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UNG DUNG PHUONG PHAP PID DIEU KHIEN LUC KEO

CUA O TO THONG QUA PIEU KHIEN MO-MEN PHANH
HAI BANH XE CHU PONG

Phan Tan Tai'*, Ngo Thanh Ha?, Huynh Thanh Banh?

APPLICATION OF PID METHOD TO CONTROL TRACTION
ON THE VEHICLES THROUGH CONTROLLING THE BRAKE MOMENT
AT THE TWO DRIVING WHEELS

Phan Tan Tai'*, Ngo Thanh Ha?, Huynh Thanh Banh?

Tém tit — Bo vi sai 6 t6 la mot b phdn phan
chia céng sudt dong co dén hai bdanh xe chii dong
va cho phép cdc bdnh xe co thé quay vdi téc do
khdc nhau khi xe di chuyén trén duong. Viéc cdc
bdnh xe quay téc do khdc nhau nay phu thudc
vao tinh trang bam giita bdnh xe va mdt duong.
Khi luc bdm tdc déng hai bdnh xe bdng nhau,
bo vi sai sé phdn phdi luc kéo dén hai bdnh xe
chii dong nhuw nhau giip xe chuyén déng thing
on dinh. Tuy nhién, néu mot trong hai bdnh xe
lan trén duong tron truot, bé vi sai sé phdn phoi
cong sudt dong co nhiéu hon cho bdnh xe nay.
Két qud la xe chuyén dong mdt én dinh, cong sudt
dong co bi mdt mdt, tham chi xe khong di chuyén
duoc. Gidi phdp cho vén dé nay la sit dung vi sai
chong trugt, vi sai chu déng hay hé thong diéu
khién luc kéo. Trong nghién citu nay, nhom tdc
gid sut dung mo-men phanh tdc dung lén bdnh xe
bi truot dé’ phdn phéi lai céng sudt dong co trén
hai bdnh chi déng va ung dung phuong phdp
PID dé’kiém sodt luc kéo & cdc bdnh xe. Két qud
khdo sdt trén mé hinh trong cdc truong hop cu
thé’ cho thdy hiéu qud ciia by diéu khién duwgc
thiét ké.
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Tir khoa: bé diéu khién PID, bé vi sai, diéu
khién luc kéo, mé-men phanh.

Abstract — A vehicle differential is a device
that divides engine power between the two driving
wheels and allows the wheels to rotate at different
speeds when the vehicle moves on the road. The
speed difference depends mainly on the grip be-
tween the wheels and the road surface. When the
traction acting on both driving wheels is equal,
the differential will distribute traction equally,
helping the vehicle move stably on a straight
road. However, if one of the two driving wheels
rolls on a slippery road, the differential will
distribute more engine power to this wheel. As
a result, the vehicle’s motion is unstable, engine
power is lost, the vehicle cannot move. To solve
the problem, using a limited-slip differential, an
active differential or a traction control system is
considered an optimal solution. This study uses
the brake moment acting on the skidding wheel to
redistribute the engine power at the two driving
wheels and uses the PID method for traction
control at the drive wheels. Survey results show
the effectiveness of the designed controller.

Keywords: brake moment, differential, PID
controller, traction control.

I. GIOI THIEU

Luc kéo sinh ra tai banh xe chii dong 1a két
qué cla qud trinh bién ddi dong luc hoc tii dong
co qua hé théng truyén luc dén banh xe va tic
dong 1én mat dudng. N6 bi gii han bédi lyc bam
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gitta banh xe va mit dudng. Néu luc bam & hai
banh xe khac nhau lam cho luc kéo gitta ching
khong biang nhau theo quy luit phan phdi cong
suit cia bd vi sai. Vi sai phian phdi cong suat
kéo nhiéu hon cho banh xe ¢6 luc bam thip lam
ting sy trudt clia banh xe d6 va mat mat cong
sudt dong co kéo. Ngoai ra, khi banh xe truct
trén dudng, cong suit dong co bi tiéu hao do ma
sat gitta dudng va 16p. D€ kiém sodt Iuc kéo sinh
ra tai hai banh xe phu hgp véi trang thai bam véi
dudng, dong thdi bao ddm téc dd hai banh xe
bang nhau gitip xe chuyén dong thang dugc 6n
dinh, 6 t& can thiét phai c6 bd kiém soat luc kéo
4 hai banh xe chii dong. Mot sb nghién ctiu lién
quan di dugc thuc hién nhu dung bo diéu khién
kiém sodt luc ma sat gitia banh xe va mit dudng
dé phan phdi luc kéo cho phi hgp vé6i diéu kién
ctia dudng [1-3]. Thiét k& bo diéu khién luc kéo
dua trén dong co theo phuong phép tuyén tinh
héa dau vao — dau ra, bao gdom ddong luc hoc hé
théng truyén mo-men xoin trén mo hinh thiét ké
clia 6 to [4-6]. Hé thong kiém soat luc kéo gan
day cling dudc 4p dung trén xe 6 t6 dién [7] va ap
dung trén xe & td c¢6 bdn banh chi dong (4WD)
ki€m sodt theo yéu cau hé théng sai 1éch mo-men
xodn & banh xe [8]. BO diéu khién lyc kéo chi
tap trung vao viéc kiém soat md-men xodn ctia
dong co thi khong thé duy tri su 6n dinh clia xe
trong cac diéu kién dudng x4 phiic tap. Do d6, bo
diéu khién 4p suét phanh banh xe két hop véi bo
diéu khién mod-men xodn dong co [3, 9, 10] ciing
dugc ap dung hiéu qua. Ligiang Jin et al. [11]
da trinh bay mot hé théng kiém soat luc kéo méi
(ACO) bang cich diéu chinh mo-men xoan dong
cO va 4p suét phanh banh xe. Theo dé, viéc diéu
chinh mé-men xoén dong co la dua trén toi uu
héa céc tham sb cta bo diéu khién PID va viéc
diéu chinh 4p suit phanh banh xe 1a dua trén bo
diéu khién t6i uu héa theo ti 1& — tich phan (PI).
Chiing dugc 4p dung trong cdc diéu kién phic
tap nhu mit dudng tron truct, dd bam thip va
mit dudng hai bén khong dong nhat.

Tuy nhién, cic cach tiép cin nay déu ap dung
tuyén tinh héa dau vao — dau ra cho mo hinh hai
trang thai dudc st dung rong rai, mo ta tée do doc
clia xe va tdc do quay ctia banh xe. Trong nghién
cliu nay, cac tac gia st dung mo-men phanh tac
dung 1én banh xe bi trugt d€ phan phdi lai luc
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kéo trén hai banh xe chii dong. Pau tién, nhém
tac gid xay dung mo hinh va khdo sat dong luc
hoc hé théng truyén luc trén 6 t6 c6 ké dén anh
hudng ctia vi sai. Trong phan tiép theo, chiing toi
thiét ké bo diéu khién luc kéo dua trén phuong
phép diéu khién PID dé kiém soat luc kéo & hai
banh xe chi dong trong diéu kién luc bam hai
banh xe chii dong khic nhau. Cubi cung la két
qua mo phéng cho thiy hiéu qua ctia md hinh
thiét ké, nham cai thién md-men dong co va chit
luong kéo & banh xe chu dong, giip xe chuyén
dong thang dugc 6n dinh.

II. XAY DUNG MO HINH VA KHAO SAT
PONG LUC HOC HE THONG TRUYEN LUC
0TO

A. Mo hinh I6p xe va mdt duong

Mb hinh 16p dudc chon 1a mé hinh toan hoc
do Pacejka dé xuét [12]. M6 hinh nay dua trén
nguyén mau vat 1i cta 16p, dudc st dung md
phong dong luc hoc banh xe theo thdi gian thuc.
Pacejka da tim ra biéu thiic todn hoc mo ta dic
tinh bam ctia 16p xe v6i mit dudng theo Phuong
trinh (1) nhu sau:

Clarcte

F(A)=Dsin [B_j_—E.[f::.ﬁg{Bi}J] )

Trong do6: B, C, D, E la cic dai lugng dic
trung cua dudng cong luc bam F (A). Cac dai
lugng nay phu thudc vao phan luyc thiang ding
clia dudng tic dung 1én banh xe. Céc thong sb
B, C, D, E anh hudng bdi: do ciing doc cua 16p
Cy, gia tri luc bam doc & trang thdi trugt hoan
toan va dat cuc dai, hinh ddng cong cua dudng
dac tinh bam.

Heé s6 trudt doc dugc xac dinh theo Cong thifc
(2). Trong d6: A 1a hé sb trudt doc; w 1a téc dod
gbc clia banh xe; V, 12 van tdc dai tai tim banh
xe;rp, 12 ban kinh lam viéc trung binh cla banh
Xe.

_ |fu.rm—VI|

e S @
maxiw.1, V|
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B. Mé hinh déng luc cia thin xe ké dén dnh
hudng cua vi sai

M5 hinh xe 15 bac tu do (DOF) phi tuyén dugc
Ligiang et al. [11] st dung d€ du dodn phéan tng
clia xe trong céc diéu kién dudng va céc thao tic
l4i xe khac nhau. Hé thong diéu khién luc kéo
nay kiém soat dong Ivuc hoc doc clia xe nhung
bd qua mot s6 yéu to anh hudng dén hé thong.
Trong nghién ctiu nay, mot md hinh dong luc
hoc cua than xe dugc xay dung dua trén nguyén
li D’Alembert va phuong trinh Lagrang II. Mo
hinh chi xét cac yéu t6 anh hudng dén qua trinh
chuyén dong doc va chuyén dong lin clia banh
xe. Gia thuyét ring, xem cic phan ti ctia hé
théng truyén luc tir ddng co dén truyén luc chinh
la cling tuyét ddi, mé-men quan tinh khéi cla
cdc phan ti quy din vé banh ring chii dong clia
truyén Iuc chinh. M hinh hé théng truyén luc c6
k€ dén 4nh hudng clia vi sai thé hién trén Hinh 1
[13]. Trong d6: Jy +Js lan luct 12 moé-men quéan
tinh khéi tuong duong ctia banh ring chi dong,
banh rang bi dong, cac banh rang hanh tinh, banh
rang ban truc trai, banh rang ban truc phai, ban
truc va banh xe chi dong bén trai, ban truc va
banh xe chd dong bén phii; @y <+ wg 1an luot 14
tbc do goéc clia banh ring chi dong, banh ring
bi dong, cac banh rang hanh tinh, banh rang ban
truc trai, banh rang ban truc phai, banh xe chu
dong bén trai, banh xe chu dong bén phai; k3, k4
12 hé s6 do ciing tuong duong clia ban truc bén
trdi va ban truc bén phai; c3, c4 1a hé s6 can clia
ban truc bén trai va ban truc bén phai. Mgy la mo-
men xoan trén banh ring chii dong cia truyén luc
chinh; M,;;, M, 1a m6-men phanh tic dong 1é€n
banh xe bén trai va banh xe bén phai; M3z, My
12 mo-men dan hdi va mo-men can cla ban truc
bén trai va phai; M|, M¢, 1a m6-men bam trén
banh xe bén trdi va banh xe bén phai.

Khi d6, mo-men banh rang chi dong cia
truyén luc chinh dugc xdc dinh theo Cong thiic
(3), trong d6, iy; 1a ti s6 truyén hop sb; n,; 12 hiéu
suét truyén cta hé théng truyén luc. Gia thiét md
hinh banh xe khong tiép xdc mit duong, thanh
phan md-men bam dudc thay thé b??mg mo-men

M, = k](p5, 0 = kz(pé, 3 day hé ) ki,ky thé
hién cho dic trung su bam khac nhau & hai banh
xe chi dong. Phuong trinh dong luc hoc hé thong
truyén luc c6 ké dén 4nh hudng clia vi sai dudc
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thé€ hién & Phuong trinh (4).

Hinh 1: M6 hinh dong luc hoc hé théng
truyén luc c6 ké dén vi sai

M, =Min, @

oo o o) -

&, :[B.[MO_%-MS]-A_(MU_%-MJ]/(BJ -47) “®

;‘.55 =(M,-M,-M, /J.

s = (M, -2 22 )/ s

M, -t =M

A=Ja’ 4+ T [4+ T, +2J.a3;
" B= J’al;’4+.}',‘4 2J,a3

M, =c,(o,— ») +k(p, - p,);
M, =c,(o,—w,) +k,(p,—p,)

Vi
(&)

Trong d6: a; la ti s6 truyén cda truyén luc
chinh; a, 12 ti s6 truyén giita banh riing ban truc
v6i banh rang hanh tinh; @3 = @g tuong tUng la
g6c quay cua banh rang ban truc trai, banh rang
ban truc phai, ban truc trdi va ban truc phai.
Phuong trinh (4) gdm c6 sdu bién, c6 ba bién
phu thudc la: @y = @;.a;.0; = (03 + 04) /20, =
(04 + @3).a2/2

Sai 1éch téc do goc clia banh ring ban truc trai
v6i banh rang ban truc phai (e;) hay gitta banh
xe bén trai véi banh xe bén phai (e;) ciing dé
dang xac dinh theo Cong thic (6) nhu sau:

e =w,—m,.6=0,—a (6)
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C. Khdo sdt mé hinh hé thong truyén liuc cé ké

den vi sai

Phin mém Matlab/Simulink dudc st dung
dé thiét 1ap mo hinh hé théng truyén luc c6
ké dén vi sai phuc vu khdo sit. Céic thong
sd cia md hinh khao sit nhu sau: M, = 180
Nm, i,;=4,25; n4=0,96; a;=4,85; a;=0,87;
Jo=0,002 kg.m?; J;=0,6 kg.m?; J,=0,0003
kg.mz; J3=2,0035 kg.mz; J5=J¢=4,005 kg.mz;
k3=k4=32600 Nm/rad; c3=c4=6500 Nms/rad
[13]. Gia st rang luc bam & banh xe chi dong
bén trai nho hon lyc bam G banh xe bén phai, ta
tién hanh khéo sat toc do goc ctia cic banh xe
chi doéng trong céc truong hgp nhu Bang 1 va
két qua khao sat dugc hién thi trong Hinh 2.

Bang 1: Cic trudng hop khéo sit hé thong
K, 0 | 20 | 40 | 60 | 80 | 100

j, | 100 | 100 | 100 | 100 | 100 | 100

Hinh 2 cho thiy khi banh xe bén trai bi trugt
hoan toan, tbc dd goéc ctia banh xe phai gin nhu
bang 0 (Hinh 2(a)). Khi ting hé sb bam véi mit
duong & banh xe bén trai (trong trudng hop k=
40) thi toc do ctia banh xe bén phai ting 1én (Hinh
2(b)). Trong trudng hop k;= k=100 (luc bam &
cdc banh xe bén trdi va bén phai nhu nhau), toc
do gilta cac banh xe bén trai va bén phai khong
¢6 su khac biét (Hinh 2(c)).

Khéo sat tuong tu trong cac trudng hgp con
lai, ta thiy ring khi banh xe c6 hé sb bam cang
thip thi n6 quay cang nhanh vi do trugt ting, 1am
cho téc d6 goc clia banh xe kia cham lai vi chiic
ning phan phdi ctia bd vi sai. Do d6, d€ giit cho
xe chuyén dong dugc &n dinh thi can phai dit
Ién banh xe bi trugt mot mo-men can da 16n sao
cho luc kéo truyén déu vé hai phia clia cdc banh
xe chti dong. Vi vy, viéc st dung bd diéu khién
PID dé diéu khién mo-men phanh hai banh xe
chii dong 1a diéu rat can thiét.

[I. THIET KE BO PIEU KHIEN MO-MEN
PHANH

Khi 6 t6 chuyén dong trén dudng gb ghé hay
mat dudng tron trugt, cac banh xe chi dong hai
bén sé quay khong déu nhau, dé xay ra hién tuong
tron trugt cuc bd. Xét trudng hgp khi 6 t6 bi sa
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Hinh 2: Toc do géc clia cac banh xe chi dong
bén trai va phai

lay, bén banh xe chi dong bi trudt quay tron trén
dudng, banh xe bén kia nam trén dudng tot khong
thé quay dugc. Két qua 13, cong suét dong co bi
tiéu hao do ma sit gitta dudng va 16p gidm. DE
cai thién hiéu suit kéo, mot bo diéu khién dudc
thiét ké dé tic dong mot mo-men phanh 1én banh
xe bi trugt d€ c6 dudc tdc do cua hai banh chi
dong bang nhau. Tir d6, cong suit dong co dugc
phan phéi lai trén hai banh chii dong, giip xe
chuyén dong dudc 6n dinh. Bo diéu khién dudc
thiét ké dua trén phuong phap diéu khién PID
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(proportional — integral — derivative) nhu Hinh 3.
Trong d6, md-men dong co truyén din dén cau
chii dong va phan phdi dén cdc banh xe hai bén.
Téc dd goéc clia cac banh xe hai bén phu thudc
vao diéu kién bdm cda banh xe véi mit dudng.
Néu k; # k; thi ¢6 su sai léch téc do géc gitta hai
banh xe, tin hiéu sai léch nay sé cung cip cho bd
diéu khién PID xt li. Pau ra cta bo diéu khién sé
cung cip tin hiéu dén bd chip hanh phanh ABS
(Antilock Brake System) tic dong mdt md-men
phanh tuong ting § banh xe chi dong c6 d6 bam
thip lam giam tdc do ctia né xudng bing véi tde
dd cua banh xe bén kia.

L

Mp - -
Powertrain

- e LG
PID controller

Y .

Hinh 3: So d6 diéu khién md-men phanh
bing phuong phip PID

Gia st banh xe chu dong bén trdi chuyén dong
trén dudng tron trugt, banh xe bén phai lan trén
dudng tot nén c6 su sai léch téc do goc gitta hai
banh xe. Sai 1éch nay dudc bo diéu khién PID xi
1i va thuat toan diéu khién dudc biéu dién bang
Phuong trinh (7). Trong d6: P, I, D 1an luot 1a
hing sb ti 1&, hé s6 tich phan va hé s6 vi phan.

My =P(a; —rr15]+Ij{r% —a )dt+D(ax —ax ) (7)

IV. KET QUA VA THAO LUAN

Gia st rang khi banh xe bén trai chuyén dong
trén dudng c6 hé sd bam thip thi né bi trudt va
tbc dd goc clia no ting 1én 16n hon banh xe bén
phai. Tai thoi diém nay, bo didu khién sé tinh
todn md-men phanh thich hop (M,;) d€ tic dong
dén banh xe nay. Do d6, tbc d6 géc clia banh xe
bén trdi gidm trong khi téc d6 géc clia banh xe
bén phai ting 1én, din dén tdc do goéc cha ca hai
banh chi dong trd nén bang nhau tai mot thoi
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diém nhét dinh (Hinh 4(a)). Chénh 1éch toc do
gbc gilta hai banh xe chi dong véi cac diéu kién
md phoéng khic nhau dudc thé hién trong Hinh
4(b). Cac mo-men phanh tic dong l€n banh xe
bén trdi cling dugc thé hién trong Hinh 4(c).
Hinh 4(a) cho thdy, tai thoi di€ém bit ddu mo
phéng, téc dd géc ctia banh xe bén trdi cao hon
toc do goc clia banh xe bén phai. Sau do, toc do
gbc ctia ca hai banh xe déu nhanh chéng dugc 6n
dinh & cung mdt gia tri khoang 39 rad/s. Véi cac
diéu kién md phéng khic nhau, tbc do géc cla
céc banh xe chi dong luon &n dinh trong khoang
0,5 gidy sau thdi di€ém bat dau md phong, diéu
nay da khang dinh tinh hiéu qui cia bd diéu
khién dudc thiét k&. Chénh léch téc dd goc gilia
hai banh xe cang cao khi ma sat cia banh xe véi
mat dudng cang giam (Hinh 4(b)). Dd sai 1éch
nay 1én dén 10,49 rad/s khi k;=0 va gidm dan vé
0 khi w5 = wg. Hinh 4(c) cho thAy mo-men phanh
tac dong 1én banh xe chi dong bén trai trong cac
trudng hop khic nhau. Két qua quan sat cho thiy
md-men phanh dat gid tri cyc dai khoang 4000
Nm trong trudng hgp d6 ma sat dudng & banh xe
bén trdi bang 0 (banh xe trai bi trugt hoan toan).

Hinh 5 cho thdy cong suét dau vao (No) phan
phéi trén banh xe chi dong bén trai (N3), bén
phdi (Ny) c6 diéu khién (Hinh 5(b)) va khong
c6 didu khién (Hinh 5(a)), trong trudng hop
k=80 va k,=100. Hinh 5(a)) trinh bay két qui
mo phoéng khi khong c6 bo diéu khién, luc kéo
dugc phan bs nhiéu hon trén banh xe chii dong
bén trdi (N3 = 1,932.10°W;N; = 1,545.10°W).
Trong cung diéu kién mo phdng, két qua mod
phéng véi bo diéu khién PID dugc thiét ké
chi ra ring luc kéo dudc phan bd déu trén
ca hai banh xe chu dong nhu trong Hinh 5(b)
(N3 = N4 = 1,545.10°W).

Mit khdc, ¢6 su khic nhau cta cong suét
dau vao khi c6 va khong cé st dung bd diu
khién, Ny = 3,091.10°W khi c6 bd diéu khién,
con khi khong ¢6 bo diéu khién Ny = 3,477.10°.
Viéc ting cong suit dau vao Ny khi khong ding
bd diéu khién 1a do c6 su chénh léch téc dd
& hai banh xe chii dong. Diéu nay chiing td,
viéc st dung bd diéu khién PID sé tranh that
thodt mot lugng cong suat dau vao rit dang ké
( 0,386.10°W khi k;=80). Hon nita, khi k; cang
giam, su chénh léch téc do cang cao, cong suit
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(c) M6-men phanh tic dong 1én banh xe trai

Hinh 4: Tc d6 hai banh xe chi dong
v6i bd diéu khién PID

No cang 16n, din dén su tiéu phi cong suit dong
co cang ting. Vi viy, dung bo diéu khién PID
dugc thiét ké d€ tic dong mot mo-men phanh hop
1i vao banh xe bi trugt dé gitt cho téc do chiing
dudc can bang la viéc lam cin thiét, tranh thét
thoat cong suat dong co, gidp xe chuyén dong on
dinh trén mat dudng phic tap. Diéu nay cho thiy
tinh hiéu qua rat cao khi st dung bd diéu khién
phanh nay.
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(2) Khéng diéu khién PID
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(b) Vi bd diéu khién PID

Hinh 5: Cong suit kéo phan phdi
trén hai banh xe chid dong (trudng hgp k; = 80)

V. KET LUAN

Bai bdo da trinh bay tung dung phuong phap
PID d¢€ thiét ké bo diéu khién luc kéo 6 to thong
qua diéu khién mo-men phanh hai banh xe chii
dong khi xe chuyén dong thing trén mit dudng
c6 d6 bam hai banh xe khong dong nhit. Nhém
tac gia da ap dung nguyén li D’Alembert va
phuong trinh Lagrang II d€ xdy dung md hinh
hé thdng truyén luc trén 6 to c6 ké dén anh
hudng clia vi sai; dong thdi 4p dung phin mém
Matlab/Simulink kh4o siat mo hinh nay. Két qua
khéo sat cho thiy khi banh xe c6 hé sb bam cang
thap thi n6 quay cang nhanh vi do trugt ting, lam
cho téc dd goéc clia banh xe con lai giam xudng
do luét phan phdi ctia bd vi sai. Hon nita, nhém
tic gid con ting dung phuong phdp diéu khién
PID dé€ cai thién hiéu suat bam dudng trong céc
truong hop ma sat dudng khac nhau & hai banh
xe chi dong. Bo diéu khién PID dugc thiét ké dé
loai bo su khac biét vé tdc do clia ca hai banh
xe chii dong bang cach tic dong mo-men phanh
thich hop cho bén banh xe bi trugt. Két qua khao
sat nay cho thiy téc do clia ci hai banh xe déu
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nhanh chéng 6n dinh & ciing mot gia tri d6i vé6i
cic diéu kién mo phong khac nhau. Luc kéo dugc
phan bd déu trén ca hai banh xe chi dong vé6i bd
diéu khién PID dudc thiét k&. Tuy nhién, cic két
qua chi diing lai & viéc mo phong, huéng tiép
theo nhém nghién ciu sé tién hanh thuc nghiém
trén mo hinh.
LOI CAM ON

Tac gia gti 10i cAm on chin thanh dén Truong
Dai hoc Tra Vinh da tai trg hoan toan theo hgp
dong tai trg s6 226/HD.HPKH & DT-PHTYV cho
nghién cttu nay. Tac gia ciing ghi 16i cAm on chan
thanh dén cic dong nghiép da dong gép y kién
cho bai bdo trong sudt thoi gian qua.
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