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ABSTRACT

From the outstanding characteristics of electric and hybrid vehicles, the
research team studied the electric vehicle model with E-REV, using its
features to evaluate the practical applicability of small cars operating in urban
areas. This study aims to design a small 4-seat electric vehicle combined with
a gasoline engine to extend the travel distance on a single charge. To simplify
the structure and control program, the electric motor and the internal
combustion engine are designed to be connected in a series architecture. The
E-REV has been simulated to size the range extender by studying the system's
behavior under different drive cycles. A range-extended electric vehicle
control algorithm was developed to control the operation of the engine and
generator set relative to the state of charge (SOC) of the battery pack. The
main objective of the developed algorithm is to maintain the SOC of the
battery pack between certain limits predefined by the programmer.

Ung Dung Matlab/ Simulink Trong Tinh Toan va Mé Phong Xe Pién Kiéu E-REV
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TU KHOA

E-REV;

Xe dién,;

Xe lai;

Chién thuét didu khién;

Ché d6 sac.

TOM TAT

Tir céc tinh nang wu viét cta xe dién va xe lai, nhém nghién ctru dé xuat mo
hinh xe dién E-REV, tir cac tinh ning ndy nhom nghién ctru thyc hién tinh
toan, mo hinh hoa, mod phong nhiam danh gia kha ning ap dung thyc tién trén
xe nhd hoat dong trong khu vuc thanh thi. Muc ti€u cua nghién ctru nay 1a
thiét ké kiéu xe c& nho 04 chd bang dién két hop v6i dong co xang nham kéo
dai quiang duong di chuyén trong mot 1an sac. Nham don gian hoa két ciu
va chuong trinh diéu khién, dong co dién va dong co dbt trong duoc thiét ké
két ndi kiéu nbi tiép. Tinh toan, md phong E-REV dé chon kich thudc phu
hop yéu cdu va thoa min cac chu trinh thir. D& xudt thuat toan diéu khién xe
E-REV d diéu khién hoat dong ctia dong co va may phat dién dam bao trang
thai sac (SOC) cua b pin. Myc ti€u chinh cta thuat toan dugc phat trién 1a
duy tri SOC ctia b pin gitta cac giéi han theo yéu cau xac dinh trude.
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1. Gigi thiéu

Vi da phuc hoi kinh té toan cau sau dai dich Covid-19, nhu cau sir dung nang luong cho cac ngénh
cong nghiép lai cang tang cao, dan dén mot cudce khing hoang ning lugng toan cau moi da va dang dién
ra. Nguon cung dau mo, khi d6t khong dép tmg du, chinh vi vay bét budc cac nude phat trién phai

chuyen minh tir ngudn nhién liéu hoa thach sang mot ngudn ning luong méi dam bao hon, khong gay
6 nhidm méi truong - d6 chinh 1a cac ngudn ning lwong tai tao.

Nganh cong nghiép 0 t0 cling bi anh huong nghiém trong trong cudc khung hoang toan cau nay. Xe
0 t6 vo1 ngudn nang lugng mai dang la muc tiéu hang dau cua cac nha nghién ctru va ché tao 6 t& ngay
nay. C6 nhiéu giai phap da dugc cong bd trong nhitng nim gan day, nhu: sir dung cac loai nhién liéu
khong truyén théng cho 0 t6 nhu LPG, khi thién nhién, methanol, biodiesel, di¢n, pin nhién li¢u, nang
luong mat troi, 6 t0 lai (hybrid), ...

Trong bdi canh d6, 6 td dién hinh 1 dwoc rat nhiéu nha san xuét 6 t6 xem nhu 1a xu huong séng con
trong giai doan chuyén minh nay, vira giam duoc nguy co can ki¢t nhién lidu vira don dau vé xu thé phat
trién théng minh, 6 t6 sach, nham dap tng kha nang tuy bién, cac tiéu chudn méi truong khat khe [1].

Banh xe

Ac quy — — 5] MOtoOVa |eummms

. Vo lova Hop s6
cao ap bo d6i dién

Banh xe

Hinh 1. So d6 cdu tric xe dién

Tuy nhién, nhuge diém cb hiru cta xe dién 1 quing duong di chuyén trong mét 1an sac van con gidi
han, chung ta can kéo dai quing dudng nay cang dai cang tot. C6 nhiu giai phap thuc hién trong d6
chung ta c6 thé két hop voi su tién dung cua dong co dbt trong dé khic phuc nhuge diém nay [2]. Bai
bao nay tap trung nghién ciru thuat toan diéu khién, tinh toan cac thong sé thiét ké va mé hinh hoa, mo
phong kiéu E-REV. (Extended - Range Electric Vehicle).

2. Gigi thiéu vé E-REV

Extended - Range Electric Vehicles (E-REV) 1a mot loai xe dién sir dung thém dong co nhiét (ICE)
cong suat nho nham kéo dai thém quang duong ctia xe dién. E-REV véi tién than 1a xe dién Plug-in
Hybrid Vehicle (PHV) c6 cau trac kiéu nbi tlep dic biét [3]. Viéc két hop nay tan dung ca loi thé giita
xe nhién liéu truyén théng va xe dién, gop phan giam phat thai 6 nhidm méi trudng ctia dong co nhiét
va giai quyét vin dé han ché quang duong di chuyén cia xe dién [4].

2.1. Nguyén ly hogt dong E-REV

E-REV hoat dong hoan toan bang cong suit cua dong co dién va mot phan ma rong pham vi quéng
duong di chuyén Xxe bang dong co nhiét. Trong qua trinh di chuyén, ban déu xe duoc dan dong béng
dong co dién v6i dc quy cao ap da duogc sac diy tir mang ludi dién va sau do dai quang duong nhat dinh,
dong co nhiét hoat dong dua xe vao trang thai m¢ rong pham vi quang duong dé tlep tuc hanh trinh.
Nhién liéu l6ng c6 thé d6 ddy tai nhitng tram nhién liéu tiéu chuan, cho phép xe hoat dong nhu mot
phuong tién thong thuong [5].

B m6 rong quéng duong thuong cung c?ip cong suét trung binh theo chién thuat didu khién cua bo
diéu khién, vi vay dong co nhiét dugc thiét ké nho, gon, nhe gitp giam tiéu thy nhién lidu, tiéng 6n, do
rung cuc bd va phat thai so voi xe thuin nhién liéu truyén thong c6 cing cong suét.
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2.2. Cac bg phdn chinh va dwong truyén cong sudt
E-REV gom cac bo phan chinh [6]:

Hinh 2. Puong truyén cong sudt truyén cong sudt ciia E-REV

e Dong co dién: 1a ngudn dan dong chinh, nhan dién nang tir 4¢ quy cao &p va chuyén thanh co ning
tryc tiép dan dong banh xe.
e Ac quy cao &p: la thiét bi luu trit ning lwong cho xe dugc sac tir mang ludi dién va tir bo mao rong
pham vi khi SOC thép, tao ra dong niang lugng dii 16n cung cap cho dong co dién.’
e Bo md rong pham vi: bao gom dong co nhiét ¢& nho va may phét cung cip dién ning nap cho ac quy
cao ap khi xe & vung mé rong pham vi hoat dong.
e B diéu khién: 1a bo phan cét I8i cia E-REV, nhan cac tin hiéu dau vao tinh toan dua ra chién thuat
diéu khién phu hop cho mé to, dong co nhiét, may phat, ...
e B0 chuyén dbi dién ap: chuyén d6i dién ap tir may phat dé diéu khién dong co va nap cho 4c quy cao
ap.

Dong truyén cong suit va cau tric xe E-REV duoc thé hién qua hinh 2.
2.3. Cac ché dé hoat dgng

E-REV c6 ba ché do co ban hién thi trén hinh 3. Khi xe bit ddu hanh trinh véi ic quy cao 4p SOC
gan 100% hoat dong nhu mot chiée xe dién thuan tay va duoc sac lai mot phan sau méi lan phanh tai
sinh hoat dong (Vung I). Khi ac quy cao ap xudng thap véi SOC dinh sin (duge danh du bang duong
thang nam ngang tai ba mirc Cao, Trung binh va Thap), xe chuyén sang ché ¢ mé rong pham vi (Ving
IT). Lic nay ICE dwoc bat va tat theo chién thuat cua bo didu khién dé 4c quy cao ap duogc giit trong mirc
SOC giéi han giita dwong mirc Cao va mic Thap. Sau hanh trinh, dc quy cao ap duoc sac ddy 100%
bang ngudn dién lay tir ludi dién (Vang I11).

I Il I

o oo 4 S A i Trung binh
g1t ey 'Thép
l

-

Hinh 3. Céc ché dg hoat déng cua E-REV [7]
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Vung I: Ché do thuan dién (CD)
Vung 11: Ché 6 ma rong (CS)
Vung IV: Ché do sac tir ludi dién
3. Tinh toan, thiét ké E-REV
Thiét ké hé thong truyén lyc dé dam bao xe dat dugc higu suat mong mudn nhu kha ning ting toc,
kha nang leo doc, toc do cuc dai... Thiet kf: truyén dong mo to kéo, dong co nhiét, may phat dién, ac quy
cao ap va cac khaop noi dién la nhitng phan trong tam cua E-REV gilp hé thong hoat dong 6n dinh va
hiéu qua.
Yéu cau thiét ké xe thoa cac diéu kién va théng sé nhu bang 1:

Bang 1. CAc thdng sé thiét ké xe.

Danh muc Gia tri
S6 chd ngdi (ké ca nguoi 1ai) 04
Trong lugng toan bd xe M =500 kg
Thoi gian tang toc 0-40km/h <25 (9)
Téc do tdi da 50 km/h
Téc @6 trung binh 40 km/h
Dién tich can gid 1m?
Thong sb banh xe 155/70R14
Ti sb truyén cuc dai 10

Tir d6 tinh toan chon cac thdng sé dong co dién, 4c quy cao ap, dong co nhiét va may phat phu hop
nhu sau:

3.1. X&c dinh cong sudt dinh mirc ciia djng co dign:

Cong suat cyc dai cua xe 1 V,,,,,= 50 km/h, thoi gian tang toc tir 0 dén 40 km/h khdng qué 25s.

Cong suat caa mo to:

_ &M
2tane

2 1
P, (VF+ V) + SMyugfoVy + EpaCDAfo?’ (1)

P, = 2678 W = 2,7 kW )

Duya vao thyc té theo cong suat mé to la 3 kW, nhém nghién ctu chon: Mé to mét chiéu 3 pha
3000W-60V (An D0) V6i Nypgy = 4800 rpm, Prgy = 3,3 kW, My max = 26 Nm tai 3000 rpm.

Hinh 1. Mé to mét chiéu 3 pha 3000W-60V (4n PJ)
3.2. X&c dinh céng sudt dinh mirc ciia dpng co/mdy phat.

Cong suat dong co nhiét trén E-REV chi 1a phan hd trg xe chay trong giai doan mé rong, vi vay dong
co chay ¢ che d6 trung binh dép trng nhu cau van toc t6i uu V;,,, = 40 km/h Vi Ppyoror = 2,5 kW.
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P, 2,5
P i — motor — , — 4,6 kW 3
engine Ne*Nmay phat 0,9%0,6 ( )

Dya vao thuc t& ta chon dong co xing Honda RSX AT 110cc VG Ppgy =
6,28 kW tai 7500rpm, T4, = 8,65Nm tai 5500 rpm.

M6 men déng  Suét tiéu hao

= cor (100% nhign liéu
= May phat buwdm ga) ddng cor
"-.E_'U‘ l."_ P ..'{ i

= N S

=2 e q{"‘“'““\.,{:

= g ——, ey :

R} ! Pl | v-—-ﬂ - I

E i ---n_ % "-g‘\

] -

(] v - - Ty

= N N

= i . ~——

8 K\_ .

5 N

= Pl Ty
E sudt tieu hao-nhién liéu tang

Téc dd déng co/may phat (viph)
Hinh 2. Piém hoat dong ciia dong co/ mdy phét
3.3. Ac quy cao ap
Theo cau tric ciing nhu tinh ning ciia E-REV, ta c6

Pps =~ e — o= 3,9 (kW) 4)
Dua vaq thue té nhém nghién ciu chon: Byps = 3,9’kW’ (Pyps=U*I = 60*65 = 3900 W = 3,9 kW).
Str dung 5 ac quy (Vision 6FM65E-X 12V-65A) mac noi tiep nhau.
Thoi gian sir dung dién tir hé thong dc quy cao &p
T = (AHVI; Df) _ (65;2(())»;0,8) = 0,9 (h) )
Hé thdng 5 4c quy mic nbi tiép s& cung cip dién cho dong co dién trong vong 0,9(h).

Xusion

Hinh 3. Ac quy Vision 6FMB5E-X 12V-65A

4. Chién Thuat Piéu Khién Xe E-REV
Xe E-REV van hanh theo hai ché do sac:

o ’Ché do sac day (CD — Charge Depleting) duoc sir dung khi xe hoat dong nhu xe t}}uﬁn dién. bay la
ché d¢ hoat dong dau tién cua E-REV, ac quy cao ap ban déau dugc nap day tir h¢ thong ludi dién nha
hodc tram sac. Ban dau, xe bat dau hanh trinh véi miaec SOC gan 100%.
e Cheé d0 sac duy tri (CS — Charge Sustaining) dugc sir dung khi xe hoat dong nhu xe lai: khi d6 dong
co dot trong cua E-REV s& hoat dong, kéo may phat va sac lai cho ac quy cao ap khi SOC < 20%. Ngat
sac khi SOC > 30%.
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Start

ICE on m NO

CS Mode [ ¥ "

YES

ICE off
CD Mode

NO

Paos

Hinh 4. Chién thudt diéu khién xe EREV.

Ban dau: Hé thdng s& hoat dong v6i mire SOC gan bang 100%.
Khi SOC < 20%, xe chuyén sang ché d6 sac duy tri (CS). ICE duoc van hanh va nap giit ¢ quy cao

ap trong pham vi SOC tir 20 — 30%, nham kéo dai thoi gian van hanh xe.
Khi mirc SOC ctia 4c quy cao ap dat tdi 30% thi dong co tit.

100

——s50C
— —mi¥c ca
— — mwc thap

Khoang cach xe di chuyén (km)

Hinh 5. Chién thugt ap dung cho E-REV [8]
5. Xay dung md Hinh Mé Phéng Xe E-REV Bang Matlab/ Simulink

5.1. M6 hinh mé phéng

Mé hinh st dung 3 khéi co ban: Driver, Extended Range va Vehicle dugec mo phong theo mé hinh
diéu khién feed fordward. Khdi Driver dya theo cac chu trinh thir xe tiéu chuén clia cic nudc phat trién
tir tbe do xe hién tai (V) yéu cau tinh toan mod men yéu ciu dé kéo hodc phanh xe (T-com). Khéi
Extended - Range nhén tin hiéu T-com tir khéi Driver tinh toan mé men yéu cau dé diéu khién mo to,
cling nhu diéu khién dong co/ may phét van hanh pht hop véi yéu cau xe E-REV. Dau ra ctia khdi nay
1a Tuc kéo chii dong (F,), luc kéo ndy 1a co so dé tinh toan duge van toc xe (V) trong khdi Vehicle dé

phan hoi vé khéi Driver [9].
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Hinh 6. Téng quan mé hinh trén simulink

5.2. Khéi Driver

Khéi Driver duoc thiét ké v6i ddu vao 1a chu trinh 14i xe tiéu chuan d6 thi ECE-15 (driver cycle) va
van tdc xe V- Khdi s& so sanh toc do xe yéu cau va tdc dd xe thuc tai sau d6 thuc hién thuat toan PID
dé xéac dinh nhu cau tang toc hodc giam toc dé dap tmg téc do. Vi PID(s) dugce thiét 1ap 1an luot 1a P =
0,9, 1=0,001, D=0, N =0,15 [10].

[m/s]
Vde |——— P +

[m/s] Error[m’s PID(s) ¥ f > [N.m]
ECE - R15 EUDG P~ Driver command X 4@

-C- Tcom
[N.m]

T-max
@7 Torque max from driver wheels

Hinh 7. Khdi Driver

5.3. H¢ théng E-REV

Céc khéi chinh trong hé thong ciia E-REV c¢6 thé chia gdm 5 bo phan chinh nhu Hinh 11:
e Controller: khbi Controller dya trén cac tin hi¢u dau vao nhu trang thai a ac quy (SOCQ), van toc xe
(V,.), moment yéu cau (T- com) dé diéu khién, phan phdi cong suét yéu cau thanh cc cong sut dén mo
to hay van hanh dong co va ac quy cao ap.
e Battery: khoi Battery gom thong s6 dau vao la cong suat mo to, cong suat nap dugc tir may phat.
e MOo to traction: khéi Mo to traction c6 nhiém vu dua vao cac tin hiéu moment dau vao duoc phan
phéi bai Controller sé tinh duogc luc kéo F, truyén dén banh xe.
e Engine: khdi Engine véi tin hiéu dau vao tir Controller kh6i nay s& tinh suét tiéu hao nhién lidu (g/s)
ctia quing duong duoc dung khi xe chuyén sang ché do CS bat dong co.
e Generator: khdi Generator nhén tin hiéu P, tir ddng co, sau d6 chuyén thanh céng suat nap vao PPS
trong ché do PSS.
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Hinh 8. Thanh phan cua khoi Extended — Range
Vehicle: khdi Vehicle c6 chtc ning tinh toan van téc xe dua trén luc kéo & banh xe chi dong va
théng so co ban cua xe thiét ke.

6. Két qua md phéng
Sau khi mo phong theo chu trinh 1ai xe tiéu chuan ECE-R15 (EUDC) va nhom nghién ciru di thu

dugc két qua:

6.1. Vin téc xe
Két qua mo6 phong van tdc nhu Hinh 12 véi duong mau xanh biéu dién van toc xe mong muén ¢ chu
trinh ECE_R15 va dudng mau do biéu dién vén tbc thuc té xe dat dugc. chung ta thdy rang quy lut thay
d6i gan nhu 1 tring nhau, nghia 1a két qua mo6 phong dap mg voi yéu ciu ciia ngudi 1ai xe.
ECE -R15
|

Speed (m/s)

Speed (m/s)

600 700

N \
| |
0 100 200 300 400 Time (sec) 500

Hinh 9. Vdn téc mong muén (m/s) va vdn toc thyec té (m/s)

6.2. Trang thdi sac dc quy cao ap (SOC)

Nhu Hinh 13, mirc SOC (dwong mau xanh) ting, giam do hoat dong cua mé to kéo va su thay doi
cong suét ciia may phat sac (dudng mau do) dé dap ung theo muc SOC trong ché do CS. Két qua SOC
cho thay, giai doan dau xe chay dién (CD) SOC giam lién tuc dén khi SOC giam dén 20%, ltic nay SOC
bét dau tang 1én theo sy van hanh cta dong co va ludn duy tri trong ving 20-30% nhu yéu cau dit ra.
Trong giai doan ndy xe van hanh nho vao dong dién sac cap tir dong co
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0 100 200 300 400 Time (sec) 500 600 700 800

Hinh 10. Thay déi cong sudt sac may phat (kW) theo SOC
6.3. MO men xodn va toc dp mé to (MG2)

M6 men xodn (N.m) (duong mau tim) ti 18 voi téc d6 quay (vong/phut) ctia mé to nhu hinh 14, do
md to dugc nodi truc ti€p voi banh xe qua bd gidm toc. M6 men cua mo to duong tuong ung xe dang
duoc kéo bdi mo to, mé men cua md to m tuong ung véi ché do giam tde, twong ting voi mo to dang
duoc xe kéo, mo to liic nay dong vai tro nhu may phat, nap cho ac quy cao ap.
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Hinh 11. M6 men xoan (N.m) Va s vong quay mé to' theo chu trinh ECE — R15
7. Két luan

Qua nghién ciru 1y thuyét ciing nhu cdc tinh toan, thiét ké xe dién kiéu E-REV theo yéu cau ngudi
st dung, kha nang ung dung thuc t€ cua kiéu xe nay hoan toan kha thi trong giai doan hién nay.

Nhom nghién ciru da thuc hién céc tinh todn, mo phong bang cong cu méd phong Simulink/Matlab
cho kiéu E-REV, d€ du doan cac thong so dat dugc cia xe trude khi thyc hién ché tao thi.

Két qua mo phong trén céc chu trinh chay trong thanh thi hoan toan dap mg cac yéu cau dit ra: van
toc cuc dai 52km/h, thoi gian tang toc 20(s), thoi gian xe van hanh ¢ ché d§ chay dién cho mét lan sac
khoang 01 gio. V6i két mé phong nay, du an sé la tién dé cho cac nghién ciru, thiét ké, ché tao xe E-
REYV thtr nghi€m trong tuong lai.
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