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Pong Minh Tuén *, Khong Vin Nguyén

Khoa co khi Dong lyc - Truong Pai hoc Sw pham Ky thudt Hung Yén

Ngay toa soan nhén dugc bai bao: 15/11/2019
Ngay phan bién danh gia va stra chita: 10/12/2019
Ngay bai bdo dugc duyét dang: 25/12/2019

Tém tit:

Bai bdo ndy trinh by nhimg két qud chinh trong viéc nghién ciru qud trinh diéu khién cia b ECU

trung tam trén hé thong diéu khién luc kéo (TCS). Thuc hién mé phong bé diéu khién bang phan mém

Matlab - stateflow, tir d6 lam ré qud trinh vdt Iy xdy ra trong qud trinh diéu khién cia ECU. Két qua

buée dau cho thdy, véi mét s6 ché do lam viéc ciia hé thong TCS thi cdc théng sé mé men dong co, dp

sudt phanh, dg triegt dwoc ECU diéu khién c6 két qua phit hop véi dwong ddc tinh thue té ciia hé thong.
Tir khéa: ECU trung tam, hé thong diéu khién lyc kéo (TCS).

1. Pit vin dé

Pé giam tai nan giao thong do 6 to giy ra, cic
dong xe 6 t6 san xuat hién nay thuong dugc trang
bi hé théng didu khién luc kéo (TCS) thay cho
cac hé théng phanh truyén thong hoat dong kém
hiéu qua, [1]. Do vay viéc nghién ciru, khai thac,
tung budc tim ra nhitng giai phap tac dong vao
qua trinh didu khién ECU trung tdm dé hé
théngTCStrén 6 t6 hoat dong phu hop véi diéu
kién giao thong & Viét Nam 1a mot yéu ciu cép
bach.

Muc tiéu: Xay dung md hinh mé phong bo
diéu khién ECU cuia hé théng diéu khién lyc kéo
TCS trén 6 t6 du lich. M6 phong trang thai lam
viéc cia ECU.Phan tich lam r& phuong thirc diéu
khién ctia ECU trén 6 t6 khi xdy ra hién tugng
truot quay.

Phwong phap nghién cuu: St dung phuong
phap nghién ciru 1y thuyét két hop véi moé phong
méy tinh nham nghién ciru rd qui luat didu khién
cua ECU.

Poi tiwgng nghién ciru: Nghién clru qué trinh
diéu khién va tién hanh mé phong ECU cuia hé
thong diéu khién luc kéo TCS trén 6 t6 du lich.

Pham vi nghién ciru: Chi nghién ctru ECU
ctia hé théng TCS trén xe 6 t6 du lich. Pong thoi
tién hanh mo phong nham lam 16 qui lut cua bd
diéu khién ECU.
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2. Co s6' 1y thuyét

* Vai tro ctia ECU trung tdm trén hé thong
diéu khién luc kéo TCS:
ECU trung tam c6 nhiém vu diéu khién ché do
hoat dong cua cac cum van, déng thoi didu khién
md men dong co nham chdng trugt & banh xe chii
dong trong qua trinh ting toc, dam bao cho do
truot cia banh xe thay do6i trong gii han hep
quanh gid tri 4,(A =10+30%).dé xe co thé
phat huy Iuc kéo tot nhét, kha ning ting tc cao
nhit [2, 3].
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Hinh 1. So' @6 nguyén Iy hé théng TCS

Hinh 1 mé ta so db diéu khién cua hé thong TCS
thé hién qua trinh nhan tin hiéu va diéu khién cac
co cAu chap hanh cua ECU trung tam.

*) H¢ s0 bam cua banh xe v&i mat duong: hé so
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bam doc ¢ va hé s6 bam ngang ®,.

Hinh 2 thé hién anh hudng cua hé s6 bam
trén cac mat duong cd vat liéu phu bé mat khac
nhau. Trén ciing mot loai dudng hé sé bam thay
ddi phu thudc vao trang thai mat duong. Vai tro
cua TCS la gilt cac banh xe chu dong trong qua
trinh tdng tde khong bi truot quay va do truot
thay ddi trong pham vi gi¢i han hep quanh gia tri
do trugt 4, (A =10 + 30%), hiéu qué ting toc
va tinh 6n dinh cta xe 14 t6t nhat.
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Hinh2.Bdc tinh truot, thé hién sw thaydéi hé s6 bam
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3. Chuong trinh m6 phéng

Ung dung phian mém Matlab — State flow md
phong cac khéi ECU trén hé thong TCS, tir do
lién két cac khdi dé tao thanh mothé thdng hoan
chinh.

3.1. Gi6i thiéu phin mém Matlab — Stateflow
[4]

Matlab - Stateflow 1a cong cu hiru hi¢u dé mo
phong hoat dong cac co cdu trén 6 t6, bao gdbm
cac qua trinh dong lyc lién tyuc hodc gian doan va
cac tmg xtr logic phirc hop gom:

- Trang thai (State): Mo ta phuong thuc hé
thdng duogc diéu khién boi cac sy kién, tinh trang
lam viéc hay khong lam viéc cua cac trang thai
luén thay ddi theo céac diéu kién va sy kién. C6
hai loai trang thai 1a trang thai loai trir (OR) va
trang thai ngang hang (AND).

- Chuyén d6i (Transitions):Hanh dong chuyén do6i
tor trang thai ndy sang trang thai khac ctua hé
thong théng qua mot dbi twong goi 1a “chuyén
d6i”. D6 1a ddi twong dd hoa (ddi tugng ngudn)
ndi véi mot ddi tugng khac (ddi twong dich),
bing mot duong cong co mii tén. Dbi tuong
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ngudn 14 noi chuyén d6i bat dau, ddi tuong dich
1a noi chuyén d6i két thuc. Nhan ctia mot chuyén
dbi x4c dinh chuyén dbi d6; nhan nay c6 thé chira
thong tin ctia mot sy kién, mot diéu kién.

- Su kién (Events): Khi su kién bt dau xay
ra, cac trang thai cua so dd Stateflow duoc danh
gia. Sy truyén di mét sy kién sé kich hoat mdt
chuyén ddi hodc kich hoat mot hoat dong nao do.

- Dit liéu (Data): La nhitng d6i twong phi d6
hoa, dwgc ding dé luu giit cac gia tri bang sb
trong so do Stateflow.

- Diéu kién (Condition): La mot ménh dé
logic, c6 gia tri ding hoac sai, xac dinh chuyén
ddi xay ra néu ménh dé do dung.

- Hanh dong (Acstions): Cac hanh dong xady
ra khi khéi dong mo hinh, d6 co thé 1a hanh dong
chuyén tir trang thai nay sang trang thai khac
hodc 1a hanh ddng ctia mot trang thai. Cac trang
thai c6 thé c6 cac hanh dong di vao, ¢ trong, di ra
va hanh dong nuong theo su kién.
3.2.X4y dung bd diéu khién di¢n tir ECU trung
tAm ciia hé thong TCS

*) Thong sb dau vao cia md hinh mo phong
khéi “bod diéu khién ECU” gdm:

+ Sp: Hiéu gia tri d0 truot cia banh sau bén
phai va banh trudc bén phai.

+ St: Hiéu gia tri do truot cia banh sau bén
trai va banh trude bén trai.

+ Taidc: Tai dong co thyc té.

*) Théng sb dau ra cia md hinh mé phong
khéi “bo diéu khién ECU” gdm:

- dktang1: Gié tri mé van tang 4p diéu khién
phanh banh sau bén phai.

- dktang?2: Gia tri mé van ting ap diéu khién
phanh banh sau bén trai.

- dkgiaml: Gia tri m¢ van giam ap diéu
khién phanh banh sau bén phai.

- dkgiam2: Gia tri mé van gidm ap phanh
banh sau bén trai.

- dkvI: Didu khién mé van xilanh phanh
chinh.

- dkv2: Piéu khién mé van binh tich ning.

- Giataidc: Piéu khién ting, giam momen
dong co.

Hinh 3 thé hién so d6 md phong khéi ECU

Jornal of Science and technology



trung tdm véi cac tin hiéu dau vao va tin hiéu
diéu khién dau ra.
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Hinh 3.80' @6 mé phong ECU trung tam

*) M6 hinh md phoéng céac trang thai hoat dong
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cua ECU trung tam.

Hinh 4 mo ta cac trang thai hoat dong cia
ECU trung tdm gdm 2 qua trinh diéu khién chinh:
Qua trinh phanh binh thuong va qua trinh khi
banh xe x4y ra hién tuong trugt quay.

a) Qud trinh diéu khién van
Hé théng gdm 2 trang thai lam viéc:

- Trang thai truot quay: Bién didu khién mo
van binh tich ning dwgc dat bang 1 (dkvi=1),
bién diéu khién mo van xi lanh phanh chinh duoc
dit bang 0(dkv2=0).

- Trang thai binh thuong: Bién diéu khién
m¢ xilanh phanh chinh dugc dit béng gia tri 1
(dkvl=1), bién diéu khién m¢ binh tich ning
dugc dat bang 0 (dkv2=0). Viéc chuyén ddi trang
thai xac dinh nhu sau:
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Hinh 4.8 do diéu khién ECU trung tdim

- Chuyén d6i mic dinh trang thai phanh binh
thudng: bién diéu khién truot dwoc mic dinh & vi
tri phanh binh thuong.

- Chuyén ddi tir ba trang thai (truot quay) vé
trang thai phanh binh thuong: hi¢u gia tri d¢ truot
16n nhit S ciia banh xe chu dong phai nhé hon gia
tri dinh trude (K;).
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- Chuyén d6i tir trang thai binh thuong vé
trang thai trugt quay: Gia tri do truot banh xe 16n
hon gié tri dinh trudc (K,)

b) Qud trinh diéu khién dong co ciia ECU trung
tam

Gom 2 trang thai lam viéc: Trang thai lam
viéc khi c6 hién tugng trugt quay va trang thai
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Hinh 5.80 dé diéu khién mé men dgng co
- Trang théi truot quay: Bién di€u khién

giam mdé men dong co dugc dat bang -3
(GiaTaidc = -3)

- Trang thdi ting momen: Bién diéu khién
giam md men dong co dwoc dit bang 3 (GiaTaide
=3)

- Trang thai binh thudng: Bién diéu khién
giam md men dong co dugc dit bang 0 (GiaTaide
=0)

Diéu kién chuyén d6i nhu sau:

- Chuyén d6i mic dinh trang thai giam mo
men: bién diéu khién truot dwge mic dinh & vi tri
giam momen.

- Chuyén d6i tir 2 trang thai (trugt quay) vé
trang thai phanh binh thudng: hi¢u gia tri do trugt
16n nhat S ciia banh xe chu dong so véi banh
trudc & hai phia trai phai nho hon gia tri dinh
trude (Kp)

- Chuyén ddi tir trang thai ting mémen vé
trang thai giam md men gia tri d§ truot cua banh
xe 16n hon gia tri dinh trude (K,) va tai dong co
phai nho hon tai dong 2
([Taidc<Taiyc]);

- Chuyén dbi tir trang thai giam mo men vé

co yéu cau

trang thai ting mé men: gia tri 4§ truot banh xe
16n hon gia tri dinh trudce (K;).

¢) Qud trinh diéu khién van ABS ciia ECU
trung tam [5]

Hoat dong theo yéu clu cua cac diéu kién
lam viéc ctia hé thong gém 4 trang thai lam viéc
thé hién trong hinh 6.

- Trang thai phanh binh thuong: Bién diéu
khién ting 4p dit bang 1 (dktang = 1), bién diéu
khién giam ap dat bang 0 (dkgiam = 0), trang thai
bom hoi dau dit khong 1am viée (Bom ON = 0).
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- Trang thai ting ap: Bién diéu khién ting ap
dugc dit bang 1 (dktang = 1), bién diéu khién

Hinh 6. So d6 mé phong ECU van ABS

- Trang thai gilt ap: Bién dicu khién tang ap
dugce dit bang 0 (dktang = 0), bién diéu khién
giam ap dugc dit bang 0 (dkgiam = 0), trang thai
bom hdi dau dugc dat lam viéc (Bom ON = 1).

- Trang thai giam ap: Bién diéu khién ting
ap dugc dat bang 0 (dktang = 0), bién diéu khién
giam ap duoc dit bang 0 (dkgiam = 0), trang thai
bom hdi dau duge dit lam viée (Bom ON = 1).

bicu kién cua cac chuyén doi tur trang thai

nay sang trang thai khac duogc xac dinh nhu sau:

- Chuyén d6i mic dinh trang thai phanh binh
thudng: khi 6 t6 chay trén duong thi do truot cua
cac banh xe s€ duogc chuyén ddi mic dinh vao
trang thai phanh binh thudng.

- Chuyén d6i tir ba trang thai (ting ap, gitt
ap, giam ap) vé trang thai phanh binh thuong: khi
gia tri do trugt ciia banh xe phai nhé hon gia tri
trugt dinh trudc, & day ta dat S< Tr.

- Chuyén ddi tir trang thai ting ap vé trang
thai gilt ap: gia tri do trugt cia banh xe nho hon
gia tri dinh trude (S<Try).

- Chuyén dbi tir trang thai giit 4p vé trang
thai tang ap: Gia tri d trugt cua banh xe 16n hon
gia tri dinh trude (S>Tr3).

- Chuyén dbi tir trang thai giit 4p vé trang
thai giam ap: Gia tri do truot banh xe nho hon gia
tri dinh trudce (S< Tr4).

- Chuyén dbi tir trang thai giam ap vé trang
thai gitr ap: Gid tri d0 trugt cia banh xe 16n hon
gia tri dinh trude (S>Tr)).
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*) M6 hinh moé phong ECU dong co:

Pé diéu khién moé men sinh ra cua dong co
thi chi cn diéu chinh tai dong co. Bang cach dich
chuyén thanh ring bom cao ap vé phia ting nhién
liéu hodc vi tri giam nhién liéu, Gtmg véi mdi vi tri
cua thanh rang ta duwoc mot dudong dac tinh mod
men. Khi ¢6 hién tuong trugt quay cua cac banh
xe chi dong, cam bién téc d6 vong quay truc
khuyu va cam bién vi tri ban dap ga s& dua tin
hiéu t6i ECU trung tdm & day cac dir li¢u s€ duoc
phan tich, ECU trung tim s& dua tin hiéu diéu
khién t6i ECU dong co. ECU dong co sé diéu
khién dé giam, giit hay ting m6 men dong co cho
phii hop véi tin hiéu dua téi. Dé thir nghiém mo
hinh md phong, chung t6i d st dung sb liéu hé
thong phanh va két qua thi nghiém trong dé tai
thac sy cua tac gia Lai Nang Vi [3].

Bdng 1. Bang théng soé thire nghiém mé men

ung voi cac che do tai khac nhau

m; (v/p) [ 1000 1200 [ 1400 [ 1600 | 1800 [2000 [ 2200
Chedd
@i(%) | 10 | 30 | 35 | 40 | 75 | 85 | 100
30 | 100 | 137 | 168 | 232 | 24352548
40 | 120 | 1527 183 | 248 | 259 | 270
157 | 1277|1597 190 | 255 | 266 | 2773
Me 25 | 124 | 164 | 195 | 260 | 27051 281.1
(Nm) 92 | 60 | 120 | 168 | 232 |2505] 2629
230 | -115 | -15 | 409 [ 1126 165 | 2404
513 | 322 | 250 | -180 [ 972 | 37 | 2347
ne
dactinhde
Taide

Lookup
Table (2-07

Hin%t 7. MAP ddc tinh dong co

Hinh 7 thé hién MAP dac tinhdong co dugc
thiét 1ap dwa trén khdi Lookup Table trong phin
mém Matlab - Simulink véi du lidu thuc nghiém
dugc 13y tir bang 1.*) Céac budc tién hanh mod
phong thuc hién qua cac phuong an khao sat sau:

Phuong dn I: Tang toc tir 50% tai lén muic
tai 100% cho dén khi dat duoc van tée cho trudc,
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khi hé s6 bam cua cac banh xe chu dong la nhu
nhau.

Phirong én 2: Tang toc tir mot ché do 6n dinh
1én mirc tai 100% cho dén khi dat duoc van toc
cho trude, khi hé s bam cua banh xe chu dong
bén trai va bén phai khac nhau.

4. Két qua va thio luin

+ Két qua 6 t6 dang chay 50% tai sau do
tang tbc tir tir 1én 70% tai,

Poax =0.7,v=20km/ h .

Giai doan 1: Trong khoang 0.5 s do 0 to
chay & mtrc 50 % tai banh xe chi dong chua bi
truot, do trugt banh xe khong thay ddi, hé théng
chwa hoat dong, mo men phanh bang 0.

0.3

—— Bannh ben phai
—— Banh ben trai

Do truot

0.05

0

-0.05

0 1 2 3 4
Thoi gian [s]

Hinh 8. Biéu dién dé truot cziia banh xe chu dong chay
50% tai sau do tang toc tur tue lén 70% tdi,
@rax =0.7,v=20km/h.

A
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~
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(2]
o

a
o

o
o

Tai dong co [%]

w
o

20

0 1 2 3 4

Thoi gian [s]
Hinh 9. Biéu dién tai dong co khi chay 50% tai sau do
tang toc tu tur lén 70% tdi,
Prax =0.7,v=20km/ h

Giai doan 2: Do tai dong co ting déu, tir
mirc 50% tai 1én 70 %, do trugt cac banh xe chu
dong ting dan theo dudng tuyén tinh khoang 0.3 s
do trugt vuot ngudng diéu khién, tai dong co
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giam xudng, md men phanh ting nhanh.

-200

-300

Mp [N.m]

-400

-500

-600 |
I

—— Banh sau ben phai
—Banh sau ben trai

7
9% 1 2 3 4

Thoi gian [s]
Hinh 10. Biéu dién M6 men phanh cua banh xe chii
dong co khi chay50% tai sau do tang toc tu tielén 70%
tai, . =0.7,v=20km/h

Giai doan 3: Sau 1 s d6 trugt banh xe dan 6n
dinh va nim trong vung cho phép, khi d6 truot
giam qua yéu cau, tai dong co, moé men phanh lai
tang giam gitp do trugt on dinh.

Giai doan 4: Banh xe chu dong khong bi
trugt nita, o trugt giam dan vé 0, tai dong co
tang 1én dat tai yéu ciu, mo men phanh vé 0 trong
25s.

— Banh chu dong ben phai
— Banh chu dong ben trai

Do truot

Thoi gian [s]

Hinh 11. Biéu dién dj truot ciia banh xed 16 khi tang
ngay tir dau dat 100% tdi hé so bam hai bén khac nhau
Dot =09, 0. > =04,v=20km/h

+ Két qua mo phong véi viée 6 t6 ting toc
dot ngdt ngay tir dau dat 100% tai nhung hé sd
bam hai bén khac nhau. Tac gid chon hé s6 bam
cua banh xe voi mat duong cé sy chénh Iéch 16n,
mot bén 0.9 va mét bén 0.4 véi muc dich xac dinh
kha ningcé thé didu khién cua ECU trong trudng
hop xe mat 6n dinh ¢6 kha ning bi xoay ngang.

Proa =09, 0., =0.4,v=20km/h

Giai doan 1: Do hé sb bam hai bén xe khac
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nhau nén banh c6 hé sb bam théip c6 do truot 16n,
banh c6 hé sb bam cao khong bi truot, giai doan
nay tai dong co gidm manh con 37% tai, mé men
phanh truyén téi banh xe bi truot dat gia tri 16n
nhét, banh khong bi trugt mé men phanh c6 gia tri
bang 0, d truot banh xe giam nhung van nim
ngoai ving didu khién.

fi\ ,
b

20

Tai [%]

00 1 2 3 4

Thoi gian [s]
Hinh 12.‘Bié’u dién mé men dong co khid 16 tang téc
ngay twr dau dat 100% tdi hé so bam hai bén khac nhau
O =09,0. ., =0.4,v=20km/h

Giai dogn 2:Do sy giam tai va mo men
phanh 16n nén dd trugt cua banh xe ludn ndm
trong vung diéu khién.

Giai doan 3:Banh xe khéng con truot nira,
tai dong co ting tré vé gia tri tai yéu cdu, mo men
phanh dan tro vé gia tri 0.

| I
-400 i
= -600 ] 1
Fim
£ 800 -
-1000
-1200 —— Banh chu dong co he so bam 0.4
— Banh chu dong co he so bam 0.9
-1400 : : :
0 1 2 3 4
Thoi gian [s]

Hinh 13. Biéu dién ‘mé men phanh dong banh xe chi
dong khié t6 tang to”c’ dot ngot tur dau dat 100% tai hé
80 bam hai bén
Do =090 > =0.4,v=20km/h
5. Két luan

Qua viéc md phong by ECU dién tr trung
tam cua hé théng diéu khién luc kéo TCS & céc
ché do tai khac nhau ta nhan thiy rang:

- ba nghién ctru, danh gia dugc qua trinh
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diéu khién ciia ECU trén hé thong TCS.

- Pa thé hién dwoc mbi quan hé giita cac
thong s6 nhu do truot, tai dong co, mé men phanh
thay ddi theo thoi gian.

- Ba m6 ta duogc qua trinh 1am viéc cia ECU
trén hé théng TCS, cling nhu phan tich va danh
gia mirc d¢ anh hudng cua céac thong s6d0 truot,

Tai liéu tham khao

ISSN 2354-0575

tai dong co, mo men phanh dén hiéu qua ting toc
cuaxe 0 to.

- Qua trinh chay mé hinh mé phong bang
phin mém Matlab — Stateflow cho két qua phu
hop véi duong dic tinh 1y thuyét ciia hé thong
TCS.
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RESEARCHANDAPPLICATIONOF MATLAB - STATEFLOW SOFTWARE FOR SIMULATING
THE ECU ELECTRONIC OF TRACTION CONTROLSYSTEM ONCARTRAVEL

Abstract:

This paper presents the main results of the study process of the ECU control center on traction

control system (TCS). Perform simulation controller by software Matlab - stateflow, thereby clarifying

the physical processes occurring in the control of the ECU. Initial results showed that, with some

working mode of the system (TCS), the engine torque parameter, brake pressure, the slip was ECU

controller matches the actual curve system.

Keywords: ECU control center, traction control system (TCS).

Khoa hgc & Cong nghé - S 24/ Thang 12 —2019

Jornal of Science and technology |47



