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3D printing is an advanced manufacturing technology used to
fabricate parts by layering materials directly from CAD (Computer-
Aided Design) data. FDM (Fused Deposition Modeling) method is
one of the most popular methods for engineering applications. On the
other hand, mobile robots that move omnidirectionally with mecanum
wheels have been widely used in industrial production, storage,
transportation, and social services. However, the disadvantage of the
mecanum multi-directional wheel is the complicated design structure,
many individual parts, which make it difficult to fabricate. The article
presents the design proposal for manufacturing by 3D printing
(Design  for  Additive Manufacturing) for the mecanum
omnidirectional wheel completely by FDM 3D printing technology,
using PLA (Polylactic Acid ) plastic as the fabrication material. The
wheel is designed by the method of modeling, simulation on the
computer combined with the experimental method. Then, the
mecanum wheel fabricated by 3D printing was tested for application
to mobile robots. Experimental results showed that the 3D printed
mecanum wheels met the requirements of flexible and efficient
movement when following complex trajectories.
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Thiét ké cho ché tao

Cong nghé in 3D la mot cong nghé san xuat tién tién dwoc sir dung
dé ché tao céc chi tiét bang cach xép tung 16p vat liéu tryc tiép tir dir
liéu thiét ké CAD (Computer Aided Design). Trong d6, phwong phap
FDM (Fused Deposition Modeling) la mét trong nhiing phuong phap
phd bién nhit cho cac wng dung ki thuat. Mat khéc, cac robot tu
hanh di chuyén da huéng bang banh xe mecanum di duoc st dung
rong rai trong san xuét cong nghiép, luu trit, van chuyén va céc dich
vu X4 hoi. Tuy nhién, nhuge diém cua banh xe da hudng mecanum la
két cau thiét ké phuc tap, nhiéu chi tiét riéng Ié dan dén kho ché tao.
Noi dung bai bao trinh bay vé dé xuét thiét ké cho ché tao bang in 3D
(Design for Additive Manufacturing) ddi véi banh xe da huéng
mecanum hoan toan bang coéng nghé in 3D FDM, str dung vit liéu
ché tao 1a nhya PLA. Béanh xe duoc thiét ké bang phwong phap mé
hinh héa, md phong trén may tinh két hgp phuong phéap thuc nghiém.
Sau d6, banh xe mecanum d ché tao bang in 3D dugc thir nghiém
g dung cho robot ty hanh. Két qua thuc nghiém khi dung banh xe
mecanum in 3D dap ng yéu cau di chuyén linh hoat va hiéu qua khi
di theo cac quy dao phuc tap.
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1. Giéi thiéu

Gan day, c6 nhiéu nghién ciu tap trung vao cc co cau chay da huéng co banh xe. Dic biét,
cac robot di chuyén da hudng bang banh xe mecanum di duoc sir dung rong rai trong san xuat
cdng nghiép, Iuu trix, van chuyén, dich vu xa hoi va cac linh vuc khac [1]. So véi cac phuong tién
thong thuong, robot da hudng cé nhidu wu diém hon vé kha ning di chuyén trong khdng gian hep
va moi truong dong diic. Chung c¢6 kha ning d& dang thuc hién cac nhiém vu nhat dinh trong
khbng gian vé&i chudng ngai vat tinh, chudng ngai vat @éong hoac cac khu vuc hep [2].

Bénh xe da hudng gom 3 loai chinh: Banh xe Omni (dan dong Holonomic) ¢6 truc banh chinh
dat vudng gac véi truc cua cac con lan, loai ndy két ciu phirc tap, d6 nhay véi diéu kién mat san
cao, lyc kéo yéu [3]-[5]. Banh xe dan dong xoay tao béi banh xe chinh va mét truc xoay hudng
banh xe, loai nay kho lap trinh va diéu khién, ma sét tiép xuc 16n khi diéu khién [5]. Banh xe
mecanum tao bai cac con lan ¢6 truc dat nghiéng géc vai banh xe chinh, nho vay banh xe ¢ uwu
diém thiét ké gon nhe, kha ning tai cao, dé diéu khién [1]. Véi cac dic tinh trén banh xe
mecanum gilp cho cac hé thdng hoat dong trén nd co kha ning da hudng va cuc ky linh hoat, dé
dang thuc hién mot sé nhiém vu trong khong gian chat chéi véi chudng ngai vat tinh, chuéng
ngai vét dong hoic cac khu vuc hep trong cac xuong san xuét, nha kho, bénh vién [6]. Tuy nhién,
nhuge diém cua banh xe da hudng mecanum 1a két cau thiét ké phac tap, nhiéu chi tiét riéng lé
dan dén kho ché tao [7]. Do do6, dé khic phuc cac van d& nay ciia banh xe mecanum, bai bao nay
trinh bay d& xuét thiét ké cho ché tao bang in 3D (Design for Additive Manufacturing) di véi
banh xe da huéng mecanum hoan toan bang cdng nghé in 3D FDM (Fused Deposition Modeling)
[8]. Cu thé, thiét ké mai cua chung t6i d& xuat Ia sir dung hinh tron cho cac con lan va hiéu chinh
theo cach ma cac con lan duoc két ndi voi tm cua banh xe va vat liéu PLA duoc sir dung cho
banh xe mecanum.

2. Pac tinh ctia banh xe mecanum

Banh xe mecanum dua trén nguyén ly ciaa mot banh xe trung tdm vai cac con lan dugc dat
nghiéng mot goc theo chu vi cua banh xe [1]. Goc gitra truc con lan va truc banh Xe trung tam c6
thé cd gia tri bat ky, nhung trong truong hgp ctia mecanum thong thuong la 45° (Hinh 1).

[

Hinh 1. Banh xe mecanum [1]

Céc con lin duoc dinh hinh sao cho hinh chiéu canh cia banh xe 1a hinh tron. Céc con lan trén
chu vi vanh banh xe dich mot phan cua luc theo hudng quay cua banh xe thanh mét luc phap
tuyén theo huéng banh xe. Tily thudc vao timg huéng va toc do cia mdi banh xe riéng biét, hop
cua tat ca cac luc tao ra mot vecto luc tong hop theo bat ky huéng nao, (do do6 cho phép phan
khung dé di chuyén ty do theo huéng cua vecto luc tong hop, ma khong can thay dbi hudng cua
banh xe. Banh xe mecanum c6 3 bac ty do, bao gom chuyén dong quay tron caa banh xe, chuyén
dong quay tron caa con lin va chuyén dong truot quay quanh truc thang ding thong qua diém
tiép xtic (nhu trén Hinh 2). Trén banh xe mecanum, van tc bénh xe c¢6 thé dugc chia thanh cac
thanh phan theo huéng hoat dong va theo hudng bi dong. Thanh phan theo huéng hoat dong la
huéng vudng goc Véi truc con lan tiép xdc véi mat dat, thanh phan bi dong doc theo tryc cia con
lan [3].
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Hinh 2. Bdc ti do cua banh xe mecanum [3]

Khi banh xe quay, vec to lyc doc theo banh xe va vec to lyc vuong goc dugc tao ra. biéu
khién chuyén dong quay caa mdi banh xe c6 thé thay doi hudng di chuyén cua banh xe.

Hon nita, khi bdnh xe mecanum quay, it nhat mot con lan (t0i da la hai con lan) tiép X(c v6i
mat dat. Chi mot bé mat nho (theo ly thuyét, chi 1a mot diém) cua con lan 1a tiép xdc véi mit dat.
Dién tich cua bé mat tiép xic nay cit ngang qua con lan, phu thudc vao hudng quay cua con lan.
Huong cua luc kéo dugc tao ra theo hudng di ngang cua bé mit tiép xuc. N6 co nghia 13, néu
chung ta nhin vao banh xe tir phia trén xuong, luc kéo sé€ vudng goc véi truc con lan [3].

3. Thiét ké va ché tao banh xe mecanum
3.1. Tinh todn va thiét ké banh xe mecanum

Thong thudng, cac robot sit dung banh xe mecanum cé hinh vuoéng hodc hinh chitr nhét, véi
hai banh xe & mdi bén cta khung xe. Sir dung banh xe mecanum cung cap chuyén dong da huéng
cho xe ma khong can hé thong 14i. Khi banh xe mecanum hoat dong, cac con lan trén chu vi banh
xe chuyen mot phan luc theo hudng quay ciia banh xe voi luc phap tuyen so voi hudng cua banh
xe. Chuyén dong cua robot ding banh xe mecanum theo hudng va van tdc goc nhu thé hién Hinh

3[5]. I
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Hinh 3. Chuyén dong ciia robot ding banh mecanum theo huéng va vin toc goc [5]

Pé dam bao tinh lién tuc cua chuyén dong, ) lugng 16n con lin nhé trén mdi banh xe can
phai duoc tinh toan. Tinh lién tuc chuyén dong duoc xac dinh bang phuong trinh dudi day:
N(y—26,)R N
=%k “m (y ‘290) ’ @
Trong phuong trinh (1), théng s6 (R, N, €, Y, 8,) gobm: R 1a ban kinh cua banh xe; N la s6 con
lan mong mudn, y la goc cia duong xodn ¢ quay quanh truc z cua banh xe, va 6, la gia tri ban
dau cuia goc giita chuyén dong bat dau cua diém C doc theo dudng xodn d¢ nhu trén Hinh 4.
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H|nh 4 Cdu hinh so do con lin [9] Hinh 5. Thiét ké banh xe mecanum dé xudt

Trong cong thue (1), gid tri & </ cho biét con ldn s& qua nho so véi sd con lin trong banh xe
(chiéu dai ctia con lin qua ngan va s€ khong hoat dong). Tuy nhién, trong truong hop ¢ > 1, tinh
lién tuc cta chuyen dong c6 thé duge dam bao, nhung gia tri Iy tudng s€ 1a & = 1, vi trong truorng
hop nay chiéu dai con lan thoa mén tit ca cac dic tinh mong mudn ciia banh xe. Khi do, gia tri
clia & phai cang gan v6i 1 cang tot, vi khi e ting, chidu dai cta con lan ting 1én lam cho banh xe
day hon va dudng sinh c6 xu hudéng dao dong lam cho dudng cong khong du. Trong bai bao nay,
thiét ké moi cua ching t6i duoc dé xuat 1a sir dung hinh tron cho cac con ldn va hiéu chinh theo
cach ma céc con 1an duoc két ndi v6i tAm ciia banh xe. Hinh 5 minh hoa cho thiét ké méi duoc dé
xudt. Trong thiét ké nay, hinh tron dang dugc sir dung dé xac dinh hinh dang ctia cac con lan. Cac
toa do diém A, B va C trén Hinh 4 duoc xac dinh nhu sau:

A(R, 0, 0), B(Rcosy;, Rsiny; Rp), C(Rcosd, Rsing, Rb)

Céc vector AB va AC dugc x4c dinh nhu sau :

R(cosy — 1)
AB = Rsiny ] 2
Ry
_ [R(cos6 — 1) Py
AC=| Rsing ] = Pz] (3)
RO Ps
Vector don vi song song vdi vector AB duoc xéc dinh nhu sau :
— . Uq]
I Y: AB
u= W TR 2—Zcosy+y2_ Zi (4)
Trong do : u; = COS]]J/ 1u2 = %ug = %

VaD = /2 — 2cosy + y2
Tur d6, xéc dinh do cong cua con lan. Can phai xoay vec to AC quanh vector % mot goc z. Goc
nay s& tao ra mot sé duong tiép xuc xung quanh vec to % [9]. Phuong trinh xac dinh bé mit cua
con lan la:
x=x(0,7) =R+ P
y=y0,1)=R+P, ®)
z=2(0,7) = P4
Trong do,
P = [cost + u?(1 — cost)]P; + [uyu, (1 — cost) — uzsint]P,
+ [uzu (1 — cost) + uysint| Py
P; = [cosT + u?(1 — cost)]P, + [uu; (1 — cost) + uzsint]P;
+ [usu, (1 — cost) — uysint] Py
P} = [cost + u3(1 — cost)]P; + [uzu, (1 — cost) — u,sint|P;
+ [uzu, (1 — cost) + uysint]P,
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Dé c¢6 duoc hinh dang tron cho con lin c6 hiéu qua tdt nhit c6 thé, st dung phuong trinh bé
mat cua con lan va xac dinh ban kinh 16n nhat va nhé nhat cta con lan.

Chi tiét dang duoc ché tao
hi tiét d&

Cudn vat lidu hd tro

Cubn vét liéu chinh —

Hinh 6. Théong s6 banh xe [5] Hinh 7. Nguyén Iy in 3D cong nghé FDM

Céc thong s ctia banh xe duoc xac dinh théng qua cac théng sd L,,a, [, nhu trén Hinh 6.
Trong d6, L, 1a chiéu dai con lan; o 1a goc gitra truc con lan va tryc trung tam; [, bé rong cua
banh xe. Thong qua céc thong sd nay, c6 thé xac dinh ban kinh 16n nhat va nho nhét cua con lan.
Khi biét s6 Iwgng con ldn N, chiéu dai con lin c6 thé xac dinh bang cong thirc sau [10]:

sin <p/2 - sin™/y

Ly =2R sina sina 6
B ©)
, PN
B¢ rong cua banh xe s€ dugc xac dinh :
sin™/ N
l,, = L.cosa = 2R (7
) tana
Tir @6, ban kinh 16n nhat cta con lan dugc xac dinh nhu sau [4]:
— R L,sina
tnax = R = (o) ®)

Va ban kinh nhé nhét caa con 1an duge xac dinh nhu sau:
r2in + 2R = 200 ) Tmin + R2(sin /5)? + 120y — 2R1ngx = 0 9)

Qua tinh toan, cac thong s6 banh xe mecanum d& xuat gom:

S6 lugng con lan N = 10; Géc giita truc con lan va truc banh xe o = 45°; Bén kinh bénh xe R
= 40 mm; Ban kinh con lin & tim 7,4, = 7 mm; Ban kinh con lin & dau Tmin =5 MM; Chiéu
dai con lan L, = 31 mm; Bé rong banh xe [, = 36 mm. Banh xe mecanum dé xuat duoc thiét ké
trén phan mém SolidWorks nhu thé hién trén Hinh 5.

3.2. Ché tgo banh xe mecanum bang céng nghé in 3D FDM

Cong nghé in 3D FDM (nhu trén Hinh 7) ché tao chi tiét bang cach dun nhwa nong chay roi
hod ran tirng 16p tao nén cau tric chi tiét dang khéi. Vat liéu sir dung ¢ dang soi c6 duong kinh tir
1,75 — 3 mm, dwoc dan tir mot cudn nhua t6i dau dun, chuyén dong diéu khién bing dong co
budc hodc servo. Khi soi duoc cap t6i dau dun noé duoc 1am ndng, sau d6 duoc day ra qua voi
dun 1én mat phang [8].

File thiét ké banh xe mecanum duoc luu dudi dinh dang STL va duoc tao chwong trinh in 3D
bang phan mém Simplify 3D. Banh xe mecanum duoc ché tao bang may in 3D cong nghé FDM
bang may in 3D Creality CR10S. Vat li¢u sir dung cho ché tao banh xe mecanum bang in 3D
FDM la nhya polylactide (PLA). Nhua PLA la nhya polyester nhi¢t deo phan huy sinh hoc co
ngu0n gdc tir cAC nguodn tai nguyén tai tao nhu tinh bot ngd, ré san. Nhya PLA c6 nhiét do
chuyén pha 60 - 65°C, nhiét do nong chay 173 - 178°C va mé dun kéo cing 2,7-16 MPa [11].
PLA c6 thé chiu duoc nhiét d6 110°C [12], PLA c6 kha ning in d& dang do d6 duoc su dung
rong réi trong in 3D [13].
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Céc thong s thiét lap cho qué trinh in 3D banh xe mecanum bao gom: Puong kinh dau in: 0,4
mm; Chiéu day I6p in: 0,2 mm; Téc d6 in: 60 mm/s; Puong soi nhua: 1,75 mm; Kiéu duong dan:
Rectilinear; Nhiét do in: 205°C. Chi tiét cua banh xe mecanum duoc in thanh céng trén may in
3D-FDM véi cac thong sb in nhu dd dé cap ¢ trén. Banh xe mecanum da duoc lap rap hoan thién
nhu thé hién trén Hinh 8.

Hinh 8. Banh xe mecanum duoc ché tao hodn thién Hinh 9. Robot ty hanh su dung banh xe mecanum
bang in 3D FDM dwoc ché tao bang in 3D FDM

4. Ung dung cho robot tw hanh

Dé kiém nghiém kha ning di chuyén da huéng ciia banh xe mecanum da ché tao, nhom téc gia
da dé xuit wng dung cho robot ty hanh c6 két cau nhu trén Hinh 9.

Hé thdng diéu khién robot ty hanh gom cac khéi chirc nang sau: Khdi ngudn cung cap ngudn
dién cho toan hé théng; Khdi xu ly 1am nhiém vu tinh toan, xt Iy, litu trit thong tin va dua ra tin
hiéu diéu khién; Céc driver diéu khién dong co theo tin hiéu diéu khién cua khéi xir ly; Module
bluetooth truyén nhan thong tin diéu khién theo chuan Bluetooth gitra khdi xir Iy va dién thoai;
Céc dong co dién chuyén doi dién thanh co ning dudi su didu khién cua cac Driver. Trong do,
cac khdi chire ning duoc b tri va lién két theo so dd nhu trén Hinh 10.
¥

FAE Module Tobild
S e
]

¥ v v b

_J> Driver BC Driver DC Driver BC Driver DC
] trwée i trwge phai sau trii sau phai

v
[P Ll | |
L _ft |
Hinh 10. Cdc khoi diéu khién cia robot tw hanh

Cin ctr vao so dd khdi, théng sé ki thuat, yéu cau bai toan, tinh 6n dinh va chi phi hé thong
diéu khién, chiing toi chon céac thiét bi, linh kién chinh ché tao hé thng diéu khién robot tu hanh
gom: Robot sir dung banh xe mecanum duoc dan dong biang bén dong co busc NEMA 17 véi
bén driver didu khién DRV8825. Arduino Mega 2560 1am nhiém vu tinh toan, diéu khién, luu trit
thong tin trong hé théng. Ngoai ra, dé cdp ngudn cho cac dong co budc va robot, ching toi sir
dung pin Li-Po 3S cép dién 4p 12V. Robot dugc didu khién khong day théng qua module truyén
théng Bluetooth HC-05.

DC trwde
trai

5. Két qua va ban luin

Bang 1. Két qua thue nghiém thoi gian chuyén huéng va ban kinh quay vong ciia robot tw hanh sir dung
loai banh xe khac nhau

Péi twgng thir nghiém Thoi gian chuyén hwéng  Béan kinh quay vong

180° trung binh trung binh
Robot dung banh xe Bé& mit bé tong 11s 11cm
mecanum B& mit gach hoa 14s 12 cm
Robot dung banh xe Bé mit bé tong 165 19cm
thwong B& mit gach hoa 1,7s 20 cm
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bé danh gia hoat dong cua robot ty hanh st dung banh xe mecanum dugc ché tao béng
phwong phap in 3D, nhom téc gia da tién hanh so sanh qua trinh chuyén huéng cua robot tur hanh
sir dung banh xe thong thuong va robot tu hanh sir dung banh xe mecanum cé céc thong sd co
ban tuong tu nhau gém: Chiéu dai co s& than xe 20 cm, chiéu rong than xe 15 cm, trong luong xe
800 g, duong kinh banh xe 80 mm. Két qua thir nghiém thé hién trén Bang 1.

Vé6i két qua thuc nghiém cho thiy, robot ty hanh sir dung banh xe mecanum co thoi gian
chuyén huéng va ban kinh quay xe nho hon so véi xe sir dung banh xe thong thuong. Su khéc
biét khi str dung hai loai banh xe nay 1a do cic banh xe thong thudng khong co kha ning diéu
khién cac béac ty do mét cach doc 1ap, bai vi cac banh xe thudng khong thé di chuyén theo hudng
song song voi truc cua banh xe. Day dugc goi 1a nhiing rang budc phi holonomic cua banh xe ma
khién cho robot khong di chuyén vudng goéc huéng chuyén dong ciia nd duoc.

6. Két ludn

Bai bao da dé xuét thiét ké cho ché tao banh xe mecanum bang phuong phéap in 3D FDM véi
vat liéu nhiya PLA. Két qua thuc nghiém cho théy, Robot sir dung banh xe mecanum in 3D di ché
tao da gir dugc huong va chuyén huéng di chuyén theo chuong trinh diéu khién. Tuy nhién, khi
di chuyén ngang van c6 sai léch it do dic tinh truot ctia banh xe. Dinh huéng nghién ciru tiép
theo cia nhom tac gia la thr nghiém ché tao banh xe mecanum v&i cc vat liéu nhya in 3D khac
nhau dé han ché anh hudng ctia ma sat mat duong 1én kha ning truyén dong ciia banh xe, ciing
nhu khao sat anh hudng cia cac thong sé thiét ké dén hoat dong cua banh xe.
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