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TOM TAT

Bai bdo nghién ciru mé hinh déng hoc ciia xe robot bon banh va sdu banh ldi truot (SSMR),
trong do, tGp trung vao ché do quay tai ché (ban kinh quay bang khong). Tir do khdo sat anh huong
ctia mot so tham SO trong cdu hinh ddng hoc ciia robot dén hiéu suat quay tai cho khi khong thay
doi dong co truyen dong ciia robot. Sau d6 dwa ra dwoc lwa chon toi wu cdc tham sé nay dé ning
cao hiéu sudt quay tai ché. Két qua nghién ciru dwoc mé phong minh chimg trén MATLAB.

Tu khoa: Robot di dong; Robot bdn béanh 14i trugt; M3 hinh dong luc hoc; Quay tai chd.
1. MO PAU

Trong nhirng nim gan day, viéc sir dung robot di dong da chung kién su gia ting dang ké, trai
rong trén nhiéu linh vuc khac nhau nhu tu dong hoa cong nghiép, giam sat va thim do. Trong sb
cac loai robot di dong, nén tang lai trugt da ndi 1én nhu mot giai phap linh hoat va co dong, mang
lai su linh hoat trong viéc diéu hudng trong cac moi truong phire tap [1]. Pong hoc doc ddo cua
robot 14i truot, duoc dic trung bai bo truyén dong vi sai va diéu khién dong co doc lap & mdi bén,
tao co s& cho kha ning thich ing dong nhung ciing dt ra thach thirc trong viée t6i wu hoa hiéu
sudt cua chung. C6 nhiu nghién ciru dua ra anh hudng cia cac théng sé dong hoc nhu chiéu dai
co s0, chiéu rong vét banh xe dén kha ning di chuyén linh hoat ciing nhu kha ning 6n dinh cia xe
robot [2]. Tuy nhién, rat hiém nghién ctru di sdu vao phan tich anh huong cua ti 1¢ chiéu dai co s¢
xe trén ch1eu rong vét banh xe dén hiéu suat quay ctia xe robot. Viéc phan tich ti 1& nay rat coy
nghia khi tién hanh thiét ké dong hoc xe robot 1i truot. Tuy vao khong gian lam viée, yéu cau vé
murc do linh hoat, khong gian ban kinh goc quay, hi¢u sudt quay, kha nang diéu khién cua xe, cac
kich thudc ndy s& duge tinh toan Iya chon cu thé. Bai béo tap trung vao khao sat anh hudng ti 1¢
chiéu dai co s& xe trén chiéu rong vét banh xe dén hiéu suit quay tai chd cua xe, 1am co s& tham
khao thiét ké. Ngoai ra, bai bao ciing khao sat dbi véi truong hop xe robot sau banh 1ai truot dé so
sanh hiéu suat quay gitra hai loai xe.

Robot 14i truot ¢6 thé didu hudng sang trai hoac sang phai la do lyc trugt dugc tao ra giita bé
mat 16p xe va mat nén. Cac luc do truot theo phuong ngang va phuong doc déc trung boi hé sd ma
sat truot gitra bé mat 10p xe va mat nén theo phuong ngang (Hn) va theo phuong doc (Up). Céc
nghién ctru thuong xem xeét truong hop chung khi dét hai hé s6 ma sat nay bang nhau (un= Hp)
[3], diéu nay chua phan anh hét sy anh hudong khac nhau cua chung 1én hiéu sudt quay ctia robot.
Do d6, bai bao tién hanh khao sat anh huong cua ti 18 hé s6 ma sat trugt theo phuong ngang va
phuong doc (un/Up) dén hiéu suat quay tai chd cuia xe robot bon banh li trugt. Cac khao sat s&
duogc thyc hién trén moé hinh dong hoc cua robot bon banh 14i truot va sau banh lai truot.

2. NOI DUNG CAN GIAI QUYET

2.1. M hinh dong hoc ciia robot bén banh li trwgt

So d0 co ban cia xe robot bén banh 1ai truot dugc trinh bay trén hinh 1. Khung xe c6 dang
khung thép hinh chir nhat. Hai day banh dan dong bén trai va bén phai dugc lién két twong Gmg véi
hai dong co dién thong qua hé truyén dong day xich — banh xich. Xe cé thé diéu hudng dugc do
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chuyén dong ciia hai dy banh xe doc 1ap v6i nhau.

8§ truyén déng
banh xich -ddy xich

Hinh 1. So d6 co bdn xe robot bén banh ldi truot.
Hinh 2 trinh bay so dd luc tac dung 18n xe robot bdn banh 14i trugt. Dé thiét 14p mé hinh dong
hoc ctia xe robot bon banh, cac gia thiét dugc dua ra nhu sau:

- Xe robot chi hoat dong trén mat nén phang nam ngang, cac banh xe tiép xic vdi nén tai
mot diém.

0 >

Hinh 2. So dé liee tac dung 1én xe robot bon banh ldi truot.
_ - Xe co dang d6i xtng, trong tam G cua xe nam trung v4i tim ddi xtmg hinh hoc va khong thay
doi trong qua trinh xe di chuyén.
- Ngoai luc dang ké tac dung lén xe 1a lyc do banh xe truot trén mat san (Luc F; theo phuong
doc va luc Sj theo phuong ngang) gay ra. Céc lyc nay tuén theo moé hinh lyc ma sat Coulumb [4].
Vi tri ctia xe so v6i hé quy chiéu quan tinh OXY dugc x4c dinh béi toa d6 x, y va goc di chuyén
¢. Phuong trinh Newton- Euler cho hé vat dudi tac dung cia cac luyc (Fi, Si) nhu sau [5]:

MX’:ZA:E cos<p—2418i sing

i=1 i=1
4 4

My => Fsing+> S cose (1)
i=1 i=1

J¢:(—F1+F2+F3—F4)g+(81+82—83—84)%

Trong d6, a la chiéu dai co so; b la chiéu rong vét banh xe ctia xe robot;
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Cac lyc Fi, Si tudn theo m6 hinh lyc ma sat Coulumb, trong do, Fila luc gy ra chuyén dong
con S; 1a luc can chuyén dong, phuong trinh mo ta cac luc nay nhu sau [5]:
Fi = Fi_max ' Sign(ra)i _ViF)

Si = Si_max ’ Sign(—ViS) (2)

Trong d6, Fi_maxVa Si_max twong g la cac luc ma sat nghi cuc dai theo phuong doc va phuong
ngang [7]:
I:ifmaleuD'I\/I g/4

Sifmax:/uN'I\/I'g/L]' (3)

O day, M 1a tong khdi lugng cua xe; pp Va py 1an luot 13 hé sb ma sat truot ciia banh xe trén
mat nén theo phuong doc va phuong ngang. Trong dd, gia dinh rang cac gia tri T; 16n hon gia tri
toi thiéu:

IT;| = 7|Fy + Fyl =r.up.M.g/2 4)

Dé xac dinh dau cua cac luc Fi, ta xét chuyén dong quay cia m01 day banh xe. Tt hinh 3 ta
thay, c4c md-men xoan tac dong 1én mot diy banh xe 1a mdé-men xodn do dong co T; va md-men

xoan do luc Fi.
wwl
o
Fq

Hinh 3. M6-men xodn tdc dung lén déy banh xe.

Céc phuong trinh mé ta chuyén dong quay cua timg diy banh xe [7]:
2),0, =T, —-r(F+F,) .
23,0, =T, (F, +F,) ®)
Trong d6: r - Ban kinh banh xe; w; - Vén tdc goc ctia banh xe 1 va 4; w; - Vén tdc goc ctia banh
xe 2 va 3; Jy — Md-men quan tinh ctia banh xe.
Céc gié tri v va v® 1an luot 13 vén tdc cua truc banh xe the phuwong doc va phuong ngang dugc
tinh theo cac phuong trinh sau [5]:
V[ =V, =XCcos¢p+ ysin(p—g(p
F F_y Y oi b .
V, =V; =XCOS@+ ySing+—¢
2 ©)

S S wei . a .
=V, ==XSINp + yCOS(D-i-E(o

<

S
V3

s . . a.
v, =—Xsing+ yCOS(D—E(/)

Céc phuong trinh (1), (2), (3), (5), (6) 1a phuong trinh dong hoc ciia xe robot bdn banh 14i truot.
2.2. Pong hogc xe robot sau banh lai trugt

Mo hinh dong hoc cuia xe robot sau banh lai truot co ban giéng v6i xe robot bon banh 14i truot
(hinh 4). Chi khac cac lyc S3, S4 khong gy mbé-men quay so vai tam quay G.
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YA

Hinh 4. So do liee tac dung Ién xe robot sdu banh ldi truot.
Khi dé, cac phuong trinh (1), (2), (3), (5), (6) 1an dugc viét lai thanh:

6 6
MX =) Fcosp—>_ S;sing
i=1 i=1
6 6
My =>"Fsing+) S cosp (7)
i=1 i=1

ng:(—Fl—F3—F5+F2+F4+Fs)g+(sl+sz_ss_se)%

Fi = I:i_maxSign(ra)i _ViF)
Si = Si_maxSign(_ViS) (8)
I:i7m51x=1uD"\/I g/6
Sifmax::uN'IVI'g/6 (9)
3,6 =T,-r,(F,+F, +F) 10)

33,0, =T, -1, (F+F+F)

F_ F _ F _y - b .
v, =V =Vq —XCOS(D—i-ySIn(D—E(D

F_ F _ F _y _— b .
V, =V, =V; =XCOS@+ ysm(p+§(p

VP =V5 =—Xsing+ YCOS(p—i-g(j) (11)
S S wel . a .
v =V; =—Xsing+ycosp—=¢
V5 =V; =—Xsing+ ycose
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2.3. Céc rang budc ciia tham sé trong ciu hinh dong hoc xe
Hiéu suét quay cua xe robot dugc tinh bang van téc goc w caa than xe trén mé men truyén dong
cua hai dong co:
_w Rad 1
=775 Nm (12)

Khi dé, véi xe robot c¢6 van tde dai tdi da v,,,4, hiu suit quay tai chd ctia than xe can dat dugc
muc tuong duong tai cac di€m tiép xac mat duong cua banh xe. Tuc la:
Wmax vmax
H = =
2-T 2-T-R, (13)
Trong d6, Wpay 12 van tde goc t6i da yéu cau cua xe robot, R, 1a ban kinh quay cua diém tiép
_ VaZ+p?
2
Chiéu dai co so ciia xe bon banh i truot phai dam bao 16n hon gi tri t6i thiéu dé cac banh xe
trong mot day khong cham nhau. Véi xe bon banh 14i truot, r 1a ban kinh cua banh xe:

xuc mat duong cla cac banh xe: R,

a=2-r (14)
Tuong ty nhu vay, voi xe sau banh 14i truot thi:
a=4-r (15)

3. MO PHONG, KHAO SAT, THAO LUAN

Dé khao sat kha ning quay tai chd ciia robot, ta dit vao hai banh xe din dong hai mé-men cling
d6 16n va nguoc chidu nhau (T:=380 Nm; T,= -380 Nm). Dé thuc hién cac mé phong, ta dira vao
cac tham sb khong d6i cua xe nhu sau: M=350kg; r=0.18m; J,, =0.15 kg-m2[9]. Theo (14) va (15),
v6i xe bdn banh 14i truot: amn = 2 % 0.18 = 0.36 mm; v&i xe sdu banh 14i truot: amin = 4 % 0.18 =
0.72 mm. Dé khao sat su anh huéng cua ti 16 chidu dai co sd trén chidu rong vét banh xe dén goc
hiéu suét quay ciia xe robot, hé s6 ma sat trugt duoc c¢b dinh pp, = uy =0.8.

Tir d6 thi dudi ta thay trong cung 1 khoang thoi gian, v6i cung mot mo-men diéu khién dit vao
banh xe dan dong, hi¢u suat quay tai chd ctia xe thay d6i phu thudc vao chiéu dai co s xe va chiéu
rong vét banh xe. Hiu suét quay tai chd ctia robot tang khi ti 1€ chiéu dai co s& trén chiu rong vét
banh xe giam (hinh 5a). Hiéu suat quay tai chd ciia xe dat duoc rat nho (gan nhu bang khong) khi
chiéu dai co so xe dat dén gia tri ngudng an. Voi chiéu rong vét banh xe 0.6 m, ay= 0.6 m; vai
chiéu rong vét banh xe 0.55 m, ay=0.55 m.

0.025 T T T T T 14
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—&— Chiéu rng vét banh xe 0.55m
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—S— Chiéu dai co s¢/chidu rong vét banh xe=0.8

~
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Hinh 5. Anh hucng cua chiéu dai co so va chiéu rong vét banh xe lén hiéu suat
quay tai cho xe robot bon banh ldi truot.
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Hiéu guét quay tai chd cua xe robot ciing ting khi giam dér{g thoi cac kich thude chiéu dai co
sO va chiéu rong vét banh xe (ti 1€ gitia hai kich thudc khong doi) (hinh 5b).

DPé khao sat anh huong cua ti 1¢ hé s6 ma sat theo phuong ngang va phuong doc (un/po) 1én
hiéu suat quay cua xe, chiéu rdng vét banh xe gilr cd dinh bang 0.6 m (hinh 6).
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Hinh 6. Anh hudng ciia ti s6 ma sdt theo phirong ngang va phuong doc (unlup) 1én hiéu sudt
quay tai ché xe robot bon banh ldi trieot.

Nhu véy, hiéu suit quay tai chd cua robot ting khi ti 18 hé sb ma sat theo phuong ngang va theo
phuong doc giam (hinh 6a). Trén thuc té, hé s6 ma sat theo phuwong ngang va theo phuong doc ¢
thé dugc thiét ké khac nhau, béng cach thiét ké cac cdu truc dic biét cua lép xe [6, 7].

Dé x4c dinh gié trj ay trong truong hop tong quat, ta tién hanh khao sat véi cac ti 18 pup/uy khéac
nhau, déng thoi ti 18 chiu dai co so xe trén chiéu rong vét banh xe thay ddi. Két qua khao sat dugc
thé hién trén hinh 6b. Theo do, gia tri ngudng clia chiéu dai co s xe robot bon banh ay phu thudc
vao chiéu rong vét banh xe b va ti 18 pp/uy:

Hp
ay=b- i (16)

Tién hanh md phéng dong thoi hai md hinh xe robot sau banh va bén banh 14i trugt véi cac tham
s6 riéng cho xe sau banh: pp = py =0.8. Tham s riéng cho xe bon banh: Ti 1¢ hé s6 ma sat theo
phuong ngang va theo phuwong doc téi uu dat dugc pn/ Ppo=0.85 [8], két qua thu duge nhur sau:

0.012

—%—Xe r-bot bon banh
—S— Xe ré-bot siu banh
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Hinh 7. Anh huong cua chiéu dai co so lén hiéu ‘sud’t quay tai ché xe robot sau banh lai truot va
bon banh ldi trugt (voi chiéu rong vét banh xe 0.6 m).
Tir hinh 7 nhan thay rang, véi cac tham sO gan nhu tuong dwong, hiu sudt quay tai chd cia xe
sau banh lai truot vugt trdi so véi bon banh lai truot.
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4. KET LUAN

Bai bao da xay dung duwoc mo hinh dong hoc ctia xe robot bdn banh 14i trugt va sau banh lai
truot. Cac két qua khao sat thu dugc nhu sau:

- C6 thé tang hiéu suit quay cta xe bén banh l4i trugt bang cach giam chiéu dai co s& cua than
xe dén muc toi thiéu.

- Khi ting chiéu dai co s& than xe robot dén mét gia tri ngudng (theo (16)), hiéu sudt quay cua
xe rat nho, gan nhu bang khong.

- C6 thé tang hiéu sudt quay clia xe bon banh 14i truot bang cach giam ty 18 hé s ma sat truot
theo chiéu ngang va chi€u doc than xe.

- Viéc dua thém 2 banh xe vao xe bdn banh 1ai trugt (dé trd thanh 6 banh 1ai trugt) co thé mang
lai hiéu suat quay tai cho tot hon dang ké so vdi xe bon banh 1ai trugt.

Viée tinh toan tdi uu cc thong sb nay trong thiét ké xe robot 1ai truot din ‘dén viéc nang cao
hi€u suat lam viéc, giam mirc ti€u thu nang lugng va cai thién hiéu qua tong thé.
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ABSTRACT

Investigating parameters in the dynamic configuration of four-wheeled and six-
wheeled skid steering mobile robots to improve on-site rotation performance

This article studies the dynamic model of a four-wheeled and six-wheeled skid-steering
mobile robot (SSMR), focusing on the on site rotation mode (zero turning radius). From
there, the influence of some parametters in dynamic configuration of the robots on the
rotation performance is built, without changing the robot's drive motor. Then the optimal
choice of these parameters can be made to improve the robot's on-site rotation performance.
The research results are simulated and demonstrated on MATLAB.

Keywords: Mobile robot; Four wheeled skid-steering mobile robot; SSMR; Dynamic model; On site rotation.
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