wu. Bén canh d6, mach diéu khién
cling can phai cé cac co ché bao vé dé ngét mach khi c¢6 sy ¢6 hodc néu co su cb lién
quan dén hé théng lam mat, nham dam bao an toan cho nguoi st dung.

Véi vai tro 13 "bo ndo" ciia hé thong lam maét pin, mach diéu khién lam mat giup xe
HEV duy tri hi¢u suat on dinh, bao vé pin khdi céac tac dong x4u ctia nhiét do va téi vu
hoa sy két hop giita dong co dién va dong co xing, tir 46 mang lai trai nghiém lai xe an

toan va hiéu qua.

Hinh 4.3 So dd méc mach 1am mat Pin
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1: Ngudn; 2: Modul ha ap; 3: Relay; 4: Quat lam mat; 5: Mach diéu khién;
6: Cam bién nhiét d0; 7: Man hinh hién thi.
4.2.2.1 Nguén cdp di¢n cho mach hogt déng

Acquy 12V thudng dugc st dung 1am ngudn dién chinh hodc phu cho cac hé thong
dién va mach diéu khién trong cac tmg dung nhu mach 1am mat pin, hé thong diéu khién
dong co, hoidc cac thiét bi phu trg trong xe hybrid (HEV).

Thong ) k¥ thuat: Dién 4p danh dinh: 12V —tiéu chuén cho hau hét cac hé théng dién
dan dung va xe hoi, d& dang tich hop véi cac thiét bi dién tir khac.

- Cung cip ning luong 6n dinh cho mach diéu khién: DAy 1 ngudn dién chinh dé cung
cap ning luong cho cac thanh phan nhu cam bién nhiét d6, quat 1am mat, bo diéu khién
va céc relay trong hé thong 1am mat pin.

- Kha niang hoat dong lién tuc: Dung luong dii dé cung cip nang lugng cho cac mach
dién nho va trung binh trong thoi gian dai, ddm bao mach hoat dong lién tuc ma khong
can thay doi nguén hodc sac lai thuong xuyén.

- Tuong thich cao: Pién ap 12V 1a tiéu chuan phd bién, dé dang tich hop véi nhiéu

thiét bi dién tir va linh kién dién trong cic mach lam mat hodc diéu khién.
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Hinh 4.4 Acquy cip ngudn cho mach hoat dong

Acquy 12V 1a Iya chon phi hop cho cic mach 1am mat hodc hé thong dién yéu cau
ngudn 6n dinh, kich thude nhé gon va thoi gian hoat dong 1au dai. Vi dung lwong 50Ah,
loai acquy nay dam bao cung cip du ning luong cho cdc mach 1am mat pin trén xe
hybrid hodc cac irng dung tuong tu, déng tho1 mang lai sy hiéu qua vé mat chi phi va
kha nang lp dat linh hoat trong khong gian han ché.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc

Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Duc. ThS. Nguyén Vin Phuc
82



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

4.2.2.2 Module ha dp Buck DC-DC 5A XL4015

Module ha ap Buck DC-DC 5A XL4015 1a mot loai mo-dun chuyén doi dién ap DC
(Direct Current) tir ngudn dién ap cao xudng ngudn dién ap thap hon. Pay 1a mot trong
nhimg module phd bién duoc sir dung trong nhiéu tmg dung dién tir nhu cAp ngudn cho
cac mach dién ap thép, cac du an Arduino, ESP32, cac thiét bi tiéu thu dién nang thép,
hoic cac hé théng can cung cap dién on dinh.

Thong s k¥ thuat:

- Pién 4p dau vao (Input Voltage): 4V dén 40V — Module c6 thé nhan ngudn dién vao
tir mot dai dién ap kha rong, giup nd phu hop véi nhidu loai ngudn khac nhau.

- Pién 4p dau ra (Output Voltage): 1,25V dén 36V — Dién ap dau ra c6 thé diéu chinh
tir 1,25V dén 36V, cho phép st dung trong nhiéu tng dung khac nhau, tir cap ngudn cho
cac mach diéu khién, cam bién, dén céc thiét bi doi hoi ngudn dién thap on dinh.

- Dong dién dau ra (Output Current): Tdi da SA — Module c6 thé cung cap dong dién
1én t6i 5A, dap ung nhu cau cung cép niang luong cho cac thiét bi c6 cong suat tiéu thu
vira va lon.

- Hiéu suat chuyén doi (Efficiency): Lén dén 96% — Véi hiéu suat chuyén doi cao,
module nay gitp giam thiéu nhiét lugng sinh ra va tiét kiém niang luong khi hoat dong.

- Tan s6 chuyén doi (Switching Frequency): Khoang 180kHz — Tan s6 chuyén dbi nay
gitip giam thiéu cac dao dong tan sb va cai thién hiéu suat hoat dong cua module.

Module ha ap Buck XL4015 st dung cong nghé DC-DC buck converter, c6 kha ndng
giam di¢n ap dau vao tir mirc cao xuéng muc dién ap yéu ciu mot cach hiéu qua. Mach
hoat dong dua trén nguyén 1y diéu ché d6 rong xung (PWM), diéu khién mot transistor
(MOSFET) dé chuyén mach nhanh chong, tir d6 tao ra dién ap 6n dinh ¢ dau ra.

- Piéu chinh dién ap dau ra: Pién ap dau ra c6 thé diéu chinh thong qua mot bién tré
(potentiometer) trén module. Nguoi ding c6 thé vin bién tré nay dé thay doi dién ap
sao cho phi hop v6i yéu cau cua thiét bi str dung.

- Bao vé qué tai va qua nhiét: Module XL4015 duoc tich hop cac co ché bao vé nhu

bdo v¢ qua tai va bao v¢ nhiét d§ qua cao, gitp tang tuodi tho va do tin cay ctia module.
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Hinh 4.5 Module ha ap DC-DC/5A XL4015
Module ha 4p Buck DC-DC 5A XL4015 c6 nhiéu wu diém noi bat, bao gdom hiéu suat

chuyén doi cao 1én dén 96%, gitp giam thiéu niang lwong mat mat va nhiét phat sinh.
Module dé str dung v6i kha nang diéu chinh dién ap dau ra linh hoat thong qua bién trd,
pht hop cho nhiéu tng dung khac nhau. N6 hd trg dong dién 1én dén 5A, dap ung nhu
cau cap ngudn cho céc thiét bi tiéu thu dién nang 16n. Bén canh d6, module con tich hop
céc co ché bao vé qua tai va qua nhiét, giap bao vé thiét bi va nang cao do bén. Véi cac
tinh ndng nay, module 1a lga chon 1y tuédng cho cac mach dién tir yéu cu ngu@)n dién 6n

dinh va c6 thé diéu chinh.

4.2.2.3 Module relay 5V-4 Kénh

Module Relay 5V 1 Kénh 1a mot module dugce str dung dé diéu khién cac thiét bi dién
cao cip, hoat dong véi dién ap 5V, gitip ban c6 thé bat/tit cac thiét bi sir dung dién ap
cao (220V AC, 12V DC, v.v.) thong qua tin hiéu diéu khién tir cic mach dién 4p thap
(nhu vi diéu khién Arduino, ESP32, Raspberry Pi).

Thong sb k¥ thuat:

- Pién ap diéu khién: 5V DC — Pay la dién ap tiéu chuan cho module, phut hop véi
nhiéu vi diéu khién va mach dién tr pho bién.

- S6 kénh: 4 kénh — Module c6 thé diéu khién mét thiét bi mdi lan, phu hop cho cac
rmg dung diéu khién don gian.

- Dong dién dau vao: Khoang 5mA khi kich hoat — Dong dién nay rat nho, giup tiét
kiém nang luong cho vi diéu khién.

- Dong dién tai: Thuong tir 10A dén 15A ddi v6i cac thiét bi dién ap thap, va co thé
1én dén 10A cho dién ap AC 220V — Diéu nay gitp ban c6 thé diéu khién cac thiét bi co
cong suit 1on ma khong can thiét bi diéu khién phrc tap.
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Module Relay 5V 4 kénh bao gdm bdn relay, mach diéu khién va cac linh kién h tro
khac. Relay 1a mot cong tac dién tir co thé dong hodc mo khi ¢6 tin hi€u kich hoat tir vi
diéu khién. Khi vi diéu khién giri tin hiéu 5V vao dau vao ctia module, relay s& dong
mach va cho phép dong dién di qua cac thiét bi dién.

- Biéu khién don gian: Mot chan diéu khién (IN) két ndi véi vi diéu khién, trong khi
cac chan thuong (COM), md (NO), va dong (NC) két ndi vé6i thiét bi can diéu khién.
Khi nhén tin hiéu tir vi diéu khién, chan NO va COM s& két ndi, cho phép dong dién
chay qua thiét bj.

- Bao vé mach diéu khién: Module duogc tich hop diode bao vé (flyback diode) gitip

bao vé vi diéu khién khoi cac xung dién tir relay khi chuyén mach.

Hinh 4.6 Module relay 5V 1 kénh

Piéu khién thiét bi dién ap cao: Module cho phép diéu khién cac thiét bi sir dung dién
ap cao (nhu quat, bong dén, dong co, v.v.) tir mach dién 4p thap, an toan va tién lgi. D&
sir dung: Vi dién ap diéu khién 5V va giao dién don gian, module dé dang tich hop voi
cac vi diéu khién nhu Arduino, Raspberry Pi, ESP32, v.v. Kh4 ning tai 16n: Véi kha
nang chiu dong tai 1én dén 10A (220V AC), module c6 thé diéu khién cac thiét bi co
cong suat 16n ma khong can thiét bi phy tro phirc tap. Pam bao an toan: Céc relay nay
c6 tinh niang bao vé, gitip tranh sy ¢b khi diéu khién cac thiét bi dién 16n. Diode bao vé
gitip ngan chan xung dién tir lam hong mach diéu khién.

Module Relay 5V 4 Kénh 1a mét cong cu cuc ky hiru ich cho cac du an dién tir, dac
biét 1a khi ban can diéu khién cac thiét bi dién ap cao tir mach dién ap thap. Voi thiét ké
don gian, dé sir dung, va kha nang tai 16n, module nay la lya chon 1y tudéng cho cac ting
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dung tu dong hda, nha thong minh, va cac h¢ théng diéu khién thiét bi dién trong cac du
an DIY.

4.2.2.4 Quat lam mdt Pin

Quat lam mat pin 12V 12 mot thiét bi pho bién trong cac hé thong dién tir va xe dién,
dung dé 1am mét cac bo pin, gitp duy tri nhiét do hoat dong 6n dinh va ngin ngira viéc
qua nhiét c6 thé gay hong hoc hodc giam hiéu suit. Quat 1am mét nay hoat dong voi
dién ap 12V, twong thich v&i nhiéu loai hé thong dién, dic biét 1a cac hé thong sir dung
pin 12V hoic cac tmg dung can cAp ngudn tir dc quy xe 6 to, hé thdng dién ning luong
mit trdi, hodc cac mach diéu khién khac.

Thong sb k§ thuat:

- Pién 4p hoat dong: 12V DC — Pay la dién ap tiéu chuan cho cac quat lam mat pin,
tuong thich véi cac hé théng sir dung dc quy 12V hodc cac ngudn dién xe hoi, cac hé
théng dién tai tao.

- Dong dién ti€u thu: Thuong dao dong tir 1A dén 5A, tuy vao loai quat va kich thudc.
Dong dién tiéu thu ciia quat giup dam bao hiéu suat 1am mat ma khong lam giam hiéu
qua nang lugng cia hé thong.

- Luu lugng khi (Air Flow): Thuong duoc do bang CFM (Cubic Feet per Minute) hoic
m?h (mét khdi mdi gid), quat c6 thé cung cip luu luong khi tir 30 dén 100 CFM hoic
hon tity vao thiét ké va yéu cau lam mat.

- Cong suat: Cong suét ciia quat thudng tir 12W dén 60W, gitip 1am mat hiéu qua ma

khong ton qua nhiéu ning luong.

Hinh 4.7 Quat lam mat Pin
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Quat 1am mat pin 12V 1a mot phan quan trong trong viéc bao vé va duy tri hiéu suit
clia cac bo pin. Vi kha nang lam mat hiéu qua, d& dang tich hop vao cac hé thong dién
12V va tiét kiém ning luong, quat 1am mat giup tiang tudi tho cua pin, déng thoi dam
bao hiéu suat hoat dong 6n dinh trong sudt qué trinh st dung. Day 1a mot giai phéap 1y
tudng cho cac ung dung nhu xe dién, ning luong tai tao, va cac hé thong dién tir yéu

cau lam mat pin.

4.2.2.5 Mach diéu khién ESP32-WROOM-32

ESP32 WROOM 32 1a mot module vi diéu khién manh m& va phé bién, duoc san xuét
boi Espressif Systems, noi bat v6i kha ning két néi Wi-Fi va Bluetooth (BLE). ESP32
WROOM 32 1a mét trong nhitng module dugc st dung rong rai trong cac du an loT
(Internet of Things), tw dong hoa, va cac Gng dung yéu cau két ndi khong day va xur 1y
tin hiéu manh m¢.

Thong sb k¥ thuat:

- Vi xir Iy: CPU: Dual-core, 32-bit, Tensilica LX6 véi toc d6 t6i da 1én tdi 240 MHz,
gitp xur Iy manh mé va hi€u qua. Loi xung nhip: Ldi kép (dual-core) cho phép xu ly
song song, ting kha nang dap ing cac tac vu phtrc tap.

- B0 nho: B nhé trong (RAM): 520KB SRAM. B¢ nh¢ Flash: 4MB (hoac tuy chon
khac tily vao phién ban ciia module) gitip luu trit ma ngudn va dit liéu ing dung.

- Két n6i khong day: Wi-Fi: HO trg chuan IEEE 802.11 b/g/n, téc d6 18n t&i 150 Mbps,
cho phép két néi Internet khong day. Bluetooth: Ho tro Bluetooth v4.2 (Classic va BLE
— Bluetooth Low Energy), gitip két ndi vdi cac thiét bi Bluetooth.

- GPIO (General Purpose Input Output): GPIOs: C6 tbi da 34 chan GPIO (tuy vao
phién ban module), hd tro nhiéu chirc ning nhu dau vao, dau ra, PWM, ADC, DAC,
12C, SPI, UART, v.v.

- Cam bién va céc tinh ning bo sung: ADC: Chuyén dbi tin hiéu analog sang s6 voi
12-bit d6 phan giai. DAC: Bo chuyén doi digital-to-analog. PWM: HJ tro diéu khién do
sang LED, diéu chinh tdc do dong co, v.v. SPL 12C, UART: Cung cap cic giao tiép toc
d6 cao cho cdc cam bién, man hinh, hodc céc thiét bi ngoai vi.

- Ngudn dién: Dién ap hoat dong: 3.3V (c6 thé cung cap dién ap 5V tir cic ngudn
ngoai, nhung can phai ha ap xubng 3.3V thong qua mot bd diéu chinh dién ap).

- Kich thudc: 18mm x 25,5mm (tuy vao phién ban va board mach).
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Hinh 4.9 So db chan ESP32

ESP32 WROOM 32 hoat dong dua trén bd vi xir 1y tich hop cting cac giao thirc két
n6i khong day. Module nay tich hop diy du cac tinh ning can thiét dé phat trién cac tng
dung IoT tir cac giao thirc két nbi (Wi-Fi, Bluetooth) cho dén cac giao tiép ngoai vi nhu
SPI, 12C, UART dé giao tiép vdi cac cam bién va thiét bi ngoai vi. Vi vi xtr 1y 16i kép,
ESP32 ¢6 kha ning xir I cac tac vu phic tap, ddng thoi cho phép két ndi v6i nhidu thiét
bi va cam bién trong thoi gian thuc. Hon nita, v6i sy hd tro cia Wi-Fi va Bluetooth,
ESP32 c6 thé giao tiép truc tiép vai cac thiét bi IoT khac hodc cic nén tang dam may.

Két n6i khong day manh mé: Ho trg Wi-Fi va Bluetooth, gitp két ndi dé dang va linh
hoat véi cac thiét bi khac va mang Internet. Vi xtr [y manh mé&: Loi kép voi tbc do 1én
td1 240MHz giup x1r Iy nhanh chong cac tac vu phtic tap trong cac ing dung thoi gian
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thuc. Tiét kiém nang luong: ESP32 c6 ché do tiét kiém dién hiéu qua, rat thich hop cho
cac tmg dung IoT can hoat dong lau dai ma khong tiéu thu qua nhiéu ning lwong. Tinh
linh hoat cao: Ho trg nhiéu giao thirc va chuan két ndi nhu UART, SPI, 12C, PWM, giap
dé dang tich hop véi cac thiét bi ngoai vi nhu cam bién, man hinh, dong co, v.v. Phat
trién d& dang: Puoc hd trog manh mé tir cong déng 1ap trinh vién, nhiéu thu vién va cong
cu phat trién mién phi nhu Arduino IDE, ESP-IDF, va PlatformIO. Gia thanh hop 1y: So
v6i cac vi diéu khién khéc c6 tinh ning twong ty, ESP32 c6 gia thanh khé thip nhung
lai cung cép rat nhiéu tinh ning manh ma.

ESP32 WROOM 32 1a mét module vi diéu khién da ning vé6i két ndi khong day manh
mé, kha ning xtr 1y manh mé& va tinh linh hoat cao. Vi hd trg Wi-Fi, Bluetooth va cac
giao thirc ngoai vi nhu SPI, I12C, UART, ESP32 1a lya chon 1y tuédng cho cac du an IoT,
tu dong hoa, va cac ing dung dién tir can két ndi khong day va xu 1y thoi gian thuc. Su
hd trg rong rai tir cong dong va tai lidu phat trién giup viéc phat trién Gng dung tré nén

dé dang va nhanh chéng.

4.2.2.6 Cam bién nhiét dé LM35

Cam bién nhiét d6 LM35 1a mot cam bién nhiét do analog dugc san xuét boi Texas
Instruments. LM35 duoc thiét ké dé cung cép tin hiéu nhiét d6 chinh xac va 6n dinh véi
muc tiéu thu nang luong rat thip. Cam bién nay dugc s dung rong rii trong cic tng
dung yéu cau do nhiét 46 vi do chinh xé4c cao, bao gdm cac hé thong diéu khién, giam
sat moi trrdng va cac thiét bi dién ti.

Thong sb k¥ thuat:

- Dai do nhi¢t do: LM35 c6 kha nang do nhiét do trong khoang tir -55°C dén +150°C,
voi do phan giai va d chinh xac rat cao, dic biét 1a trong cac dai nhiét do phé bién.
LM35 thuong duge sir dung trong cac Gmg dung do nhiét do khong qua khat khe vé dai
do nhung lai yéu cau do chinh xac tot trong pham vi nhiét d¢ trung binh.

- Dién ap hoat dong: LM35 hoat dong trong dai dién ap tir 4V dén 30V, nhung trong
cac tmg dung tiéu chuan, cam bién nay thuong duoc cip ngudn 5V (hodc 3.3V néu st
dung v&i cac vi diéu khién nhu ESP32). Diéu nay gitip LM35 rat linh hoat trong cac ting
dung yéu cau ngudn dién ap thap.

- Do chinh xac: D6 chinh xac ciia LM35 13 £0.5°C trong khoang nhiét do tir 25°C dén
50°C. V61 do phan giai rat tot, LM35 c6 thé cung cép cac gia tri nhiét do on dinh va

chinh xéc trong pham vi sir dung pho bién.
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- Pau ra tin hiéu: LM35 cung cap tin hiéu analog véi d6 phan giai 10mV/°C, tirc 1a
mdi d6 C thay ddi s& tao ra mot su thay doi 10mV trén dau ra tin hiéu. Diéu nay giup dé
dang do nhiét do thong qua mdét ADC (Analog to Digital Converter) cua vi diéu khién.

- Bg phan giai: B9 phan giai cia TMP36 1a 0.0625°C, cho phép do nhi¢t do voi do
chinh xac cao va dap ung nhanh.

- Tinh 6n dinh: LM35 c6 kha ning cung cp dit liéu 6n dinh trong thoi gian dai ma
khong can hiéu chinh lai. Piéu nay 1am cho LM35 1a lya chon Iy tuéng cho cac tng
dung can duy tri d6 chinh xé4c trong sudt qua trinh str dung.

- Kich thude: LM35 ¢6 kich thude nhé gon va d& dang tich hop vao mach. Véi thiét
ké don gidn va dau ra tin hiéu analog, LM35 1a mdt Iya chon 1y tudng cho cac mach do

nhiét do trong cac hé théng tu dong hoa va giam sat.

Hinh 4.10 Cam bién nhiét do LM35

LM35 hoat dong dua trén cong nghé cam bién nhiét d6 diode. N6 chuyén dbi tin hiéu
nhiét d§ thanh tin hi¢u dién ap analog. Tin hiéu nay co thé duoc do qua ADC (Analog-
to-Digital Converter) ctia vi diéu khién dé x4c dinh nhiét 6 chinh xac. Khi dién ap duoc
cung cép cho LM35, n6 bat dau hoat dong va guri tin hiéu nhiét do ra ngoai dudi dang
tin hiéu analog, ma vi diéu khién c6 thé xir Iy. Cam bién s& ty dong diéu chinh d6 do
nhiét 46 theo chu ky ngan va co thé cung cap thong tin lién tuc hodc theo yéu cau cia
hé thong.

4.2.2.7 Man hinh hién thi OLED SSD1306

OLED SSD1306 1a mét man hinh hién thi OLED (Organic Light Emitting Diode) rat
phd bién trong cac du an dién tir, dic biét 1 trong cac tmg dung IoT, robot, hoic cac
thiét bi dién ttr cAn man hinh hién thi nho gon va tiét kiém nang luong. SSD1306 1a mot
trinh diéu khién (driver) man hinh OLED c6 thé diéu khién man hinh véi cac do phan

giai khac nhau nhu 128x64 pixel, 128x32 pixel, va 96x64 pixel.
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Thong sb man hinh hién thi OLED:

- Do phén giai: 128x64 pixels (ddy la 6 phan giai phd bién nhat).

- Kich thude man hinh: Man hinh OLED thudng c6 kich thude nhd, tir 0.96 inch dén
1.3 inch, phu hop cho céc thiét bi di dong hodc cac ing dung yéu cau man hinh nho.

- Dic tinh hién thi: OLED st dung céng nghé phat sang tir diode hitu co, khong can
dén nén nhu man hinh LCD, do d6 hién thi sic nét, d6 trong phan cao va tiét kiém ning
lwong. Man hinh c¢6 kha ning hién thi d hoa va vin ban, bao gém céc ky t, hinh anh
bitmap, va cac dang d6 hoa phirc tap.

- Giao tiép: I2C (Inter-Integrated Circuit): Giao tiép I2C 1a phd bién nhat voi
SSD1306, gitip tiét kiém sd chian GPIO cua vi diéu khién. SPI (Serial Peripheral
Interface): Ngoai I12C, SSD1306 ciing c6 thé giao tiép qua SPI, tuy nhién, 12C van 14 lya
chon pho bién vi tinh don gian va it yéu cau vé chan GPIO.

- Bién &p hoat dong: SSD1306 hoat dong voi dién &p 3.3V hodc 5V, tuy thudc vao
mo-dun ban s dung.

- Tiéu thy nang luong: Tiét kiém ning lwong hon nhiéu so v6i man hinh LCD nho vao
cong ngh¢ OLED, dac biét khi st dung cac man hinh chi hién thj van ban hodc do hoa
don gian.

- Mau sic: Man hinh OLED SSD1306 chi hd tro mau den va tring (monochrome),
khong c6 mau sic nhu man hinh OLED mau RGB hodc TFT. Tuy nhién, né van c6 thé

tao ra cac hi¢u ung hién thi rat sac nét va twong phan cao.

-~

uoD
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Hinh 4.11 Man hinh OLED SSD1306

OLED SSD1306 13 mot man hinh hién thi nho gon, tiét kiém nang lugng, véi do tuong
phan cao va kha ning hién thi sac nét, 1y tuong cho cac dy an dién tir yéu cau mot man
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hinh chat lugng cao va tiét kiém khong gian. V&i kha ning hién thi vin ban va dd hoa,
n6 phu hop véi nhiéu tng dung trong IoT, robot, thiét bi do luong va cac hé thong hién
thi thong bao.
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4.2.3 So dé thudt todn diéu khién

Bit dau
chwong trinh

Nhan dir licu
tir cam bien
nhiét do

Xuit tin hiéu ra
man hinh

Tinh toan va xw ly
dir liéu tir cim bién

Nhiét dé
> 40°C

Xuit tin hiéu dong Xuat tin hiéu ngit
relay relay

Quat lam mat
khong hoat
dong

Quat lam mat
hoat dong
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4.2.4 Phan mém ldp trinh diéu khién

Arduino IDE (Integrated Development Environment) 1a phin mém ma ngudn mé phd
bién, dugc thiét ké dé 1ap trinh cac board mach Arduino. Véi giao dién don gian va dé
stt dung, Arduino IDE phu hop cho ca ngudi méi bat dau va cac lap trinh vién c6 kinh
nghiém. Phan mém nay gitp nguoi dung dé dang viét ma, bién dich, va tai 1én cac board
vi diéu khién ma khong gap phai cac budc phirc tap. Arduino IDE sir dung ngon ngir lap
trinh C/C++, ddng thoi cung cip mot kho thu vién phong phi, giup ngudi 1ap trinh dé
dang giao tiép véi cac thiét bi ngoai vi nhu cam bién, dong co, va md-dun khac.

Arduino IDE c6 mét s tinh nang ndi bat. Pau tién la kha ning hd tro nhiéu loai board
Arduino khac nhau, tir cac board phé bién nhu Arduino Uno, Arduino Nano cho dén céc
board chuyén dung hon nhu Arduino Mega hay Arduino Due. Nguoi dung chi can lya
chon board va cong két ndi qua USB dé bat dau 1ap trinh. M6t tinh ning quan trong khéc
1a kha ning ty dong phat hién va két ndi v6i board, giup nguoi dung dé dang sir dung

ma khong can thao tac phirc tap.

ARDUINO

Hinh 4.12 Phan mém Arduino IDE

Ngoai ra, Arduino IDE c6 tich hop cong cu Serial Monitor, cho phép nguodi dung theo
ddi thong tin tir board Arduino trong thoi gian thuc. Diéu nay rat hiru ich trong viéc
debug, kiém tra dit liéu cam bién hodc theo ddi trang thai ciia h¢ théng. Céc chuc nang
bién dich va tai chuong trinh 1én board Arduino déu rat nhanh chong, gitip tiét kiém thoi
gian phat trién. Néu gap 15i trong ma ngudn, Arduino IDE s& thong bao chi tiét vé 15i dé
ngudi ding dé dang khéc phuyc.

Mot wu diém 16n ciia Arduino IDE 1a tinh mé va kha nang mo rong. Arduino IDE la
ph?m mém ma nguén md va mién phi, déng thoi hd tro cai dat thém cac thu vién va
plugin tir cong dong dé phuc vu cac nhu cu phat trién chuyén sau hon. Ngoai ra, cong
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dong nguoi dung Arduino rat manh mé va rong 16n, cung cap nhiéu tai li¢u, huéng dan

va giai phap cho cac van dé thudng gip trong qud trinh 14p trinh.

@ sketch decta | Arduina IDE 234 °
File Edit Skeich Took Help

° e ;“\T ESP:

In 1. Col 1 DOIT ESP32 DEVKIT V1 [not connected] 0

Hinh 4.13 Giao dién Arduino IDE

Arduino IDE khéng chi danh cho nhitng ngudi méi bat diu ma con phu hop véi cac
nha phat trién chuyén nghi¢p. Vi kho thu vién phong pha, tdc do bién dich nhanh, va
cong dong hd tro manh mé, Arduino IDE gitp ngudi ding dé dang phat trién cac dy an
dién tir, IoT, robot, va tmg dung phan cimg phtic tap. Bén canh d6, Arduino IDE c6 thé
chay trén nhiéu hé diéu hanh nhu Windows, macOS va Linux, gitp ngudi dung linh hoat
trong viéc phat trién va thir nghiém du an ctia minh.

Toém lai, Arduino IDE 1a mot cong cu tuyét voi cho viéc phat trién ung dung dién ti,
¢6 thé phuc vu nhu cdu tir ngudi méi bat dau dén cac nha phat trién ky cuu. Véi tinh
ning d& st dung, cong dong 16n va hd trg manh mé, Arduino IDE 1a lya chon 1y tudng

dé phat trién cac du an phan cirng va phan mém sang tao.

4.3 Mo phéng nhiét do dong khi lam mat
4.3.1 Co sé Iy thuyét
4.3.1.1 Pt vin dé

Nhiét do 1a yéu tb quan trong anh huong dén dic tinh, tinh nang an toan va tudi tho
clia pin. Mirc nhiét tang khi sac hodc phong dién, dic biét & cac ché do tai 1on, do d6 pin
phai dugc lam mat dé duy tri nhiét do 6n dinh trong vung lam viéc. Dé co hiéu suat tét
nhat, nhiét d6 1am viéc wu tién cua pin Lithium-ion (Li-ion) ndm trong khoéang tir 15°C
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dén 35°C, chénh léch nhiét d6 tdi da giita cac té bao (cell) bén trong bd pin (pack) khong
vuot qua 5°C. Nhiét do nam ngoai cac gioi han nay co6 tinh nang dong ti€u cuc dén hiéu
suat nhiét cua pin, dan dén giam dung luong dang ké va giam tudi tho .Khi nhiét do
giam qué thip: Vi nhiét do nho hon 5°C s& khong thé thuc hién sac nhanh, nhung khi
giam xubng Vi tri 0°C s& khong c6 kha ning sac, mat kha ning cung cip dién, xe khong
thé gia tic.

Khi nhi¢t do pin tdng qua cao: Vo1 nhi¢t do trén 35°C, pin dac biét bi suy gidm, xe
giam kha ning ting tdc do. mdi nhiét d6 trén 40°C, c6 thé dan dén hu hong cho pin ma
khong thé phuc hoi. O nhiét d6 16n hon 70°C - 100°C, kich hoat cac chudi phan ung tu
1am nong pin, 12 nguyén nhan pha v& cac té bao lién ké. Trudng hop khong co cac bién
phép an toan dan dén nguyén co chdy. Theo bao céo ctia mdt s6 co quan chirc ning, cac
vu héa hoan ciia xe dién chil yéu lién quan dén chay pin Li-ion. Mic du theo thong tin
thong ké, cac su cd chay xe dién hiém khi xay ra, nhung cac vu chay pin Li-ion gay lo

ngai v€ an toan nhu toa nhiét, nhiéu loai khi doc, khoi ddc.

Hinh 4.14 Pin

Nhi¢t 4o anh hudéng dén nhiét do cong suét cua bod pin. Nhiét d0 cao co thé dan dén su
hoa tan hodc pha v& chét dién phan lién pha ran SEI va tao ra cac mudi Liti, cac mudi
nay it thAm vao céac ion Liti va 1am ting tr& thanh khang dién cuc Két qua 1a, Liti tiép
tuc duoc lién két dé tao thanh mot 16p SEI méi. Mot khi vat chit hoat dong da dugc bién
dich theo mot cach khong thé thu hoi thanh cac pha dong, thi kha ning sir dung ning
luong s& bi giam vinh vién. Tdc do va van toc ciia hau hét cac qua trinh pha hily nay phu
thudc vao nhiéu vao céac két ndi dién cuc chit dién phan nhung tan chay nhu luon 1a mat
ham cua nhiét d6 moi trudng .Anh sang ctia nhiét d6 dén kha ning tu phong dién cua
pin

Vi pin da tich dién, hién tuong tu phong di¢n lam gidm kha nang lugng du trir. Qua
trinh cha yéu di bi chim dut bai phan tmg khong kiém soat dugc ¢ 16p ranh gidi SEI-
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chét phan tach. Khi nhiét d§ tang, trang thai tich dién cua nén tang 1én, hién tugng dién

tu phong xay ra manh hon.

4.3.1.2 Gidi phdp lam mdt pin bing khong khi cwong bic

Pay 13 mot trong nhitng hé thong 1am mat pin 6 t6 dién dau tién dugc cac nha san xuat
6 t6 dién str dung. Lam mét pin 6 t6 dién bang khong khi hoat dong dya trén nguyén 1y
d6i luu don gian nhu mot cach truyén nhiét ra khoi bo pin. Khi 6 t6 dién di chuyén, quat
hodc may thoi s& thoi khong khi qua bé mit pin nong, giup nhiét lugng dugc truyén ra
bén ngoai. Uu diém ctia phuong phap nay 1a hoat dong don gian, dé dang kiém soat.
Tuy nhién phuong phap lam mat pin 6 t6 dién bang khong khi c6 thé tao ra tiéng dn va
d6 rung, khong hiéu qua trong méi trudng nhiét dd cao hodc ddi véi pin niang luong cao.
Ly do 1a vi pin nang lugng cao s€ tdéa ra mot lwong nhi¢t 1é6n hon, hi¢u qua lam mat tir
khong khi 1 khong di dé dap tmg nhu cau lam mat can thiét cta pin.

Ngoai ra, hé thong 1am mat 6 t6 dién nay ciing khong thich hgp dé van hanh ¢ nhiing
vung khi hau nong. Vi nhiét do khong khi ttir méi trudng da cao sin s& lam cho hiéu qua
lam mat bi giam di.

Uu diém:

- Pon gian va dé trién khai: Hé théng lam mat bang khong khi co thiét ké don gian va
dé dang tich hop vao céc cdu triic hién c6 ciia xe dién. Piéu nay gitip giam chi phi phat
trién va trién khai hé thong.

- Chi phi thap: So véi cac hé thong 1am mat bang chat 1ong hodc vat liéu chuyén pha,
hé thong 1am mat bang khong khi thuong c6 chi phi san xuat va bao tri thap hon. Pidu
nay lam giam tong chi phi s¢ hitu va van hanh xe dién.

- Khong sir dung chét 1ong: Viéc khong sir dung chat 16ng 1am mat loai bé nguy co 1d
ri va sy can thiét phai bao tri cac bom hoic dudng 6ng dan chat long, gitp ting do tin
cdy va giam chi phi bao dudng.

- Trong luong nhe hon: Hé thong 1am mat bang khong khi thudng nhe hon so véi hé
théng lam mat bang chit 1ong, gitp giam trong luong tong thé cua xe va cai thién hiéu
sudt nang luong.

- An toan cao: Khong khi 1a méi chat 1am mat khong chdy, khong doc hai va khong
giy 6 nhiém méi truong. Diéu nay giup ting cudng d6 an toan va than thién véi moi
truong cta hé théng 1am mat.

- D& bao tri va vé sinh: Hé thong 1am mat bang khong khi dé dang béo tri va vé sinh

hon so voi cac hé théng 1am mat bang chét 16ng, gitp giam thoi gian va chi phi bao

dudng.
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- Khéng yéu cau hé thdng phirc tap: Hé thong 1am mét bang khong khi khong yéu cau
cac thiét bi phuc tap nhu may bom, bo trao d6i nhiét hodc két lam mat, giup giam thiéu
su phire tap va kha ning hong héc cta hé thong.

Nhuoe diém:

- Hiéu quéa 1am mat han ché: Hé théng 1am mat bang khong khi thudng c6 hiéu qua
1am mat thap hon so v6i cac phuong phap lam mat bang chat 16ng hodc vat liéu chuyén
pha. Diéu nay c6 thé din dén viéc khong thé duy tri nhiét d6 pin trong khoang an toan
khi xe hoat dong & cong suét cao hodc trong diéu kién nhiét do moi trudong cao.

- Phu thudc vao diéu kién moi truong: Hiéu suit cta hé théng lam mat bﬁng khong khi
phu thudc nhiéu vao nhiét d6 va ludng khong khi xung quanh. Trong cac diéu kién moi
truong nong hodc khi xe hoat dong ¢ téc do thap, kha ning 1am mat ciia hé thong nay
c6 thé bi giam dang ké.

- Can khong gian 16n hon: Pé dat duoc hidu qua lam mat twong duong véi cac hé
théng 1am mat bang chét 1ong, hé théng 1am mat bang khong khi c6 thé yéu cau dién
tich bé mat 16n hon. Piéu nay c6 thé dan dén thiét ké cong kénh hon va chiém nhiéu
khong gian hon trong xe.

- Tiéng 6n: Quat lam mat c6 thé tao ra tiéng on, diéu nay c6 thé anh huong dén trai
nghiém l4i xe va d6 thoai mai ciia hanh khach. Mtrc do tiéng 6n co thé tré thanh van dé
dang lo ngai, dic biét trong cac thiét ké xe dién cao cap yéu cdu moi trudng 1ai xe yén
tinh.

Hinh 4.15 Hé théng 1am mat bang khong khi trén 6 t6 dién
4.3.2 Muc tieéu bai toan
Trong bdi canh nganh cong nghiép xe dién ngay cang phat trién manh mé, viéc quan
1y nhiét o cia pin lithium-ion tr¢ thanh mot thach thirc quan trong, c6 anh hudng lén

dén hi€u suat van hanh, do bén, va do an toan cua toan h¢ thong. Pin lithium-ion, von la
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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ngudn ning luong chinh cia xe dién, d& dang sinh nhiét trong qua trinh sac va xa lién
tuc. Néu khong duogc kiém soét hiéu qua, nhiét dg cao co thé dan dén suy giam tudi tho
pin, hiéu suét str dung ning luwong thip, va nguy co chdy nd. Trong sb cac giai phap
quan 1y nhiét phd bién, hé théng lam mat bang khong khi ndi bat nho tinh don gian, chi
phi thip, va kha ning tich hop d& dang vao thiét ké xe.

Muc tiéu dau tién va quan trong nhit cta hé thdng lam mat pin bing khéng khi 1a duy
tri nhiét do cua cac cell pin trong khoang hoat dong tdi wu, tir 20°C dén 40°C. Pay la
ngudng nhiét do ma & do hi¢u suét hoat dong cua pin duoc tdi wu hoa, déng thoi rui ro
v& mit an toan va suy giam hi¢u suit duge giam thiéu. Mot hé thé)ng lam mat hiéu qua
cling phai dam bao tinh dong déu nhiét d6 giita cac cell trong pack pin, vi sy chénh léch
nhiét do 16n c6 thé dan dén hién twong 130 hoa khong dong déu va giam hiéu suat chung
cua toan bd hé théng.

Bén canh do, viéc thiét ké hé théng lam mat phai can nhic dén yéu tb gon nhe va tiét
kiém nang luong. Hé théng can han ché toi da khdi lugng bd sung dé khong anh huong
tiéu cuc dén hiéu suat va kha nang van hanh cua xe. Déng thoi, viéc ti€u thu nang luong
tlr cac thiét bi hd tro nhu quat hoac may thdi khi cling can duoc tdi wu hoa, nham giam
thiéu ton that ning luong va kéo dai quing dudng di chuyén cua xe dién. Mot yéu t6
khong thé bo qua 14 t6i vu hoa dong chay khong khi. Cac thong s6 nhu toc do ludng khi,
céu hinh kénh dan khi, va thiét ké module pin can dugc nghién ciru ky ludng dé dam
bao khong khi lru thong hiéu qua qua timg cell pin. Piéu nay khéng chi giup 1am mat
nhanh chéng ma con gép phan duy tri sy 6n dinh nhiét d6 trong sudt qué trinh van hanh
Xe.

Ngoai cac yéu cau ky thuat, hé thong lam mat bang khong khi can dat duoc tinh kha
thi vé& chi phi va kha ning san xuat hang loat. Muc tiéu nay dam bao rang giai phap
khong chi phi hop vé mit ky thuat ma con mang lai loi ich kinh té, giap dé dang tmg
dung vao cac dong xe dién tir phd théng dén cao cap.

Cubi cung, viéc phat trién va hoan thién hé thong lam mat pin lithium bang khong khi
khong chi nham dap tng nhu cau hién tai ma con hudng t6i twong lai ciia nganh xe dién.
Mot giai phap 1am mat hiéu qua, bén virng va thin thién véi moi trudng s& gbp phan
quan trong vao viéc thiic dy sy phat trién bén viing ctia nganh cong nghiép nay, dong

thot gidm thi€u tac dong ti€u cuc dén moi trudong toan cau.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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Hinh 4.16 Phuong 4n 1am mat pin bang khong khi cudng birc trén module, pack pin
4.3.3 Gidi thigu phan mém mé phéng

Ansys duogc thanh 18p vao nam 1970 boi John Swanson. Nam 2000, Ansys da thuc
hién mua lai cac cong ty thiét ké k¥ thuat khac, mua thém cong ngh¢ cho dong luc hoc
chét 10ng, thiét ké dién ttr va phan tich vat 1y khac. Ansys, Inc. 1a mot cong ty c¢6 phan
clia My co tru so tai Canonsburg, Pennsylvania. Ansys phat trién va tiép thi phan mém
mo phong k¥ thuat. Phan mém Ansys dugc st dung dé thiét ké cac san pham va chat
ban dan, ciing nhu tao ra cac mo phong dé kiém tra do bén ciia san pham, phan bd nhiét

do, Iuu luong chét long va cac tinh chéat dién tur.

/Ansys

Hinh 4.17 Ansys.

ANSYS 1a mot phan mém toan dién va bao quat hau hét cac linh vuc vét 1y, gitp can
thiép vao thé giéi mé hinh 4o va phan tich k§y thuat cho cac giai doan thiét ké. Hau hét
cac nha dau tu rat thich phdn mém phan tich k¥ thuat ndy so voi nhiing gi chung lam
dugc va s6 tién ho phai bo ra. Phan mém phan tich manh nay gitp qua trinh thiét ké k¥
thuat qua mot cap d6 moi, khong chi 1am viéc véi nhitng méi truong, thong sd bién
dong, cac ham nhiéu cép bac, ma con hd trg 1am viéc mang tinh thich nghi v&i nhitng
mo hinh k¥ thuat méi, nhung céng cu CAE nhiéu tinh niang. Di nhién Ansys s& giup
nang cao hiéu qua khi thiét ké, nang cao tinh sang tao, gidm bot rang budc, han ché vat
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
100


https://vina-aspire.com/lich-su-hinh-thanh-va-phat-trien-phan-mem-ansys-ung-dung-cae-chuyen-nghiep/

Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

1y, thuc hién cac bai kiém tra mé phong ma khong thé thuc hién trén nhirng phin mém
Khac.

Ansys phat trién va tiép thi phin mém phan tich phan tir hiru han duogc st dung dé mé
phong cac van dé k¥ thuat. Phdn mém nay tao ra cdc mé hinh may tinh mé phong céu
trac, thiét bi dién tr hodc linh kién may dé mé phong tng suat, dd déo dai, dd dan hoi,
phan bd nhiét do, dién tir, luu luong chét long va cac thudc tinh khac. Ansys duogc su
dung dé mo phong cach mot san pham hoat dong vé6i cac thong sé ki thuat khac nhau,
ma khong can lam cac san pham thir nghiém hodc tién hanh cac thtr nghiém va cham.
Vi du, phan mém Ansys c6 thé mod phong mot ciy cau s& ra sao sau nhiéu nim sir dung,
cach xir 1y t6t nhat c4 hoi trong thung dé tranh lang phi, hodc cach thiét ké mot tim van

truot sir dung it vat liéu hon ma khong bi mat an toan.

Hinh 4.18 Str dung Ansys mo6 phong khi dong hoc cua xe

Hau hét cac mo phong trong Ansys duoc thyuc hién bang phan mém Ansys Workbench,
13 mot trong nhitng san pham chinh cia cong ty. Thong thuong, ngudi ding Ansys pha
v cac cAu triic 10n hon thanh cac thanh phan nhé duoc mé phong va thir nghiém riéng
1€. Nguoi dung co thé bat dau bé“mg cach xéac dinh kich thude cua d6i tuong, va sau do
thém trong luong, ap suét, nhiét do va cac dic tinh vat 1y khac. Cubi cung, phén mém
Ansys mo phong va phéan tich chuyén dong, sy moi, ti€u chuin pha huy, luu luong chét

long, phan bd nhiét do, hiéu qua dién tir va cac hi¢u ting khac theo thoi gian.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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4.3.4 Thiét Igp théng sé ban ddu va diéu Kign bién
4.3.4.1 Xdy dung mé hinh mo phong

Xay dyng mé hinh mé phong khong chi tiét kiém thoi gian va chi phi so véi viéce thir
nghiém thyc té ma con gitip cac nha thiét ké kiém so4t chi tiét cac yéu té anh hudng dén
hiéu suat lam mat. Thong qua mo phong, chung ta c6 thé phan tich cac bién nhu nhiét
d6, dong chay khong khi, va sy phan bd nhiét trong module pin dé danh gia hiéu qua
cta thiét ké. Piéu nay dac biét quan trong trong viéc dam bao sy déng déu nhiét do gitita
cac cell pin, giam thiéu tinh trang qua nhiét cuc bd va tang tudi tho cho toan b hé thong.

Ngoai ra, md phong con cho phép thir nghiém nhiéu kich ban hoat dong khac nhau ma
khong gay rii ro vé an toan hodc phat sinh chi phi san xuat. Cac két qua tir mé phong
c6 thé duoc sir dung dé diéu chinh cac thong sd thiét ké, t6i wu hoa hé thong 1am mat va
phat trién cac giai phap phu hop voi yéu cau thyc té. Trong linh vuc xe dién, noi toc do
d6i méi cong nghé rat nhanh, viéc ap dung mo hinh mé phong khong chi 1a mot loi thé
ma con 13 yéu cau thiét yéu dé dap tmg cac tiéu chudn hiéu suit, an toan va than thién

v&1 moi trudong.

100.00 {mm)

50.00

Hinh 4.19 M6 hinh m6 phong mot module
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Hinh 4.20 M6 hinh mé6 phong toan b pack pin

4.3.4.2 Thiét Igp cdc thong sé dau vio

Viéc thiét 1ap thong s dau vao trong ANSYS Fluent dong vai tro then chdt trong viée
dam bao tinh chinh xac va do tin cay ctia mod phong. Cac thong s6 nhu mé hinh rdi, didu
kién bién, diéu kién ban dau, dic tinh vat liéu va ciu tric ludi anh hudng truc tiép dén
cach Fluent giai quyét cac phwong trinh chi phdi dong chay va truyén nhiét trong hé
thong. Muc tiéu ctia qua trinh thiét 1ap 13 tao ra mot mé hinh mé phong phan anh ding
hién tuong vat 1y thuc té, gitp du doan chinh xac nhiét d9, van tde va ap sudt trong h¢
thong lam mat. Tir 4, két qua md phong cé thé duoc str dung dé danh gia hiéu suat lam
mat cua thiét ké hién tai, so sanh cac phuong &n k¥ thuat khic nhau va lam co sé cho
viéc toi uu hod hé théng trong cac nghién ciru sau nay.

Béng 4.1 Bang thiét 1ap cac tiéu chuan mo phong ban dau

Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Vicous Standard k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment
Heat Transfer Enabled
Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
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Thiét 1ap van tde dong khi dau vao ¢ dinh 20 m/s ¢ nhiét d6 300 K. Viéc lya chon gia
tri van toc va nhiét do khong khi dugc can cir vao cac diéu kién lam viéc cua quat lam
mat thuc t& cua hé thdng, ddng thdi dam bao tinh 6n dinh trong qua trinh mé phong.
Vian téc dong khi cang cao thi kha ning cudn nhiét tir bé mit pin cang 1én, gbp phan
lam giam nhiét do bé mit nhanh chong. Bén canh do, nhiét do khong khi dau vao & murc
300 K (twong duwong 27°C) duoc xem la didu kién méi trudng tiéu chuan, giup danh gia
dugc hiéu suat 1am mat trong diéu kién 1y tuong.

Bang 4.2 Bang thiét 1ap cac théng s mo phong

Fluid-Air

Density 1.225 kg/m”3
Cp 1006.43 J/(kg.K)
Thermal Conductivity 0.0242 W/(m.K)
Viscosity 1.789e-05 kg/(m.s)
Molecular Weight 28.966 kg/kmol
Thermal Expansion Coefficient 0
Speed of Sound none

Solid-Lithium
Density 2722 kg/m”3
Cp 1200 J/(kg.K)
Thermal Conductivity 0.2 W/(m.K)

Thiét 14p mic pin ban dau & nhiét do t6i da 40°C twong dwong 313°K 1a mirc nhiét tbi
da trong pham vi hoat dong 6n dinh cua pin Lithium, dé danh gia tinh hi¢u qua trong
kha ning lam mat va kiém soat nhiét 46 cua hé thong lam mat. Néu nhiét do tiép tuc

tang vuot qua 40°C thi can phai c6 nhitng diéu chinh can thiét.

4.3.4.3 Thiét lap théng sé lwdi

Trudc khi chay mo phong CFD, viéc lua chon loai ludi phu hop dong vai tro then
chét trong viéc dam bao do chinh xac cua két qua va hi¢u suét tinh toan. Loai ludi duoc
stt dung: Tet Cell (t& bao t&r dién) cho phan khong gian 3D cua ludng khong khi va
Mixed Cell (t& bao hdn hop) cho cac ciu tric phirc tap nhu cell va module pin. Tet Cell
14 loai ludi gdm céc phan tir tr dién c6 bén mit tam giac, pht hop voi nhitng ving hinh
hoc khong déu va dé tao luéi tu dong ma van gilt dugc mirc dg chinh x4c tuong ddi cao.
Diéu nay dic biét hiru ich trong khong gian dong khi v6i nhiéu bé mit cong va khe hep,
noi ma ludi vudng hoic hexahedral kho trién khai.

Trong khi d6, Mixed Cell 12 sy két hop gitta nhiéu loai phan tir khac nhau nhu tir
dién, lang tru (prism), hodc hexahedron (hinh hdp chir nhéat), cho phép linh hoat tuy
chinh d6 min cua ludi & timg khu vuc. Pic biét, & cac vung gan tudng (near-wall) va

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
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giao dién ti€p xuc gilra cac module pin — noi c6 gradient nhiét dd va van toc 1on — ludi

hdn hop giup cai thién kha ning bat chinh x4c hién twong bién va ting tinh hoi tu cho

mé phong. Su két hop ndy mang lai sy cAn bang t6i wu giita d6 chinh xéc, toc do tinh

toan, va dung luong b nhé, tir 46 gop phan dam bao hiéu qua va do tin cdy cua toan bd

qua trinh m6 phdng.

Béng 4.3 Thong s6 ludi md phong mot module pin

Mesh Size
Cells Faces Nodes
927387 2700654 305909
Mesh Quality
Min Orthogonal .
Name Type Quality Max Aspect Ratio
Air Tet cell 0.21450482 16.832598
Cellwall Mixed Cell 0.43489167 10.411489
Béng 4.4 Thong s6 ludi mo phong pack pin
Mesh Size
Cells Faces Nodes
261330 752740 86227
Mesh Quality
Min Orthogonal .
Name Type Quality Max Aspect Ratio
air Tet cell 0.12738712 25.47769
module Mixed Cell 1 1.7671783

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
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Hinh 4.21 Hinh dang luéi toan by mdt module pin
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Hinh 4.22 Hinh dang luéi trén mot pack pin

4.3.5 Két qud mé phong va binh Iugn
4.3.5.1 M6 phong mgt module pin

Biéu do trén thé hién su thay ddi nhiét do cua té bao pin, dau ra va téng thé ctia module
trong 800s mo phong. Puong nhiét do té bao pin (Cell) cho thiy nhiét d6 trong cac té
bao ting dan theo thoi gian tir khoang 300K-304K phan anh sy tich tu nhiét trong céc té
bao. Nhiét do tai cira ra (Outlet) c6 xu hudng ting rét it, cho thay nhiét duoc thoat ra
nhanh chéng. Pudng nhiét d6 tong thé (Total) thé hién nhiét do tong thé ctia module
ting déu trong sudt qua trinh mo6 phong. Su khac biét trong muc ting nhiét do gitta cac
thanh phan cho thdy kha ning trao d6i nhiét va lam mat ctia hé thdng, gitp danh gia hiéu

qua tan nhiét va xac dinh cac diéu chinh can thiét dé duy tri nhiét do trong pham vi an

toan.
Sinh \:ién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Huéng dan: PSG.TS. L§ Minh Buc
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Hinh 4.24 Phéan b nhiét do trén timg té bao pin
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Hinh 4.25 Phéan b nhiét d6 téng thé mot module
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Hinh 4.26 Phan bd 4p suét tong thé mot module
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Hinh 4.28 Phan b vén tdc dong khi trong mot module theo mit cit ngang
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Hinh 4.29 Phan b ap suit trong mot module theo mit cit ngang

[K]
Y
-
X
Hinh 4.30 Phan bd nhiét d6 trong mot module theo mat cat doc
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Hinh 4.31 Phan b vén tdc dong khi trong mot module theo mit cit doc

W‘
Hinh 4.32 Phan bd ap suét trong mot module theo mat cat doc
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Hinh 4.33 Phan b truong vén tde trong mot module theo mit cit doc
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Hinh 4.34 Phan b truong vén tde trong mot module theo mit cit ngang
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Hinh 4.24, 4.27, va 4.30 m6 ta sy phan bd nhiét d6 cta timg té bao pin trong module.
C6 thé dé dang thiy & nhiing té bao pin phia sau c6 nhiét do cao hon do nhén it tac dong
cua dong khi. Nhiét do cao nhét chi dat mrc ~307°K, cho théy hi€u qua lam mat 6n dinh
ctia hé thong. Mic du ngudn nhiét té bao pin téa ra ban dau 1én dén 313°K, nhung chi
sau mot thoi gian ngén lam mat, nhiét 4o dugc git 6n dinh quanh gia tr1 307°K. Két hop
v6i két qua trén Hinh 4.28, 4.29, 4.31, 4.32, 4.33, va 4.34 c6 thé thiy duoc phan bd ap
sudt va van toc ctia dong khi tac dong 1én timg té bao pin. Vén téc cao nhit ciia dong
khi trong module dat ~36 m/s vuot 16 m/s so voi diéu kién thiét 1ap ban dau. Van toc
nay dat duogc tai vi tri khe hé cia cac té bao pin do tiét dién dong chay bi thu hep. Qua
cac két qua tir mit cdt cua trudng vén toc ta co thé thiy nhitng khoang xoay 16c dugc

tao ra tai cac goc cua module dac biét 1a khoang gitra hai quat.
4.3.5.2 Mé phong mgt pack pin
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308
3ha

3

Nhigt 45 ("K)
b

300

2498

[} b L1l (B} G0 200 240 20 320 34l d0d0 440 4R SXE Sede GO0 o GRO TR0 Tal R0l
Theivi glam {zh

Hinh 4.35 Biéu d6 nhiét do cac thanh phan trong mot pack pin theo 800s mo phong

So véi hinh 4.23, nhiét d6 cta timg module ting déu hon theo gian mo phong va dat
mirc cao nhat ~308,5°K tai gidy thir 800 trong mo phong. Bén canh dé, ddi véi hinh 4.35
nhiét d6 outlet ciling ding khong dang ké cho thay tinh hiéu ciia phwong 4n thoat nhiét.
Du nhiét dg c6 tang chénh 1€ch so vd1 mo phong trong mot module nhung nhiét do thoat
ra van & mic twong tuong, khéng ¢6 su khac biét 1on giita hai 1an mo phong. Vé phan
nhiét 6 tong thé, ta dé dang thiy dugc tai mo phong trong pack pin co sy thay do6i ~2°C
s0 v6i 1an mo phong trong mot module. Tuy nhién van dé nay khong déang quan ngai, s6
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lwvong module trong mot pack pin 12 9 module va tong cong cd dén 693 té bao pin. Vi
vay nhiét do tong thé tang 1a chuyén khong thé tranh khoi. Vi nhiét 4o tong thé nhu
vay, c6 thé thay tinh hi€u qua trong phuong an thiét ké [am mat.
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Hinh 4.36 Phan b nhiét d6 trén tirng module pin
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Hinh 4.37 Phéan b nhiét d6 tong thé mot pack pin
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Hinh 4.38 Phén b 4p suat tong thé mot pack pin
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Hinh 4.39 Phan b nhiét d6 trong mot pack pin theo mit cit ngang
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Hinh 4.40 Phan b van tdc dong khi trong mot pack pin theo mit cit ngang
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Hinh 4.41 Phan b 4p suét trong mot pack pin theo mit cit ngang
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Hinh 4.42 Phan b nhiét do trong mot pack pin theo mat cat doc
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Hinh 4.43 Phan b van tdc dong khi trong mot pack pin theo mit cit doc
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Hinh 4.44 Phan b 4p suét trong mot pack pin theo mat cét doc
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Hinh 4.45 Phan b trudng vén tdc trong mot pack pin theo mit cit doc dudi dang
vector
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Hinh 4.46 Phan b truong van tdc trong mot pack pin theo mit cit ngang

Véi két qua md phéng trong mot pack pin, nhi¢t d§ bén ngoai cua module khi dugc
lam mat chi dat mirc ~309°K (hinh 4.36). Tuy nhién ¢ hinh 4.39 va 4.40, nhiét 46 bén
trong mdi module c6 thé 1én dén ~310°K. Diéu nay cho thay su khéac biét khi mo phong
trong mot module va mot pack pin, nhiét do cua té bao pin trong mot module luc mo6
phong chi dat mirc ~306°K. V&i nhiét d6 cua tirmg module chi ~37°C, nhu vy van trong
day nhiét d6 hoat dong tdi uu cta pin. Néu so véi thiét 1ap ban dau vé nhiét do cua
module trong m6 phong pack thi dé giam dugc ~3° trong thoi gian mo phong 800 s.
Diéu nay cho thay duoc hé thong van hoat dong hiéu qua néu té bao pin dat den nhiét
do tiém can mét an toan luc sac. Pam bao hiéu suit cua pin dugc duy tri & mirc tdt nhat.
Gitp giam thiéu sy hinh thanh cac 16p dién cuc khong mong mudn, han ché qua trinh
thoai hoa va dam bao dung lugng pin khong bi giam sat nhanh chong. Vé phan van toc
va ap suét cua dong khi, van ton tai sy phan bd khong dong déu vé van tdc va ap suat,
lam anh huong dén hiéu qua 1am mat ciia hé thong. Cu thé, dong khi co xu hudng tap
trung & ving ria va 18i vao, noi van tdc cao hon do ap suat don nén va su thay d6i hinh
dang dong chay khi khi di vao hé thong. Nguoc lai, khu vuc giira cac module pin c6 van
toc thap hon, co thé do luc can khong khi tang 1én khi dong khi di chuyén qua cac khe
hep gitra cac té bao pin. Diéu nay dan dén hiéu suat 1am mat khong dong nhat. Su chénh
1éch ap suét rd rét gitra dau vao va dau ra co thé gy ra dong chay rdi hodc tham chi tao
ra cac vung xody khi, lam giam kha ning tiép xtic dong déu ctia dong khi véi bé mit
pin.
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Chwong 5: THIET KE, BO TRI VA KIEM NGHIEM HE PONG LUC
HEV TREN CO SO XE KIA FRONTIER K200

5.1 Mé phéng bén
5.1.1 Co sé Iy thuyét

- Dy 4n md phong do bén ciia khung xe Frontier K200 dwa trén co s& 1y thuyét vé phan

tich két cdu va co hoc vat liéu. Khung xe dugc thiét ké theo dang khung thang (ladder
frame), st dung thép cuong do cao dé chiu tai trong 16n va cac ting suét tac dong trong
diéu kién van hanh thyc té. Qua trinh mé phéng dua trén cac phuong phép phan tich
phan tir hiru han (Finite Element Analysis - FEA), mot k¥ thudt phd bién trong co hoc
tinh toan.
Mo hinh khung xe duoc xay dung véi cac tham s6 k§ thuat chinh, bao gém kich thudc,
hinh dang, 40 day cua vat li¢u, va cac diéu kién bién nhu tai trong tinh (trong lugng xe
va hang héa) va tai dong (lyc tir duong, va cham, hoic phanh gap). Vit lidu thép cuong
dd cao duogc dac trung boi cac thudc tinh nhu mé dun dan hdi, gi61 han chay, do bén
kéo, va kha nang chiu moi.

- Trong linh vuc phan tich két cau, bai toan tuyén tinh tinh dong vai tro then chét trong
viéc danh gia kha nang chiu luc va kiém dinh do bén cua cac ciu tric k¥ thuat, dac biét
1a trong cac Gmg dung lién quan dén khung xe, cdu duong va cic cong trinh xay dung
hién dai, do d6 viéc hiéu 16 co so 1y thuyét va ap dung chinh xac phuong phéap nay la
yéu t6 then chét dé dam bao an toan va hiéu qua trong thiét ké. Phuong phap tuyén tinh
tinh duoc xay dung dya trén gia dinh rang méi quan hé gitra tng suat va bién dang caa
vt lidu 1a tuyén tinh, duoc thé hién qua dinh luat Hooke véi cong thic o =&.E [2] trong
d6 o 1a (g suat biéu thi luc noi tai trén don vi dién tich, € 1a bién dang twong d6i thé
hién muc do thay ddi kich thude caa vat lidu dudi tac dong cua luc, con E 1a mo dun
dan hdi, mot héng s6 dac trung cho mdi loai vat liéu, dai dién cho do cung va kha nang
chiu luc ctia nd; do thi ing suit — bién dang trong truong hop nay 1a mot duong thang
di qua gbc toa do theo phuong trinh y=a.x véi a 1a hé s6 ty 18, hay co thé ndi tan a =
o/E, tir d6 thé hién mdi quan h¢ ty 1¢ thuan gitra cac dai lugng co ban khi vat liéu dang
hoat dong trong pham vi dan hoi.

Phan tich do bén khung xe bang phuong phap FEA véi giai phap tuyén tinh dua trén
viéc chia nho toan bd khung xe thanh cic phan tir hitu han, trong d6 mdi phan tir duoc
mo ta bang cac dic tinh vat liéu va hinh hoc cu thé. Hé thong cac phuong trinh dugc xay
Sinh vién thyuc hi¢n: Lé Minh Hung; Lé Vi Béo; Hud6ng din: PSG.TS. Lé Minh Btc
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dung dudi dang K=v.F, trong d6 K 1a ma tran d0 cting phan anh kha nang chiu luc ctia
khung xe, v 14 vector bién dang, va F 1a vector tai trong tac dong 1én cau trac. Dong thoi,
phuong trinh dong hoc [2], [3], [4] tong quat trong md phong d6 bén tinh duoc biéu dién
boi:
MOo+Co+Ko=F

Trong d6 M 13 ma tran khéi, C 12 ma trin giam chén, va K 1a ma tran d6 ctmg. Trong
phan tich tinh, cac thanh phan lién quan dén gia tc ova van téc s duoc loai bo, thu
dugc phuong trinh co ban K=v.F. Qua d6, cac két qua mo phong FEA cung cap cai nhin
tong quat vé tng xir ciia khung xe dudi tai trong, giup danh gia cac ving cd nguy co giy
ra 161 két ciu va tir d6 hd trg viée cai tién thiét ké nham nang cao tinh an toan va hic¢u
qua str dung cua xe. Trong co hoc vat liéu, cac phuong trinh tng suit — bién dang —
chuyén vi 1a nén tang dé mo ta va du doan ung xu cua vat liu dudi tac dong cua tai
trong. Cac mbi quan hé co ban gom:
Quan hé giira chuyén vi va bién dang:

Thanh phén bién dang & duogc xac dinh tir chuyén vi u theo cong thic:
. 1[% +%}

U2\ 0% OX

Trong do, v, 1a thanh phan chuyén vi theo hudng X .
Pinh luit ing suit — bién dang (d6i véi vat liéu dan hdi tuyén tinh):

Boi voi vét ligu dong nhit, dinh luat Hooke mo ta moi lién h¢ giira img suat o va
bién dang &

op :iéij.gkk +2,ugij

O day, 4 va u 1a cac hang s6 Lamé, o, la delta Kronecker, va &, 1a dau vét cua tensor
bién dang (tong cac thanh phan trén dudng chéo).
Phwong trinh cin bing lwe (trang thai tinh):

Diéu kién can bﬁng noi luc cua hé théng duoc thé hién qua:

E’E’ii#—f-::o
ox; !

v6i f; 1a thanh phan cua lyc riéng tac dung 1én vat liéu. Cac phuong trinh nay két hop
lai tao thanh co s& 1y thuyét cho viéc phéan tich ing xir ciia ciu triic trong cac bai toan

FEA, tir d6 danh gia duoc bién dang va tng suat trong vat liéu dudi cac tai trong khac

nhau.
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5.1.2 Gidi thigu phan mém mé phéng

- Autodesk Inventor 14 phan mém thiét ké 3D CAD manh mé, chuyén dung trong nganh
co khi va thiét ké san pham. N6 cho phép tao mé hinh 3D chi tiét, m6 phong dong luc
hoc, phan tich ung suit, va toi wu hoa thiét ké. Inventor hd tro thiét ké lép rap, kiém tra
xung dot, va xuat ban v& k¥ thuat 2D tir m6 hinh 3D. Phan mém tich hop tot voi cac
cong cu khic cua Autodesk nhu AutoCAD, Revit, va Fusion 360, gitp ting hi¢u suat
lam viéc nhom. Giao dién than thién, tinh nang manh mé&, nhung yéu cau cu hinh may
cao va chi phi ban quyén twong dbi 16n. Inventor phi hop véi k§ su co khi, nha thiét ké
san pham, va cac cong ty san xudt mudn toi vu hoa quy trinh thiét ké va kiém tra san

pham.

"‘ AUTODESK
4. INVENTOR
2022

LN

‘ N

Hinh 5.1 Phan mém Autodesk Inventor

5.1.3 M6 phong bén khung xe KIA Frontier K200 nguyén bdn
5.1.3.1 Gigi thigu khung xe Kia Frontier K200

- Khung xe Frontier K200 dugc thiét ké theo kiéu khung thang (ladder frame), st dung
thép cuong do cao dé dam bao d6 bén va kha ning chiu tai tot trong cac diéu kién van
hanh khic nghiét. Cau trac khung duoc t6i wu héa dé phan bd tai trong déu, giam thiéu
bién dang khi chd hang ning, dong thdi dam bao d6 6n dinh cao nhd trong tim thap va
thiét ké chong xoan. Hé thong treo phia trudc doc lap véi giam chan thuy luc, con phia
sau 1a hé thong 14 nhip bén bi, phii hop dé chd tai trong 16n. Khung xe twong thich véi
dong co diesel va hé thong dan dong cau sau (RWD), mang lai lyc kéo manh mé va kha
nang van hanh 6n dinh trén nhiéu dia hinh. Ngoai ra, cac vung hép thu luc trén khung
gilip ting cudng an toan trong trudng hop va cham. Vi do bén, tinh linh hoat va hi¢u
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sut cao, khung Frontier K200 d4p tng t6t nhu ciu van tai nhe va trung binh, dong thoi
pht hop dé 1ap dat cac thiét bi chuyén dung.
5.1.3.2 Thong s6 mé phong

- Tén vat li¢u: Thép khong gi AIST 317

- Khéi luong riéng (Density): 8 g/cm?.

- G161 han chay (Yield Strength): 317,157 MPa.

- Do bén kéo dut (Ultimate Tensile Strength): 461,946 MPa.

- M6 dun dan héi (Young's Modulus): 200 GPa.

- Ty 1€ Poisson (Poisson's Ratio): 0,29.

- M6 dun cat (Shear Modulus): 77,52 GPa.

5.1.3.3 Quad trinh moé phong

a. Thiét 1ap thong s vat liéu

Identity Appearance = Physical &=

¥ Basic Thermal
Thermal Conductivity 5.000E+01 W/{m-K)
Specific Heat 1.000 J/(g-°C)

Thermal Expansion Coefficient 0.100 pm/(m-°C)

LI

¥ Mechanical
Behavior | Isotropic
Young's Modulus 200.000 GPa
Poisson’s Ratio 0.27
Shear Modulus 0.000 MPa

Density 7.850 g/cm?

(LI

¥ Strength

Yield Strength 245.000 MPa

geion

Tensile Strength 400.000 MPa

Hinh 5.2 Dat vat liéu
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b. Pat gbi cé dinh

Hinh 5.3 Pit gbi c¢b dinh

- Goi ¢6 dinh duoc gan tai vi tri 4 pat treo nhip sau, 2 pat phudc sau va 2 pat phudc

truoc.

c. Dat luc

Bang 5.1 Thong sb dat luc

) Xe co so Xe HEV
STT Chi tiét
bat luc bat luc
1 Dong co 2900 N 2900 N
2 Hop s6 60 N -
3 Thing dau 510 N 510 N
4 Ac quy 270 N 270 N
5 L6p du phong 450 N 450 N
6 Thung xe day tai 23000 N 23000 N
7 bong co dién - 650 N

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
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8 My phat - 1800 N

9 Pack Pin - 1250 N

Hinh 5.4 Dit lyc cho dc quy
- Khéi luong dc quy 27kg quy doi thanh lyc 270N
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Hinh 5.5 Dt luc cho 16p du phong
- Khéi luong 16p du phong 45kg quy d6i thanh luc 450N

Hinh 5.6 Dat lyc cho thung nhién li¢u

- Thiing nhién liéu c6 dung tich 60 lit, tinh ca v6 thung ta c6 dugc téng khdi luong
thung nhién li¢u la 51 kg. Dat thanh 2 lyc tai pat d& thung nhién liéu.

Hinh 5.7 Dat lyc cho pat treo hop )
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- Hop sd duoc ga bang pat treo vi vdy luc dai dién cho hop sé duoc chia lam 4

phén tai vi tri bu 16ng gén mat bich pat treo va vé hdp s0.

Hinh 5.8 Bt lyc cho pat treo dong co dbt trong
- Pong co duge treo bang hai pat bat tir khung, dau con lai gin chit vao hai bén
than may. Pat treo va dong co dugc cb dinh bang bu 16ng nén trong lwong dong co
duoc chia thanh 6 luc twong Gng 6 vi tri bat bu 16ng.

Hinh 5.9 Dat lyc cho khung do thung
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- Thung xe Frontier K200 dugc dat 1én chasiss qua qua khung dg, trong mo phong nay
phan bé mit khung d& thung tiép xtc véi chasiss duoc thay thé bing mot manh kim loai

c¢6 cung dién tich va tinh chit vat liéu voi khung d& thung

Hinh 5.10 Bat luc cho pat do thung

d. Chia luéi

Common Settings

Average Element Size Ip.050

(as a fraction of bounding box length)

Minimum Element Size 0.010

(as a fraction of average size)

Grading Factor 1.500

Maximum Turn Angle 60.00 deg

Create Curved Mesh Elements

Assembly Option

Use part based measure for Assembly mesh

El oK Cancel

Hinh 5.11 Dit thong s6 ludi
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- Kich thuéc phan tir trung binh: 0.05
- Kich thuéc phan tir téi thiéu: 0.01
- Hé s6 phan cap: 1.5

- Goc tdi da gitra cac canh: 60°

Hinh 5.12 Chia lu6i khung
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5.1.3.4 Két qud mé phong va binh lugn

a.Ung suit Von Mises:

Type: Yon Mses Stress.

Unt: MPa
5/4/2025, 11:28:17 AM
30

O Mn

Hinh 5.13 Ung suat Von Mises

- Ung suat 10n nhat tai pat d& dong co, nguyén nhan dén tir cu tric ctia bo pat treo
dong co dugc bit vao chasiss vion dai ra lién két véi than may.
- Gia tri 16n nhét: 277 Mpa < [461]MPa.
=> Nho hon gidi han vat liéu

Ung suit theo truc:
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Hinh 5.14 Ung suét theo truc XX
- Ung suét theo truc XX: 196,8 MPa.

- Gia tri cuc dai dat tai vi tri pat do dong co.

- Gia tri cuc tiéu dat tai vi tri pat trung gian d& dong co.
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Hinh 5.15 Ung suét theo truc YY
- Ung suét theo tryc YY: 142,3 MPa.

- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trudc gan pat d& dong co.

- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.16 Ung suét theo truc ZZ
- Ung suit theo tryc ZZ: 110 MPa.
- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trudc gan pat d& dong co.

- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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b. Chuyén vi

Type: Displacerment.

+ mm
5/4/2025, 11:28:29 AM
2.474 Max

0434

OMn

Hinh 5.17 Chuyén vi tuong duong

- Gia trj 16n nhét cta chuyén vi tai pat do thung nhién liu, tai vi tri nay khong
dugc bd tri thanh dim ngang vi t6i wu khong gian dat hop s6. Dong thoi tap trung
khéi luong ciia hop sd va thung xang tai vi tri ndy nén & day chuyén vi 16n nhat.

- Gia tri cuc dai dat tai vi tri pat do thung xang.

- Gia tri cuc tiéu dat tai vi tri pat phudc sau.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 5.18 Chuyén vi theo phuong X
- Gia tri cuc dai dat tai vi tri pat 4o thung xang.

- Gia tri cuc tiéu dat tai vi tri thanh ngang ctia khung.

Hinh 5.19 Chuyén vi theo phong Y
Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc

135



Thiét ké kién tric déng luc Hybrid trén co s& xe tdi nhe

- (G1a tri cuc dai dat tai vi tri dau chasiss.

- Gi4 tri cuc tiéu dat tai vi tri pat do thung xang.

Hinh 5.20 Chuyén vi theo phong Z
- Gia tri cuc dai dat tai vi tri pat do dong co.

- Gia tri cuc tiéu dat tai vi tri pat d& 4c quy.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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c. Bién dang

Type: Equivalert Stran

Unt: ul
5/4/2025, 11:28:34 AM
1e-04

{ | 805
(| 6.001e-05

j{ 4.001e-05

2.001e-05

1.3e-08 Min

Hinh 5.21 Bién dang twong duong

- Hau hét pat treo trén khung K200 déu duge cb dinh véi chi tiét duoc treo theo
phuong thang dimg. Pic biét, pat gd dong co cd dinh dong co theo phuong ngang
cung voi canh tay don nén xay ra bién dang 16n.

- Gia tri cuc dai dat tai vi tri pat o dong co.

- Gi4 tri cuc tiéu dat tai vi tri pat phudc sau.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.22 Bién dang theo phuong X
- Gia tri cuc dai dat tai vi tri pat do dong co.

- Gia tri cuc tiéu dat tai vi tri pat d& dong co trung gian.

Hinh 5.23 Bién dang theo phuong Y

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trude gﬁn pat do dong co.

- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Hinh 5.24:Bién dang theo phuong Z

- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trudc gan pat d& dong co.

- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
139



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

d. H¢ s6 an toan (Safety Factor):

Type: Safety Factor

int: ul
S/412025, 11:28:28 AM
15 Max.

=3

[ 221Mn

Hinh 5.25 Hé s6 an toan

- Gia trj t6i thicu: 2,21.
e. Py cirng (HR)

- TUr (g suét toi da trong mo6 phong (277 MPa) va khong thy dé cap dén xu 1y
nhiét, vat liéu co thé dang o trang thai chua t6i luyén. P96 ctirng khoang 85-90 HRB.
f. P9 bén udn

- V&i do bén kéo dut (UTS) 1a 461.946 Mpa tir bao céo, dd bén udn cua vt licu
nay nam trong khoang 462—693 MPa, phul hop vdi tinh chat ctia thép AISI 317.

g. Do bén kéo

- Ung suét 16n nhat (Von Mises): 277 MPa, thap hon nhiéu so voi UTS (461.946
Mpa), cho thiy két cau an toan trong diéu kién tai hién tai.

h. D¢ dai va dap

- Thép AISI 317 1a thép khong gi austenitic, c6 kha nang chiu va dap tot nhd cau
tric vi mo 6n dinh, khong dé bi gion ngay ca ¢ nhiét do thap.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
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i. Gidi han chay:

-317.157 MPa 1a mirc trng suat tai d6 thép AISI 317 bét dau bién dang déo (khong
hdi phuc).
k. Panh gia

- Ung suit 1én nhat (Von Mises) 1a 277 MPa, thap hon nhiéu so v&i gi6i han chay
(461.946 MPa). Diéu nay cho thay thiét ké chiu lyc tot va an toan cao trong diéu
kién tai hién tai.

- Chuyén vi va bién dang rat nho, dam bao do cimg viing cua két cau.

- Hé s6 an toan tbi da 2,21 dap ung diéu kién bén khi so véi gi61 han bén vat liéu
cho thay cau tric du an toan.

Két luan: Két cAu khung du bén.

5.1.4 Thiét ké bé tri hé dong lwe HEV va mé phéong bén.
5.1.4.1 Thiét ké bé tri dong lwe HEV trén co sé xe Kia Frontier K200

Hinh 5.26 B6 tri hé dong luc xe K200 HEV

1. Dong co dbt trong; 2. May phat dién; 3. Pong co dién; 4. Pack pin

- Trong md phong nay, xe Frontier K200 dugc bién doi tir xe sir dung dong co ddt

trong tré thanh xe Hybrid. Dé trd thanh xe HEV, hé dong luc duoc bd tri thém dong co
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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dién, may phat dién, pack pin va loai bo di hop sb. May phét dién duoc gin dong truc
truc tiép vao buli truc khuyu. BPdng co dién duoc bd tri phia sau vi tri gén hop sb va
duoc két ndi véi céac dang béng then hoa. H¢ théng pin dat tai vi tri dudi xe thuan tién
cho viéc théo lap.
5.1.4.2 Thong s6 mé phong
a. Thong s6 vat liéu khung K200 nguyén ban
- Tén vat liéu: Thép khong gi AISI 317
- Khéi luong riéng (Density): 8 g/cm?.
- Gi61 han chay (Yield Strength): 317,157 MPa.
- Do bén kéo dut (Ultimate Tensile Strength): 461,946 MPa.
- M6 dun dan hoi (Young's Modulus): 200 GPa.
- Ty 1¢ Poisson (Poisson's Ratio): 0,29.
- Mb dun cat (Shear Modulus): 77,52 GPa.
b. Thong s6 vat liéu khung dung pin
- Tén vat liéu: Inox 304.
- Khdi luong riéng (Density): 8 g/cm?.
- G161 han chay (Yield Strength): 215 MPa.
- Po bén kéo dut (Ultimate Tensile Strength): 505 MPa.
- M6 dun dan héi (Young's Modulus): 193 GPa.
- Ty 1€ Poisson (Poisson's Ratio): 0,30.
- M6 dun cat (Shear Modulus): 74 GPa.
c. Thong s vat liéu khung ga pack pin, ddng co dién va may phat.
- Tén vat li¢u: Thép SS400
- Khéi luong riéng (Density): 7,85 g/cm?.
- G161 han chay (Yield Strength): 245 MPa.
- P9 bén kéo dut (Ultimate Tensile Strength): 400 MPa.
- M6 dun dan hoi (Young's Modulus): 200 GPa.
- Ty 1€ Poisson (Poisson's Ratio): 0,29.
- M6 dun cat (Shear Modulus): 77,52 GPa.
Sinh vién thyuc hi¢n: Lé Minh Hung; Lé Vi Béo; Huéng dan: PSG.TS. Lé Minh Puc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
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5.1.4.3 Qud trinh mé phéng
a. Thiét 1ap thong so vt liéu
Material Editor: 55400 X

Identity Appearance ¥ @ Physical =

¥ Basic Thermal
Thermal Conductivity |5.000E+01 W/(mK) %
Specific Heat |1.000 Ifg°C %
Thermal Expansion Coefficient |0.100 pm/{m-°C) %
¥ Mechanical
Behavior |Isotr{)pic <
Young's Modulus |200.000 GPa %
Poisson’s Ratio |0.2? %
Shear Modulus |0000 MPa %
Density |7.850 afem?® %
¥ Strength
Yield Strength |245.000 MPa %
Tensile Strength |400000 MPa %
@i- - nj ‘ oK | | Cancel | | Apply |

Hinh 5.27 Bat vat liéu

Hinh 5.28 Dit gbi cb dinh

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
143



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

- G6i ¢b dinh duoc gan tai vi tri 4 pat treo nhip sau, 2 pat phudc sau va 2 pat phudc
trudec.
c. bat luc

Bang 5.2 Thong sb dit luc

) Xe co so Xe HEV
STT Chi tiét
bat luc bat luc
1 Pong co 2900 N 2900 N
2 Hop s6 60 N -
3 Thung dau 510 N 510 N
4 Ac quy 270 N 270 N
5 Lo6p du phong 450 N 450 N
6 Thung xe day tai 23000 N 23000 N
7 bong co dién - 650 N
8 May phat - 1800 N
9 Pack Pin - 1250 N
Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vi Béo; 5 Hudng dan: PSG.TS. Le:: Minh B
Nguyén Pang Truong; Nguyén Lé Anh Tu; Nguyén Minh Dic. ThS. Nguyén Van Phuc

144



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.29 Pit luc cho dc quy
- Khdi luong dc quy 27kg quy d6i thanh lyc 270N

Hinh 5.30 Dat lyc cho thung nhién li¢u

- Thing nhién liéu c6 dung tich 60 lit, tinh ca v6 thung ta c6 dugc téng khdi luong
thung nhién li¢u 1a 60 kg. Dat thanh 2 lyc tai pat d& thung nhién li¢u.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.31 Pit luc cho pat treo dong co dbt trong
- Bong co duoc treo bang hai pat bat tir khung, dau con lai gan chat vao hai bén
than mdy. Pat treo va dong co dugc cb dinh bang bu 16ng nén trong luong dong co
dugc chia thanh 6 lyc trong tmg 6 vi tri bit bu 16ng.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.32 Bat luc cho khung d& thung
- Thung xe Frontier K200 duogc dat 1én chasiss qua qua khung dd, trong mo6 phdng nay
phan bé mit khung d thung tiép xtc véi chasiss duoc thay thé bang mot manh kim loai

c6 cung di¢n tich va tinh chat vat liéu voi khung d& thung

Hinh 5.34 Dat lyc pack pin

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.35 Dat luc cho dong co di¢n
- Pong co dién c6 khéi luong 65kg quy d6i sang luc 650N duoc phan 1am hai vector

Iic twong Gmg véi bé mit tiép xuc cua dong co dién va gia d&. Mdi vector luc ¢o gia tri
325N.

Hinh 5.36 Dat luc cho may phat

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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- May phat dién c6 khéi lvong 180kg quy ddi sang lirc 1800N duge phan lam hai vector
I twong Gmg véi bé mit tiép xuc cua dong co dién va gia d&. Mbi vector luc ¢ gia tri
900N.

d. Chia lwéi

Mesh Settings
Common Settings
Average Element Size 0.050
(as a fraction of bounding box length)
Minimum Element Size 0.050
(as a fraction of average size)

Grading Factor 1.500

Maximum Turn Angle 60.00 deg

[v] Create Curved Mesh Elements

Assembly Option

Use part based measure for Assembly mesh

E' O Cancel
Hinh 5.37 Pit thong s6 1udi

Hinh 5.38 Chia ludéi

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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5.1.4.4 Két qud mé phong va binh lugn

a.Ung suit Von Mises:

Type: Von Mises Stress

Uit MPa

5{13/2025, 4:03:53 FM
0

Hinh 5.39 Ung suit Von Mises
- Gia tri 16n nhat: 325 Mpa < [461]MPa.

=> Nho hon giéi han vat liéu

Ung suit theo truc:

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.40 Ung suét theo truc XX

- Gia tri cuc dai dat tai vi tri pat do dong co.

- Gia tri cuc tiéu dat tai vi tri pat phudc sau.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.41 Ung suit theo truc YY

- Gia trj cuc dai dat tai vi tri mép ngoai pat phudc trudc gan pat d& dong co.

- Gia tri cuc tiéu dat tai vi tri pat thung nhién liéu.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.42 Ung suit theo truc ZZ
- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trudc gan pat d& dong co.

- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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¢. Chuyén vi

Hinh 5.43 Chuyén vi twong duong
- Gia tri cuc dai dat tai vi tri pat do thung xang.

- Gia tri cuc tiéu dat tai vi tri pat phudc sau.

Hinh 5.44 Chuyén vi theo phuong X

- Gia tri cyc dai dat tai vi tri pat do thung xang.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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- Gi4 tri cuc tiéu dat tai vi tri thanh ngang cua khung.

Type: ¥ Disclacement
Unit: mm
5/13/2025, 4:04:26 PM

I03

[ -0.51

- -0.803

-2.457 Mn

Hinh 5.45 Chuyén vi theo phong Y

- Gia tr1 cuc dai dat tai vi tri dau chasiss.

- Gid tri cuc tiéu dat tai vi tri pat do thung xang.

Type: Z Displacement

Ukt mm

5/13/2025, 4:04:28 PV
0.2

0.065
{ -0.0879

0.2019

03358

0.4698 Mn

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 5.46 Chuyén vi theo phong Z
- Gia tri cyc dai dat tai vi tri pat 4o dong co.
- Gi4 tri cuc tiéu dat tai vi tri pat d& ac quy.
d.Bién dang

Type: Equvalent Syan
Lrit: o
5/13/2025, 4:04:32 PM

Iw
[ 8e05

|| 6.001e05

[ 4.001e05

2001005

1644608 Min

Hinh 5.47 Bién dang tuong duong

- Gia tri cuc dai dat tai vi tri pat o dong co.

- Gié tri cyc tiéu dat tai vi tri pat phudc sau.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.48 Bién dang theo phuong X
- Gia tri cuc dai dat tai vi tri pat do dong co.

- Gia tri cuc tiéu dat tai vi tri pat d& dong co trung gian.

Hinh 5.49 Bién dang theo phuong Y

- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trude gﬁn pat do dong co.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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- Gid tri cuc tiéu dat tai vi tri dinh pat phudc trudc.

Type: Stran 22

it
5/13/2025, 4:0455 PM

H 7.7088-0% Max

] 18270.0¢

4768604

L -110e0d

4 05304

699304 Mn

Hinh 5.50 Bién dang theo phuong Z
- Gia tri cuc dai dat tai vi tri mép ngoai pat phudc trudc gﬁn pat do dong co.
- Gi4 tri cuc tiéu dat tai vi tri dinh pat phudc trudec.
d. Hé s6 an toan (Safety Factor):

Type: Safety Factor

Ut o
S/13/2025, 4:04:18 PM
15 Max:

Iaz

Sinh \:ién thuc hién: Lé Minh~Hung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.51 Hé sb an toan
- Gia trj t6i thicu: 1,89.
e. D¢ cirng (HR)

- TUr Gmg suét toi da trong mo6 phong (325 MPa) va khong thdy dé cap dén xu 1y
nhiét, vét liéu co thé dang & trang thai chua t6i luyén. BJ cting khoang 85-90 HRB.
f. P9 bén udn

- Vi d6 bén kéo dut (UTS) 1a 461.946 Mpa tir béo céo, d6 bén udn cua vat lidu
nay nam trong khoang 462—693 MPa, phu hop vdi tinh chat cua thép AISI 317.

g. Do bén kéo

- Ung suét 16n nhat (Von Mises): 325 MPa, thap hon nhiéu so voi UTS (461.946
Mpa), cho thiy két cau an toan trong diéu kién tai hién tai.

h. D¢ dai va dap

- Thép AISI 317 1a thép khong gi austenitic, co kha nang chiu va dap tot nhd cau
tric vi mo 6n dinh, khong dé bi gion ngay ca ¢ nhiét do thap.
i. Gidi han chay:

- thép AlSI 317 dap g yéu cau gidi han déo.

k. Panh gia

- Ung suét 16n nhat (Von Mises) 13 325 MPa, thap hon so voi gidi han chay
(461.946 MPa). Piéu nay cho thay thiét ké chiu lyc tot va an toan cao trong diéu
kién tai hién tai.

- Chuyén vi va bién dang rat nho, dam bao d6 climg viing cua két cau.

- Hé s6 an toan tbi da 1,89 dat diéu kién bén khi so v6i gidi han vat lidu cho thay
c4u tric du an toan.

Két luan: Két cAu khung du bén.
5.1.5 M6 phong bén do gd dong co dién, dé gd mdy phdt, pack pin
5.1.5.1 Mé phéng bén dé gd déng co dién
a. Thiét 1ap thong so vt liéu
- Tén vat li¢u: Thép SS400

- Khéi luong riéng (Density): 7,85 g/cm?.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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- G161 han chay (Yield Strength): 245 MPa.

- D6 bén kéo dut (Ultimate Tensile Strength): 400 MPa.

- M6 dun dan hoi (Young's Modulus): 200 GPa.

- Ty 1€ Poisson (Poisson's Ratio): 0,29.
- Mb dun cat (Shear Modulus): 77,52 GPa.

Material Editor: 55400

-

|dentity Appearance ¥

-

Physical =

¥ Basic Thermal
Thermal Conductivity 5.000E+01 W/(m-K)
Specific Heat 1.000 J/(g-"C)

Thermal Expansion Coefficient 0.100 pm/(m-*C)

¥ Mechanical
Behavior | Isotropic
Young's Modulus 200.000 GPa
Poisson’s Ratio 0.27
Shear Modulus 0.000 MPa

Density 7.850 g/cm®

¥ Strength

Yield Strength 245.000 MPa

Tensile Strength  400.000 MPa

[LILLIEL

[LILLIELILL]

OK Cancel Apply

Béang 5.52 Dat vat liéu

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao;
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc.

Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.53 Pat gbi ¢b dinh

- Gia 46 dong co dién duoc ga 1én chasiss bang 4 mat bich qua mdi ghép han. Chinh

vi vay, goi co dinh gén cho mat bich ti€p xtc vdi khung chasiss.

c. Pat luc

Hinh 5.54 bat luc gid d& dong co

Sinh \iién thyuc hién: Lé MinhNHung; Lé Vi Béo; 5 Huéng dan: PSG.TS. L§ Minh Buc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.55 bat luc gid d& dong co

- Pong co dién c6 khéi luong 65kg quy d6i sang luc 650N duoc phan lam hai vector
luc twong tng VGi bé mit tiép xuc cia dong co dién va gia dd. Moi vector lyc c6 gia tri
325N.

d. Chia lwoi

- Kich thudc phan tir trung binh: 0.05
- Kich thudc phan tir toi thiéu: 0.01

- Hé s6 phan cap: 1.5

- Goc tdi da gitta cac canh: 60°

Sinh \iién thyuc hién: Lé MinhNHung; Lé Vi Béo; 5 Huéng dan: PSG.TS. L§ Minh Buc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Common Settings

Awverage Element Size 0.050

(as a fraction of bounding box length)

Minimum Element Size 0.010

(as a fraction of average size)

Grading Factor 1.500

Maximum Turn Angle 60.00 deg

[v] Create Curved Mesh Elements

Assembly Option

Use part based measure for Assembly mesh

El Ok Cancel

Hinh 5.56 Cai dat thong s6 1udi

Hinh 5.57 Chia luéi mo6 hinh

5.1.5.1.1 Két qud phdn tich va danh gia
a.Ung suat Von Mises:
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Type: Yon Mises Stress
Unit: MPa
1/6/2025, 10:52:21 AM

F 13 Max

|| 104

I 0 Min

Hinh 5.58 Ung suét Von Mises

- Nhan xét: Tai diém tiép xuc gitra pat gia c6 va tru ding ng suat dat gia tri cuc dai
nhung van nho hon rat nhiéu so véi gi61 han bén cua vat liéu. Piéu d6 chirng minh duoc
su hi€u qua cua pat gia cd dé gid do va tru. Ung suit dat gia tri cuc tiéu tai mit bich tiép
xuc vdi chasiss, suy ra dién tich bé mat mat bich va mdi ghép han dam bao diéu kién

bén.
- Gia tri ti da: 13 Mpa < [400]MPa.

=> Nho hon giéi han vat liéu

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co s& xe tdi nhe

b. Ung suit theo truc:

Hinh 5.59 Ung sut truc XX
- Ung suit theo tryc XX: 6,3 MPa.
- Gia tri cuc dai dat tai vi tri pat gia c6 tru.

- Gi4 tri cuc tiéu dat tai vi tri thanh ngang do dé.

Hinh 5.60 Ung suat truc YY
- Ung suit theo truc YY: 6,09 MPa.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

- Gia tri cuc dai dat tai vi tri mép pat gia cd.

- Gi4 tri cuc tiéu dat tai vi tri thanh ngang d& dé khung.

858
5.16

174

-1.67

-5.09 Min

wte

Hinh 5.61 Ung suat truc ZZ
- Ung suét theo truc ZZ: 11,47 MPa.

- Gia tri cuc dai dat tai vi tri mép pat gia cd.
- Gi4 tri cuc tiéu dat tai vi tri thanh ngang do dé khung.

d. Chuyén vi

Sinh \:ién thyuc hién: Lé MinhNHung; Lé Vi Béo; 5 Huéng dan: PSG.TS. L§ Minh Buc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Type: Displacement

Unit: mm

1/6/2025, 11:11:35 AM
0.06

! 0.05352 Max

| 0.048

| 0.036

| 0.024

L {0012

0 Min

Hinh 5.62 Chuyén vi tuong duong

- Gia tri cuc dai dat tai vi tri bé mat tiép xuc cua dong co dién voi dé.

- Gia tri cuc tiéu dat tai vi tri mat bich tiép xtic voi chasiss.

- Nhan xét: Chuyén vi dat gia tri cyc dai tai vung tiép xuc gitra bé mat dong co di¢n
va dé gia do nhung van dam bao do bén khi gia tri chuyén vi giao dong rat nho 0,05
mm. Gia tri cuc tiéu cia chuyén vi dat tai vi tri mat bich tiép xuc voi chasiss, cho théy

gia do dong co dién duoc lién két véi chasiss dam bao do chac chan.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.63 Chuyén vi theo phuong X
- Gia tri cuc dai dat tai vi tri tru ding.

- Gid trj cuc tiéu dat tai vi tri tru dang.

Hinh 5.64 Chuyén vi theo phuong Y

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

- Gia tri cuc dai dat tai vi tri dAm doc .

- Gi4 tri cuc tiéu dat tai vi tri thanh nep.
Unit: mm

1/6/2025, 3:02:47 PM '2
0.01

5
! 0,00175 Max ]

-0.0027

|| -0.0154

|| -0.0281 [%

-0,04081

I -0.05351 Min

b

Hinh 5.65 Chuyén vi theo phuong Z

- Gia tri cuc dai dat tai vi tri dé khung.

- Gi4 trj cuc tiéu dat tai vi tri dAm ngang.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

e. Bién dang

Urit: ul
1/8/2025, 11:27:32 PM

l 5.658e-05 Max

|| 4.526e-05
|| 3.395e-05

. 2,263e-05

L 1.132e-05

1.174e-11 Min

b

Hinh 5.66 Bién dang tuong tuong

- Gia tri cuc dai dat tai vi tri try ding.
- Gia tri cyc tiéu dat tai vi tri mat bich.

Unit: ul
1/8/2025, 11:28:12 PM 2

l 2.833e-05 Max >]

| | 1529e-05 2

|| 2.251e-06 ]
B
|| -1.079e-05 < y. \

-2.383e-05

i -3.687e-05 Min

‘iv"

Hinh 5.67 Bién dang Phuong X

- Gi4 tri cuc dai dat tai vi tri dAm ngang.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co s& xe tdi nhe

- Gia trj cuc tiéu dat tai vi tri dAm ngang.

Hinh 5.68 Bién dang Phuong Y

- Gia trj cuc dai dat tai vi tri dam ngang.

- Gia tri cuc tiéu dat tai vi tri dAm ngang.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Urit: ul
1/8/2025, 11:29:01 PM

I 4.98%-05 Max

3.429¢-05
|| 1.869-05

|| 3.094e-06

-1,251e-05
-2.811e-05 Min

Hinh 5.69 Bién dang Phuong Z

- Gia tri cuc dai dat tai vi tri try ding.
- Gia tri cuc tiéu dat tai vi tri dam ngang.
f. Hé s0 an toan (Safety Factor):

Type: Safety Factor

Urit: ul

1/6/2025, 11:24:31 AM
15

12

Hinh 5.70 Nhan t6 an toan

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

- Nhan xét: Hé s6 an toan cuc dai co6 gia tri tiém can 15, duya vao hé so6 nay lam can c

suy ra duogc khung dam bao do bén cao.

g. Do cing (HR)

- Tir Grng suét tbi da trong mé phong (13,14 MPa) va khong thiy dé cap dén xtr 1y nhiét,
vat liéu c6 thé dang & trang thai chwa toi luyén. Do cting khoang 50 - 60 HRC.
h. P9 bén udn

- Vi d6 bén kéo dut (UTS) 1a 400 MPa tir bao cdo, do bén udn cua vat liéu ndy nim
trong khoang 400 - 510 MPa, phu hop véi tinh chét cia thép SS400.
i. Do bén kéo

- Ung suét 16n nhat (Von Mises): 13,14 MPa, thip hon nhiéu so véi UTS (400 Mpa),
cho théy két ciu an toan trong diéu kién tai hién tai.
k. D0 dai va dap

- Néu vat liéu trong bao cao chua qua xur Iy nhiét, d6 dai va dap udc tinh khoang 15-
20 J/em?, phu hop cho cac ing dung thong thuong.

I. Gi¢i han chay:

- 245 MPa 12 muc tng suét tai d6 thép SS400 bat dau bién dang déo (khong hdi phuc).
Ung suat mo phong chi dat 13% gi6i han ndy, cho thiy vat liéu vin hoat dong hoan toan
trong vung dan hoi, khong cé nguy co bién dang vinh vién.

m. Panh gia

- Ung suét 16n nhat (Von Mises) 1a 13,14 MPa, thap hon nhiéu so véi giéi han chay
(400 MPa). Piéu nay cho thiy thiét ké chiu luc t6t va an toan cao trong diéu kién tai
hién tai.

- Chuyén vi va bién dang rat nho, dam bao do cimg viing cua két cau.

- Hé sd an toan tdi da 14,9, vuot xa gia tri tiéu chuin (thuong tur 1.5 dén 3), cho théy
céu tric du an toan.

Két luan: Két cdu khung du bén.
5.1.5.2 M6 phong bén doé gd mdy phdt
a. Thiét 1ap thong s6 vat liéu
- Tén vat li¢u: Thép SS400
- Khéi luwgng riéng (Density): 7,85 g/cm?.
- Gi61 han chay (Yield Strength): 245 MPa.
- P bén kéo dut (Ultimate Tensile Strength): 400 MPa.

- M6 dun dan hoi (Young's Modulus): 200 GPa.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

- Ty 1€ Poisson (Poisson's Ratio): 0,29.

- M6 dun cit (Shear Modulus): 77,52 GPa.

Material Editor: 55400

Identity Appearance ¥ @ Physical =

¥ Basic Thermal

Thermal Conductivity 5.000E+01 W/(m-K) %
Specific Heat 1.000 J/(g-°C) %
Thermal Expansion Coefficient 0.100 pym/(m-*C) =]
¥ Mechanical
Behavior | Isotropic -
Young's Modulus  200.000 GPa %
Poisson's Ratio 0.27 %
Shear Modulus 0.000 MPa %
Density 7.850 g/cm? %
¥ Strength
Yield Strength 245.000 MPa %
Tensile Strength 400.000 MPa %
@f_ & [D OK Cancel Apply
3 - A A A ‘A
Hinh 5.71 Dat thong s6 vat liéu
Component Original Material Owerride Material Safety Factor
=l LAP GIA TRED MAY PHAT.i
Welds Welded Aluminum-6061 (As Defined) Yield Strength
-i{LAP DE MAY PHAT:1
i\ Welds Welded Aluminum-6061 (As Defined) Yield Strength
| THANH DOC DE MAY] 55400 (As Defined) Yield Strength
{THANH DOC DE MAY] 55400 (As Defined) Yield Strength
MAT BICH MAY PHAT|  S5400 (As Defined) Yield Strength
-1 THANH DAM BEN:2 55400 (As Defined) Yield Strength
- THANH DAM BEN NGAN] ~ $5400 (As Defined) Yield Strength
-{ THANH DAM BEN NGAN] 55400 (As Defined) Yield Strength
-\ THANH DOC RIA KHUNG ~ S5400 (As Defined) Yield Strength
-1 THANH DOC RIA KHUNG ~ SS400 (As Defined) Yield Strength
- PAT GIA CO THANH DAN ~ S5400 (As Defined) Yield Strength
.. DAT ZTA {"ﬁ THAKMY r\RL cCdann fAc Nafinadl Wiald Stronath

Hinh 5.72 Pit vat liéu toan bd khung bang thép SS400

Sinh vién thuc hién: Lé Minh Hung; Lé Vii Bao;

Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Duc.

Hudng dan: PSG.TS. Lé Minh Buc
ThS. Nguyen Van Phuc
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b. Pit gbi ¢ dinh

Hinh 5.73 Pit gbi ¢6 dinh

- Gia d& may phat duoc ga 1én chasiss bang 4 mit bich qua mdi ghép han. Chinh vi

vay, go1 c6 dinh gan cho mat bich ti€p xtic véi khung chasiss.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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c. bat luc

Hinh 5.74 Bat luc gia d& dong co

Hinh 5.75 bat luc gid d& dong co

- May phat dién c6 khéi lvong 180kg quy ddi sang lirc 1800N durge phan lam hai vector
I twong Gmg véi bé mit tiép xuc cua dong co dién va gia d&. Mdi vector luc ¢ gia tri
900N.

Sinh vién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Le:: Minh B
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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d. Chia lugi
- Kich thudc phan tir trung binh: 0.05
- Kich thudc phan tir ti thiéu: 0.01

- Hé s6 phan cap: 1.5

- Goc tdi da gitra cac canh: 60°

Commeon Settings

Average Element Size 0.050

(as a fraction of bounding box length)

Minimum Element Size 0.010

(as a fraction of average size)

Grading Factor 1.500

Maximum Turn Angle 60.00 deg

[] Create Curved Mesh Elements

Assembly Option

Use part based measure for Assembly mesh

E‘ oK Cancel

Hinh 5.76 Cai dat thong s6 ludi

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.77 Chia ludi mo6 hinh
5.1.5.2.1 Két qua phaén tich va ddnh gid
a. Ung suit Von Mises

Unit: MPa
1/6/2025, 3:36:21 PM

F 136

—

x'i/'z

Hinh 5.78 Ung suat Von Mises

- Nhan xét: Tai diém ti€p xtc gitra pat gia ¢0 va tru ding ung suat dat gia tri cuc dai
nhung van nhé hon rat nhiéu so véi g161 han bén cua vat liéu. Biéu dé chirng minh duoc
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Drc. ThS. Nguyén Vin Phuc
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su hi€u qua cua pat gia cd dé gia do va tru. Ung suét dat gia tri cyc tiéu tai mat bich tiép
xuc vdi chasiss, suy ra di¢n tich bé mat mat bich va mdi ghép han dam bao diéu kién
bén.
- Gia tri ti da: 18,30 Mpa < [400]MPa.
=> Nho hon gidi han vt li¢u
b. Chuyén vi
rit; mm

1/6/2025, 3:38:15 PM
0.07

! 0.056
|| 0.042

|1 0.028

0.014

0 Min

wdu?

Hinh 5.79 Chuyén vi trong duong

- Nhan xét: Chuyén vi dat gia tri cuc dai tai viung tiép xuc gitra bé mit may phat va dé
gia dd nhung van dam bao d6 bén khi gi tri chuyén vi giao dong rat nho 0,08 mm. Gia
tri cuc tiéu cua chuyén vi dat tai vi tri mat bich tiép xuc voi chasiss, cho théy gia d0 may

phat dugc lién két vdi chasiss dam bao dd chac chan.

- Chuyén vi t6i da (Maximum Displacement): 0,08 mm.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.80 Chuyén vi theo phwong X

Hinh 5.81 Chuyén vi theo phuong Y

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Unit: mm
1/6/2025, 3:47:48 PM
0.02

! 0.01653 Max
|| 0.01272

|| 0.00545

| -0.00183

-0.0091

-0.01638 Min

XK?,'Z
Hinh 5.82 Chuyén vi theo phuong Z

c¢. Nhan to an toan

Unit: ul
1/6/2025, 3:41:22 PM
15 Max

l 13.39 Min
-0

xd'z

Hinh 5.83 Nhan t6 an toan

- Nhan xét: H¢ s6 an toan cuc dai c6 gia tri tiém cén 13,39 dya vao hé s nay lam can

cu suy ra dugc khung dam bao do bén cao.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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d. Ung suit

Unit: MPa
1/6/2025, 3:42:25 PM
20

' 17.59 Max

| 13.01

I )
-14.93 Min

x‘i'z
Hinh 5.84 Ung suat truc XX
- Ung suét phuong XX: 17,59 MPa.

Unit; MPa
1/6/2025, 3:44:13 PM
24

21.83 Max

| e

) SELls

-1.09

-7.36 Min

x‘i'z

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.85 Ung suat truc YY
- Ung sut phuong YY: 21,83 MPa.

Hinh 5.86 Ung sut truc ZZ
- Ung suét phuong ZZ : 9,76 MPa.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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e. Bién dang

Unit: ul
1/8/2025, 11:30:47 PM
8.705e-05 Max

6.964e-05
| | 5.223e-05

| 3.482e-05

1.741e-05

3.898e-11 Min

x‘i'z

Hinh 5.87 Bién dang tuong duong

- Bién dang twong dwong (Equivalent Strain: 8,705x10¢ mm/mm.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Unit: ul
1/8/2025, 11:31:13 PM
6.445e-05 Max

3.817e-05

L1 1.189e-05

|| -1.438e-05

-4.066e-05

I -6.694e-05 Min

i
Hinh 5.88 Bién dang theo phuong X

Unit: ul
1/8/2025, 11:31:29 PM
8.686e-05 Max

|| 6.424e-05

|| 4.161e-05

|| 1.898e-05

-3.648e-06

I -2.628e-05 Min

x‘\t'z
Hinh 5.89 Bién dang theo phuong Y
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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-4.991e-05 Min

Hinh 5.90 Bién dang theo phuong Z

f. Do cirng (HR)

- Tir Grng suét t6i da trong mé phong (16,84 MPa) va khong thiy dé cap dén xtr 1y nhiét,
vat lidu ¢c6 thé dang ¢ trang thai chua t6i luyén. Do ctiing khoang 50 - 60 HRC.
g. D bén udn

- V&i d6 bén kéo dut (UTS) 12 400 MPa tir bao cdo, d6 bén udn cua vat liéu ndy nim
trong khoang 400 - 510 MPa, pht hop véi tinh chit ciia thép SS400.
h. P bén kéo

- Ung suét 16n nhat (Von Mises): 16,84 MPa, thap hon nhiéu so véi UTS (400 Mpa),
cho théy két cdu an toan trong diéu kién tai hién tai.
i. D dai va dap

- Néu vat liéu trong bao céo chua qua xur 1y nhiét, d6 dai va dap udc tinh khoang 15-
20 J/em?, phu hop cho cac ing dung thong thuong.
k. Gi6i han chay:

- 245 MPa 12 muc tng suét tai d6 thép SS400 bat dau bién dang déo (khong hoi phuc).
Ung suat mo phong chi dat 13% gidi han ndy, cho thiy vat liéu van hoat dong hoan toan

trong ving dan hoi, khong c6 nguy co bién dang vinh vién.

. Panh gia
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- Ung suét 16n nhat (Von Mises) 1a 16,84 MPa, thdp hon nhiéu so v6i gii han chay
(400 MPa). Diéu nay cho thay thiét ké chju lyc tdt va an toan cao trong diéu kién tai
hién tai.

- Chuyén vi va bién dang rat nho, dam bao d6 cimg viing cua két ciu.

- Hé s6 an toan ti da 14,9, vuot xa gid trj tiéu chuan (thudng tir 1.5 dén 3), cho thiy
cdu trac du an toan.

Két luan: Két cu khung du bén.
5.1.5.3 Mé phdéng bén pack pin
a. Thiét 1ap thong so vt liéu

- Tén vat liéu: Thép SS400

- Khéi luong riéng (Density): 7,85 g/cm?.

- Gi61 han chay (Yield Strength): 245 MPa.

- P9 bén kéo dut (Ultimate Tensile Strength): 400 MPa.

- M6 dun dan hoi (Young's Modulus): 200 GPa.

- Ty 1€ Poisson (Poisson's Ratio): 0,29.

- M6 dun cat (Shear Modulus): 77,52 GPa.

- —

Identity Appearance = Physical =

¥ Basic Thermal

Thermal Conductivity 5.000E+01 W/(m-K) %
Specific Heat 1.000 J/(g-*C) %
Thermal Ex ion Coeffici (m-°C) =1
pansion Coefficient 0.100 pm/(m-°C) =1
¥ Mechanical
Behavior | lsotropic ]
Young's Modulus 200.000 GPa %
Poisson's Ratio 0.27 %
Shear Modulus 0.000 MPa %
Density 7.850 g/cm? %
¥ Strength
Yield Strength 245.000 MPa %
Tensile Stren =1
gth 400.000 MPa =
Hinh 5.91 Dat vat liéu
b. Dat goi co dinh
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Hinh 5.92 Pit gbi ¢b dinh

- Gié d& pack pin dugc ga [én chasiss bang 4 mit bich qua mdi ghép han. Chinh vi vay,
g01 c0 dinh gan cho mat bich tiép xtic voi khung chasiss.
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c. Dat luc

Hinh 5.93 Pat luc gia 4o dong co

- Bong co dién co }(héi lugng 65kg quy d6i sang luyc 650N dugc phan lam hai vector
lwe twong tng vaoi bé mat tiep xtc cua dong co dién va gia d6. Moi vector luc co gia tri
325N.

d. Chia lwéi

- Kich thuéc phan tir trung binh: 0.05
- Kich thuéc phan tir téi thiéu: 0.01

- Hé s6 phan cap: 1.5

- Goc tbi da giita cac canh: 60°
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5.1.5.3.1 Két qud phdn tich va ddnh gid

a.Ung suat Von Mises:
Unit: MPa

1/9/2025, 9:39:46 AM
34.12 Max

! 27.3

L2042

|1 13.65

Z
2
X

Hinh 5.96 Ung suat Von Mises

- Nhan xét: Tai diém tiép xuc gitra pat gia c6 va tru dimg Gng suat dat gid tri cuc dai
nhung van nhé hon rat nhiéu so vai 2161 han bén cta vat liéu. Piéu do chirng minh duogc
su hi€u qua cua pat gia cd dé gia do va tru. Ung suat dat gia tri cyc tiéu tai mat bich tiép
xuc vdi chasiss, suy ra dién tich bé mat mat bich va mdi ghép han dam bao diéu kién

bén.
- Gia tri ti da: 13,14 Mpa < [400]MPa.

=> Nho hon gid1 han vt li¢u
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b. Ung suit theo truc:

Hinh 5.97 Ung sut truc XX
- Ung suét theo truc XX: 6,78 MPa.

- Gia tri cuc dai dat tai vi tri pat gia cd tru.

- Gia tri cuc tiéu dat tai vi tri thanh ngang d& dé.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
192



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.98 Ung suit truc YY
- Ung suét theo truc YY: 6,09 MPa.

- Gia tri cuc dai dat tai vi tri mép pat gia cd.

- Gi4 tri cuc tiéu dat tai vi tri thanh ngang do dé khung.
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Hinh 5.99 Ung sut truc ZZ
- Ung suit theo truc ZZ: 6,09 MPa.

- Gia tri cuc dai dat tai vi tri mép pat gia c6.

- Gi4 tri cuc tiéu dat tai vi tri thanh ngang do dé khung.
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d. Chuyén vi

Urit: mm
1/9/2025, 9:41:31 AM

l 0.04895 Max

0.04

g

Hinh 5.100 Chuyén vi twong duong

- Gia tri cuc dai dat tai vi tri bé mat tiép xac cua dong co di¢n vdi de.
- G1a tri cuc ti€u dat tai vi tri mdt bich ti€p xtc voi chasiss.

- Nhan xét: Chuyén vi dat gia tri cyc dai tai vung tiép xuc gitra bé mat dong co di¢n
va dé gia d& nhung van dam bao do bén khi gia tri chuyén vi giao dong rat nho 0,05
mm. Gia tri cuc tiéu ctia chuyén vi dat tai vi tri mat bich tiép xuc voi chasiss, cho théiy
gia do dong co dién duoc lién két v6i chasiss dam bao d6 chéc chan.
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Unit: mm
1/9/2025, 9:46:47 AM
0.055

I 0.04888 Max

|| 0.04236

|1 0.02973

L | 0.01709

0.00445

-0.00818 Min

3

Hinh 5.101 Chuyén vi theo phuong X

- Gia tri cuc dai dat tai vi tri try ding.

- Gia tri cuc tiéu dat tai vi tri tru ding.
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| -0.00152

-0.00514 Min

Hinh 5.102a Chuyén vi theo phuong Y

- Gia tri cuc dai dat tai vi tri tru ding.

- Gia tri cuc tiéu dat tai vi trf tru dung.
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Hinh 5.102b Chuyén vi theo phuong Z

- Gia tri cuc dai dat tai vi tri tru ding.

- Gid trj cuc tiéu dat tai vi tri tru dang.
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e. Bién dang

Uit ul
1/9/2025, 9:48:25 AM
1.77e-04 Max

| 1.416e-04
| 1.062e-04

| 7.082e-05

| 3.541e-05

1.779e-11 Min

2

X

Hinh 5.103 Bién dang tuong duong

Unit: ul
1/9/2025, 9:48:53 AM

F 1.062e-04 Max

4.622e-05
| -1.378e-05

I | -7.378e-05

-1.338e-04

Hinh 5.104 Bién dang theo phuong X
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Hinh 5.105 Bién dang theo phuong Y

Hinh 5.106 Bién dang theo phwong Z
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f. Hé s6 an toan (Safety Factor):
Unit: ol

1/9/2025, 9:50:25 AM
15 Max

!12

I 6.3 Mn

A

Hinh 5.107 Nhan td an toan

- Nhan xét: Hé s an toan cuc dai co gia tri tiém can 15, dya vao hé $6 nay lam can cu
suy ra duoc khung dam bao d6 bén cao.
g. Do ctirng (HR)

- Tir Grng suét tbi da trong mé phong (13,14 MPa) va khong thiy dé cap dén xtr 1y nhiét,
vat lidu c6 thé dang ¢ trang thai chua t61 luyén. Do ctrng khoang 50 - 60 HRC.
h. Po bén uodn

- Véi do bén kéo dut (UTS) 1a 400 MPa tir bao céo, d6 bén uén cua vat liéu nay nam
trong khoang 400 - 510 MPa, pht hop véi tinh chét ctia thép SS400.
i. Do bén kéo

- Ung suét 16n nhat (Von Mises): 13,14 MPa, thip hon nhiéu so véi UTS (400 Mpa),
cho théy két cAu an toan trong diéu kién tai hién tai.
k. D¢ dai va dap

- Néu vat liéu trong bao cdo chua qua xu ly nhiét, d§ dai va dap udc tinh khoang 15-
20 J/em?, phu hop cho cac ing dung thong thuong.
Sinh vién thyuc hi¢n: Lé Minh Hung; Lé Vi Béo; Hud6ng din: PSG.TS. Lé Minh Btc
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5.2 M6 phéng an toan va cham pack pin
5.2.1 Co sé Iy thuyét

Mo phong va cham an toan ctia pack pin (bd pin trong cac thiét bj hoic xe dién)
dua trén viéc phan tich co hoc va nhiét hoc dé kiém tra d6 bén, tinh toan ven va an toan
ctia pack pin trong cac diéu kién tai trong khac nhau, dic biét 1a trong cac sy ¢b va cham.

Duya trén huong phap phan tir hitu han FEM 14 cong cu chinh dé mé phong hanh
vi co hoc va nhi€t hoc cua pack pin khi chiu tai trong va cham. M6 hinh FEM chia pack
pin thanh cac phén tir nhé hon dé tinh toan ung suét, bién dang va nhiét do cuc bo.

Phan tich phi tuyén va cham thuong lién quan dén bién dang 16n cac phan tir cua
pack pin c6 thé chiu bién dang ngoai giéi han dan hoi. Tiép xtGc dong gitra cac thanh
phén nhu vo pin, module pin, va cac bd phan két ndi.

Ngoai ra, m6 phong an toan va cham pack pin con dua trén nguyén 1y bao toan

nang luong. Nang lugng dong hoc cua vat va cham dugc chuyén d6i thanh nang luong
bién dang, ndng lugng nhiét, nang luong ti€u hao do ma sat.
Véi sy phat trién nhanh chéng ciia nganh cong nghiép xe dién (EV) va céc thiét bi luu
trit nang lugng, pack pin di tré thanh mot thanh phan quan trong, quyét dinh dén hiéu
suit va do an toan cta san pham. Tuy nhién, khi xay ra va cham trong thuc té, cac nguy
co nhu bién dang, doan mach, chay nd va ro ri hoa chat tir pack pin dat ra nhiing thach
thirc nghiém trong d6i voi an toan ngudi ding va méi trudng.

Pé dam bao an toan cho pack pin, md phong va cham déng vai trd quan trong
trong viéc du doan céc kich ban nguy hiém va toi uvu héa thiét ké. Pay 1a mot quy trinh
k¥ thuat nham tai tao diéu kién va cham thyc té, cho phép cac k¥ su phan tich tic dong
va tim ra cac giai phap giam thiéu rii ro.

Thiét 1ap mo phong va cham an toan pack pin bang phan mém HyperWork thong
qua giai doan tién xir Iy HyperMesh str dung bo giai RADIOSS dé danh gia va toi wu
hoéa hiéu suit cia pack pin khi chiu tai trong dong trong qua trinh va cham, cai thién kha

nang chong va cham, an toan va kha nang san xuat cua cac thiét ké phtc tap.

Sinh \:ién thuc hién: Lé Minh~Hu’ng; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
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5.2.2 Gigi thigu phan mém mé phéng HyperWorks

q H%aeiFWorkse

Hinh 5.108 Logo Hyperwork Altair

HyperWorks 1 nén tang mé phong kién trac mé toan dién nhat, cung cap cac cong nghé
hang dau dé thiét ké va t6i vu hoa cac san pham hiéu suat cao, hiéu qua va sang tao.
HyperWorks bao gdm mé hinh hoéa phan tir hitu han, phan tich va tdi uu hoa cho cic
ciu trac, chat long, dong luc hoc da than, dién tir va bd tri ang-ten, phat trién dya trén
mo hinh va da vat Iy. Nguoi dung c¢6 quyén truy cap day da vao mot loat cac giai phap
thiét ké, k¥ thuat, truc quan hoa va quan 1y dir lidu tir Altair va cac doi tac cong nghé
cua minh.

Céc tinh nang chinh cua HyperWorks

- HyperMesh: Cong cu tao ludi (meshing) va chuan bi mé hinh tién tién. Hd tro nhiéu
bd giai (solver) nhu Radioss, OptiStruct, Abaqus, Nastran, LS-Dyna, Ansys.

- HyperView: Cong cu hién thi két qua sau mé phong, bao gdm phan tich chuyén dong,
ung suét va nhiét do.

- Radioss: B§ giai manh mé€ danh cho phéan tich phi tuyén, dac bi¢t la mo phong va cham
va dong luc hoc.

- OptiStruct: Cong cu phan tich tuyén tinh va téi wu hoa céu tric.

- HyperStudy: Dung dé thuc hién cc nghién ctru ti uu héa, phan tich d6 nhay va nghién
cuu do tin cay.

- MotionSolve: Cong cu phan tich dong luc hoc da vat thé.

Mo phong va cham trong HyperWorks 13 mot phan quan trong cua cac ing dung phan
tich cAu trac va dong luc hoc da than. Pay l1a cong cu manh mé gitp cac ky su va nha
thiét ké du doan, phan tich va tdi wu hoa hiéu suit cta san phém khi chiu cac luc tac

dong manh, chdang han nhu va cham xe hoi, ct nga cua thiét bi, hodc va dap trong cac

ung dung cong nghiép.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc

203



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Contour Plot
Von Mises(Scalar value, Mid)
Simple Average

1: side_impact_w_interface_parameters_2
Loadcase 1: Time = 7.0000e+01 : Frame 15

3.590E-01
E 3.191E-01

2.792E-01
— 2.394E-01

= 1.995E-01
= 1.596E-01

1.197E-01
7.978E-02
3.989E-02
0.000E+00

Max = 3.590E-01
Node 23222

Min = 0.000E+00
Node 346252

z

-

Hinh 5.109 Qué4 trinh mé phong va cham hién thi qua Hyperview

Yo

Nhitng diém ndi bat vé mo phong va cham trong HyperWorks c6 thé ké dén nhu:

- Phan tich va cham va ning lugng hap thyu: Panh gia cac thong sd quan trong nhu luc
tac dong, bién dang ciu trac, nang lugng hap thu va phan bd ning luong trong cu tric,
hiéu suit cta cac ving hap thu va cham.

- Phan tich da vat li¢u: HyperWorks hd tro mo hinh héa va mo phong céc vat ligu
composite, kim loai, nhya, hodc cao su trong diéu kién va cham. Cong ngh¢ Material
Models giip mo6 phdng chinh xac cach cac vat li¢u khac nhau chiu bién dang hodc pha
huy dudi lyc tac dong.

- Phan tich phi tuyén tinh: Va cham 1a hién tugng phi tuyén tinh (non-linear) bao gém
bién dang l6n, tdc dd cao, va tiép xuc phtrc tap gitra cac bd phan. HyperWorks st dung
cac solver manh m& nhu RADIOSS d¢é giai quyét cac van dé nay. RADIOSS ndi bat véi
kha nang xir 1y cac mé phong va cham téc do cao trong linh vuc 6 t6, hang khong, va an
toan cong nghiép.

- Hb tro tiéu chuén an toan: Panh gia d6 an toan ctia xe trong cac bai kiém tra va cham.
Dép tng cac yéu cau an toan bat budc cho xe co gidi. Tiéu chuin va cham trong nganh
hang khong.

- T6i wu héa cau tric dé ting hiéu sudt an toan: St dung cac cong cu nhu OptiStruct va
Topology Optimization dé cai thién thiét ké khung xe hodc san pham, t6i wu hoa do cimg
vitng, giam trong lugng ma van dam bao hiéu suat hap thu niang luong cao trong va
cham.

- Truc quan hoéa va phéan tich dir liéu va cham: HyperView va HyperGraph la cac cong
cu gitip truc quan héa két qua mé phong, chang han nhu: Puong cong lyc-bién dang.
Chuyén dong ctia cac bo phan trong va cham. Video mé phong dong luc hoc cua toan
bd qua trinh va cham. [41]
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- Ung dung thuc té

+ O t6: Thiét ké vung hap thu va cham, kiém tra hé théng ddy an toan, va mé phong tai
khi.

+ Hang khong: Panh gia d6 bén cua cu tric may bay khi xay ra su c¢b ha canh khan
cap.

+ Cong nghiép: Kiém tra do bén cua thiét bi chju va dap hoac roi tir do cao.

5.2.3 Théng sé6 mé phong
Thong sb vat liéu
- Tén vat liéu: Thép khong gi AISI 317
- Khéi lugng riéng (Density):7.85 g/cm?.
- Gi61 han chay (Yield Strength): 317,157 MPa.
- P9 bén kéo dut (Ultimate Tensile Strength): 461,946 MPa.
- M6 dun dan hoi (Young's Modulus): 200 GPa.
- Ty 1¢ Poisson (Poisson's Ratio): 0,29.
- M6 dun cat (Shear Modulus): 77,52 GPa.

5.2.4 Tiéu chudn mé phéng va cham
Viéc b tri Pack pin & dudi xe tai HEV c¢an phai dugc tinh dén yéu té an toan khi xay ra
va cham. Két cau ciia khung treo xe tai HEV dugc danh gia kiém tra do bén phan hong
xe va phan duéi xe khi xay ra va cham & téc do v = 50 km/h.

Hinh 5.110 thé hién mo hinh mé phong va cham ap dung theo tiéu chuan va cham
bén hong ECE R95 [38]

- Piéu kién va cham:

- Xe thir nghiém bi mot vat thé mo phong xe khac tong ngang vao cira.
Vit thé va cham: Mot xe mo phong (Mobile Deformable Barrier - MDB) ¢6 trong
luwong 950 kg. [38]
Tdc dd va cham: 50 km/h.

Goc va cham: Vudng goc voi xe thir nghiém.

Hinh dang vat thé: M6 phong phan dau cua mot chiée xe, ¢6 ving hap thy xung

lyc phia trudc.

Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.110 M6 hinh va cham bén hong xe tai HEV
Hinh 5.111 thé hién mé hinh mé phong va cham ap dung tiéu chuan va cham sau dudi
ECE R32 [39]

- biéu kién va cham

« Xe s& bi kiém tra va cham tur phia trudc hodc phia sau voi mot rao chin ¢d dinh
(fixed barrier). [39]

« Téc d6 va cham: Khoang 50 km/h.

« Trong luong cia xe thir nghiém: Xe dugc thir nghiém trong diéu kién tai trong
danh dinh (c6 thé c6 hanh khach gia lap).

Hinh 5.111 M6 hinh va cham sau duoéi xe tai HEV

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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5.2.5 Qua trinh mé phong
5.2.5.1 Thiét ldp mé hinh cho bai todn phdn tich mé phéng va cham

Déi twong md phong va cham bao gdm khung chassis Thaco Frontier K200 c6
bb tri gia d& dong co, gia d& may phat, gia d& pack pin va mé hinh mit phang gia dinh
dau xe tai dugc thiét ké trén phan mém Inventor. M6 phong va cham théng qua tac dong
gitra 2 doi tuong voi van tdc dau vao 1a 50 [km/h]. Xac dinh chuyén vi va ung suét bién
dang 16n nhét khi va cham bén hong xe va dudi xe, tir d6 so sanh vdi tng suét gidi han
bén cho phép.

Hinh 5.112 M6 hinh CAD khung xe HEV

Hinh 5.113 Mb hinh mit phang gia dinh dau xe tai dugc thiét lap bang phan mém

Inventor
Sinh \:ién thuc hién: Lé MinhNHung; Lé Vii Bao; 5 Huéng dan: PSG.TS. L§ Minh Buc
Nguyén Pang Truong; Nguyen Lé Anh T; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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5.2.5.2 Kiém tra hé théng don vi ddu vio
Hé thdng don vi dau vao dong vai trd quan trong trong qua trinh do dac cac thong
s6, nén kiém tra cac hé thong don vi dau vao nham muc dich gitp tranh sai sot khi nhap

cac tham sd dé xac dinh bai toan tai (kg/mmy/s). [40]

Name Value
Solver Keyword: /BEGIN
Include: [Main Model]
Mame: BEGIM_CARD
Status: v
RUNMNAME: CHASSIS CRASH
INVERS: 2022
IRLIM: 0
Input_mass_unit kg
Input_length_unit Mmim
Input_time_unit 5
Work_mass_unit kg
Work_length_unit mm
Work_time_unit 5

Hinh 5.114 Card Begin
5.2.5.3 Thiét ldp mé hinh phan ti hiru han

X4y dyng mo hinh phan tir hitu han khung xe dua trén mé hinh CAD bang phan
mém HyperMesh. M6 hinh dugc trich xuat dudi dang 2D trong md phong dé giam do
phurc tap va thoi gian tinh toan cling nhu hi¢u qua phan tich trong bai toan FEA.

Pé mo phong va cham an toan Pack pin trong hai truong hop va cham bén hong
va sau dudi ¢ bai toan FEA, 1a loai md phong tac dong luc 16n trong thoi gian ngan,
chung ta can sir dung cong cu Automesh trong phan mém Hypermesh dé tao lugi 2D
(Shell elements). Tién hanh chia nhé mé hinh hinh hoc phirc tap thanh cac phan tir nhd
hon (elements) va cac nit (nodes) cho cic tAm mong cho phép giai cac phuong trinh

toan hoc mo ta hanh vi vat 1y ctia cdu tric ciia bai toan. [40]

Sinh \:ién thuc hién: Lé Minh~Hung; Lé Vii Bao; 5 Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Hinh 5.115 Lu6i héa mo hinh khung xe HEV
- S6 lwong node: 89624
- Kich thudc phan tir: 1 (mm)
D6i véi mat phang dau xe tai gia dinh dé mo phong va cham khung xe va Pack-
Pin, ludi héa mo hinh véi do 16n tuong tu voi khung xe dé tdi da hoa, can béng do chinh
x4c va thoi gian tinh toan (Hinh 5.116).

Hinh 5.116 Ludi héa md hinh mé hinh mit phang gia dinh dau xe tai
- S6 luong node: 5142
- Kich thudc phan tir: 2 (mm)
Théng ké kich thudc ludi va théng sé vat lidu cia mé hinh khung xe va mit phing dau

xe tai dugc thé hién trong Bang 5.3 va Bang 5.4.

Sinh vién thuc hién: L€ Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyén Pang Truong; Nguyen Lé Anh Tx; Nguyen Minh Dirc. ThS. Nguyeén Van Phuc
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Hinh 5.118 M6 hinh phan tir hiru han khung xe tai
sau khi thiét 1ap bang HyperMesh

Hinh 5.119 M6 hinh mit phang gia dinh dau xe tai
sau khi thiét 1ap bang HyperMesh
Sinh vién thyc hién: Lé Minh Hung; L€ Vi Bao; Huéng dan: PSG.TS. Lé Minh Dric

Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Duc. ThS. Nguyén Vin Phyuc
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Bang 5.3 Thong sb k§y thuat cua khung xe va mit phang gia dinh dau xe tai [40]

, S luong S lugng
Cum Chi tiét ‘
phan tr Nodes
Khung xe 90393 89624
MP dau xe tai 5142 5288

Bang 5.4 Thong s6 ky thuat vat liéu ciia toan bo mo hinh [40]

Khoi lugng Modun
- R A X Card
Cum chi tiét riéng dan hoi H¢ s6
’ Poission Image
(kg/m3) (GPa)
Khung xe 7850 210 0.3 M36
MP dau xe tai 7850 210 0.3 M1

5.2.5.4 Thiét ldp Properties

Thiét lap Properties dé xac dinh cach cac phan tir hoat dong va phan (g véi cac
tac dong bén ngoai trong bai toan md phong.

Déi vai cac phan tir thude khung chassis, sir dung card image P1_SHELL dé xac
dinh cac loai phﬁn tir. V61 QEPH la mot phén tir 4 nat duogc tich hop trén mot bé mit,
tao ra su can bﬁng va on dinh trén cac bé mat. Thiét 1ap thém cac thong s6 nhu d6 day
(Thick=1) va Intergration point (N=5). [40]

Déi v6i phan tir thuoc mat phang dau xe tai, ta str dung cac card image tuong tu
nhu phan tir thudc khung chassis, tuy nhién khong thiét 1ap Intergration point cho phan

tor nay.
Sinh vién thyc hién: L€ Minh Hung; Lé Vii Bao; Hudng dan: PSG.TS. Lé Minh Durc
Nguyeén Bang Truong; Nguyen Lé Anh Tt; Nguyen Minh Duec. ThS. Nguyen Van Phuc
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Value

Name Value
Solver Keyword: [PROP/SHELL/ Solver Keyword: [PROP/SHELL/
D: 1 ID: - 4
MName: CHASSIS Name: TRUCK
Color: ] Color: =
Include: [Main Model] Include: [Main Madel]
Defined: 4 Defined: W
CommentEnumField: 1:Hide in Menu/Export CommentEnumField: 1:Hide in Menu/Export
Card Image P1_SHELL Card Image: P1_SHELL
Ishell: 24:QEPH Shell Formulation Ishell: 24:QEPH Shell Formulation
|smstr. 2:Full Geometric Nonlinearities with Possible Small Stre Ismsir 2:Full Geometric Nonlinearities with Possible Small Strain
Ish3n: 2:Standard Triangle with Modification for Large Rotatior Ish3n: 2:Standard Triangle with Modification for Large Rotation
Idrill: Idrill:
Ipinch Ipinch:
P_Thick_Fail: P_Thick_Fail
Hm: Hm
Hf: Hf:
Hr: Hr:
Dm: Dm
Dn Dn:
N 5 N: 5
Thick: 50 Thick 10
Ashear Ashear:
fthick: 1:Thickness Change is Taken into Account Ithick: 1:Thickness Change is Taken into Account
lplas: 1 lierative Projection with Three Newton erations Iplas: 1:lterative Projection with Three Newton lterations

Hinh 5.120 Thong sé Properties cua
Thanh doc khung trai (Khung xe)

5.2.5.5 Thiét lap Materials (Vat ligu)

Dé thiét 1ap Materials cho cac phan tir, ta di xac dinh cac thong sé nhu khdi luong

Hinh 5.121 Théng s Properties cta
Mo hinh Mit phang dau xe tai

riéng, modul dan hoi, hé s poisson cho tung loai vat li¢u. Vat liéu st dung cho khung
chassis va mo hinh xe tai la Thép khong gi AISI 317.

bo6i voi vat liéu cho céac phan tr khung chassis, st dung card image

M36 PLAS TAB (vt liéu phi tuyén tinh) thiét 1ap cac thong s6 khéi lugng riéng, modul
dan hoi, hé sb poisson, N_funct=1 vi ing suit 1a mot hang, phu thudc vao do bién dang

theo dudng cong vat lidu nén ta phai xac dinh dudng cong vat liéu gan cho cc phan ti.

Sinh vién thyc hién: Lé Minh Hung; Lé Vi Bao;
Nguyén Ding Trudng; Nguyén Lé Anh Tu; Nguyén Minh Dric.

Huéng dan: PSG.TS. Lé Minh Bt
ThS. Nguyén Vin Phyc
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+|a 700
= [Curves D Steel_Curve
#  Steel Curve 1
600
500
Table | Property Editor
X e > 400
1 0.00345 113.26 N
2 0.00555 172.29
3 0.00878 26574
4 0.01538 37395
& 0.01748 49117
& 0.02342 48055
7 0.06311 480.66 300
8 0.0968 47913
a 0.13862 494.03
n 0.17682 51218
11 0.21402 52669
12 0.2449 54027
13 0.29749 563.05 200
14 0.33649 576.19
15 0.36323 581.48
16 0.39792 53486
17 0.44144 B08.12
18 0.48435 £19.74 100
© 0.51385 5238 0.0 01 02 03 04 05 0.6 0.7 0.8
en 0.53928 B631.49 X
o n&7109 PR v

Hinh 5.122 Do thi dudng cong vat lidu cua thép
Dbi véi vat lidu cho cac phan tir mit phing dau xe tai, st dung card image
M1 _ELAST (vt liéu dan hoi tuyén tinh) thiét 1ap cac thong sb thiét 1ap cac thong sb
khdi luong riéng, modul dan hoi, hé sb poisson.

Mame Value
Solver Keyword: MAT/PLAS_TAB/
1D: 1
Name: STEEL_CHASSIS_M36
Color; [ |
Include: [Main Model]
Defined: ™
User Comments: Hide In Menu/Export
Card Image: M36_PLAS_TAB

Regular_OR_encrypted_flag: Regular
RefRha_Option: ]

Rho_lnitial: 7.8e-09

E: 210000.0

MNu: 03

EPS_p_max:

EPS_t

EPS_m:

= N_funct 1

+ fet_ID: (1) Steel_Curve
Fscale: 10
Eps_dot: 50.0

Hinh 5.123 Thong s6 Materials ctia khung xe

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Name
Solver Keyword:
ID:
Name:
Color:
Include:
Defined:
User Comments:

Card Image:

Regular_OR_encrypted_flag:

RefRho_Option:

Rho_Initial:
E:

MNu:

HEAT _Input:

Value
IMAT/ELAST/

2
STEEL_TRUCK_M1
[

[Main Model]

Hide In Menu/Export
M1_ELAST
Regular

(]

7.8e-09

210000.0

03

[

Hinh 5.124 Thong s6 Materials ciia mo hinh Mat phang dau xe tai

Sau khi thiét 1ap Properties va Materials, tién hanh gan Properties va Materials cho timg

phan tir nhat dinh.
Name Value
Solver Keyword: JPART/
ID: 1
MName: THANH DOC KHUNG TRAI_body1
Color: 1
Include: [Main Model]
Defined:
User Comments: Hide In Menu/Export
Card Image: Part
- Prop_Id: (1) THANH DOC KHUNG TRAI_body1
H Mat_Id: (1) STEEL_CHASSIS_M36
FE style: [+ ]
Geometry style: =3
Rbody: ]
Thick:
SPH_RESERVE_opt [
Hinh 5.125 Gén Properties va Materials cho Thanh doc khung trai (Khung xe)
Name Value
Solver Keyword: JPART/
1D 186
MName: TRUCK_MNGANG_bodyl
Color: =
Include: [Main Model]
Defined:
User Comments: Hide In Menu/Export
Card Image: Part
Prop_ld: (132) TRUCK_PRO
t_Id: (2) STEEL_TRUCK_M1
FE style: ﬁ
Geometry style: =]
Rbody: [}
Thick:
SPH_RESERVE_opt [

Hinh 5.126 Gan Properties va Materials cho mo hinh Mit phang dau xe tai

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc.

Hudng dan: PSG.TS. L& Minh Buc
ThS. Nguyen Van Phuc
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5.2.5.6 Thiét ldp géi cé dinh (Constraint)

Khi mé phong va cham an toan Pack pin, cac gbi ¢ dinh duogc dit trén cac gia
d& phudc, Pat gin nhip hé thdng treo va cac thanh gdm khung Pack-Pin. Dit gbi cb dinh
tai cac chiu tai trong 1on dé dam bao mo hinh tun tha cac diéu kién vat 1y (nhu can bﬁng
Iirc, mo men) va tiéu chudn k§y thuat (nhu tai trong t6i da cta xe) cling nhu xac dinh céac
ving chiu Gng suét cao hodc bién dang 16n, tir d6 cai tién thiét ké khung xe khi xay ra
va cham. Dbi véi mod phong va cham, ¢ dinh 6 béc tu do & cac vung chiu tai 1on nhu
noi dé Pack-Pin c6 thé can gbi c¢b dinh dé mé phong trang thai neo khi xe ding yén, dam
bao mo hinh khong di chuyén tu do khi &p dung tai trong. Dat cac géi c¢d dinh tai tai mot
phan cua khung xe khi mé phong va cham dam bao trang thai neo khi xe va dap, tir 46
bat dau phan tich Gng suat va bién dang mot cach chinh xac (Hinh 5.127). [40]

- Budc dau 1a thiét lap cac node (nit) dé gan cac rang budc cb dinh.

Hinh 5.127 Vi tri cac node gan rang budc

Sau khi thiét 1ap cac node (nit), ta s& gan cac rang budc bang BCS.
Dbi voi khung chassis, sau khi thiét 1ap cac nit ta di thiét 1ap cac rang budc dé cd
dinh dé khung khong bi di chuyén trong qua trinh va cham bang cach cb dinh 3 bac tu

do tinh tién ctia cac nat va giir lai chuyén dong quay.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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MName Value
Solver Keyword: [BCS
1D 2
Include: [Main Model]
Engineering type: Mon Weighted Constraint
Type: BCS
grnd_ID: (36) Fix chassis
Title: Fix chassis
User Comments: Hide In Menu/Export
DOFT:
DOF2:
DOF%:
DOF4: =
DOFE: =
DOFE&: =
skew ID: <Unspecified=

Hinh 5.128 Piéu kién rang budc cua khung xe

Di v6i mit phing dau xe tai, sau khi thiét 1p cac nut ta di thiét 1ap cac rang budc cb
dinh v&i mo hinh xe tai, tuy nhién vi 1a phan t&r chuyén dong nén ta khong rang budc
céc bac tu do theo phuong chuyén dong d6. Vi va cham chuyén dong bén hong, khong
rang budc bac tr do tinh tién theo phuong X (DOF1), v6i va cham chuyén dong sau
dudi, khong rang budc béc tir do tinh tién theo phuong Z (DOF3). [40]

Mame Value Name Value
Solver Keyword: /BCS Solver Keyword: /BCS
ID: 1 1D 1
Include: [Main Model] Include: [Main Model]
Engineering type: Mon Weighted Constraint Engineering type: Mon Weighted Constraint
Type: BCS Type: BCS
grnd_ID: (1) Fix impact grnd_ID: (1) Fix impact
Title: Fix impact Title: Fiximpact
User Comments: Hide In Menu/Export User Comments: Hide In Menu/Expart
DOF1: DOF1: =
DOF2: [ DOF2:
DOF3: DOF3:
DOF4: DOF4:
DOF5: DOFS:
DOFE: DOFE:
skew_[D: <Unspecified> skew_|D: <Unspecified>

Hinh 5.129 Diéu kién rang budc ctia mé hinh xe tai chuyén dong theo phuwong X, Y

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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5.2.5.7 Thiét ldp théng sé van téc

bé gan van tdc ban dau cho xe — ta str dung INIVEL dé x4c dinh van téc ban dau
cho mdt nhom nut. N6 khong yéu cau sir dung ham va khong thay dbi theo thoi gian.
Theo yéu ciu cua phan tich, ching ta gan van toc ban dau 1a 31 mph (trong dwong
13858,24 mm/s) cho xe theo hai truong hop [40]
- Trudng hop 1: Va cham bén héng — Gan vén toc chuyén dong theo phuong Y

Hinh 5.130 M6 phong va cham bén hong

Mame Value
Solver Keyword: JINWVEL/ TRA
1D 3
Include: [Main Model]
Engineering type: Directional Velocity
Type: INIWVEL

grnd_ID: (1) Fix impact
Title: Velocity
User Comments: Hide In Menu/Export
type: TRA: Translational Matenal Velocity
Velocity Components (Vx, Wy, Vz): 0, 13858.24, 0
skew_|D: <Unspecified>

Hinh 5.131 Thiét 1ap vén téc cho mé hinh theo phuong Y
- Trudng hop 2: Va cham sau dudi — Géan vén toc chuyén dong theo phuong X

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
217



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 5.132 M6 phong va cham sau dudi

MName Value
Solver Keyword: JINWVEL/TRA
ID: 3
Include: [Main Model]
Engineering type: Directional Velocity
Type: ININVEL

grnd_ID: (1) Fix impact
Title: Welocity
User Comments: Hide In Menu/Export
type: TRA: Translational Material Velocity
Velocity Components (Vx, Vy, Vz). -1385824, 0,0
skew_|D: <Unspecified>

Hinh 5.133 Thiét 14p van tdc cho mé hinh theo phuong X

5.2.5.8 Thiét lap méi lién hé tiép xiic (Contact) giiva cdc phan tir

Contact duoc sir dung dé mo phong sy twong tic gitta cac bé mit hodc cac phan
tir trong mot hé thong, & dy chiing ta sir dung contact dé mo phong sy twong tic cc bé
mat gitta 2 phan tr khung chassis va mo hinh xe tai.

Dé thiét 1ap Contact gitra cac phﬁn ttr, ta di xac dinh cac Slave Surface 13 bé mit
ctia mo hinh xe tai va Main Surface 12 bé mit ciia khung chassis. St dung giao dién tiép
xtuc TYPE7 dé mo phong sy tuong tac giita cac bé mat hodc phan tir trong mo hinh phan
tich dong luc hoc.

= Tir d6 thiét lap cac thong s [40]
Sinh vién thuc hién: L& Minh Hung; Lé Vii Bao; Huodng dan: PSG.TS. Lé Minh Puc

Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Duec. ThS. Nguyén Vin Phuc
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- Gapmin = 1: Dinh nghia cic khoang cach téi thiéu dé phat hién tiép xuc.
- Fric = 0.2: Hé s ma sat giita cac bé mit tiép xuc.
- Stmin = 1000: Dinh nghia d¢ ctng lién két nho nhat.

Name Value
Solver Keyword: [INTER/TYPET/
10: 1
MName: Impact_Chassis
Color =
Include: [Main Model]
User Comments: Hide In Menu/Export
Card Image: TYPE7
Grnod_id (S): (37) Impact_Mod
Surf_id (M): (38) Chassis_surf
Istf: 4: Stfac is a stiffness scale factor and the interface stiffness is computed
lthe:
lgap: 2:Variable gap + gap scale correction ofthe computed gap
Ibag:
Idel: 1: When all the elements associated to one segment are deleted, the s¢
lcury:
ladm: 0: Mot activated (default)
Fscale_gap: 0.8
Gap_max:
Fpenmax
Stmin: 1000.0
Stmax:
dtmin:
Irem_gap:
Irem_i2:
Stfac:
Fric: 0.25
Gapmin: 05
Tstart
Tstop:

Deactivate_¥_BC: [l
Deactivate_Y_BC: [
Deactivate_Z_BC: [l

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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VisS:
VisF:
Bumult
Ifric:

Ifiltr:

Xfreq:
[form: 2: Stiffness (incremental) formulation
sens_|D:
fet IDF:
Ascale_F:
fric_ID:

Hinh 5.134 Théng s va diéu kién cua Contact

5.2.5.9 Thiét ldp lién két (Ruled) gida cdc phan tir

Thiét 1ap Lién két (Ruled) duoc sir dung dé két ndi phan tir hodc bé mit trong
mot mo hinh phan tich. P6i vdi md phong nay, ta thiét 1ap cac ludi 2D tao lién két giita
phan tir trong khung xe dé khi va cham xdy ra, cac chi tiét bién dang sé& lién két véi
nhau va khong bi tach roi. [40]

Model Info: C:/Users/DUC N G

Hinh 5.135 Cau tric cac mdi han khung chassis

5.2.5.10 Thiét Igp khéi lwong (Mass) cho cdc phan ti

Trong md phong va cham cta khung xe bang HyperMesh, diéu kién bién vé tai
trong dong vai trd quan trong nham tai hién chinh x4c hanh vi cia cdu tric khi chiu tac
dong manh, thuong bao gdm tai trong dong nhu gia toc, toc dd ban dau, lyc va cham tap
trung, va lyc tiép xtc thay doi theo thoi gian, véi dac diém noi bat 13 tinh phi tuyén do
vat liéu bién dang déo, hinh hoc thay d6i 16n, va tiép xuc khong 6n dinh gitra cac bé mat.
Déi voi va cham khung xe an toan Pack pin, chu trong vao tai trong dit 1én khung xe dé
diéu chinh vi tri Pack pin, van tde, gia tdc trong truong cia mod hinh xe tai, sao cho khi

xay ra va cham khung dam bao d6 cimg vitng va bién dang vira dii dé khong anh hudng

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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dén Pack pin. Bang 5.5 thé hién thong sé thiét 1ap cho tai trong dit trén mé hinh bai toan
mo phong va cham.

Bang 5.5 Thong sb tai trong md hinh bai toan va cham

Gia tdc
o Khéi lugng |  Van tdc ‘
Cum Chi tiét trong truong
(kg) (km/h)
(m/s?)
Khung xe 1000 0 9,81
MP dau xe tai 950 50 9,81

5.2.5.11 Thiét Idp théi gian dieng va cdc bwéc thoi gian dé khéi chay mé phong
Thiét 1ap khung thoi gian va budc thoi gian thong qua ENGINE FILE ASSISTANT,
thiét lap lan luot cac khung thoi gian chay mo phong [4]

ENG_RUN: 4

ENG_DT: 0.01

ENG_TFILE: 0.001

Step time (Budc thoi gian): Tscale: 0.8 va Tmin: 5e-06

/RUN/CHASSIS CRASH/1/

4.00000000000000

/MON/ON

/PRINT/-500/55

/VERS /2022

/DT/NODA/CST/®@

0.800000000000000 5.00000000000000E-06 ©.000000000000000
/TFILE/®@

1.06000000000000E-G3

/ANIM/DT

@.0g000e0eaea0e0e 0.0lecoeooce0oaee
/ANIM/ELEM/EPSP

/ANIM/ELEM/ENER

/ANIM/ELEM/VONM

/ANTM/NODA/DMAS

J/ANIM/VECT/VEL

Hinh 5.136 Code chay thoi gian mo6 phong
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5.2.6 Két qud mé phong va binh Iugn
5.2.6.1 Ung sudt va cham bén hong xe

Hinh 5.137 va 5.138 thé hién két qua phan b tng suét trén khung xe khi xay ra va
cham bén hong xe. Gia trj tng suit 16n nhat dat 806,4 [MPa] tai gia treo nhip sau. Ung
sudt cua khung dat ngudng 537,6 [Mpa].Ddi v6i Pack Pin, gia tri Gmg suét 16n nhét dat
179 [MPa]. [41]

Contour Plot 1: CHASSIS CRASH
Von Mises(Scalar value, Mid) Loadcase 1 : Time = 3.0000e-02 : Frame 4

8.064E+02
[ 7.168E+02
6.272E+02
— 5.376E+02
T 4.480E+02
— 3.584E+02
2.688E+02
1.792E+02
8.960E+01

0.000E+00

No Result
Max = 8.064E+02
SH3N 164323
Min = 0.000E+00
SH3N 202143
Local Max = 7.529E+02
SHELL 177351

z

v L{x

Hinh 5.137 Biéu d6 ung suat bén hong khung xe tai HEV

(Ung suat cyuc dai tai nhip sau va Ung suat ciia khung khi méi xay ra va cham)

Contour Plot
Von Mises(Scalar value, Mid)

8.064E+02
[ 7.168E+02
6.272E+02
— 5.376E+02
T 4.480E+02
= 3.584E+02
2.688E+02
1.792E+02
8.960E+01
0.000E+00
No Result
Max = 8.064E+02
SH3N 164323
Min = 0.000E+00
SH3N 202143
z

y b x

L

Hinh 5.138 Biéu d6 ung suit bén hong khung xe tai HEV va Pack-Pin
5.2.6.2 Ung suit va cham sau duéi xe
Hinh 5.139 va 5.140 thé hién két qua phan b tng suét trén khung xe khi xay ra va

cham sau duo6i xe. Gia tri ing suét 16n nhat dat 1261 [MPa] tai vi tri duoi sau cua thanh
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doc khung xe. Ung suat cta khung dat ngudng 560,5 [MPa]. Di v6i khu vuc khung
Pack pin, gia tri tmg suat 16n nhit dat 280 [MPa].

Contour Plot 1: CRASH_CHASSIS_BEHIND
Von Mises(Scalar value, Mid) P Loadcase 1 : Time = 1.0000e-02 : Frame 2

1.261E+03
[ 1.121E+03
9.808E+02
— 8.407E+02
— 7.006E+02
= 5.605E+02
4.203E+02
2.802E+02
1.401E+02
0.000E+00
No Result
Max = 1.261E+03
SHELL 163689
Min = 0.000E+00
SH3N 202143

Local Max = 1.261E+03
SHELL 163689

z
Hinh 5.139 Biéu d6 tng suat sau dudi khung xe tai HEV
(Ung suat cyc dai tai dudi sau thanh doc khung va Ung suét ciia khung khi méi xay ra

va cham)

Contour Plot 1: CRASH_CHASSIS_BEHIND
Von Mises(Scalar value, Mid) Loadcase 1: Time = 2.0000e-02 : Frame 3
[ 1.261E+03
1.121E+03
!- 9.808E+02
— 8.407E+02
= 7.006E+02
— 5.605E+02
4.203E+02
2.802E+02
1.401E+02
0.000E+00
No Result
Max = 1.261E+03
SHELL 163689

Min = 0.000E+00
SHELL 177911

Hinh 5.140 Biéu d6 tng suit sau dudi khung xe tai HEV va Pack-Pin
5.2.6.3 Chuyén vi va cham bén héng xe
Hinh 5.141 thé hién két qua phan bd chuyén vi trén khung xe khi xay ra va cham
bén hong xe. Gia tri chuyén vi 1on nhét dat 131 [mm]. D4i véi khu vuc khung Pack pin,

gia tri chuyén vi 16n nhit dat 72 [mm].
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Contour Plot
Displacement(Mag)
Analysis system

1.310E+02
[ 1.164E+02
1.019E+02
— 8.734E+01

= 7.278E+01
= 5.822E+01

4.367E+01
2.911E+01
1.456E+01

0.000E+00
No Result
Max = 1.310E+02
Node 6744
Min = 0.000E+00
Nodes36625

y b x
L~

Hinh 5.141 Biéu d6 chuyén vi bén hong khung xe tai HEV
5.2.6.4 Chuyén vi va cham sau duéi xe
Hinh 5.142 thé hién két qua phan bb chuyén vi trén khung xe khi xay ra va cham
sau dudi xe. Gia tri chuyén vi 16n nhat dat 80,2 [mm]. Déi véi khu vue khung Pack pin,

gia tri chuyén vi 16n nhét dat 17 [mm].

Contour Plot
Displacement{Mag)
Analysis system

8.029E+01
[ 7.137E+01
6.245E+01
— 5.353E+01

= 4.461E+01
= 3.569E+01

2.676E+01
1.784E+01
8.921E+00

0.000E+00

No Result
Max = 8.029E+01
Node 254599
Min = 0.000E+00
Nodes50261

) x

Hinh 5.142 Biéu d6 chuyén vi sau dudi khung xe tai HEV
5.2.6.5 Ddnh gid két qud

Két qua mo phong va cham & vi tri 1ap dat Pack pin cho thdy kha ning chiju tai
clia cac cau triic khung qua cic truong hop vi tri va cham khéac nhau.

Va cham bén hong: Khung xe chiu Gng suit t6i da 1én dén 806,4 [MPa] tai gia
treo nhip sau, ing suat cua khung dat ngudng 537,6 [MPa], 16n hon gi6i han bén cho
phép cua vat liéu 461 [MPa]. Tuy nhién, Gmg suét 1én nhét ctua Pack pin ghi nhan muc
mg suét 179 [MPa], vin nim trong ving an toan. Chuyén vi 16n nhat khung xe dat 131
[mm], khung Pack pin dat 72 [mm], cho thdy khung xe chuyén vi 16n, chuyén vi cua
khung Pack-Pin vin dam bao do an toan cho cac Cell pin. Dé ning cao d6 an toan khi
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va cham bén hong, phuong an dé xuét tip trung ting do cimg ving lién két giira gia d&
treo nhip va khung xe. Cu thé, str dung tdm thép ting cting day hon, bao quanh vi tri
gira gi4 d& nhip va khung. Dong thoi, bo sung cac gin gia cudng theo hudng truyeén liwc
(tir ngoai vao trong khung), giup phan tan luc tic dong hiéu qua, gidm nguy co bién
dang khung xe. Phuong 4n nay dam bao d6 bén, d& trién khai va t6i vu chi phi san xuét.

Va cham sau dudi: Khung xe chiu tmg suit t6i da 1én dén 1261[MPa], Gng suét
cua khung dat ngudong 560,5 [MPa] tai vi tri duoi sau cua thanh doc khung xe, 16n hon
gidi han bén cho phép cua vat liéu 461 [MPa]. Tuy nhién, ing suat 16n nhét ciia khu vire
Pack pin ghi nhan mirc Gng suit 280 [MPa], van nam trong ving an toan. Chuyén vi 1on
nhat khung xe dat 80,2 [mm], Pack-Pin dat 17 [mm], cho thdy khung xe chuyén vi 10n,
chuyén vi ciia khung Pack-Pin van dam bao d6 an toan cho cac Cell pin. Viéc ting suat
ctia khung xe 16n hon gidi han cho phép ndm & thanh sau cung ctia khung xe, van dé
nay nhom tac gia dé xuat cai tién thay thé thanh sau ciing ctiia khung xe c6 bién dang phi
50 (mm) bang thép hop c6 quy cach 100x50x3 (mm).
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Chwong 6: HE THONG PIEU KHIEN PONG LU'C HYBRID TREN CO
SO XE KIA FRONTIER K200

6.1 Tong quan vé hé thong diéu khién xe hybrid
6.1.1 Nguyén Iy lam vigc ciia hé théng diéu khién xe hybrid

Hé théng diéu khién trén xe Hybrid hoat dong dua trén su két hop cua céac thanh
phan dién tir va phin mém diéu khién. Hé thong lién tuc phan tich céc tin hiéu tir cam
bién va diéu chinh dong ning luong giita cac bo phan. Nguyén 1y ciia hé théng nay duoc
thiét ké dé quan 1y va diéu phdi cac ngudn niang luong (dong co dét trong, dong co dién,
va pin) thong qua cac quy trinh sau:

Thu thap dif liéu tir cac cam bién: Hé thong diéu khién trung tim (ECU) nhan dir
lidu tir cac cam bién dat trén toan xe

Xt 1y dir liéu: Dir liéu tir cdc cam bién duogc gui dén bo diéu khién trung tim
(ECU) sau d6 str dung cac thudt todn va mo hinh diéu khién dé phan tich dir liéu trong
thoi gian thyc. Dya trén phan tich, ECU dua ra quyét dinh vé cach phan phdi nang luong
giita dong co dot trong, dong co dién, va pin.

Diéu khién hoat dong cua céac thanh phﬁn: Sau khi phan tich gitr li€u va tinh toan
cac thong s6 diéu khién, ecu s& diéu khién cac co cau chap hanh nhu: Pin, dong co dién,

dong co nhiét, may phat, ... Phdi hop hoat dong.

Hinh 6.1 ECU diéu khién xe hybrid

6.1.2 Vai tro ciia bg diéu khién

Hé thng diéu khién trén xe Hybrid dong vai tro trung tam trong viéc t6i uu hoa
hiéu suat ning lugng, phdi hop hoat dong gitta cac ngudn nang lwong, va dam bao van
hanh an toan, hi¢u qua. Pay la thanh phan khong thé thiéu dé xe Hybrid dat duoc cac

muc tiéu ti€t kiém nhién li¢u, gidm phat thai, va cai thién trai nghiém lai xe.
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Hinh 6.2 So do hé théng xe hybrid

Céc vai tro ndy bao gom:

- Quan 1y nang luong diéu phdi giita cic ngudn ning lurong: Hé thong diéu khién
quyét dinh khi nao sir dung dong co ddt trong (ICE), dong co dién (EM), hoic két hop
ca hai dya trén nhu cAu van hanh va diéu kién lai xe. Chuyén ddi linh hoat gifra cac ché
d6 van hanh. Phan bo ning lugng tir pin va ICE dé dam bao xe hoat dong véi hiéu suat
cao nhét, giam tiéu hao nhién liéu.

- Tai tao nang lugng: Khi xe gidm tdc hodc phanh, hé théng diéu khién kich hoat
dong co dién dé thu hdi dong nang, chuyén hoa thanh dién niang va luu trit vao pin giam
lang phi nang lugng va tang hi¢u qua str dung.

- Giam sat va kiém soat: Theo ddi trang thai pin, dong co, va cac thong so khac
dé dam bao hoat dong 6n dinh va an toan. Bao vé cac linh kién quan trong nhur pin va
dong co khoi tinh trang qua nhiét, qua tai hodc can ki¢t nang lugng. Kich hoat cac bién
phap an toan khi can thiét,

- T6i wu hoa hiéu suat: Duy tri ICE ¢ vung hi¢u suét cao nhat, hd tro dong co
dién trong cac diéu kién tai nang hodc khoi dong.

- Cai thién trai nghiém 1ai: Pam bao van hanh mugt ma, chuyén d6i linh hoat

gitra cac ché d¢ lai, tiét kiém nhién li¢u tu dong.
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6.1.3 Cdc thanh phdn chinh ciia by diéu khién
- B6 diéu khién trung tim (ECU - Electronic Control Unit)

+ Chtrc ning: La "bd ndo" cua hé théng diéu khién, gidm sat va diéu phédi hoat
dong gitta cac thanh phan nhu dong co d6t trong, dong co dién, pin, va hé thong truyén
dong.

+ Céc vai tro chinh: Quéan 1y ning luong, diéu khién ché d6 van hanh (EV,
Hybrid, ICE), phdi hop cac hé thdng tai tao nang luong.

- B6 bién tan (Inverter)

+ Chuc niang: Chuyén doi dong dién mot chiéu (DC) tir pin thanh dong xoay
chiéu (AC) dé cap cho dong co dién va nguoc lai, chuyén d6i dong AC tir dong co dién
(khi tai tao nang luong) thanh DC dé sac pin.

+ Pic diém: St dung cac thiét bi ban dan cong suit cao dé kiém soat dong dién
va tan sd phu hop véi yéu cau van hanh.

- BO diéu khién dong co ddt trong

+ Chirc nang: Piéu chinh ty 1¢ hon hop khong khi va nhién liéu, quan 1y thoi diém
danh Itra, toi wu hoa cong suét va hiéu suit cua dong co dbt trong dé hd tro dong co dién
hoac sac pin.

- BO diéu khién dong co dién

+ Churc nang: Kiém soat hoat dong cua dong co dién, bao gém tang tdc, giam tdc
va tai tao nang luong. Piéu chinh m6-men xoan va téc do ctia dong co dién dé phu hop
v6i ché d van hanh.

- Bo diéu khién pin (Battery Management System - BMS)

+ Chtrc ning: Giam sat va diéu khién trang thai sac (SOC - State of Charge) va
trang thai strc khoe (SOH - State of Health) ctia pin. Quan 1y nhiét do pin dé dam bao
hoat dong an toan va kéo dai tudi tho. Can bang cac té bao pin dé duy tri hiéu suit t6i
uu.

- Cam bién trén hé thdng diéu khién trén xe Hybrid sir dung nhiéu loai cam bién dé thu
thap dir liéu can thiét.

+ Cam bién tdc do: Theo ddi téc dd quay ciia banh xe va truc khuyu va dong co
dién.

+ Cam bién nhiét d6: Theo ddi nhiét d6 cua dong co, pin va cac bo phan khéc.

+ Cam bién dong dién va dién ap: Do ludng dong dién va dién ap trong hé thong
pin va dong co.

+ Cam bién ban dap ga/phanh: Xéc dinh yéu cau cong suit tir ngudi 1ai
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6.2 Hé thong diéu khién hybrid trén co sé xe KIA Frontier K200
6.2.1 Thiét ké hé théng diéu khién

Hé thong diéu khién dong luc Hybrid trén xe Kia Frontier K200 duoc xay dung
v6i kién triic xe series hybrid, & day dong co d6t trong dong vai tro nhuw mot ngudn dong
luc 1am quay may phat, phat dién dé nap dién cho hé théng pin. Ngudn dong luc duy

nhat lam cho xe di chuyén la dong co dién dugc két ndi voi cau sau cua xe

Acc,

GPS
HECU
Battery Cooling Generator—— ICE ECU
System
Motor ;
AC/DC Electric .
Batte; :
Yy BMS Converter Dnve/ Motor Transmission I
Controller
Auxiliary DC/DC — Lién két cokhi
Loads Converter Puong truyén tin hiéu

Duong truyén CAN Bus
Duong truyén dién

Hinh 6.3 So d6 tong thé hé thong hybrid trén xe Kia K200
(Acc: Gia Tdc; GPS: Cam bién vj tri tay s6)

Céc thanh phan cua hé thong diéu khién trén xe bao gom:

- HECU (Hybrid electric control unit): La bo diéu khién dién tir trung tam chiu
trach nhiém quan 1y va diéu phdi toan bo hoat dong ciia hé théng hybrid. HECU diéu
khién cac dong co dbt trong va mo-to di¢n, quyét dinh thoi diém hoat cia dong co dbt
trong dé t6i uu hiéu suat va tiét kiém nhién liéu. Pong thoi, nd giam sat trang thai va
nhiét do pin dé dam bao an toan va hi¢u qua trong qua trinh sac, xa. HECU ciing diéu
khién hé thong phanh tai tao nang luong, thu hdi dién ning khi phanh dé sac lai pin.
Ngoai ra, HECU lién tyc giao tiép v6i cac b diéu khién khac dé phdi hgp hoat ddng bo
giita cac hé thong trén xe.

- ECU (electric control unit): La ecu nguyén ban cua xe Kia Frontier K200 c6
nhiém vu giam sat va diéu khién cac chirc niang lién quan dén hoat dong cia dong co
diesel nhu lwgng nhién liéu dugc phun vao budng dot, ty 1¢ hdn hop khong khi va nhién
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liéu, Xac dinh thoi diém chinh x4c dé phun nhién liéu vao budng d6t va diéu khién mot
s6 hé thong khac trén xe nhu hé thong 141, hé thong phanh,. ...

- Hé thdng quan li pin (BMS): ¢6 nhiém vu giam sat, bao vé, cin bang va tdi uu
hoa hiéu sudt hoat dong cuia b pin. Trong hé thong hybrid, BMS dam bao rang pin hoat
dong trong cac diéu kién an toan, hiéu qua, va duy tri tudi tho dai nhit. Chirc ning cu
thé ciia bms 1a dam bao tat ca cac té bao pin c6 mirc dién 4p va ning luong tuong dong,
theo ddi muc sac x4 cua hé thong pin.

- Hé théng diéu khién dong co dién (Motor Drive Controller): Chiu trach nhiém
diéu khién dong co dién va diéu phdi ning lugng giita cac thanh phan nhu pin, bo sac,
va dong co dién. Controller ddm bao ré“mg dong co dién hoat dong ti wu, cung cép mo-
men Xodn va cong suét can thiét cho cac diéu kién van hanh khéac nhau cua xe.

- Hé théng kiém soat nhiét d6 pin (Battery Cooling System): Hé théng nay chiu
trach nhiém ra 1&nh cho hé théng lam mat pin hoat dong, gilt cho nhi¢t do pin & ving tdi

uu doi vt hiéu suat cta pin, giap pin hoat dong hi¢u qua va an toan

6.2.2 Xdy duwng cdc ché dé hoat dpng
Dé tich hop hé thong Series Hybrid vao xe KIA Frontier K200, can thiét ké cac
ché d6 hoat dong nham t6i wu hoa hiéu suat, tiét kiém nhién liéu, va giam phat thai. Dudi

day la cac ché do hoat dong cua xe:
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6.2.2.1 Ché dp khei dong va chay Véi nguén ndng lweng tir pin

Q
Acc,
< GPS
HECU < <
/N
N\
> >~ Motor
AC/DC
Battery BMS Converter| ~ | Drive/
> > ~ |Controller
VoV

Auxiliary| < | DC/DC
Loads | < |Converter

Hinh 6.4 Ché d6 khoi dong va chay véi ngudn ning lugng tir pin.

Khi xe bat dau di chuyén, dong co sé& str dung ning luong truc tiép tir pin dé van
hanh, tao luc kéo cho xe ma khong can dong co dét trong hoat dong. Trong giai doan
nay, dong co ddt trong s& tam thoi ngung hoat dong va khong quay may phat dé phat ra
dién. Vi vy gitp han ché tién dn do dong co ddt trong gy ra. Ché d6 nay rat hiéu qua
khi xe chay & tde do thép hodc trong do6 thi, noi can van hanh nhe nhang va than thién

v&1 moi trudong.
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6.2.2.2 Ché d¢ chay dwong truong

Acc,
< | Gps
HECU < <
AN
Battery Cooling Generator ICE | < | ECU
System
VAN
YV VvV VY
B < <1 AC/DC ~ | Motor - Electric
tt 1
ety BMS Converter| ~ | Drive/ ” Motor
< < > |Controller | >
VAR
Auxiliary| < | DC/DC
Loads | < |Converter

Hinh 6.5 Ché d¢ chay dudng truong

O ché do chay duong trudng, lic ndy xe phai van hanh voi tbe d6 cao hon va
cong suét cla dong co di¢n 16n hon, HECU s€ thu thép cac dir licu vé cong suét cua
dong co dién va yéu cau dong co ddt trong hoat dong kéo may phat phat ra dién va két
hop véi ngudn niang lugng pin dé cap ngudn cho dong co hoat ddng dam bao luc kéo
cho xe di chuyén, phan ning luong du thira trong liic phat dién s& duwgc nap lai cho pin.

Ché d6 nay dam bao hi¢u suat cho xe hoat dong van hanh lau dai trén dudng trudong.
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6.2.2.3. Ché dé phanh tdi sinh

Acc,
< GPS
HECU < <
AN
AN\
< < <-| Motor .
AC/DC Electric
Batt oy
attery BMS Converter < Drive/ < Motor
< < < {Controller
VARV
Auxiliary[ <| DC/DC
Loads [ < |Converter

Hinh 6.6 Ché do Phanh Tai sinh

Khi xe xudng ddc hoic giam tdc do, hé théng phanh tai sinh s& duoc kich hoat.
Luc nay, dong co dién khong con hoat dong nhu mgt mo-to kéo xe nira ma chuyén doi
vai tro thanh may phat dién. Trong qua trinh nay, dong co di¢n tao ra dién nang tir chinh
dong ning cta xe khi dang giam tdc hodc ham lai. Nang luong dién sinh ra duoc truyén
nguoc lai va nap vao pin cta xe, giup sac lai ngudn ning luong du trit cho hé théng.

Qua trinh nay lam nang cao hi€u suat ctia xe hybrid va gidm lugng nhién li¢u ti€u thu

cua xe hybrid
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6.2.2.4. Ché dé sac tai Vi tri dirng dé

Acc,
< GPS
HECU
Generator ICE | < | ECU
VARV ARV
<
<| AC/DC
Battery BMS
< < Converter
\VAR%

Auxiliary| < | DC/DC
Loads < |Converter

Hinh 6.7 Ché db sac tai vi tri dung do

Khi xe dung dd, lac nay dong co di¢n xe khong hoat dong, toan bg dién nang
sinh ra trong liic phat dién s& dung dé sac cho pin. Viéc nay giup duy tri va ting cudng
ngudn ning luong du trit trong pin, ddm bao rang pin ludn co du dién dé cung cap cho
cac hé théng dién tr va dong co dién khi xe khdi dong lai hodc van hanh tiép theo.

6.2.3 Gidi phdp hé thong diéu khién

Tich hop thém hé théng hybrid nhu dong co dién, pin va hé thong diéu khién tuong
thich véi dong co diesel hién tai cia KIA Frontier K200. X4y dung hé thong voi két cAu
hé dong luc hybrid ndi tiép

Tich hop thém cac hé théng diéu khién hybrid nhu: Hé thong diéu khién dong co dién,
hé thdng diéu khién sac pin va hé thong quan 1y pin Cac hé théng nay phdi hop véi bd
ecu nguyén ban cia xe tao nén giai phap diéu khién hiéu qua giira dong co ddt trong
(ICE) va dong co dién (EM), gitp cai thién hiéu sudt, tiét kiém nhién liéu va giam phat
thai.
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6.3 M6 phéng hé thong diéu khién xe hybrid
6.3.1 Gidi thigu phan mém mé Phéng
6.3.1.1 Téng quan vé phan mém

MATLAB 1a mét nén tang 1ap trinh va tinh toan sé cho cc ing dung khoa hoc
va k§ thuat nhu phan tich dit liéu, xr 1y tin hiéu va hinh anh, hé théng diéu khién, truyén
thong khong diy va robot. MATLAB bao gém ngén ngit 1ap trinh, ing dung tuong tac,
thu vién chuyén biét cao va cac cong cu dé tu dong tao ma nhung.

MATLAB ciing 1a nén tang cho Simulink, mot méi truong so do khéi dé mo

phong cac hé thong da mién phirc tap.

<\ MATLAB

Hinh 6.8 Phan mém Matlab

6.3.1.2 Cic chirc ning ciia phan mem

+ Xir Iy ma tran va mang: MATLAB dugc thiét ké toi vu héa cho cac phép toan
ma tran va mang, cho phép thuc hién cac phép tinh dai s6 tuyén tinh, nhan ma tran, tinh
dinh thirc, nghich déo, va cac phép bién d6i khac. Xir 1y dit liéu dang bang hoic mang
16n mot cach dé dang va hiéu qua.

+ Tinh toan s6: Giai cac bai toan vé hé phuong trinh tuyén tinh, phi tuyén, phuong
trinh vi phan (ODE, PDE), phuong trinh dai s6, tinh tich phan, dao ham s6 va cac bai
toan t6i wu hoa.

+ V& d0 thi va tryc quan héa dit liéu: Tao do thi 2D va 3D (cot, dudng, bé mat,
1u6i, biéu d6 nhiét). Tich hop cac cong cu dé truc quan héa dir lidu 16n. Tuy chinh do
thi v6i nhiéu tinh nang nhu mau sac, kiéu duong, va nhan.

+ Mo phong va md hinh héa Simulink: Céng cu manh m& dé mo phong céc hé
thdng dong hoc, mo hinh héa qua trinh vat 1y va hé thong diéu khién. HO tro cac bai toan
trong tu dong hoa, co khi, va dién tu.

+ Phan tich dit liéu: Xir 1y va phan tich dir liéu tir cac ngudn khac nhau nhu file
Excel, CSV, hodc co s¢ dir liéu. Cong cu dé 1am sach, chuan hoa, va théng ké dir liu.

Ap dung cac thuat toan hoc may (Machine Learning) va hoc siau (Deep Learning).
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+ Phat trién thuat toan: MATLAB cung cip céac thu vién va ham dung sin dé
phat trién, kiém thtr, va toi vu hoa thuat toan, xu 1y tin hi¢u, nhan dang mau, xir 1y anh
va video.

+ Cong cu lap trinh: Lap trinh huéng ddi twong (OOP), viét script tr dong hoa
cac quy trinh, hd trg phat trién giao dién nguoi dung (GUI). Kha ning tich hop voi cac
ngdn ngit khac nhu Python, C/C++, Java. MATLAB 14 ngon ngir l4p trinh cép cao.

MATLAB
System

Graphics

Hinh 6.9 Céc tinh ning cta phan mém Matlab

6.3.1.3 Cdc irng dung ciia phan mém

MATLAB la mot phén mém manh mé& dugc st dung rong rai trong nhiéu linh
vuc khoa hoc, k¥ thuat, tai chinh va cong nghiép. Duéi day 1a nhing tng dung pho bién
nhat cia MATLAB:

- K¥ thuat va cong nghé:

+ K¥ thuat dién - dién ta: Phan tich tin hiéu va hé thong. Thiét ké va kiém tra
mach dién. Phat trién cac thuat toan xir 1y tin hi€u, nhu loc, nén, hodc bién d6i tin hiéu.

+ K thuat co khi: Mo phong dong luc hoc vat ran va chat 1ong. Thiét ké va t6i
vu hoa hé thong co khi. Phan tich Gng suat va dao dong.

+ K¥ thuat ty dong hoa va diéu khién: Thiét ké, phan tich va mo phong cac hé
thong diéu khién. Ung dung Simulink d¢&é mé phong robot, may méc, va day chuyén san
Xuét.

+ K§ thuat vién thong: Xu 1y tin hi¢u RF va truyén thong khong day. Mo phong
mang truyén thong.

+ Khoa hoc dir 1i€u: Phan tich dir li¢u 16n (Big Data) va truc quan hoéa dit li¢u.

Ap dung hoc may (Machine Learning) va hoc sau (Deep Learning) dé du doan xu

hudng va xay dung mo hinh.
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- Xtr Iy va phan tich hinh anh v¢€ tinh hodc dir liéu tir cac thiét b IoT.

+ Khoa hoc y sinh: Phan tich dit li€u sinh hoc, nhu tin hi€u di¢n tim (ECG), ndo
(EEG). Thiét ké va kiém tra cac thiét bj y té. Phat trién mo hinh cho cac hé thdng sinh
hoc va hoa hoc.

+ Hé thdng ning luong: M6 phong va tdi wu hoa mang luéi dién. Thiét ké va
phan tich hé thdng ning lwong tai tao, nhu dién mit trdi, dién gié. Du bao va quan 1y
nhu cdu ning luong.

+ Hang khong va vil try: Mo phong khi dong hoc va quy dao bay. Thiét ké va
phan tich hé thng diéu khién may bay. Nghién ctru cc hé thong khong gian va vé tinh.

+ Cong nghé 6 t6: Thiét ké va t6i wu héa hé théng dong co. Mo phong hé thong
tu 14i. Phat trién va kiém tra hé théng phanh, hop s6, va dong luc hoc xe.
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Hinh 6.10 Cac trng dung cua Matlab
6.3.2 So' dé thudt todn hé théng

Sau khi hoan thanh cong vi¢c tinh toan va lya chon cac thanh phén chinh cua hé
thong nhu may phat, dong co dién va bo pin, cling nhu xdy dung so d tong thé cua hé
thng diéu khién, budc tiép theo quan trong 1a thiét ké so dd thuat toan diéu khién. So
d6 nay dong vai tro cdt 161 trong viée xac dinh logic phdi hop gitta cac hé thdng trén xe.
bay chinh la nén tang dé 1ap trinh diéu khién hoat dong dff)ng bo va tdi vu gifra cac bg

phan, gitip xe van hanh hi¢u qua, 6n dinh va tiét kiém nang luong.
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HECU
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Hinh 6.11 So d6 thuat toan diéu khién hé théng xe hybrid K200

‘ RBS ON ‘ ‘ ICE OFF

B attery Cooling
System OFF

Sau khi nhén tin hiéu tir cam bién xé4c dinh gia tdc (Acc) xe va cam bién vj tri tay
s& GPS. HECU s¢ bat dau tinh toan va xac dinh diéu kién, néu GPS dang ¢ trang thai
“D” hodac “R” va gia tdc tir 0 trd 16n thi dong co dién s€ hoat dong va dan dong xe,
truong hop gia tbc Am nhung GPS van & hai vi tri trén thi phanh tai tao dugc kich hoat.
Nguoc lai néu GPS & trang thai “P” hodc “N” thi dong co di¢n s& tt. Bén canh viéc tinh
toan thong tin tir cam bién, HECU con truyén tinh hiéu dén bd quan 1y pin BMS thong
qua CAN Bus. BMS s& tinh toan quan 1y sac xa va quan 1y nhiét d pin sao cho hé thong
pin hoat déng & trang thai tot nhat. Néu SOC thap hon murc min thi thi BMS s& gt tin
hiéu nguogc vé cho HECU va HECU s& yéu cau ECU cho nd dong co dbt trong ICE dan
dong may phat dé sac pin. Trong toan bd cac qua trinh trén, néu BMS nhan duoc nhiét
d6 vuot mirc Tmax thi hé thong 1am mat pin s& hoat dong. va dong co dién phédi hop dé

dap ting nhu cau van hanh cua xe trong cac diéu kién khac nhau.

6.3.3 Két qua mé phéng hé théng

Heé thong diéu khién giir vai tro dic biét quan trong trng xe hybrid, dam nhiém
chtric nang diéu phéi va ra lIénh cho céc by phan trén xe van hanh mdt cach déng bo va
hiéu qua. Dya trén cac thong s6 tinh toan, so do diéu khién, so d6 thuat toan va cac diéu

khién 1am viéc cu thé, md hinh hé thong dugc xay dung trong méi truong MATLAB
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bang ngdn ngir 1ap trinh co ban. Qua trinh mé phong theo chu trinh tiéu chuin WLTP
(Worldwide Harmonised Light Vehicle Test Produce) cho ra bon biéu do: Biéu d6 van
tdc xe, cong suat dong co dién, cong suit may phat va trang thai (SOC) cua pin. Céac két
qua nay phan anh rd nét qua trinh hoat dong, kha nang tuong tac va mirc do hi¢u qua
ctia timg hé thdng thanh phan trong tong thé van hanh cua xe hybrid.

Toc dd xe
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120 — —

100 — —

Speed km/h]

60 — —

40— -

|
o | | 1 | | | |

0 200 400 600 800 1000 1200 1400 1600 1800
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Hinh 6.12 Biéu do6 van toc cua xe

Biéu d6 thé hién cac toc do ciia xe duge md phong theo chu trinh WLTP, & trong dd
thi ndy ta s& thay duoc 4 vung toc do khac nhau:

- Ving d6 thi ( 0-589s): O viing nay xe ¢ téc do trung binh thap ( 0-50 km/h)
va toe do tang giam lién tuc thé hién sy dic trung ¢ giao thong ndi do voi tan suat
dung khoi dong cao.

- Ving ndng thén ( 589-1022s) Tdc do cua ving nay dao dong tir khoan ( 0-70
km/h), s6 1an dimg giam di nhung van c6 nhitng doan ting giam dot ngot.

- Ving ngoai 6 (1022-1477s) Téc d6 trung binh dugc ning 1én ngudng (40-90
km/h) va it khi téc d6 cham vé& murc 0 Km/h, xe chay & diéu khién thuan loi hon va mat
d6 Iuu luong phuong tién thap.

- Ving cao toc: (1477-1800s) toe do dat mirc cao (90-120 km/h), tbe do xe rat
on dinh, it bién dong manh. Biéu dd nay thé hién cho ta thdy duoc nhiéu tc d6 twong

ung véi dieu khi¢n van hanh cia xe trén duong
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Hinh 6.13 Biéu db cong suat dong co dién

Biéu d6 thé hién cong suét cua dong co dién trong sudt chu trinh 1ai WLTP.
Puong cong dao dong lién tuc theo thoi gian, phan anh sy thay doi cong suat tiry thudc
vao diéu kién van hanh thyuc té caa xe. Co thé nhan thiy rd ba trang thai lam viéc cua
dong co: San sinh luc kéo (cong suat duong), trang thai nghi (cong suat xap xi 0), thu
hdi ning lwong phanh tai tao (cong suat am). O giai doan dau ciia qua trinh moé phong,
cong suat dao dong chu yéu quanh mirc +£40 kW. Pong co chuyén ddi lién tuc giira viéc
cung cap luc kéo va thu hoi dong nang. Trong giai doan gitta, dong co hoat dong & muc
cong suit cao hon, tap trung chii yéu ¢ ving dwong. Vé cudi chu trinh, cong suat dong
co dién duy tri & muc cao, tiém can gid tri cuc dai. Nhin chung, biéu d6 cho thay dong
co dién duogc khai thac linh hoat, dap ng cac yéu cau van hanh thay dbi lién tuc trong
sudt chu trinh thir nghiém.
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Hinh 6.14 Biéu d6 nang luong pin

Biéu d6 trang thai nang lwong cua pin (SOC) phan 4nh sy bién thién nang lugng
pin trong suét qua trinh md phong theo chu trinh WLTP.Tong thé, nang luong pin ¢6 xu
huéng giam dan theo thoi gian, do phai lién tuc cung cip cong suat cho dong co dién.
Dic biét, d6 doc cua biéu dd tro nén 16n hon vé cudi chu trinh, phan dnh nhu ciu cong
SUit ting cao trong cac pha van hanh & téc do 16n. Trong qué trinh moé phong, xuat hién
mot s6 gon tang nhe cua SOC, cho thay hé thong da kich hoat phanh tai sinh, thu hoi
mot phan nang luong khi giam téc. Pang chu y, khi SOC giam xudng dudi ngudng 60%,
may phat duoc kich hoat dé sac lai pin, thé hién qua xu huéng ting cua SOC & cudi biéu
d6. Piéu nay chung minh chién lugc diéu khién dam bao pin khong bi suy giam vuot
muc cho phép.
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Hinh 6.15 Biéu d6 cong sut may phat
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Biéu d6 cong suat may phat thé hién qua trinh bién thién cong suét phat dién
trong suét chu trinh mé phong. Trong phan 16n thoi gian, céng sudt may phat gan nhu
bang 0, cho thay hé thong dong co ddt trong va may phat khong duoc kich hoat, va toan
bo ning lwong van hanh xe duoc cung cap tir bo pin. Dén giai doan cubi cua chu trinh,
khi trang thai ning lwong cua pin (SOC) giam xudng dudi ngudng 60%, hé théng diéu
khién yéu cau khoi dong may phat. Cong sut may phat sau d6 ting dan va dat muic cong
suit 40 kW, sau d6 duoc duy tri 6n dinh dé nap dién tré lai cho pin. Viéc kich hoat may
phat ding thoi diém giup dam bao SOC khéng tut xudng dudi mirc an toan, gép phan
duy tri d6 6n dinh cua hé thong.

6.4 Thiét ké hé thong diéu khién déng ngit dong co nhiét
6.4.1 Gigi thigu chung
6.4.1.1 Vai tro ciia dong co dot trong trong hé dgng luc xe hybrid néi tiép

Trong hé dong luc xe hybrid ndi tiép (series hybrid), dong co dt trong dong mot vai
trd quan trong trong viéc cung cip ning luong cho hé théng, nhung khéng truc tiép
truyén dong cho banh xe. Thay vao do, dong co ddt trong chii yéu c6 nhiém vu tao ra
dién nang cho pin bang cach dung dong ning cua minh trong qua trinh hoat dong lam

quay may phat va tao ra dién nang.
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Hinh 6.16 Pong co d6t trong Huyndai D4CB CRDI trén xe Kia Frontier K200
Tuy nhién dong co d6t trong khong phai luc nio ciing hoat dong dong thoi véi qua
trinh xe di chuyén, no6 chi hoat dong khi sac dién cho khdi pin. Vi vay ching ta can mot

mach diéu khién d¢é tat bat dong co dot trong.
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6.4.1.2 Lira chon phwong dn thiét ké mach déng ngidt dpng co dét trong

Str dung Vi diéu khién (esp32) lam trung tm diéu khién dé nhén tin hiéu tir cac cam
bién va dong ngit mach relay nham diéu khién hoat dong cua dong co ddt trong. Cam
bién c6 thé do cac thong sé nhu téc d6 quay cua truc khuyu, hodc trang thai cia pin
trong hé thong hybrid. Dua trén cdc tin hiéu nay, vi diéu khién s& xtr Iy va quyét dinh
thoi diém thich hop dé kich hoat hodc tit dong co ddt trong, qua d6 déng mé relay dé
diéu khién dong dién téi ECU va bo khai dong cua dong co ddt trong.

6.4.1.3 Nhiém vu va yéu cau ky thudt

Thiét ké mach diéu khién c6 kha ning dong ngat dong co ddt trong ty dong theo trang
thai cua pin.

Co cac ciu chi bao vé mach khi gap su cd

C6 d6 chinh xéc, dd 6n dinh va d6 an toan tuong doi

6.4.2 Gidi thigu vé nhém thiét bj trong mach diéu khién
6.4.2.1 Vi diéu khién esp32

ESP32 1a mot hé thong vi diéu khién trén chip (SoC) gia ré cta Espressif Systems, nha
phat trién ciia ESP8266 SoC. N6 1a sy ké thira ciia SoC ESP8266 va c6 ca hai bién thé
161 don va 101 kép cua bd vi xur 1y 32-bit Xtensa LX6 cua Tensilica vé1 Wi-Fi va
Bluetooth tich hop.

Piém t6t vé ESP32, gidng nhu ESP8266 1a cac thanh phan RF tich hop ciia nd nhu bo
khuéch dai cong suat, bd khuéch dai nhan tiéng on thép, cong tac ang-ten, bo loc va
Balun RF. Piéu nay lam cho viéc thiét ké phan cimg xung quanh ESP32 rat d& dang vi
ban can rat it thanh phan bén ngoai.

Mot diu quan trong khac can biét vé ESP32 13 nd duogc san xuit bang cong nghé 40
nm cong suét cuc thap cia TSMC. Vi vdy, viéc thiét ké cac ing dung hoat dong bang
pin nhu thiét bi deo, thiét bi 4m thanh, déng hd thong minh, ..., stt dung ESP32 s& rit d&
dang.

B vi xir Iy LX6 32-bit 161 don hodc 16i kép v6i xung nhip 1én dén 240 MHz.

520 KB SRAM, 448 KB ROM va 16 KB SRAM RTC.

HO trg két ndi Wi-Fi 802.11 b/ g/ n véi tbe do 1én dén 150 Mbps.

HS trg cho ca thong s k¥ thuat Bluetooth v4.2 va BLE c¢6 dién.

34 GPIO c6 thé 1ap trinh.

18 kénh SAR ADC 12-bit va 2 kénh DAC 8 bit

Két ndi ndi tiép bao gdm 4 x SPI, 2 x I2C, 2 x 12S, 3 x UART.

Ethernet MAC cho giao tiép mang LAN vt Iy (yéu cau PHY bén ngoai).

1 bd diéu khién host cho SD / SDIO / MMC va 1 b¢ diéu khién slave cho SDIO / SPI.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
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bong co PWM va 16 kénh LED PWM.

Khoi dong an toan va ma hoa Flash.

Tang tdc phan cimg mat ma cho AES, Hash (SHA-2), RSA, ECC va RNG.
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Hinh 6.17 Vi diéu khién esp32

6.4.2.2 Cam bién hall A3144

A3144 1a mot cam bién khong chdt (non-latching) tich hop hiéu ung Hall. Giit mot

nam chadm gan cam bién s€ lam cho chan dau ra bat tat. Diéu nay tao ra mot cdm bién

hién dién manh mé.

C6 hai loai cam bién hi¢u trng Hall chinh, m{t loai cho dau ra analog va loai con lai

cho dau ra digital. A3144 1a cam bién Hall dau ra digital, c6 nghia 1a néu n6 phat hién

ra nam cham, dau ra s€ gidm xuong muc thap néu khong dau ra s€ van ¢ muc cao.

Cam bién hiéu tmg Hall dau ra digital

Dién 4p hoat dong: 4,5V dén 28V (thuong 1 5V)

Dong dau ra: 25mA

Cé thé dugc sur dung dé€ phat hién cd hai cuc cua nam cham

Dién 4p dau ra bang dién ap hoat dong

Nhiét d6 hoat dong: -40 ° C dén 85° C

Thoi gian Bat va Tat mdi 1an 1a 2uS

Cé bao vé€ phan cuc nghich

Thich hgp cho cac ing dung 6 t6 va cong nghiép

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y
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Hinh 6.18 Cam bién hall A3144

6.4.2.3 Cam bién higu dién thé 25VDC

Cam Bién Dién Ap 25VDC duya trén nguyén tac thiét ké bo chia dién trd, nd c6 thé
1am cho dién ap dau vao cta dau ndi ddu d6 nho hon 5 lan. Pién ap dau vao tuong tur
Arduino 1én dén 5 VDC. Pién 4p dau vao cia mach phat hién dién ap khong 16n hon
5Vx5 = 25V (néu sit dung hé thong 3.3V, dién ap dau vao khong 16n hon 3.3Vx5 =
16.5V).

Pién ap cap: 0~25 VDC

Dai phat hién dién &p: 0.02445 ~ 25 VDC

D0 phan giai di¢n ap: 0,00489 V

Output: "+" duoc két ndi 5/3.3V, "-" duogc két ndi véi GND, "s" ndi véi cac chan AD
cua Arduino

Giao tiép dau vao DC: duong véi VCC, am véi GND

| Voltage Sensor

)

Hinh 6.19 Cam bién dién ap 25VDC

6.4.2.4 Modun relay 2 kénh

Module Relay 2 kénh 5V dung dong dién nho cia vi diéu khién, arduino, PLC,
esp8266, ... dé dicu khién cac thiét bi dién, do dung dién hoat dong & mirc dién ap cao
nhu dién sinh hoat, hay trong cac ung dung thiét bi thong minh.
Opto 817C céch li, chdng nhiéu t6t
Led bao dong ngat trén Relay

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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Dién ap nuo1 5VDC

Pau ra dién ngit tdi da: 30VDC / 10A, 250VAC / 10A
IN1, IN2: dau vao tin hiéu, hoat dong thép

NO1, NO2: Céng tic thuong mé

Mau séc: Xanh, chat liéu mach FR4

C6 4 15 dé bt vit cd dinh c6 dudng kinh 3.1mm

EE =7 2 Relay Module

High/Lou Level Trigger

(=l = || TONGENG

] 5VDC
- @rﬂm ‘wl A; 10A250VAC
- TR e e

10A 250%/AC
, JQC-3FF-3-Z

- H /A TONGLING
= 4 5VDC
fip [ [ % 10A250VAC

b I s 154 125vAC
€29 10A 250VAC
") Jac-3FF-s-z

Hinh 6.20 Modun relay 2 kénh

6.4.2.5 Relay JD1912 12V 100A 4 chin

Relay 12V 100A 13 mot loai relay cong suat 1on, duoc thiét ké dé diéu khién cac thiét
bi dién c6 dong dién 16n. Vi kha niang chiu dong 1én dén 100A, loai relay nay thuong
duoc str dung trong céc trng dung nhu hé théng dién 6 t0, cac thiét bi dién cong nghiép,
hodc cac mach dién yéu cau dong dién 16n.

Dién &p vao: 12V

Dong tai: 100A

S6 chan: 4

Nhiét dg hoat dong: -40°C~+125°C

Sinh vién thyc hién: Lé Minh Hung; L& Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
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Hinh 6.21 Relay JD1912 12V 100A 4 chan

6.4.3 Gigi thigu vé phan mém thiét ké
6.4.3.1 Autocad

AutoCAD 1a mdt phan mém thiét ké hd tro may tinh (CAD - Computer-Aided
Design) do cong ty Autodesk phét trién. Pay la mot trong nhitng cong cu pho bién va
manh mé& nhat trong linh vuc thiét ké, dugc sir dung rong rai trong nhiéu nganh nhu kién
tric, xay dung, co khi, dién, va thiét ké san pham. AutoCAD cho phép tao va chinh stra
cac ban vé k¥ thuat 2D chi tiét va chinh xac. Ngoai ra, AutoCAD con hd trg mo hinh
hoa va truc quan hoa 3D, gitp nguoi dung thiét ké va hinh dung san pham hoic cong
trinh trong khong gian 3 chiéu. Cung cap giao dién tryc quan, dé sir dung vé6i thanh cong
cy, menu va 1énh phi hop cho ca nguoi méi bat dau va nguoi dung chuyén nghiép.

H) trg da nganh:

+Kién trac: Thiét ké ban v& nha cira, mat béng, két cau xay dung.

+Co khi: V& chi tiét may moc, tao ban v& lap rap.

+Pién: V& so do dién, mach dién.

+Xay dyng: Lap ké hoach xay dung, tinh toan khéi lugng.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
247



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

AUTODESK
AUTOCAD

Hinh 6.22 Phan mém AutoCAD
6.4.3.2 Phan mém Visual Studio Code

Visual Studio Code (VS Code) 1a mét trinh soan thio ma ngudn mién phi va ma
ngudn md do Microsoft phat trién. VS Code hd trg nhiéu ngdn ngit 1ap trinh va cong cu
phat trién phan mém, va nd tré thanh mot trong nhitng IDE (Integrated Development
Environment) phd bién nhat hién nay nho vao tinh linh hoat, dé str dung, va kha ning
mé& rong manh mé. VS Code hd tro hau hét cac ngdn ngit 1ap trinh phd bién nhu
JavaScript, Python, C++, Java, TypeScript, PHP, Go, Ruby, va nhiéu ngon ngir khac
thong qua cac extension. Giao dién rat don gian nhung manh mé, giup nguoi ding dé
dang tiy chinh theo so thich. Ban c6 thé thay d6i mau sic giao dién, cai dat cac theme
va biéu twong sao cho phi hop véi nhu ciu cong viéc.

Ung dung ctia Visual Studio Code

+Lap trinh web: VS Code rat phd bién trong viéc phat trién ing dung web véi cac
cong nghé nhu HTML, CSS, JavaScript, va cac framework nhu React, Angular, Vue.js.

+Lap trinh Python: V&i kha niing hd trg manh mé& Python, VS Code 1a cong cu tuyét
voi cho viéc phat trién cac ung dung Python, ddc bi¢t 1a trong cac linh vuc nhu khoa hoc
dir liéu va hoc may.

+LAap trinh C++/C#: VS Code hd tro phat trién tmg dung bang C++, C#, va cac ngdn
nglr khac thong qua cac extension.

+Phat trién v6i Docker va Kubernetes: Vi cac extension danh riéng cho Docker, VS
Code giup ban dé dang lam viéc véi cac container va moi truong ao hoa.

+Phat trién phan mém cho mobile: Vi cac cong cu tich hop, VS Code c6 thé duoc

st dung dé phat trién tng dung di dong voi React Native, Flutter, hoic Xamarin.

Sinh vién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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Visual Studio Code

Hinh 6.23 Phan mém lap trinh Visual Studio Code

6.4.4 Qud trinh thiét ké
Budc 1: Nghién ctru lira chon phuong an thiét ké.

Budc 2: V& so d6 dién trén phan mém Autocad.

&S

ke _ _ _ mooer £ s~ L -V -2 fl-=E@RL AV-B-+ DD DO=
Hinh 6.24 Thiét ké so d6 mach

Budc 3: Viét code va lap trinh trén phan mém Visual Studio Code.
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b

Ngat relay 1

relay 2

Hinh 6.25 So dd thuét toan

Sinh vién thyc hién: Lé Minh Hung; L€ Vi Bao;
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6.4.5 So' dé diéu khién va nguyén Iy lam viéc
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Hinh 6.26 So d6 mach diéu khién dong ngat dong co dot trong
Nguyén li lam viéc:
Th1: qua trinh khoi dong dong co
Khi cam bién hiéu dién thé do dugc dc quy giam dudi 12v thi vi diéu khién esp32 s&
phat tin hiéu diéu khién dong relay 3 dan dién dén bugi sudi dé say nong dong co sau 5
gidy thi relay 3 tat va relay 1 va 2 ctia modun relay 2 kénh dong dan dén relay 12v100a
dong va relay khéi dong dong va dan dién vao mach ecu dong co va may khaoi dong 1am
cho dong co ddt trong quay khoi dong
Th2: Quaé trinh sac
Khi cam bién hall do duoc sé vong quay dong co trén 500 vong/phut thi relay 1 ngt lic
nay relay khoi dong s& ngit va motor khai dong cua dong co nging quay. Pong co dbt
trong lic ndy chay on dinh quay may phét phat dién sac pin
Th3: Tit dong co d6t trong:
Khi cam bién hiéu dién thé do dugc ic quy trén 13v thi vi diéu khién esp32 s& khong
phat tin hiéu diéu khién relay 2 cia modun relay 2 kénh dong dan dén relay 12v100a
ngit va dién vao mach ecu dong co lam cho dong co dbt trong ngirng hoat dong, lic nay

may phat s€ khong phat ra dién sac pin nira.
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6.5 Pé xuat thiét ké b diéu khién quan ly pin
6.5.1 Gi6i thiéu so b vé bd quan Iy pin

Bo quan ly pin (Battery Management System - BMS) 13 thanh phan cdt 15i trong cac
hé théng pin hi¢n dai, dac bi¢t phé bién trong cac ung dung nhu xe di¢n, luu trlr nang
luong tai tao va thiét bi dién tir di dong. Nhiém vu chinh cia BMS 1a giam sat, diéu
khién va bao vé cac té bao pin bén trong cum pin, nham dam bao pin ludn hoat dong

trong pham vi an toan va toi uu.

S ™ )

Hinh 6.27 Khéi pin lithium

BMS lién tuc theo ddi cac thong s quan trong nhu dién ap ciia ting té bao, dong dién
dau vao va dau ra, nhiét do va trang thai sac — xa cua pin. Dya trén nhiing dir li¢u nay,
hé thong sé& thuc hién cac chirc ning quan trong nhu can bang dién ap giita cac té bao dé
tranh tinh trang mot s6 té bao bi chai nhanh hon, ngin ngira qué tai hoic x4 siu gy hu
hong cho pin.

Bén canh d6, BMS con c6 kha niang phat hién cac 16i hoic diéu kién bat thuong nhu
nhiét do qua cao, ngfm mach hodc su ¢d dién, tir d6 kich hoat céc bién phap bao vé tu
dong dé tranh nguy co chay nd hoic hu hai thiét bi. Nho vao sy quan 1y thong minh va
chinh xé4c ctia bd quan 1y pin, tudi tho cia pin duoc kéo dai dang ké, hiéu suit hoat dong
duoc nang cao va dam bao an toan cho ngudi st dung cung thiét bj van hanh.

Toém lai, bd quan 1y pin khong chi 13 trung tdm diéu khién k¥ thuat ma con 13 yéu tb
quyét dinh su an toan, dd bén va hiéu qua cta toan bo hé thng pin trong cac tng dung
hién dai ngay nay.

6.5.2 Nguyén ly hoat dong cia b quan ly pin
Céc té bao trong mot bo pin phat trién su khac biét vé dung luong theo thoi gian, ngay

ca khi ban dau chiing duoc ghép cip tot. Vi du, cac té bao & cdc vi tri vat 1y khac nhau

Sinh vién thyc hién: Lé Minh Hung; L& Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
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trong bd pin c6 thé chiu nhiét d6 hodc ap sudt khac nhau anh huéng dén dung luong.
Thém vao d6, nhirng sai khac nhé trong qua trinh san xuét c6 thé dugce khuéch dai theo
thoi gian va tao ra su khac biét vé dung luong. Hiéu rd su khac biét vé dung luong la rat
quan trong dé hiéu ngudn gdc mat can bang trang thai sac (SOC). Thay ddi SOC cua té
bao pin chu yéu duoc quy dinh boi dung luong té bao va dong dién di vao hoic ra khoi
té bao d6. Vi du, mot té bao c6 dung luong 4Ah nhan dong 1A trong 1 gid sé trai qua
thay d6i SOC 25%, trong khi mot té bao twong tu dung luong 2Ah sé& c6 thay doi SOC
50%. Viéc duy tri can bang SOC yéu cau diéu chinh dong sac/xa cua ting té bao theo
dung luong cta nd. Cac té bao duoc ndi song song tu dong thue hién didu nay vi dong
dién sé& chay tir cac té bao c6 SOC cao sang céc té bao c6 SOC thap. Nguoc lai, cac té
bao ndi tiép c6 dong dién giéng nhau di qua timg té bao, diéu nay s& gy mat cin bang
néu c6 sy khac biét vé& dung lugng. Pidu nay rat quan trong vi hau hét cac bd pin déu

két nd1 té bao theo chudi, ngay ca khi c6 ca két ndi song song.

------- Cell Balancing

Active Cell
Balancing

Passive Cell

Balancing

h 4

Fixed Shunt Switched Shunt One Switched Multiple Switched Switched Shared
resistor resistor Capacitor Capacitor Transformer Transformer

Hinh 6.28 Nguyén 1y can bang chu dong va bi dong [26]

Can bang chu dong ap dung phuong phap chuyén mach (switch-mode) dé phan phbi
lai ning luong giita cac té bao trong bd pin. Do phirc tap va chi phi cao trong viéc trién
khai can bang chu dong truyén thong dd gi6i han no trong cac hé thong pin cong suat
rat 16n va/hodc céc té bao co dung luong 16n, nhu pin trong cac tram dién, hé théng luu
trir nang lugng thuong mai (ESS), ESS gia dinh va b pin du phong. Hién nay da c6 cac
giai phap méi véi chi phi va do phuc tap thip hon dang ké, mé rong pham vi tng dung
ctia cAn bang chii dong. Can bang chi dong c6 thé hd trg dong 16n dén 6A, cho phép can
bang nhanh hon, phu hop véi cac té bao pin dung lwong 16n va cac hé thong hoat dong
theo chu ky nhanh cén can bang kip thoi. Khac véi can bang thy dong chi tiéu tin ning
lwong, cin bang chu dong phan phéi lai nang luong voi hiéu suét cai thién dang ké, dong

thoi c6 thé thuc hién trong ca qué trinh sac hodc xa. Kha ning can bang chu dong trong

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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qua trinh xa giup ting thoi gian can bang va cho phép chuyén ning luong tir cac té bao

manh sang cac té bao yéu, kéo dai thoi gian hoat dong ctia bd pin.

Active Balancer

IJ‘II“II‘ e e Y

Hinh 6.29 Can bang pin chi dong

Can bang thu dong giam SOC cua té bao bang cach diat mot tai tré khang trén timg té
bao riéng 1¢ (thudng st dung transistor BIT hoic MOSFET). Cén bang thu dong thuong
gid1 han dong & 0.25A va chi kha thi trong chu ky sac vi hoat dong trong chu ky xa s€
1am tiéu hao ning lugng nhanh hon tir bd pin. So véi can bang chu dong, can bang thu
dong don gian 13 tiéu tan nang luong ma khong phan phéi lai, do d6 hiéu qua ning luong
kém hon.

Balancing

3.65V
3.65V

2
Cell Cell

1 2

Same Voltage Each cell has Make them
for all cells different voltage same again

e Wi -

Hinh 6.30 Cén bang pin thu dong

Bang 6.1 So Sanh vu nhuoc diém can bang chu dong va can bang thu dong

Tiéu chi Can bang chu dong Can bang thu dong
Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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Uu diém

Hiéu qua cao khi cac té bao
trong pin c6 dung luong
khac nhau.

Khéng can can bang khi bo
pin hoat dong 6n dinh.

Néang cao hiéu suit ning
luong bang cach gitt lai
nang luong thura.

Khong lang phi nang luong
khong can thiét khi can
bang.

Kéo dai tuoi tho cua té bao.

Duy tri tat ca cac té bao &
trang thai sac (SoC) dong
déu.

La phuong phap cin bang
nhanh.

La moét trong nhimng
phuong phdp can bang co
chi phi thap.

Cung cap dong tu xa va stra
161 mat can bang lau dai.

Nhuoc diém

Mat ning luong 'khoang
10-20% khi chuyén nang
lugng gitra cac té bao.

Quan ly nhiét kém.

Dong nang lugng chi chay
mdt chiéu tir té bao c6 SoC
cao sang thap.

Khéng can bang khi SoC
da day.

Thuat toan diéu khién phirc
tap va chi phi san xut cao
do can giao dién dién tir
cong suat.

Chi cin bang 95% trén
cing cia mdi t& bao vi
nang luong thira bi dot tiéu
hao.

Mt nhiéu nang lugng dan
dén hiéu suat truyén tai
thap.

Khong cai thién thoi gian
hoat dong cua pin.

6.5.3 Hé thong diéu khién BMS

6.5.3.1 Cdu triic h¢ théng diéu khién BMS

BMS dong vai tro then chdt trong viée nhu do luong dién ap, dong dién, nhiét d6 cia
ting cell, tinh toan cac chi sb dic trung nhu SOC (State of Charge), SOH (State of
Health), SOP (State of Power) va quan 1y qua trinh sac/xa pin. Dua trén cac thong tin

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc.

Huéng dan: PSG.TS. Lé Minh Dtic
ThS. Nguyén Vin Phuc
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nay, hé thdng s& phat hién kip thoi cac 16i nhu qua 4p, qua dong, qua nhiét hodc mat can
bang giita cac cell, ddng thoi kich hoat cac ché do bao vé twong Gmg dé dam bao an toan
cho nguoi dung va thiét bi. Ngoai ra, BMS con dam nhiém viéc can bang dién ap giita
cac cell nham tranh hién tuong suy giam khong dong déu, gitip toan bd khdi pin hoat
dong hi¢u qua hon.

Khong chi 1a 16p bao vé vat Iy, BMS con la trung tdm thong minh trong toan bo hé
théng luu trir nang lwong, c6 kha ning giao tiép véi cac thanh phan khac qua cac giao
thirc nhu CAN bus. Nhd d6, BMS dong vai tro quan trong trong viéc t6i wu hod qua
trinh quan 1y nang luong, hd tro bao tri du doan, nang cao do tin cdy va hi¢u qua van

hanh cta hé théng pin trong ca ngan han 13n dai han.

/ BMS CONTROL MODULE R

Memory
storage

Cell balancing module

Input
I

Sensor interface

State estimation module

|

CAN bus

Current sensor SOC estimation
Battery

Cooling System

RuL prediction

Voltage sensor -EOD
Safety management
_ / system SOP estimation

- "

k r r N 2 \_/. _/‘
Hinh 6.31 Cau trac hé thong diéu khién BMS

- Cong vao (Input): Gom hé thdng 1am mat pin (Battery Cooling System) va cac cam
bién nhu cam bién dong dién va dién ap, giup thu thap dir liéu thoi gian thuce vé trang
thai van hanh cua pin.

- Hé thdng quan 1y an toan (Safety Management System): Nhan dit liéu tir cam bién
dé phat hién cac diéu kién nguy hiém nhu qua dong, qua nhiét, va thuc hién cc bién
phap bao v¢ thich hop.

- Mé6-dun udc luong trang thai (State Estimation Module): Bao gdm cac thuit toan
udc lugng SOC (trang thai sac), SOH (tinh trang strc khoe), SOP (kha ning cong suit)
va dyu doan tudi tho con lai (RuL) thong qua cac chi s6 nhu DOD (muc do xa) va EOD
(ngudng can niang luong). Pay 14 trung tAm phén tich, du doan va ra quyét dinh k§ thuat

sO cua h¢ thong.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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- M6-dun cén bang cell (Cell Balancing Module): Dya trén thong tin SOC, mé-dun
nay diéu khién viéc xa/sac céc cell riéng 1¢ dé dam bao tt ca cell trong bd pin co dién
ap va murc sac dong déu, tir d6 nang cao hiéu suit va tudi tho pin.

- BO nh¢ luu trit (Memory Storage): Ghi lai dit liéu van hanh dé phuc vu cho viéc hoc
may, du doan, chan doan 131 va bao tri dinh ky.

- CAN Bus: La giao thtc truyén thong cong nghiép gitp BMS két ndi véi cac hé thong

diéu khién trung tdm khac nhu ECU, tram sac, hoac h¢ théng diéu khién xe dién.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. Le:: Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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6.5.3.2 So’ dé thudt todn diéu khién cén bang cell pin

Thong s6 dién 4p,
dong dién va nhiét do
clia Module

Tinh toan SOC, SOH, SOP

Kiém tra an toan Sai

cho Module

Sai

Xac dinh c¢6 cin can
bing cell khong?

Sap xép SOC céc cell
tir thép dén cao

Thuye hién cén b?ing

Vugt qua s chu ky
cho phép

Kiém tra chu ky can
béng d hoan tét chua?

Suét tin hi¢u diura Phat canh bao

Két thic
Hinh 6.32 So do thuat toan can bang dién ap trén timg cell pin

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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So db thuat toan 1a diém mau chét dé viét duoc 14p trinh diéu khién cin bang cell pin.
Véi so do thuat toan nay sau khi bit dau chuong trinh, BMS s& nhén thong tin dau vao
nhu dong dién, dién 4p va cac thong sb vé nhiét do. Sau khi tinh toan cac théng sb vé
SOC, SOH, SOP cua ting cell pin, bd quan 1y tién hanh kiém tra dé biét duogc cac cell
trong module c6 dang trong trang thai an toan hay khong. Néu module dang trong trang
thai khong an toan thi s& 14p tirc canh bao, dya vao day ta c6 thé dé dang xac dinh duoc
cu thé khu vuc cell dang c6 van dé giup rat ngan duoc thoi gian sira chita va ludn dam
bao an toan trong lac van hanh xe. Mic khac néu module trong trang thai an toan thi s&
tiép tuc kiém tra c6 can can bang cell hay khong, dua theo chénh léch vé SOC cua timg
cell pin. Truong hop khong can can bang thi chwong trinh s& quay lai budc ban dau dé
cho cho 1an chay tiép theo, trudng hop can can bang thi chuong trinh sé& tu dong sip xép
céc cell pin theo chi s SOC tir thip dén cao. Sau d6 sé tién hanh can bang, trong quan
trinh chay néu nhu chu ky can bang vuot qua s6 1an cho phép thi hé thong s& phat canh
bao. Cubi ciing sau khi hoan tit qua trinh cin bang, bo diéu khién can phai suat dugc tin

hiéu dau ra thong qua CAN bus dé cac bo diéu khién khac tiép tuc sir dung tin hiéu.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
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Chwong 7: MO HINH THUC NGHIEM

7.1 Gig¢i thiéu mo hinh thuc nghiém
7.1.1 Muc tiéu thuc hi¢n

Viéc xay dung mo hinh hé dong luc HEV ndi tiép dong vai trd quan trong trong viéc
minh chimg cac két qua nghién ctru, dic biét 1 sau qué trinh tinh toan va phén tich 1y
thuyét. Day 1a bude chuyén tiép tir 1y thuyét sang thyc tién, gitip ngudi nghién ctru khong
chi xac nhan tinh ding dan cta cac gia thuyét ma con phat hién va khac phuc nhiing
diém chua hop 1y trong qua trinh thiét ké. Mo hinh déng vai tro 1 cong cu trung gian dé
kiém tra kha ning hoat dong ctia hé thong trong diéu kién mo phong gan giong thuc té,
tir 46 dua ra nhitng diéu chinh phi hop nham nang cao hiéu qua lam viéc va d6 6n dinh
cua h¢ dong luc.

Thong qua md hinh, cac hién tuong vat 1y nhu dong nang lugng giita cac thanh phan
(may phat, dong co dién, pin), qua trinh chuyén doi cong suét, su phdi hop diéu khién
giita cac khdi chtic nang, ... Puoc quan sat mot cach truc quan va sinh dong. Diéu nay
khong chi gitip xac dinh cac diém t6i uu trong van hanh ma con cho phép danh gia tac
dong cua cac yéu té dau vao. Bén canh chirc nang k¥ thuat, mo hinh hé dong luc HEV
con mang ¥ nghia quan trong trong hoat dong dao tao va truyén dat kién thirc. D6i voi
sinh vién thuc hién do an tét nghiép, viéc tu tay xay dung va van hanh mét mo hinh
hoan chinh khong chi gitp cing ¢ kién thic da hoc ma con rén luyén k¥ ning phan
tich, tu duy hé thong va kha ning giai quyét van dé thuc té. M6 hinh trd thanh cong cu
hoc tap hiéu qua, khuyén khich su chii dong sang tao va thuc ddy qua trinh nghién ctru
phat trién. Tir 46, sinh vién khong chi dimg lai ¢ viéc hiéu 1y thuyét ma con co thé ching
minh dugc ning lyc tmg dung kién thire vao giai quyét cac bai toan k¥ thuat cu thé —
diéu nay rat can thiét cho budc chuyén tiép tir méi trudng hoc thuit sang méi trudng

lam vi¢c chuyén nghiép.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
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7.1.2 Téng quan vé mé hinh

I ! Pong co diesel
' | Khép/noi Cac ding

# P

Pong co dién B lwu trir illg luqig

Hinh 7. lﬂTéng thé md h HEV nbi tiép

Mo hinh hé dong luc HEV nbi tiép duge cau tao tir nhiéu thanh phan chinh, phdi hop
chit ch& dé dam bao kha ning van hanh hiéu qua, 6n dinh va tiét kiém ning luong.
Trong d6, mdi bd phan dong mot vai tro riéng biét trong chudi truyén dong ning luong.
bong co diesel khong truyén luc co hoc truc tiép dén banh xe ma hoat dong chu yéu dé
kéo may phat dién thong qua mot khdp ndi cac dang. May phat dién s& chuyén ddi co
ning tir dong co diesel thanh dién ning xoay chiéu (AC), sau d6 dugc bd chuyén doi
AC-DC diéu chinh va bién d6i thanh dong dién mét chiéu (DC), phut hop dé sac cho bd
Iwru trit ning luong. Pong co dién kéo 1a thanh phan chinh tao ra lyc kéo truyén dén banh
Xe.

Trung tdm diéu phéi moi hoat dong trong hé thdng 1a b diéu khién. B6 diéu khién
giam sat cac tin hiéu tir cic cam bién dé dua ra quyét dinh diéu phdi hop 1y: khi nao
dong co diesel can hoat dong, khi nao dung, khi nao dung nang luong tir pin, hoac khi
nao can tai tao nang luong tir phanh. Nho d6, hé thong co thé t6i uu héa tiéu thy nhién
lidu, giam phat thai va kéo dai tudi tho cac thanh phan chinh.

Téng thé, cu tric ndi tiép trong HEV gitip tach roi hoan toan giita dong co nhiét va

hé truyén dong, mang lai su linh hoat trong diéu khién, hiéu qua nang lugng cao, déng

Sinh vién thyc hién: Lé Minh Hung; L& Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
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thoi tao tién dé thuan loi cho viéc tich hop cac nguén nang luong tai tao hoac céc giai

phép nang cao nhu hoi phuc ning luong, didu khién thong minh va giam sat theo thoi

gian thyc. M6 hinh nay 1a Iira chon 1y tuéng cho cac nghién ctru, thir nghiém hodc trién

khai thuc té trong cac hé théng xe dién lai hién dai.

7.1.3 Théng sé ky thudt chi tiét

Chi tiét

Hinh anh

Thong sb

Pong co dbt
trong

- Loai dong co Diesel, 04
ky, 04 xilanh thang hang

- Tén dong co HYUNDALI
— D4CBDung tich xi lanh
2.497 cc

- Cong suét cuc dai 130 ps
- S6 vong quay cuc dai
3800 v/p

- Momen cuc dai 255 Nm

May phat

Technano T3320 2-2000

- Cuong do dong dién 13.6
A

- Higu dién thé 220V

- Cong suat 3 kW

B0 sac

- Cuong do dong dién 20V
- Dung lugng 1000 Wh
- Chuyén tor AC sang DC

bong co dién

- Cuong d6 dong dién 15A
- Hiéu dién thé 48V
- Cong suat 1 kW

May phat tai sinh

- Ma 37300-4X000
- Cuong d6 dong dién
- Hidu diénthe 12 V

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc.

Hudng dan: PSG.TS. L& Minh Buc
ThS. Nguyen Van Phuc
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- Cuong do dong dién 100
A

- Hi¢u di¢n thé 12 V

- Dung lugng 100 Ah

Ac quy

7.1.4 Bang so d6 mach va dong hé hign thj

Bang diéu khién thé hién tong thé ba so dd diéu khién chinh bao gém: so dd diéu khién
dong co ddt trong, so dd diéu khién dong co dién, va so do diéu khién mdy phat va bod
sac. Pay déu 1a nhitng thanh phan cdt 15i trong hé thdng truyén dong lai, co vai trod lién
két chat ché dé dam bao mo hinh van hanh dung nguyén 1y va phan anh sat v4i thuc té.
Mai so d6 trén bang déu duoc bd tri truc quan, va dac biét 1a tich hop déy du cac chan
tin hiéu twong tng véi cac cam bién, co cau chap hanh va cac bo diéu khién trung tam
nhu ECU (Engine Control Unit) va MCU (Motor Control Unit). Cac chan tin hi¢u nay
khong chi thé hién rd duong di cia dong dién va tin hiéu diéu khién, ma con dugc thiét
ké phu hop dé két ndi thiét bi do luong, dong hd kiém tra hodc may chuin doan.

Bang so d6 con gitp hiéu 16 duoc cach doc va dién giai cac ky hiéu dién, dién tu
thuong dung trong cac hé thong diéu khién hién dai, chang han nhu ky hiéu ro-le, van
dién, cam bién vi tri, cudn day, dién tré do dong, chan cép nguén, chan GND, tin hi¢u
PWM,... Viéc ndm viing y nghia ctia cac ky hiéu nay 1 yéu t6 quan trong gitip ngudi

hoc dé dang tiép can véi cac hé thong diéu khién thuc té trén xe 6 to hodc cac thiét bi

cong nghiép.
Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. Le:: Minh Buc
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Hinh 7.2 Téng thé bang so do |

Hinh 7.3 Cac dong ho hién thi

Sinh vién thuc hién: L& Minh Hung; Lé Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
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Khéng chi trinh bay cac so d6 diéu khién, bang mé hinh con dugce tich hop hé théng
d6ng hd hién thi cac théng sb van hanh quan trong, gitip ngudi sir dung dé dang theo di
va danh gia tinh trang hoat dong cua timg phan trong hé thong. Cac ddng hd nay dong
vai tro 13 cong cu giam sat truc quan, hd tro qué trinh do dac, kiém tra va phan tich hiéu
qua hé théng trong qua trinh van hanh hoic mé phong.

DPong hd AC duoc bd tri dé hién thi dién ap dau ra cia may phat dién xoay chiéu, qua
d6 cho phép nguoi quan sat biét duoc dién 4p thuc té ma may phat tao ra trong qua trinh
hoat dong. Pay 14 théng sd quan trong dé danh gia kha ning cung cap dién cua may
phat, ciing nhu kiém tra xem dién ap nay c6 du diéu kién dé bd chuyén doi AC-DC hoat
dong 6n dinh va sac lai cho hé théng luu trir ning luong hay khong. Pong hd DC ¢
nhiém vy do dong dién mot chiéu ctia dong nap tai sinh dwoc thu lai tir qua trinh phanh
tai sinh hodc ning lugng du thira ctia hé thong. Pay 14 tinh nang dic trung trong cic md
hinh hybrid, va déng hd DC gitip theo ddi mirc ning luong dugc thu hodi, hd trg danh
gia hiéu suét cliia qua trinh tai tao ning luong. Bén canh do, bang con duoc tich hop
d6ng hd do nhiét d6 ctia bo luu trir ning luong, gitip gidm sat tinh trang nhiét cia acquy.
Ngoai ra, bang diéu khién con c6 cac ddng hd hién thi tdc d6 dong co, sd vong quay cua

banh xe, va dién ap cua hé thong, cung cap cai nhin toan dién vé trang thai van hanh cta

mo hinh.
Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
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7.2 Hé @ong luc HEV nbi tiép trén mé hinh
7.2.1 Dong co Diesel
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Hinh 7.4 Dng co Diesel dugc st dung trén mo hinh

Trong md hinh dong co diesel Quanchai 4A1-88C40 dong vai tro 1a ngudn cip ning
luong dan dong truc tiép cho may phat dién dé cung cap dién cho toan bd hé thong. Véi
cong suit dinh mirc 50 kW tai 3200 vong/phit, dong co ndy hoan toan dap tng duoc
yéu cau kéo may phat quay & téc d6 1500 vong/phit, toc do tdi wu dé tao ra dong dién
xoay chiéu tan sé 50Hz phu hop véi hé théng chuyén d6i va luu trit nang lugng. Pidu
nay khong chi dam bao hiéu qua van hanh ma con gép phan duy tri sy 6n dinh dién ap
trong hé théng, gilp céc thiét bi phu trg va dong co dién kéo hoat dong lién tuc, on dinh.

Mot wu diém ndi bat ciia dong co nay 1a kha nang van hanh ém ai va tin cay & ché do
tai vira, ddc biét khi lam viéc & vong tua thap. Piéu do6 giup hé thong hoat dong tiét kiém
nhién liéu va giam rung 6n, yéu t6 quan trong trong cac mé hinh nghién ciru mé phong
van hanh thuc té. bong co dugc trang bi déy du cac bo phan phu trg, bao gém cao su
chan may gitip hdp thu rung dong, han ché truyén chin dong ra khung mé hinh, tir d6
nang cao do 6n dinh va tudi tho cta céac thanh phﬁn lién két. He théng tan nhiét béng két
nudce va quat gid cudng birc gitp duy tri nhiét d6 lam viée tdi uu cho dong co, tranh

hién tuong qua nhiét khi van hanh lién tuc. Bén canh do, h¢ théng lam mat khi nap dugc

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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tich hop dé giam nhiét do khi nap sau ting ap, giup ting hiéu sudt dot chdy va dam bao
kha ning van hanh bén bi, mé phong ding dic diém cua cac dong co diesel hién dai

dang dugc st dung

trén xe tai nhe.
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Q) i
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Hinh 7% 5ﬁér0 theo goc nhin tu tén xuéﬁg
7.2.2 May phat dién

May phat dién duoc sir dung trong mo hinh 1 loai may phat dién xoay chiéu dong b9,
c6 cong suat dinh mirc 3 kW, dién ap dau ra 220V va hoat dong on dinh & téc do quay
1500 vong/phut. Pay 1a loai may phat phu hop dé tao ra dong dién xoay chiéu tan s6
50Hz, phu hop véi tiéu chuan dién ludi va dé dang két hop véi cac bd chuyén d6i AC-
DC trong hé thong luu trit va phan phdi dién.

May phat dién dugc dan dong truc tiép tir dong co diesel thong qua mot khép ndi cac
dang, bo phan co khi c6 vai trd quan trong trong viéc truyén mo-men xoan gitta hai tryuc
quay khong hoan toan ddng truc. Viéc sir dung khép cac dang mang lai nhiéu loi ich
thiét thuc cho hé théng, dac biét trong mai trudng van hanh thuc té. N6 cho phép truyén
lyc linh hoat gitra truc ra cua dong co va truc vao ciia may phat, ngay ca khi co6 su 1éch
nhe vé vi tri hodc rung lac trong qua trinh van hanh. Bén canh kha nang bu sai I¢ch tryc,
khép ndi cac dang con gitip hap thu dao dong xoan va giam chan, tir ¢6 han ché cac
xung luc truyén qua hé théng truyén dong, bao vé cac bd phan co khi nhu b truc, truc
Sinh vién thuc hién: L& Minh Hung; Lé Vii Bao; Huodng dan: PSG.TS. Lé Minh Puc
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may phat va khung d&. Diéu nay khong chi nang cao do bén va tudi tho cua thiét bi, ma

con giip mo hinh van hanh ém 4i, 6n dinh hon — yéu t6 rat quan trong khi moé phong va

nghién ctru cac hé dong luc lai trong moi truong thi nghiém hoac dao tao k¥ thuat.

S——

7

Hinh 7.6 May phat dién xoay chiéu
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Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
268



Thiét ké kién tric déng luc Hybrid trén co sé xe tdi nhe

Hinh 7.7 Khép ndi cac ding gitra dong co nhiét va may phat.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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7.2.3 Bg chuyén doi dién dp
3 — e

Hinh 7.8 B6 chuyén doi dién ap AC-DC

MO hinh str dung bd chuyén doi dién ap AC-DC, c6 chuc nang chuyén doi dong dién
xoay chiéu 220V tir may phat dién thanh dong dién mot chiéu 48V, phu hop dé sac dién
cho b6 luu trit nang lwong — thudng 13 hé thong pin lithium-ion hodc acquy. Bo chuyén
ddi déng vai tro trung gian quan trong giita ngudn phat va hé théng luu trir, dam bao
qué trinh sac dién ra hiéu qua va an toan.

Vi kha ning cung cdp dién 4p dau ra 6n dinh & muc 48V, day 1a muc dién ap tiéu
chuén va an toan trong nhiéu hé théng dién cong suit thap dén trung binh. B chuyén
d61 AC-DC con tich hop cac tinh ning bao vé thong minh nhu chéng qué ap, chdng qua
dong, va triét tiéu nhidu dién ap dau vao tir may phat — von thuong xay ra khi tbc do

quay khong déu hodc tai thay doi dot ngot.

Sinh vién thyc hién: Lé Minh Hung; L& Vi Bao; Huéng dan: PSG.TS. Lé Minh buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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7.2.4 Nguon luu triv ning lwong

i
it
¥
i

Hinh 7.9 BJ luu trit nang lugng

Ngudn luu trir dién trong mo hinh khong chi dong vai tro 1a bo cap ning lugng chinh
cho dong co dién kéo, ma con dam nhiém nhiéu chirc ning quan trong khac trong toan
bo hé théng. Ngoai viéc duy tri hoat dong ctia dong co, bd luu trir dién con phai dam
bao cung cap du dién 4p va dong khai dong cho cac thiét bi yéu cau dong 16n trong thoi
gian ngin, dic biét 13 trong giai doan khai dong hé thong. Pong thoi, nd ciing phai dam
bao ngudn nudi 6n dinh cho cac hé thdng diéu khién, cam bién va thiét bi dién tir khac
trén xe hoat dong lién tuc va tin cay.

Trong mo hinh, h¢ théng luu trit dién duoc ciu hinh béng bdn binh acquy 12V —100Ah
mic ndi tiép, tao thanh mot cum pin ¢ dién ap danh dinh 48V. C4u hinh nay cho phép
cung cip du dién ap dé din dong dong co dién hoat dong 6n dinh trong sudt qué trinh
van hanh, dong thoi c6 kha nang tich trit niong luong twong ddi 16n, dam bao hidu suat
hoat dong cao cho h¢ truyén dong dién.

Bén canh do, tir hé théng 48V nay, mdt binh 12V s€ dugc trich riéng biét dé cung cép
dién ap 6n dinh cho cac bd phan diéu khién dién tir, chang han nhu ECU, cam bién nhiét
dd, cam bién toc do, relay diéu khién, hé théng hién thi, va cac mach bao vé khéc. Viéc

tach ngudn 12V cho khéi diéu khién khong nhitng dam bao an toan dién ma con giup

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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céc thiét bi nhay cam hoat dong 6n dinh, khong bi anh hudéng bdi dao dong dién ap do

dong co dién hodc tai 1on gay ra.

1.2.5 Dong co dién

Hinh 7.10 Dng co dién duoc noi voi bo giam toc dé dan dong cau sau

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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Hinh 7.11 IC diéu khién dong co dién

bong co dién sir dung trong mo hinh 1a loai dong co mot chiéu ¢6 thong sO k¥ thuat
phu hop véi yéu cAu cuia mot hé truyén dong dién cong suét nho. bong co hoat dong &
dién ap dinh muc 48V, dong dién téi da 15A va c6 cong suat dinh mirc 1000W (1kW),
v6i toe do quay 3000 vong/phut (RPM). Day 1a dai cong suét va toe do 1y tuong dé tmg
dung trong cic mo hinh cho phép cung cap luc kéo phi hop cho xe tai nhe hodc mo hinh
xe k¥ thuat. Phia sau dong co chinh, mo6 hinh dugc bd tri thém may phat dién nho co
chirc nang thu hoi nang luwgng du thira trong qua trinh giam tdc hodc khi khong can kéo.
Khi duoc kich tir diing thoi diém, may phat dién nay hoat dong nhu mot hé thong phanh
tai sinh, chuyén d6i dong ning thanh dién ning dé nap lai vao bd luu trit ning luong.
Day la thiét ké dic biét nham dap ung duoc kha ning tai sinh ning luong trén mé hinh,

danh gia ding dugc cac ché do ctia mo hinh so véi thuc te.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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7.3 Hé thong diéu khién
7.3.1 H¢ théng khéi dgng dong co
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Hinh 7.12 Ban mach diéu khién khoi dong dong co dot trong

Heé thdng diéu khién khoi dong dong co c6 nhiém vu quan 1y qua trinh van hanh cia
dong co dbt trong nham kéo may phat phat dién, sac lai cho hé théng dc quy khi murc
nang luong cua ic quy giam xudng dudi ngudng cho phép. Khi ic quy di duoc sac day,
hé thdng s& ty dong ngat dong co. Hé thong nay st dung cac cam bién nhu cam bién toc
d6 dé do téc do quay cua dong co dot trong va cam bién dién ap dé giam sat muc dién
ap ctia ac quy. Cac tin hiéu thu dugc s& duoc truyén vé vi diéu khién, noi thuc hién phan
tich va ra quyét dinh vé thoi diém khai dong hodc tat dong co bang cach diéu khién cac
relay dong md viéc cung cap dién cho bo khoi dong va Ecu cia dong co dot trong. Pong
thoi, cac thong sd quan trong nhu toc do dong co va dién ap ac quy sé duoc hién thi trén

man hinh, qua do ta cé thé theo doi duogc trang thai hoat dong ctia hé théng.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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Hinh 7.13 Man hinh hién thi cac théng sé hé thong khoi dong dong co ddt trong

Sinh vién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Diec. ThS. Nguyen Van Phuc
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7.3.2 Hé thong lam mdt nguon lwu triv ning lreng
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Hinh 7.14 Mach diéu khién lam mat

B¢ diéu khién lam mat 1a mot thanh phan quan trong trong hé thong quén 1y nhiét cho
cac cum acquy, dic biét trong cac tng dung yéu cau hiéu suit cao va van hanh on dinh
nhu xe dién, hé théng luu trir ning luong, hay cac mé hinh nghién ciru pin. Hé thong
nay hoat dong dua trén nguyén ly giam sat nhiét d6 lién tuc thong qua cac cam bién
nhiét dugc gin truc tiép 1én ting binh acquy. Cac cam bién nay cung cap dir liéu chinh
xéc vé nhiét d6 theo thoi gian thyc tai timg vi tri khac nhau trong hé thong.

Khi phat hién nhiét do tai bat ky binh acquy nao vugt qua ngudng an toan cai dit trudc
(vi du nhu 45-50°C), bo diéu khién s& 1ap tuc kich hoat co ché 1am mat bé‘mg cach dong

relay dé cap dién cho quat 1am mat tai vi tri twong ng. Viéc diéu khién riéng biét cho

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. Le:: Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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timg quat gitp hé thong tiét kiém nang luong va lam mat diing myc tiéu, tranh lang phi
cong suat va giam hao mon quat.

Ngoai ra, bo diéu khién con tich hop kha nang xuat tin hiéu nhiét d6 1én man hinh
OLED kich thudc 2.42 inch, gitip nguoi van hanh dé dang theo doi va giam sat trang

thai nhiét ctia tirng acquy thoi gian thue.

Hinh 7.15 Quat lam mat b luu trfrnﬁng luong

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
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Hinh 7.16 Bong ho hién thi nhiét 46
7.3.3 Hé thong phanh tdi sinh

Hinh 7.17 B diéu khién hé théng phanh t4i sinh

H¢ théng phanh tai sinh 1am nhiém vu thu hdi ning lwong bang cach bién dong ning
ctia dong co dién thanh dién ning trong qua trinh giam toc. Hé thong s& 1ay tin hiéu tir
cam bién vi tri ban dap ga sau d6 truyén vé vi diéu khién, tai day vi diéu khién s& phan
tich cac tin hiéu dé biét duoc khi nao giam tdc dé bat phanh tai sinh. Dién tir hé thong
phanh tai sinh sau khi dugc thu hdi s& duoc truyén dén bd chuyén d6i dé chuyén dién ap
tir 12v thanh 48v va sac cho dc quy. Pong thoi cac thong sb ciia hé thdng s& duoc hién

thi 1én man hinh.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 7.18 Man hinh hién thi cac théng s6 hé thong phanh tai sinh
7.3.4 Mach diéu chinh céin bang dién dp

Mach can bang dién ap 1a mot thanh phan quan trong trong hé théng luu trit ning
lugng, dac biét khi st dung 4 binh acquy 12V méc ndi tiép dé tao thanh bd nguén téng
dién ap 48V. Trong qua trinh sac va x4, mdi binh acquy c6 thé c6 mic dién ap va dung
lwong khac nhau do sai s6 san xuat, mirc d6 130 hoa hodc nhiét do van hanh khong d@)ng
déu. Néu khong dugc can bang, mot sd binh co thé bi sac qua murc hodic xa sau, giy suy
giam tudi tho, giam hiéu suét toan bo hé théng va tham chi tiém an nguy co mat an toan.

Mach can bang dién ap duoc thiét ké nham duy tri sy dong déu vé dién ap gitra cac
binh acquy, théng qua viéc diéu chinh hodc chuyén dong tir cc binh ¢ dién ap cao sang
céc binh c6 dién p thip hon. Mach nay hoat dong lién tuc trong qua trinh van hanh hodc

khi sac, gitp dam bao tat ca cac binh déu dat trang thai dién ap 6n dinh va dong déu.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 8.9 Mach can bng dién ap acqu}}
7.4 Panh gia két qua thir nghiém
7.4.1 Thiét lgp chu trinh do thir nghiém
7.4.1.1 Muc dich thuc hién
- So sanh mure ti€u hao nhién li¢u gitta xe Frontier K200 va mo6 hinh HEV.
- So Sanh murc d¢ phat thai gitra xe Frontier K200 va mé hinh HEV.

7.4.1.2 Tinh todn so by Chu trinh.

a. Tinh todn thoi gian sac ddy dc quy:
Gia sir ac quy duoc sac tir lac dung lwong 65%, may phat hoat dong & cong suat
cuc dai.
Cong sut sac:
P=U.l =48.20 =960W (7.2)
Dung luong can sac:
Q =100.(100% — 65%) = 35Ah (7.2)
Ning luong can sac:
E =QU =35.48 =1680Wh =1,68kWh (7.3)

Thoi gian sac:

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. Le:: Minh Buc
Nguyéen Pang Truong; Nguyen Lé Anh Th; Nguyen Minh Dirc. ThS. Nguyen Van Phuc
280



Thiét ké kién triic dong liwc Hybrid trén co sé xe tdi nhe

1,68
=——>2_~110 7.4
0,96.90% 2 (7.4)

b. Tinh thoi gian sir dung dc quy:

Gia su ac quy dugc su dung dén luc dung luong 65%, dong co dién hoat dong & cong
suét cuc dai.

Cong suit dong co dién:

P=U.l =48.15=720W (7.5)
Dung lugng ti€u hao:

Q =100.(100% — 65%) = 35Ah (7.6)
Ning luong can dung:

E =QU =35.48=1680Wh =1,68kWh (7.7)
Thoi gian dong co dién hoat dong dén mirc dung lwong 65%:

168
= 0.72.95% ~155(p) (7.8)

7.4.1.3 Chu trinh thuc nghiém trén dpng co dét trong.
Giai doan 1: Khoi dong (0—15 phut)
- Piém 0 (0 phut): Pang dirng (0 vong/phit).
- Piém 1 (5 phut): Bat dau lan banh, téc d6 nhe (50 vong/phut).
- Piém 2 (15 phat): Van duy tri toc d thap on dinh (50 vong/phit).
Giai doan 2: Tang toc (1520 phut)
- Piém 3 (20 phut): Tang toc 1én 350 vong/phut
Giai doan 3: Duy tri tbc do (20—75 phiit)
- Piém 4 (70 phat): Van duy tri tbc do (350 vong/phut).
- Piém 5 (75 phat): Giam téc xudéng 50 vong/phut
Giai doan 4: Tang toc lai va dat dinh (75-100 phit)
- Biém 6 (95 phut): Van ¢ toc d6 thap (50 vong/pht).
- Piém 7 (100 phut): Tang tdc 1én 490 vong/phut — ddy 14 téc d6 cao nhét trong chu
trinh.
Giai doan 5: Giam tbc va tang toc trd lai (100180 phut)
- Piém 8 (150 phat): Van duy tri tbc d6 (490 vong/phit).
- Piém 9 (155 phuat): Téc do giam vé 50 vong/phut.
- Piém 10 (175 phit): Van duy tri téc d6 (50 vong/pht).
- Piém 11 (180 phit): Tang toc 1én 200 vong/phit.
Giai doan 6: Van hanh 6n dinh trung binh (180235 phut)
- Piém 12 (230 phit): Téc dd van 200 vong/phiit.
- Diém 13 (235 phit): Giam tdc vé 50 vong/phit.
Giai doan 7: Chuan bi dimg va két thiic chu trinh (235-270 phut)

Sinh vién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Diec. ThS. Nguyen Van Phuc
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- Diém 14 (250 phit): Van duy tri toc d6 thap (50 vong/phit).

- Piém 15 (270 phit): Xe ding hin (0 vong/phit) — két thuc chu trinh thir nghiém.
Tém tat chu trinh van hanh

- Tong thoi gian: 270 phut (4.5 gid).

- Cac giai doan chinh: Khéi dong — ting toc — 6n dinh toc d6 cao — giam téc —

tai ting toc — 6n dinh trung binh — dirng.

- Van tdc quay cao nhat: 1500 vong/phut (Diém 7).

S6 vong quay ne

A OVp)
1600 ; < PUONG BCDT
1500 —— ————
1400~
1300
1200
1000 e . 1
200 - | } 3 14
600 ‘
400 |
200 1 }
. — >
0 (f{) 1530 200 230 300 Thoi gian
skofs 50 5L 20 s 50 5L 20 5 50 515 ) 20 (pht)
180 90
270
Hinh 7.20 Chu trinh thyc nghiém trén dong co dot trong
Bang 7.1 S6 liéu chu trinh do thuc nghi¢m trén dong co dbt trong
PONG CO POT TRONG
1 Thoi gian S6 vong qua £
biém & £ quay Tay so
( phut) (Vip)

0 0 0

1 5 800 sl

2 15 800 sl

3 20 1300 s4

4 70 1300 s4

5 75 800 sl
Sinh vién thuc hién: L& Minh Hung; Lé Vii Bao; Huodng dan: PSG.TS. Lé Minh Puc
Nguyén Dang Truong; Nguyén Lé Anh Ta; Nguyén Minh Duec. ThS. Nguyén Vin Phuc
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6 95 800 sl
7 100 1500 $5
8 150 1500 $5
9 155 800 sl
10 175 800 sl
11 180 1000 s3
12 230 1000 s3
13 235 800 sl
14 250 800 sl
15 270 0

7.4.1.4 Chu trinh thgc nghiém trén mé hinh HEV néi tiép
Chu trinh c6 tong thoi gian 270 phut, trong d6 sir dung ac quy nap dién cho dong co
dién tir 100% dung luong dén 65% trong 180 phiit. Sau d6, dong co d6t trong hoat dong
dé tao ra dién sac cho ic quy déng thoi dong co dién van hoat dong dén khi két thic chu
trinh.
Trang thai 1; Chi ¢6 dong co dién hoat dong, st dung ac quy nap di¢n cho dong co
dién tir 100% dung luong dén 65% trong 180 phut.
Giai doan 1: Khoi dong (0—15 phut).
- Piém 0 (0 phut): Pang dirng (0 vong/pht).
- Biém 1 (5 phat): Bat dau lin banh, téc do nhe (50 vong/phut).
- Piém 2 (15 phat): Van duy tri toc d thap on dinh (50 vong/phut).
Giai doan 2: Tang toc (1520 phut).
- Piém 3 (20 phut): Tang toc 1én 350 vong/phut.
Giai doan 3: Duy tri téc d6 (20—75 phut).
- Piém 4 (70 phat): Van duy tri toc do (350 vong/phut).
- Piém 5 (75 phat): Giam té¢ xubng 50 vong/phut.
Giai doan 4: Tang toc lai va dat dinh (75-100 pht).
- Piém 6 (95 phut): Van & toc do thap (50 vong/phut).
- Piém 7 (100 phut): Tang toc 1én 490 vong/phit — day 1a téc d6 cao nhét trong chu
trinh.
Giai doan 5: Giam téc va tang toc trd lai (100—180 phit).
- Piém 8 (150 phut): Van duy tri tbc do (490 vong/phut).
- Piém 9 (155 phut): Téc do giam vé 50 vong/phut.
- Diém 10 (175 phit): Van duy tri téc d6 (50 vong/phut).

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
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Trang thai 2: Tién hanh déng tho1 nap dién cho dong co dién va st dung dong co
d6t trong dan dong may phat sac cho dc quy tir 65% dung lugng dén 100% trong
80 phut.

- Piém 11 (180 phut): ICE bat dau khoi dong va dat ngay 1000 vong/phit — dong
co hoat dong manh. Tai thoi diém nay dong co dot trong bat dau hoat dong lam dan
dong may phat tir d6 nap dién sac dc quy. Pong thdi dong co dién ting toc 1én 200
vong/phut.

Giai doan 6: Van hanh 6n dinh trung binh (180-235 phut)

- Piém 12 (230 phit): Téc d6 van 200 vong/phit.

- Piém 13 (235 phit): Giam tdc vé 50 vong/phiit.

Giai doan 7: Chuan bi dimg va két thiic chu trinh (235-270 pht)

- Piém 14 (250 phit): Van duy tri téc d6 thap (50 vong/phit).

- Piém 15 (270 phit): Ding han (0 vong/phut) — két thiic chu trinh thir nghiém.

Tém tit chu trinh van hanh.

- Tong thoi gian: 270 phut (4.5 gio).

- Cac giai doan chinh: Khéi dong dong co di¢n — tang tbc — on dinh toc dd cao —
giam téc — tai ting tbc — khoi dong dong co dbt trong — chay 6n dinh dong thoi dong
co dién va dong co d6t trong — giam toc — ding.

- Van téc quay cao nhat: 490 vong/phut (Piém 7).

- Thoi gian dong co di¢n hoat dong: 270 phut.

- Thoi gian dong co dbt trong hoat dong: 90 phut.

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Hudng dan: PSG.TS. Le:: Minh Buc
Nguyén Bang Truong; Nguyen Lé Anh Th; Nguyén Minh Duc. ThS. Nguyen Van Phuc
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Hinh 7.21 Chu trinh thyc nghiém trén mé hinh HEV néi tiép
Bang 7.2 S6 liéu chu trinh do thuc nghiém trén mé hinh HEV
MO HINH HEV
Piém Thoi gian ( phut) S6 vong quay ( v/p)
0 0 0
1 5 50
2 15 50
3 20 350
4 70 350
5 75 50
6 95 50
7 100 490
8 150 490
9 155 50
10 175 50
11 180 200
12 230 200
13 235 50
14 250 50
15 270 0
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7.4.2 Thir nghiém do tiéu hao nhién li¢u
7.4.2.1 Dung cu va thiét bi

5

Hinh 7.22 Dung cu do lugng ti€u hao nhién li¢u
Buret dugc sir dung dé do chinh xac luong tiéu nhao nhién li¢u. Bén canh do, dé do
duoc chinh xéc tdc d6 quay cua dong co theo chu trinh thi can phai sir dung dén thiét bi

do téc d6 quay chuyén dung.

Hinh 7.23 Dung cu do téc do uay cua dong co.

Thiét bi do duogc str dung dé do tbc d6 dong co trong qué trinh thir nghiém 13 may
HIOKI FT340. Véi kha niang do téc do tir 0,1 dén 99.999 vong/phut (RPM), dong thoi
dam bao do chinh xac cao va phan hoi nhanh. Thiét bi dugce tich hop man hinh LCD 16n,
dé doc, cung v6i kha ning luu trir gia tri do va hién thi gia tri 16n nhit, nho nhat va trung
binh.
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7.4.2.2 Cic bwéc tién hanh

Trude tién, ta phai danh diu luong nhién liéu hién tai dang c6 trong thing chira.

Hinh 7.24 Luong nhién liéu hién c6 trude khi thyc hién do.

Sau khi danh ddu duoc nhién liéu hién dang c6 trong thung, tiép dén ching ta tién
hanh cho dong co hoat dong. Viéc kiém soat toc do dong co theo chu trinh phai luén
duoc thyc hién. Str dung may HIOKI dé xéac dinh duoc tde do dong co da dat theo chu
trinh hay chua.

Hinh 7.25 St dung may do toc d (‘)n quay.
Str dung may do két hop duy tri dung khoang thoi gian va toc d6 vong quay dong co
gitip phan do dat dugc giam sat diing nhu chu trinh di dé ra.
Sau khi hoan thanh chu trinh do, sé théiy r0 dugc lugng nhién li€u tiéu hao sao voi ban

dau.
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oA ,
Hinh 7.26 Nhién li¢u ti€éu hao sau khi thir nghiém.

Budc cudi cung cua viée do lugng nhién li€u ti€u hao, sir dung buret d€ nap lai luong

nhién liéu trong thung chira da sir dung sao cho diing bang lugng da danh diu. Luong

nhién li¢u nap lai s€ 1a lugng nhién li¢u da ti€u thu. Tur d6 ta cé duoc két qua do luong

nhién liéu da tiéu hao cho lan thir nghiém theo chu trinh.

7.4.2.3 Két qud
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Lwong nhién liéu (ml)

1000

500

BIEU PO LUQNG NHIEN LIEU TIEU HAO
THU'C NGHIEM THEO CHU TRiNH

2924
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® Chu trinh mé hinh HEV néi tiép
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Biéu db thé hién rd duoc sy chénh léch vé lugng nhién li€u ti€u hao gitra hai chu trinh
thue nghiém. Sudt 270 phit chay thuc nghiém, chu trinh str dung dong co dét trong da
ti€u hao 2924ml nhién li€u, trong khi d6 v6i chu trinh thuc nghiém trén mé hinh HEV
ndi tiép thi lwong nhién liéu tiéu hao chi dat 1586ml. Diéu nay cho thiy duoc luong tiéu
hao ctia chu trinh mé hinh HEV ndi tiép giam twong duong 45.8%. Su chénh léch nay
chirng minh hi¢u qua tiét kiém nhién liéu vuot troi ciia hé théng HEV nbi tiép.

Két qua nay 1a mét trong nhiing co s quan trong dé khing dinh rang kién tric hé dong
luc HEV ndi tiép trén mo hinh thyc nghiém hoan toan dap g dugc muc tiéu tiét kiém
nhién liéu va nang cao hiéu suét sir dung ning luong so v6i cdu hinh truyén théng chi
st dung dong co dét trong (ICE). Viéc tiéu hao nhién liéu giam dang ké trong chu trinh
HEV chtng minh ring mé hinh khong chi hoat dong theo dung nguyén Iy 1y thuyét, ma
con thé hién hiéu qua ro rét trong diéu kién van hanh thyc té.

7.4.3 Thie nghiém do chi s6 phadt thdi
7.4.3.1 Dung cu va thiét bi

Thiét bi do khi thai HESH-BON HD-410

Hinh 7.27 Thiét bj do khi thai HESH-BON HD-410
Thiét bi do d6 khoi HESH-BON HD-410 1 dung cu chuyén dung dé danh gia muc do

khoi trong khi thai ciia dong co diesel, tir 6 xac dinh mirc d0 hoan thién qué trinh chay
va mirc 6 6 nhiém phat sinh ra méi truong. Day 1a cong cu quan trong trong cong tac
kiém dinh xe co gidi, bao dudng dinh ky, ciing nhu trong hoat dong nghién ctru va giang
day lién quan dén cong nghé dong co.

Thiét bi duoc cdu tao tir nhiéu bd phan chinh hoat dong phdi hop nham do chinh xac
d6 khoi cuia khi thai dong co diesel. Khi thai sau khi duoc dua vao budng do quang hoc
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(smoke chamber) s& di qua mot hé théng ngudn sang va cam bién quang hoc, noi thiét
bi danh gia muc do che khuét anh sang do khoi gay ra. Tin hi¢u thu dugc s€ duogc bd vi
xtr 1y xtr Iy va hién thi trén man hinh k¥ thuat s6 dudi dang cac chi sé nhu HSU, %
opacity hodc m~ . Nguyén 1y hoat dong cua thiét bi da trén hién twong hap thy va tan
xa anh sang ctia khoi; khi anh sang di qua ludng khi thai, phan anh sang bi suy giam s&
dugc do va quy doi thanh gia tri thé hién muc do khoi.

Thiét bi d6 tbe d6 HIOKI FT3405

Hinh 7.28 Thiét bi do toc do HIOKI FT3405
Gidng nhu thir nghiém do tiéu chuan khi thai, viéc do cac chi sd phat thai ciing phai
can do chinh xéac cua toc d6 vong quay theo chu trinh. Vi viy, thiét bi do HIOKI s& tiép

tuc dugc su dung.

7.4.3.2 Cidc bwéc tién hanh

Chuan bi trudc khi do:

M4y do HESH-BON HD-410: Khoi dong va kiém tra may c6 dang hoat dong binh
thuong hay bi bao 13i, thiét 1ap ché do do phu hop, dam bao khong khi trong 6ng do 1a
trong sudt.

May do toc dd6 HIOKI FT 3405: Bat may va chinh vé than do phu hop, Dan miéng
phan quang & vi tri can Do

Pong co: Pam bao dong co ¢ trang thai vA hanh 6n dinh (nhiét d6 1am viéc binh
thuong)

Sinh \:ién thuc hién: Lé MinhNHung; Lé Vi Béo; y Huodng dan: PSG.TS. L§ Minh Buc
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i

’ Hinh 7.29 Qua trih do kié khi thai trén m6 hinh

Tién hanh:

- Cam 6ng do cia may do khi thai vao dng xa ctia dong co.

- Khoi dong dong co ddt trong va cho dong co chay dén sé vong tua can do

- Kiém tra vong tua dong co bang may do toc do

- Khi dong co dat dén sb vong tua yéu cau thi bat dau thu thap so liéu phat thai

- Po kiém nhiéu 1an dé thu thap két qua va hiéu chinh dé két qua c6 dugc 1a chinh xac
nhat.

- Luu dir li¢u do va so sanh céc két qua.

& Opacity Smoke Meter (Ver. 03) E = @
‘ Main wAcceleratur Test “ Continuous Test ﬁ Database Q Setup ” Exit
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Hinh 7.30 Man hinh hién thi két qua do phat thai.
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7.4.3.3 Két qud
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Biéu d6 thé hién su so sanh hé sd khéi (%) theo thoi gian gitta hai chu trinh thir. Chu
trinh thuc nghiém dong co dét trong va chu trinh thuc mé hinh HEV nbi tiép. Két qua
cho thdy mé hinh HEV ¢6 chi sd phat thai thap hon dang ké so voi dong co dbt trong
ICE trong phan 16n thoi gian chu trinh. Trong céac giai doan van hanh, thoi gian phat thai
ctia chu trinh thuc nghiém dong co dét trong ICE ludn c6 khoang thoi gian duy tri phat
thai tai s6 vong quay 800rpm. Ca hai chu trinh déu dat mc phat thai dot ngot 1én t6i
khoang 1.7%, tuy nhién diéu khac biét & day chu trinh HEV hau nhu khong phat sinh
khi thai trong 175 phat ddu va hon 50 phuat duy tri hoat dong ¢ sé vong quay 1500
vong/phiit ctia ddng co ddt trong. Diéu nay cho thy su chénh l1éch 15 vé téng thoi gian
phat thai giira hai chu trinh. Mit khac, hé s6 khéi cua toan bo hai chu trinh déu nim
trong gidi han cho phép cua tiéu chuin qudc gia vé gidi han khi thai 6 t6 di ban hanh
nam 2018 (TCVN 6438:2018).

Tong thé, biéu do cho thiy chu trinh thuc nghiém trén mé hinh HEV néi tiép co kha
ning giam phat thai rd rét, ca vé cudng do va thoi lwong phat sinh khi thai. Diéu nay
minh chtng cho hiéu qua trong viéc giam phat thai 6 nhiém cua hé thong hybrid ndi tiép

trong diéu kién van hanh thuc té.
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7.5 Thao luan vé mé hinh thuc nghiém

Mo hinh hé théng HEV nébi tiép duoc xay dung nhim muc dich kiém chtng cac giai
phap thiét ké hé dong luc hybrid nbi tiép trén nén tang xe tai nhe. M6 hinh bao gdém cac
thanh phan chinh: déng co ddt trong, may phat dién, dong co dién, hé thdng luu trit ning
luong va hé théng diéu khién. Cac thanh phan duogc két ndi v6i nhau nham dap tmg cac
diéu kién van hanh mé6 phong tuong tu thuc té. Bén canh do, chu trinh thyc nghiém dugc
xay dung dé do tiéu hao nhién liéu va chi sd phat thai 6 nhiém trong nhiéu pha tai khac
nhau.

Két qua thu duoc cho thiy hé thong hybrid nbi tiép c6 kha ning van hanh linh hoat,
dic biét hiéu qua trong cac giai doan dong co ddt trong co thé ngimg hoat dong hoan
toan. Viéc van hanh chi yéu bang ning luong dién trong cac pha nay giup giam rd rét
mitc tiéu hao nhién liéu va khi thai phat sinh. Pong thoi, hé thong diéu khién thé hién
kha niang phan hoi nhanh va phdi hop t6t giita cac thanh phan trong chu trinh thyc
nghiém. Qua céac dot thir nghiém, mo hinh ciing cho thay tinh 6n dinh dung véi yéu cau
k¥ thuat va chién lugc van hanh dit ra ban du.

Tir két qua mé hinh thtr nghiém, c6 thé khang dinh rang ciu tric HEV ni tiép 13 mot
giai phap kha thi va hiéu qua ddi véi cac loai xe thuong mai nhe nhu KIA Frontier K200,
d6ng thoi mo ra hudng nghién ctru phat trién hé dong luc xanh va tiét kiém nang luong
trong thuc tién. Trong twong lai, md hinh c6 thé duoc md rong dé tich hop thém cac yéu

t6 toi vu hoa diéu khién va danh gia thém trong cac diéu kién van hanh khic nghiét hon.
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KET LUAN

Muc tiéu cta do 4n 1a thiét ké dong lyc hybrid trén co s& xe tai nhe KIA Frontier K200,
v6i dinh huéng nang cao hiéu suat van hanh, tiét kiém nhién liéu va giam phat thai khi
gy 0 nhiém moi trudng. Pham vi nghién ctru bao gém khéo sat, phan tich, tinh toén,
mo phong va thir nghiém hé dong luc hybrid nham kiém chimg tinh kha thi va hiéu qua
clia giai phap dé xuét.

Céc thanh phan chinh nhu dong co dién, may phat va pin duoc tinh toan chon dap ting
duoc yéu cau cong suét va hiéu suét. Dong co dién dugce str dung 1a loai c6 cong suét la
80kW TZ-280-X-S-GAO05 va may phat voi cong suat 40kW GDF — 180. Dung luong
pin duogc tinh toan trén Matlab dya theo chu trinh WLTC class 3 dé tinh toan s6 lugng
pin dap tng yéu cau vé cong suat. Tong sb pin can dung 13 2002 cell NCR18650GA véi
dién ap 3.7V, dung lugng 3500mAh va hé s6 C-rate 3C. B0 tri lép dat pin trén xe vdi 3
pack pin ldp chong 1én nhau. Hé thdng kiém soat nhiét 6 pin v6i phuong phap 1am mat
cudng bue bang khong khi, khoang cach giita cac té bao pin can duoc lya chon toi wu 4 mm
va quat lam mat v&i cong suat ~60W véi toe do quay 20000 v/ph. Qua trinh danh gia
kha ning 1am mat pin duoc mo phong rd rang va cu thé théng qua phan mém Ansys.

Sau khi b6 tri hé dong luc 1én khung xe, qua trinh tinh bén tinh khung K200 HEV
duoc tién hanh. Tir d6, nhan dinh duge cac thong s6 vé ung Suét, chuyén vi, bién dang.
Gia tri Gmg suét 16n nhat do duoc sau khi mé phong khung K200 HEV 13 325 [MPa] nho
hon gié trj tng sudt gidi han cta vat liéu, gia tri chuyén vi 2,5 [mm] trong khoang chuyén
vi cho phép. Lam co s& danh gia kha niang chiu tai ciia khung trong diéu kién tinh, cho
phép du doan vi tri nguy hiém can gia c¢6. Bén canh d6, mé phong va cham dong an toan
pack pin ciing duoc thuc hién. Ung suét ctua khung pin dat ngudng 179 [MPa] va 280
[MPa] trong hai trudng hop va cham bén hong va sau dudi, nhung van chua vuogt qua
g suat vt lidu cho phép cua khung 1a 461[MPa]. Chuyén vi ciia khung pin dat trong
khoang tir 17 [mm] dén 72 [mm], cho thdy khung c¢6 chuyén vi 16n nhung van dam bao
d6 an toan ctia khung pin. V& va cham bén hong, phuwong 4n dé xut ting cirng ving gia
dd nhip bang tdm thép day hon va gan gia cudong dé phan tan lyc, dam bao an toan, tdi
wu chi phi. Vé va cham bén hong, phuong an dé xuat thay thanh sau khung xe (duong
kinh 50 [mm]) bang thép hop 100x50x3 [mm] dé ting do bén cho phan dudi sau cia
khung. Viéc xay dung hé thong diéu khién cac ché d6 van hanh cia xe hybrid nbi tiép
la diéu khong thé thiéu. Trén co s& cac thong sé tinh toan va cic so dd thuat toan da
thiét 1ap, hé thong duoc md phong bang 1ap trinh trong moi truong MATLAB theo chu

trinh WLTC class 3. Két qua mo phong cung cip duoc cac dir liéu nhu: Van tdc cua xe,
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cong sudt may phat, cong suit dong co dién, va ning luong pin. Cac sb liéu mé phong
cho thiy hé théng dap ing duoc cac yéu cau van hanh.

Khong chi dung lai ¢ viéc nghién ctru tinh todn va mo phong, nhom con xay dung
dugc mdt mo hinh thuc nghiém nham danh gia chi tiét hiéu qua hoat dong cua hé théng
HEV ndi tiép. M6 hinh duoc xay dung véi cac thanh phan chinh va hé thong diéu khién
mo ta ding nhu thyc té. Sau khi mé hinh dugc hoan thién, nhom di tién hanh do dat
kiém tra duoc cc thdng s6 nhu tiéu hao nhién liéu, chi s6 phat thai 6 nhém dé so sanh
r& rang khi hoat dong trén dong co ddt trong va hoat dong trén mo hinh HEV ndi tiép
theo chu trinh da dé ra. Két qua do cho thay su chénh 1éch 16 rang khi chay trén mé hinh
HEV ndi tiép, khi giam dén 45.8% luong nhién liéu tiéu hao va hé sd khoi phat thai trén
tong thoi gian chi hon 1/3 cta chu trinh thir nghiém chay bang dong co dbt trong. Su
két hop giita két qua mo hinh thyc nghiém va tinh toian mo phong khong chi ching minh
d6 chinh x4c cua 1y thuyét ma con khang dinh tinh kha thi trong viéc trién khai hé thong
HEV ndi tiép vao thuc té.

Db an d3 hoan thanh toan dién tir khau khao sat, thiét ké, tinh toan dén mo phong va
xay dung mo hinh thyc nghiém hé dong lyc hybrid ndi tiép trén co s& xe tai nhe. Viéc
tich hop dong bo giita cac thanh phan nhu dong co dién, may phat, pin va hé thong diéu
khién da cho thy hiéu qua rd rét trong viéc giam tiéu hao nhién liéu va phat thai khi 6
nhiém. Két qua mo phong va thyc nghiém khong chi tring khép, bd trg 1dn nhau ma con
13 minh chimg thuyét phuc cho tinh ding dan va kha thi ciia phuwong an dé xuét. Thanh
cong ctia dé tai khong chi dung lai & viéc 1am chu k¥ thust mé hinh hoa hé hybrid nbi
tiép ma con gop phan cung cip nén tang k¥ thudt dang tin cdy cho viéc tmg dung thuc
té trén cac dong xe thuong mai tai Viét Nam. Day 1a bude tién quan trong hudng dén
phat trién phuong tién giao thong than thién vi moi truong, tiét kiém ning luong va

phu hop véi xu hudng cong nghé xanh hién dai.
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PHU LUC 1

Code diéu khién hé théng lam mat:

#include <Wire.h>

#include <Adafruit_GFX.h>

#include <Adafruit_SSD1306.h>

#define SCREEN_WIDTH 128

#define SCREEN_HEIGHT 64

#define OLED_RESET -1

#define SCREEN_ADDRESS 0x3C

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);
#define LM35 1 _PIN 34 // Chan GPIO35 cho LM35 s6 1 (ADC1_7)
#define LM35 2 PIN 35 // Chan GPIO34 cho LM35 s6 2 (ADC1_6)
#define LM35_3 PIN 32 // Chan GPIO32 cho LM35 s6 3 (ADC1_4)
#define LM35_4 PIN 33 // Chan GPIO33 cho LM35 s6 4 (ADC1_5)
#define RELAY 1 PIN 13 // Chan GPIO13 cho Relay 1

#define RELAY 2 PIN 12 // Chan GPIO12 cho Relay 2

#define RELAY 3 PIN 14 // Chan GPIO14 cho Relay 3

#define RELAY_4_PIN 27 // Chan GPIO27 cho Relay 4

void setup() {

Serial.begin(115200);

if (display.begin(SSD1306_SWITCHCAPVCC, SCREEN_ADDRESYS)) {
Serial.printin(F("SSD1306 allocation failed"));
for (3;);

}

display.display();

delay(2000);

pinMode(RELAY_1_PIN, OUTPUT);

pinMode(RELAY_2 PIN, OUTPUT);

pinMode(RELAY_3_PIN, OUTPUT);

pinMode(RELAY _4 PIN, OUTPUT);

digitalWrite(RELAY_1_PIN, LOW);
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digitalWrite(RELAY_2_PIN, LOW);
digitalWrite(RELAY_3_PIN, LOW);
digitalWrite(RELAY_4_PIN, LOW);

void loop() {

float temperaturel = readTemperature(LM35_1 PIN);
float temperature2 = readTemperature(LM35_2 PIN);
float temperature3 = readTemperature(LM35_3 PIN);
float temperature4 = readTemperature(LM35_4 PIN);

Serial.print("T1: ");
Serial.print(temperaturel, 1);
Serial.print(" °C, T2: ");
Serial.print(temperature2, 1);
Serial.print(" °C, T3: ");
Serial.print(temperature3, 1);
Serial.print(" °C, T4: ");
Serial.print(temperature4, 1);
Serial.println(" °C");
display.clearDisplay();
display.setTextSize(2);
display.setTextColor(SSD1306_WHITE);
display.setCursor(0, 0);

display.print(*T1: *);
display.print(temperaturel, 1);
display.printin(" C");
display.print("T2: ");
display.print(temperature2, 1);
display.printin(" C");
display.print("T3: ");
display.print(temperature3, 1);
display.printin(" C");
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display.print("T4: ");
display.print(temperature4, 1);
display.printin(" C");
display.display();

controlRelay(RELAY_1 PIN, temperaturel, 40.0); // Relay 1 theo nhiét @6 T1
controlRelay(RELAY 2 PIN, temperature2, 40.0); // Relay 2 theo nhi¢t do T2
controlRelay(RELAY 3 PIN, temperature3, 40.0); // Relay 3 theo nhi¢t 4o T3
controlRelay(RELAY 4 PIN, temperature4, 40.0); / Relay 4 theo nhiét 4o T4

delay(2000);
¥
float readTemperature(int pin) {
int adcValue = analogRead(pin); // Poc gia tri ADC
float voltage = adcValue * 3.3 / 4095.0; / Chuyén dbi sang dién ap (3.3V, 12-bit ADC)
float temperature = voltage * 100.0 + 10 ; // LM35: 10mV/°C

return temperature; // Tra vé gia tri nhiét do

void controlRelay(int relayPin, float temperature, float threshold) {
if (temperature >= threshold) {
digitalWrite(relayPin, HIGH); // Kich hoat relay (dong relay)
Serial.print("Relay ON (*);
Serial.print(relayPin);
Serial.printin(*)");
}else {
digitalWrite(relayPin, LOW); // Tét relay
Serial.print("Relay OFF (*);
Serial.print(relayPin);
Serial.printin(*)"™);

¥
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PHU LUC 2

Code diéu khién phanh tai sinh:

#define INPUT_PIN 4
#define RELAY_PIN 18

void setup() {
Serial.begin(115200);
pinMode(RELAY_PIN, OUTPUT);
digitalWrite(RELAY_PIN, LOW);

}

void loop() {
int rawValuel = analogRead(INPUT_PIN);
float voltagel = (rawValuel / 4095.0) * 3.3;
delay(200);
int rawValue2 = analogRead(INPUT_PIN);
float voltage2 = (rawValue2 / 4095.0) * 3.3;

Serial.print("Pau vao 1: ");
Serial.print(voltagel, 3);
Serial.print(" V | Pau vao 2: ");
Serial.print(voltage2, 3);
Serial.printin(" V");

if (voltagel >= 0.5 && voltagel <=0.8) {
digitalWrite(RELAY_PIN, HIGH);
Serial.printin("Relay duoc kich hoat.");

} else if (voltagel > voltage2 * 1.04) {
digitalWrite(RELAY_PIN, HIGH);
Serial.println("Relay dugc kich hoat.");

}else {
digitalWrite(RELAY _PIN, LOW);
Serial.printIn("Relay khong dugc kich hoat.");

¥
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delay(300);
}
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PHU LUC 3

Code Matlab mé phong hé thong hybrid:
clear; clc;

m = 3995; % kg

g =9.81,

Cd =0.6; A=3.675; Cr=0.018;
r_wheel = 0.27; gear_ratio = 3.727;

eff motor =0.95;

P_motor_max =80e3; %W

T _motor_max =240; % Nm

eff gen  =0.95;

P_gen_max =40e3; %W

V_batt =570, %V

C batt =455, % Ah

SOC =0.8; % khoi tao

SOC _min  =0.6;

SOC _max =0.8;

capacity = C_batt * V_batt * 3600; % J
data = readmatrix(‘'wltp_cycle.csv'); % [Time (s), v (m/s)]
time = data(:,1);

v =data(:,2);

dt =1,

N =numel(time);

P_motor =zeros(1,N);
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P_gen  =zeros(1,N); P_gen(1)=0;
SOC_arr = zeros(1,N);
ICE_on =false;
tau_gen = 10;
fori=2:N
acc = (v(i)-v(i-1)) / dt;
F_roll =m*g*Cr;
F_aero =0.5*1.225*Cd*A*v(i)"2;
F_inertial = m*acc;
F total =F roll + F_aero + F_inertial;
T req =F total *r_wheel / gear_ratio;
omega_m = v(i)/r_wheel * gear_ratio; % [rad/s]
T _lim_by power = P_motor_max / max(omega_m,1e-3);
T _max_eff =min(T_motor_max, T_lim_by power);
Tm = max(min(T_req, T_max_eff), -T_max_eff);
Pm =Tm * omega_m;
P_motor(i) = Pm;
if SOC < SOC_min
ICE_on =true;
elseif SOC > SOC_max
ICE_on = false;
end

if ICE_on

soc_ratio =(SOC_max - SOC)/(SOC_max - SOC_min);
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Pgen_target = min(P_gen_max, soc_ratio*P_gen_max);
else
Pgen_target = 0;

end

P_gen(i) = P_gen(i-1) + (dt/tau_gen)*(Pgen_target - P_gen(i-1));

P_gen(i) = max(0, min(P_gen(i), P_gen_max));

P_batt = Pm/eff_motor - P_gen(i)*eff_gen;

SOC = SOC - P_batt*dt/capacity;

SOC = max(min(SOC,1),0);

SOC _arr(i) = SOC;
end
figure; plot(time, P_motor/1000,'b"); grid on; xlabel("'Time [s]");
ylabel('Motor [kW]'); title('Cong suit dong co dién');
figure; plot(time, P_gen/1000,'r"); grid on; xlabel('Time [s]");
ylabel('Gen [kW1]"); title('Cong suit may phat');
figure; plot(time, SOC_arr*100,'k"); grid on; xlabel('Time [s]");
ylabel("SOC [%]"); title('Trang thai sac pin');
figure; plot(time, v*3.6,'c"); grid on; xlabel("Time [s]);

ylabel('Speed [km/h]"); title('Téc do xe');
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PHU LUC 4

Code hé thong diéu khién dong ngit dong co ddt trong:

#include <Arduino.h>

#include <Wire.h>

#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>

#define HALL_SENSOR1 34 // Dong co dbt trong
#define HALL_SENSOR2 32 // May phat
#define HALL_SENSORS3 33 // Bong co dién

#define RELAY_PIN1 19
#define RELAY_PIN2 23
#define RELAY_PIN3 27

#define VOLTAGE_SENSOR_PIN 35
#define DAC1_PIN 25 // GP1025
#define DAC2_PIN 26 // GP1026

#define SCREEN_WIDTH 128
#define SCREEN_HEIGHT 64
Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, -1);

volatile int pulseCountl = 0;
volatile int pulseCount2 = 0;
volatile int pulseCount3 = 0;

unsigned long lastMillis = 0;
float rpm1 =0, rpm2 =0, rpm3 = 0;

#define PULSES_PER_REV 1

unsigned long relayStartMillis = 0;
bool relay3Activated = false;
unsigned long relaylStartMillis = 0;
bool relaylActive = false;

void IRAM_ATTR hallSensorlinterrupt() { pulseCountl++; }
void IRAM_ATTR hallSensor2Interrupt() { pulseCount2++; }
void IRAM_ATTR hallSensor3interrupt() { pulseCount3++; }

void setup() {
Serial.begin(115200);

pinMode(RELAY_PINZ1, OUTPUT);
pinMode(RELAY_PIN2, OUTPUT):
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pinMode(RELAY_PIN3, OUTPUT);
pinMode(VOLTAGE_SENSOR_PIN, INPUT);

pinMode(HALL_SENSOR1, INPUT_PULLUP);
pinMode(HALL_SENSOR?2, INPUT_PULLUP);
pinMode(HALL_SENSOR3, INPUT_PULLUP):

pinMode(DAC1_PIN, OUTPUT);
pinMode(DAC2_PIN, OUTPUT);

attachiInterrupt(digitalPinTolnterrupt(HALL_SENSOR1), hallSensorlinterrupt, FALLING);
attachInterrupt(digitalPinTolnterrupt(HALL_SENSOR2), hallSensor2Interrupt, FALLING);
attachiInterrupt(digitalPinTolnterrupt(HALL_SENSOR3), hallSensor3interrupt, FALLING);

if (Idisplay.begin(SSD1306_SWITCHCAPVCC, 0x3C)) {
Serial.println(" Khong tim théy man hinh OLED!");
while (true);

}

display.clearDisplay();

display.setTextSize(1);

display.setTextColor(WHITE);

}

void loop() {
int sensorValue = analogRead(VOLTAGE_SENSOR_PIN);
float voltage = (sensorValue / 4095.0) * 3.3 * 5.522;

Serial.print("Sensor Voltage: *);
Serial.print(voltage);
Serial.printin(" V");

if (millis() - lastMillis >= 1000) {
rpm1l = (pulseCountl * 60.0) / (PULSES_PER_REV * 2);
rpm2 = (pulseCount2 * 60.0) / (PULSES_PER_REV * 2);
rpm3 = (pulseCount3 * 60.0) / (PULSES_PER_REV * 2);

Serial.print("RPM (Bdng co chinh): "); Serial.println(rpm1);
Serial.print("RPM (M4y phat): "); Serial.println(rpm2);
Serial.print("RPM (DPong co dién): "); Serial.println(rpm3);

display.clearDisplay();

display.setTextSize(1);

display.setCursor(0,5);

display.print("ICE: "); display.print((int)round((rpm1/1.5) / 100) * 100); display.printin(*
RPM™);

display.printin(" ");

display.print("Motor: "); display.print((int)rpm2); display.printin(* RPM");

display.printin(" ");
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display.print(*Voltage: "); display.print(round(voltage * 10) / 10.0, 1); display.print(" V");
display.display();

if (voltage < 11.8) {
if (frelay3Activated) {
digitalWrite(RELAY_PIN3, HIGH);
relayStartMillis = millis();
relay3Activated = true;

}

if (relay3Activated && (millis() - relayStartMillis >= 3000)) {
if (rpm1 >=500) {
digitalWrite(RELAY_PIN1, LOW);
digitalWrite(RELAY_PIN2, HIGH);
digitalWrite(RELAY_PIN3, LOW);
Serial.printin("RPM > 500. SAC PIN.");

dacWrite(DAC1_PIN, round(1.505 / 3.3 * 255));
dacWrite(DAC2_PIN, round(0.768 / 3.3 * 255));

}else {
digitalWrite(RELAY_PIN1, HIGH);

digitalWrite(RELAY_PIN2, HIGH);
digitalWrite(RELAY_PIN3, LOW);
Serial.printIn("Voltage thap. KHOI DONG ICE.");

dacWrite(DAC1_PIN, round(0.76 / 3.3 * 255));
dacWrite(DAC2_PIN, round(0.4 / 3.3 * 255));

if (IrelaylActive) {
relay1StartMillis = millis();
relaylActive = true;
}
¥
}
¥

else {
relay3Activated = false;

¥

if (voltage >=11.8) {
if (voltage >=13) {
digitalWrite(RELAY_PIN1, LOW);
digitalWrite(RELAY_PIN2, LOW);
digitalWrite(RELAY_PIN3, LOW);
Serial.printin("DA SAC DAY.");

dacWrite(DAC1_PIN, 0);
dacWrite(DAC2_PIN, 0);
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}else {
digitalWrite(RELAY_PIN1, LOW);

digitalWrite(RELAY_PIN2, HIGH);
digitalWrite(RELAY_PIN3, LOW);
Serial.printin("DANG SAC PIN.");

dacWrite(DAC1_PIN, round(1.505 / 3.3 * 255));
dacWrite(DAC2_PIN, round(0.768 / 3.3 * 255));

¥
¥

if (relaylActive && (millis() - relaylStartMillis >= 3500)) {
digitalWrite(RELAY _PIN1, LOW);
Serial.println("Relay 1 d4 tat sau 3.5 giay");
relaylActive = false;

}

pulseCountl = 0;
pulseCount2 = 0;
pulseCount3 = 0;
lastMillis += 1000;

delay(100);
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PHU LUC5

Code tinh toan nang lugng pin

% Tham sd tinh toan ning luong pin
g gp

M = 3995;

g =9.81,
grade = 0;

fl = 0.016;
Af = 3.675;
Cd =0.6;

rho = 1.225;
deltal = 1.05;
Q =23266;
cycle = 1800;
Paux = 389;
np =0.9;

Dv = 60;

Sinh vién thyc hién: L& Minh Hung; Lé Vii Bao;

% Khéi lugng cua xe (kg)

% Gia toc trong luc (m/s"2)

% Goc dbc ctia duong (d0)

% Hé s6 ma sat lan

% Dién tich mat cat ctia xe (m”2)

% Hé s can khi dong hoc

% Mat do khong khi (kg/m”3)

% Hé sb quan tinh xoay

% Quang duong chu trinh mé phong (m)
% Thoi gian chu trinh mo6 phong (s)

% Cong suat tai gian doan (W)

% Hiéu suét chuyén doi dién ning thanh co ning

% Quang duong di chuyén mong mubn (km)

Huéng dan: PSG.TS. Lé Minh Dtc

Nguyén Ding Truong; Nguyén Lé Anh Ta; Nguyén Minh Dic. ThS. Nguyén Vin Phuc
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