DPIEU KHIEN BAM QUY PAO CUA MAY RAI
LOAI BA BANH BANG THUAT TOAN BAM THEO
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Tém tit: Trong bai béo nay, 4p dung thuat toédn bam theo dé mé té chuyén déng thang ctia may rai bé téng
tw hanh loai ba banh str dung cam bién lai kidu quét day. Cw ly dat trurée duoc dé xuét dua trén yéu cau ky
thudt tao hinh vé do tron hinh dang ctia san phdm. Thuat toan duoc dé xuét duoc so sénh véi thuét toén
bam theo véi cur ly dat trude phu thudc vao ban kinh quay vong téi thiéu dé kiém nghiém doé chinh xéc.

Tor khéa: May rai bé téng; diéu khién kiéu bém theo; cam bién 4.
Path tracking for paving machine by using the pure pursuit algorithm

Abstract: In this paper, the pure pursuit algorithm is used to describe the linear motion of a three-wheel
self-propelled paving machine using a stringline steering sensor. The proposal of look-ahead distance is
based on the requirements for pavement smoothness. For checking the accuracy, the proposed algorithm is
compared to the algorithm using the look-ahead distance depending on the minimum turning radius.
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@ 1. Gi&i thidu

Trong thi cdng dwdng hién dai thwong st dung may rai bé tong tw hanh véi nguyén ly khuon treot
ngang. Cac loai may c& trung va nhé thudng ding dé thi cong cac hang muc phu tro nhw via hé, cbng thoat
nwéc hé, bé via, véi co ciu di chuyén loai ba banh. Cac loai méy rai dwoc trang bi cdm bién phuc vu chirc
nang lai va didu chinh cao d6 tw dong, phé bién la cam bién kidu quét day Phwong phap dan hwéng cho
may bang day cang gilp tang d¢ tron cho hinh dang clia san pham [1]. K& tir khi ra d&i tir nhivng nam 1960
cho dén nay, cac Ioal cam bién va hé thong dleu khién chirc nang lai va diéu chinh cao do da duoc cai tién
dé& dap trng yéu ciu ngay cang cao vé sai sd tao hinh ciing nhw tinh thdm my. Cung véi dé 1a sy phat trién
céac thuat toan nham nang cao dd chinh xac viéc diéu khién chuyén déng ctia may theo quy dao dinh truéc.
Phwong phap diéu khién kiéu bam theo dwoc dé xuét dau nhirng ndm 1990 [2] 1a mét trong nhirtng phuwong
phap hinh hoc dwoc ap dung phd bién va hiéu qua nhat [3]. Phwong phap nay dwoc st dung dé tinh toan
do cong clia quang dwdng may di chuyén tir vi tri hién tai t&i mot diém xac dinh, goi 1a diém dich. Chidu dai
clia day cung dwoc goi la cw ly d&t trede. Nhitng wu diém chinh cla thuat todn nay 1a tinh toan don gian,
c6 thé didu chinh cu ly dat trwdrc dé cai thién d6 chinh xac.

Trong bai bdo nay phwong phap diéu khién kiéu bam theo dwoc ap dung d& moé ta chuyén déng
thang clia may rai bé tong tw hanh loai ba banh str dung cam bién lai kiéu quét day. Cw ly d&t trudc dwoc
d& xuat dwa trén yéu ciu ky thuat tao hinh vé& dd tron hinh dang clGa san phdm. D& kiém nghiém dd chinh
xac, thuat toan nay dwoc so sanh voi thuat toan bam theo véi cw ly dat trwde phu thude vao ban kinh quay
vong ti thiéu [4].

@ 2. Piéu khién bam quy dao ctia may rai loai 3 banh
2.1 Chuyén déng cta mdy rai dan hwéng bang day cdng

Trong Hinh 1 la mdt may rai s dung nguyén ly khudn truot ngang, cé bd phan tao hinh san pham
bao gdm phé&u nap liéu, d&m dui thay lwc dat bén trong phéu va khudn tao hinh ndm dwéi phéu dwoc 1&p &
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mot bén clia may. Hé di chuyén ctia may gdbm 1 cum
banh xich phia trwéc va 2 cum banh I1&p phia sau.
Banh trwdc 1a banh chi dong dan dong bang dong
co thly lwe, ddng thoi ciing la banh lai diéu khién
bang xi lanh thay lwc. Khi tao hinh, bé téng twoi do
sut thdp dwoc cip vao phéu nap liéu tr bén ngoai
bang 6 t6 ché bé téng va duwoc lam chét trong khuén
nh& dam dui thay lwe, két hop véi viéc di chuyén
may vé phia truéc dé tao hinh san phdm trén mat
nén. May duoc didu khién 1&i tw ddng voi cam bién
lai kidu quét day. Khi phat hién dwoc sai léch, cam
bién sé& truyén tin hiéu t&i bo didu khién van phan
phdi thay lwc didu khién xilanh 1ai d& khuén tré vé
quy dao mong mudn. Quy dao di chuyé&n ctia khuon,
banh dan huéng va tac dong ctia cdm bién kidu quét
day dwoc mo ta trén Hinh 2.

Trong thuc t&, do thi céng trén cong trudng
nén dé tron hinh dang ctia sadn phdm tao hinh bj anh
hwéng bdi nhidu nguyén nhan khac nhau, trong doé
c6 thé k& dén hai nguyén nhan chi yéu la sai sé
do may tao ra va do day cang. Qua thyc nghiém,
Rasmussen va cdng s [1] da dwa ra ba yéu té chinh
cta day cing anh hwéng dén d6 tron hinh dang cua
san pham la coc neo day, d véng day, va sai sé 1ap
dat. Néu bd qua &nh hudéng cla day cang, sai léch
theo phwong ngang clia san phdm sé dwoc quyét
dinh b&i hai yéu tb chinh 1a khoang tac déng clia cdm
bién va géc lai ctia may nhu mo ta trén Hinh 2. V&i
mbi khoang tac déng & hai bén so véi vi tri 0 clia cdm
bién thi banh lai s& c6 géc quay twong (ng 1a §, may
c6 chuyé&n déng quay vong qua lai gitra hai truc / va
I trong khodng cach Ax. N6i mot cach khac, do léch
theo phwong ngang cla san pham béng tdng sai sb
so v&i dwong chudn e. V&i mbi sai sb e dinh truwdc,
do6 tron hinh dang cGa san phdm phu thudc vao sb
cung cong trén moét khodng chidu dai ctia san pham.
Do d6, co thé thdy sw phu thudc ctia do tron hinh
dang ctia san pham véi géc lai may 4.

2.2 Luét diéu khién theo dé tron hinh dang
cta san pham

Trén Hinh 4 biéu dién may duic bé via tw hanh
loai 3 banh dang & vi tri tao hinh san phdm thang, di
chuyén vé&i van téc khong déi v = const véi goc lai
cta banh truwéc 5. Hé toa do tdng thé dwoc ky hiéu
14 OXY, con hé toa d6 di ddng gén trén xe la oxy c6
gbc dét tai truc khudn & dau ra, truc y trung véi truc
doc ctia khuén dbdng thdi ciing la truc doc ctia may,
truc x di qua miéng khuén va truc hai cum banh sau.
Ap dung phuong phap bam theo dwoc dé xuét trong
[2], cac bwérce tinh toan la:

- Bwdc 1. Xac dinh vi tri hién tai cia xe trong
toa do6 téng thé: vi tri va géc ctia may trong hé toa do
tbng thé dwoc xac dinh qua toa dd (X, Y) cta diém o
trén khuén va géc 6 nhw Hinh 4.
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Hinh 1. May rai bé téng loai 3 banh
v6i cdm bién lai kidu quét day

Cém bién kiéu quét day
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Hinh 2. Quy dao di chuyén ctia khuén, béanh dan
huéng va tac déng ctuia cam bién kiéu quét day
A - diém dich; e - sai s6 theo phuirong ngang so véi
dudng chudn; Ax - do léch; v - van téc di chuyén
clia may; J - géc lai banh dan huéng

Hinh 3. Sai Iéch theo phurong ngang
clia sdn pham sau tao hinh
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) : - Bwéc 2. Tim diém gan nhét tr xe dén quy
prodrd | dao mong muén: khodng cach tir diém o dén quy
N : dao mong mudn 13 e.
: - Buwdc 3. Tim diém dich A: xac dinh (ng véi
|
|

Diém quéng dwong di chuyén cta khuén o,.

- Buoc 4. Chuyén déi toa dd didm dich

- (X, Y,) tr hé toa dd téng thé vé toa dd dia phuong
(Xg Va)-

- Bwée 5. Tinh toan d6 cong clia doan duong
di chuyén va géc lai twong rng: dwoc xac dinh thong
qua cy ly dat trwoc.

- Buwéc 6. Cap nhat toa do va di dén diém
dich ké tiép.

Trong buéc 1, xét cac thanh phan ctia van téc
tirc thdi trong hé toa do tdng thé la:

Hinh 4. M6 ta hinh hoc quy dao di chuyén . .
cla may bé via loai 3 banh X =vcosH; Y =vsinf (1)
Do trong qué trinh tao hinh may chuyén dong véi van téc cham nén cé thé gia thiét bé qua sw truot
gitra cac banh xe va nén. T (1) c6 didu kién chuyén dong khong truot 1a:
Xsin@—Ycos@=0 (2)
V&i didu kien chuyén dong khéng truot (2), quang dwdng di chuyén clia khudn oA sé 1a cung tron
ban kinh R, ¢ chiéu dai day cung hay con dwoc goi 1a cw ly dét trudc d. Gia sir d da biét, trong budc 4,
toa do diém dich A tir hé toa do téng thé, (X, Y,), dwoc chuyén ddi vé toa do dia phwong oxy, (x,, v,), bang
cbng thire chuyén truc toa dé:

x,=X,cos0—-Y,sinb; y, =X, sinf+Y, cosd (3)
Trong hé toa do do dia phwong oxy, ta cé: x7 +y% =d? (4)
va R= 5
2sina ®)
trong do: a 1a géc quay vong. Cw ly d&t trwéc d va hinh chiéu Ax clia d trén oy cd lién hé:
Ax
d=— (6)
sino
. d’ e
Thay (6) vao (5) dwoc: R=—"—
y (6) vao (5) duc AT
Mat khac, ban kinh quay vong R va géc lai d co lién hé:
tans = —=— ®)
R+b
trong do: L la co s& banh xe; b la khoadng cach tinh tir truc khuén dén truc may. Thay (7) vao (8) co:
tand = 22& 9)
d” +2bAx
Hod&c c6 thé biéu dién duéi dang:
2L
§=atan Z—A" (10)
d” +2bAx

(9) hay (10) thuwéng dwoc goi l1a phwong trinh xac dinh luat diéu khién ctia may. Néu biét d thi (9) hay
(10) hoan toan xac dinh. Quay lai buéc 3, dé xac dinh diém dich A thi d thwong dwoc chon theo mét diéu
kién cu thé. Trong [4], Kim va cong sw dé& xuét chon d 1a ham cla van tbc v va van téc géc Ién nhét o
d=2vlw

e DAY €ONg 1a ham phu thudc ban kich quay vong nhé nhéat ctia may R d=2R (11)

Trong bai bao nay dé& xuit moét cach xac dinh d dwa trén yéu cdu k¥ thuat cta san phdm. T&r Hinh 2
cho thay d6 léch theo phwong ngang cta san pham la téng cia cac sai s6 theo hai phia: Ax =2|¢| (12)
Dé do léch theo phwong ngang ctia san pham dat yéu cau k thuat vé tao hinh, cu thé 13 trong méi doan
chiéu dai duoc kiém tra clia san pham /_ chi co t6i da 1 diém gay khlc, nghta la d > I_. Néu cy ly dat truoc
d> Icp thi sai léch hinh dang ctia san pham theo phwong ngang sé cé hién twong nhw Hinh 3. Do d6, cé thé dat
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d=nl, (13)
trong do: nlahésbtile, n>1. (14)
4L|e]
272
n lcp + 4b|e|

Luat didu khién (15) xac dinh sw phu thudc cla géc 1ai may véi sai s6 ctia san pham e, khoang cach
I&p khuon b, co' s& banh xe L, d6 dai kiém tra /_va hé so ti 1& n. T (15) rit ra:
2 _ 4le|(L-btans )

lfp tano 4L| |
(16) 1a phwong trinh bac hai déi v&i n. Theo diéu kién (14) cé: tand sz—e

L+ 4b|e|
V&i goc lai nhd tand ~ & , thay vao (17) thu dwoc cdng thire xac dinh géc l4i Ién nhét:
_ 4
"L+ 4ble] '
Do cong ctia quang dwdng oA ban kinh R cling chinh la d& cong ctia sdn pham y = z Tw (7), (12) co
_2Ax 4|e|
d? nzlfp

Két hop didu kién (14) va (19) xac dinh duwgc d6 cong I&n nhét:

4|e|

Ymax = 5 (20)

L,

Céc cong thirc (15), (19) dwoc st dung dé tinh toan trong buéc 5 clia phwong phap bam theo. Trong
bwéc 6, toa d6 clia khuon tai diém dich vira xac dinh dwoc st dung lam diém xuét phat cho qu§ dao di chuyén
ké tiép, ttrc Ia can chuyén ddi lai vé hé toa dd tdng thé, sau d6 I18p lai cac bwéc tinh toan. Béi véi trwdng hop
tao hinh san phdm thang dang xét, khudn chi c6 quy dao chuy&n ddng 1& cac cung tron c6 ciing ban kinh R
ndi tiép nhau nhw Hinh 2, bam theo qu§ dao thAng mong muén vé&i sai sb v& hai phia 1a e, nén chi can xac
dinh dwoc mét quang dwéng dich chuyén oA 13 c6 thé xay dwng dwoc chuyén déng bam quy dao ctia khuon.

Thay (12) va (13) vao (9), dwoc: tano = (15)

n (16)

(17)

(18)

(19)

Bang 1 bidu dién quan hé cta géc lai, dd cong va cw ly d&t trwéc voi hé sb ti 1& cia may dac
bo via BVR-60, cac thong s6 cu thé 1a |e|=0.005m, 1, =3m, L=2.5m,b=1.5m . Xét cac mic d6 léch
|e| = 5;10;15mm . Khi tang do tron cho hinh dang clia san phdm bang cach tang gia tri cta n, gia tri cia goc
l4i va do cong gidm véi gia tri goc 1ai nhd hon 1°, dd cong nhé hon 0.007. V&i mbi cw ly dat trwde, néu sai sb
cang nhd thi gia tri ctia goc lai va do cong cang giam. T cong thirc (8) co thé vé dwoc db thi biéu dién do
cong v&i goc lai (Hinh 5). V&i cac théng sb L, b va gia tri clia goc lai J < 1° nhu dang xét trong Bang 1, quan
hé gitra d6 cong y va géc lai d gan nhuw tuyén tinh khi khuén bam theo quy dao thang.

Bang 1. Quan hé ctia géc lai, do cong, cw ly dét truée véi hé sé ti 16, l,=3m,L=25m,b=15m

lel = 5mm lel =10mm lel = 15mm
n d (m)
J (d9) y () J (d9) y () J (d9) 7 (m)
1.0 0.317 0.0022 0.632 0.0044 0.945 0.0067 3.0
1.1 0.262 0.0018 0.523 0.0037 0.783 0.0055 8.3
1.2 0.221 0.0015 0.440 0.0031 0.659 0.0046 3.6
1.3 0.188 0.0013 0.375 0.0026 0.562 0.0039 3.9
1.4 0.162 0.0011 0.324 0.0023 0.485 0.0034 4.2
1.5 0.141 0.0010 0.282 0.0020 0.423 0.0030 4.5
1.6 0.124 0.0009 0.248 0.0017 0.372 0.0026 4.8
1.7 0.110 0.0008 0.220 0.0015 0.329 0.0023 5.1
1.8 0.098 0.0007 0.196 0.0014 0.294 0.0021 5.4
1.9 0.088 0.0006 0.176 0.0012 0.264 0.0018 5.7
2.0 0.080 0.00056 0.159 0.0011 0.238 0.0017 6.0
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S dung cw ly dat trwéc theo cong x10°
thire (11) do Kim va cong sw dé xuét [4], voi
ban kinh quay vong nhé nhét cia may R =
1 m, thi gdc lai chi duy tri & gia tri § = 0.9454°,
twong dwong véi n = 1 va sai sb lel = 15mm 9™
khi str dung cy ly dat trwdc theo cong thirc
(13). N6i mét cach khac, béng cach tang gia
tri ctia hé sb ti 1& n thi luat diéu khién theo do o~
tron hinh dang dang xét cé thé téng do tron
hinh dang cho san phdm véi mc sai s6 nhd
hon. Tuy nhién, cling c&n chd y la cw ly dat
trwéc theo ban kinh quay vong nhé nhét do
Kim va cong sw d& xuét cé thé ap dung chung cho xe bam theo quy dao & dang dwdng thdng va dudng
cong, con cw ly d&t trwdc theo dd tron hinh dang méi chi xét dén quy dao & dang dwdng thang.

@ 3. Két luan

Trong bai bao nay, chuyén déng thdng ctia may rai bé téng tw hanh loai ba banh s dung cam bién
1ai kiéu quét day dwoc mo ta dwa trén thuat toan bam theo, trong dé luat diéu khi&n xac dinh quan hé giai
tich cGia goc lai may khong nhirng véi co s& banh xe va cy ly dat trweéc ma con véi sai sb clia san phdm va
khoang cach 1&p khudn. Cuy ly dat trudc dwoc d& xuat phu thudc do tron hinh dang clia sdn pham, véi rang
budc la dap (rng yéu cau k¥ thuat tao hinh. So sanh véi luat didu khién theo cy ly dat trwdc phu thude vao
ban kinh quay vong téi thiéu cho thay luat didu khién theo dd tron hinh dang dwoc dé& xuét cé thé 1am tang
dwoc do tron hinh dang clia sdn phdm v&i mirc sai sd nhd hon. Vi vay, thuat toan nay cé kha nang phat
trién cho viéc diéu khién may khi tao hinh san pham phurc tap hon nhw dang cung trén va dang gép khc.
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Hinh 5. D6 thj biéu dién dé cong véi goc l&i
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