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Tém tit - Robot trg ly 1a mAu robot c6 kha ning tw hanh va twong
tac, hd tro con nguoi trong nhidu cong viée khac nhau. Mot mau
mo hinh robot trg ly thuong gap la robot tw can bang trén béng
(BBR) v6i nhiéu diém ndi troi hon cac méau robot trg Iy thong
thuong. Tuy nhién, dé hé théng c6 thé hoat dong én dinh va két
chu robot dé dat dugc can bing trén qua béng, viéc tinh toan két
cAu robot cin dwoc thyc hién cin than. Bai bao ndy trinh bay cach
tinh toan va phan tich két cau khung chinh ctia mot BBR dua trén
phuong phap phin tir hitu han. Trude tién, dic diém va ciu tao
hinh dang cta robot nay dwoc gi6i thiéu. Ciu tao co khi va dic
diém lién két cua cac chi tiét cua khung chinh duge md ta. Tir do,
md hinh phén tich phan tir hitu han cta ciu tric khung chinh BBR
dugc thiét 1ap dé danh gia kha ning lam viée ciia no trude khi tién
hanh ché tao san phim thyc té.

Tir khoa - Robot can béng trén béng (BBR); Phuong phép phan
tir hitu han (FEM): Phan tich két cAu.

1. Gioi thiéu

Cudc Céch mang cong nghiép 4.0 danh dau su ra doi
ctia céc robot trg Iy c6 kha nang ty hanh va tuong tac véi
con ngudi, cac thiét bi nay hd tro hodc gilp con ngudi cai
thién niang suat cong viéc mot cach dang ké [1-2]. Trong
do, robot tir can bang trén béng (BBR) 1a mot trong cac hé
thong dang duoc quan tam va nghién ciru. Khac voi céc
loai robot di chuyén truyén thdng can hai banh dan dong
[3], khong thé thuc hién cac chuyén dong theo cac hudéng
khac nhau ngay lép tirc, cac BBR ¢ thé thuc hién cac
chuyén dong da hudng ma khdng can  phai xoay phan thén
cua robot [4]. Bén canh do, nho chi can mot diém tiép xtc
v6i mat dat khi van hanh, loai robot nay c6 kha ning di
dong trong cac khong gian chat hep [5-7].

Véi cac vu diém trén, BBR da dugc quan tam nghién
clru ¢ trong va ngodi nude. Nguyén ban dau tién cua BBR
da duoc phét trién boi Pai hoc Carnegie Mellon véi co
ché di chuyén dua trén nguyén ly nghich dao hoat dong
cta Vién bi va chudt may tinh [8]. Nam 2008, mdt nguyén
mau khac dugc gidi thiéu véi cai tién & phan truyén dong
v6i viée sir dung 3 banh xe da huéng (Omnidirectional
wheel), robot nay cé kha ning tinh tién theo nhiéu huéng
khac nhau va thuc hién chuyén dong quay quanh truc
thang dtmg [9]. Mau Rezero cua ETH Zurich duoc gidi
thiéu nam 2010 12 mau BBR c6 kha ning hoat dong on
dinh véi téc d6 cao (2mps) va c6 kha nang ty diéu chinh
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and interacting, assisting humans in various tasks. A usual design
of assistant robot is a ball-balancing robot (BBR) with many
outstanding features compared to conventional assistant robot
models. However, for the stability of system and balancing capacity
of robot on the ball, the calculation of the robot structure needs to
be done carefully. This paper illustrates a process to calculate and
analyze the main frame of a BBR based on the finite element
method. Firstly, the characteristics and configuration of this robot
are introduced. The mechanical structure and connection
characteristics of the machine elements of the main frame are also
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nhanh vé trang thai can bang khi bi céc luc tac dong
nghiéng [10]. Mau BBR do Shreyas Srivatchan phat trién
véi vai tro 1a robot 18 tan trong nha [11]. Trong cac nim
gan day, nhiéu nghién ciru vé bo diéu khién cia BBR
duge dua ra, nhu: BO diéu khién dya trén t6i wu hda thuat
toan di truyén [12]; Bo diéu khién robot két hop gitra
phuong phap diéu khién truyén thong va phwong phap
hoc tang cuong (Reinforcement learning) [13]. Véi cac
nghién ciru dau tién trong nude, cac cong bd nay chi tap
trung vao qué trinh phét trién cac phwong phap va lua
chon céc théng s6 dicu khién mot hé théng BBR [5, 14].
Tuy vay, cac nghién ciru phan tich va danh gia kha nang
hoat dong céu trdc khung chinh caa BBR con chua duoc
quan tdm nhiéu. Viéc x&c dinh cdu trdc hinh hoc hop ly
va kha nang chiju tai trong qua trinh hoat dong cua cac chi
tiét may 1a can thiét [15-18], do d6 quy trinh thiét ké va
phan tich kha ning hoat dong cua céu tric khung chinh
BBR céan duoc nghién cru.

Trong nghién ciru ndy, cach tinh toan va phan tich két
céu khung chinh ciia mét robot ty can bang trén béng
(BBR) dua trén phuong phap phan tur hiru han (FEM) dugc
gi6i thidu. Pau tién, dic diém cau tao va thong so hinh hoc
ctia robot ndy duoc mé ta. Tiép theo, cdu tric phan khung
chinh ctia BBR dugc mo phong va phén tich véi su hd trg
ctia FEM. Trong do, qué trinh thiét 1ap mé hinh mé phong
gém: K§ thuat chia ludi, thiét 1ap luc siét mic dinh cia mdi
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ghép bulong — dai 6¢, m6 hinh héa méi lp ren va céc diéu
kién bién khac cling duwge mo ta chi tiét. Cudi cung, tir két
qua md phéng, viéc ché tao phan khung chinh cia BBR
duoc thuc hién.

2. CAu tao BBR

2.1. Céu tric tong thé

Tai trong

Khung chinh

Qua bong

Hinh 1. Cau tric khung ciia BBR

*] - Mat chén dé ciia robot
*2 - Diém tiép xuc giira
banh da hudng véi qua bong

Hinh 2. Géc phan bé ciia dong co
va goc giita banh da hwong véi qua bong

Nhin chung, mét BBR sé& duoc ciu tao gom 3 phin
chinh: Tai trong mang theo, khung chinh va qua bdng di
chuyén, nhu Hinh 1. Ngoai cong dung chiu tai trong 16n
ctia c&c thiét bi mang theo, phan khung chinh cua BBR
con 1a noi dé gén cb dinh ba dong co dién lam bo phan
chinh tao nén chuyén dong lan cho qua béng. Bé robot cé
thé di chuyén d& dang va diéu khién thuan loi, cac yéu tb
vé can bang va tinh linh hoat ciia BBR can dugc quan tam.
Do do, vi tri ga dat cua dong co va kha nang dung virng
cua khung chinh 1a quan trong. Dé tao khd nang di chuyén
linh hoat, vi tri g& dat ciia cum co cu “dong co — banh xe
da hudng” va qua bong can xac lap cac goc tuong tmg voi
c4c mat phiang khac nhau nhu Hinh 2. Trugc hét, dé luc
kéo tai cia moi dong co duge phan bd déu nhau, cac dong
co nén duge b tri c6 khoang cach bang nhau trong vong
tron, hop véi nhau mot géc 120° trong mit phing OXxy.
Thém vao do, tinh linh hoat cia BBR con dugc quyét dinh
bdi géc banh xe da hudng ctia n6. Gc banh da hudng la
g6c duoc hop boi duong thing di qua diém tiép xdc giita
bénh xe v6i qua béng va tdm qua béng so véi truc dung
Oz cua qua bong nhu Hinh 2(b). V& co ban, géc nay cang
16n thi robot cang kém linh hoat vi hanh trinh quay quanh
truc Ox va Oy s& dai hon, chuyén dong quay do s& kho
khan hon. Ngugc lai, géc banh xe da hudng nho s& lam

cho mat chan dé cua robot (phan tam giéc nét dat “1” ¢
Hinh 2(a) tao boi ba diém tiép xdc ciia cac banh xe da
hudng — diém “2” duoc thé hién trong Hinh 2(c)) bi thu
hep, lam robot khé cén bang. O thiét ké nay, gia tri géc
duoc Xac dinh la 45°.

2.2. Thiét ké khung chinh ciia BBR

Trong két cdu tong quan cia BBR, khung chinh cua
robot |a phan quan trong nhét trong viéc chiu tai va cé dinh
Cac cum co cau “dong co — banh xe da hudng”. Thong
thuong, mot BBR can mang theo cac hé thong thiét bj giam
sat, hé thong diéu khién, pin dé du trir nang luong dong
thoi c6 thé mang theo cac vat dung khac tlly theo cong ning
thiét ké khac nhau cua né. Trong mot s trudng hop dic
biét, tong tai trong ciia BBR c0 thé dat 100kg. Tuy vay, tai
trong tdi da ciing bi han ché boi kha ning chiu tai cta qua
bong ma toan bo khdi lugng robot dat 1én. Trong thiét ké
nay, khung chinh cta BBR s& dugc xac dinh c6 kha nang
chiu tai toi da 50kg.

Thiét ké cu trdc cua phan khung chinh ciia BBR dugc
mo ta trong Hinh 3. Bé tao kha nang thao lip dé dang,
phan khung chinh nay s& duoc thiét ké boi 5 chi tiét roi
va duoc lap rép véi nhau bang cac mdi ghép buléng — dai
dc ché tao tir vat liéu thép SUS 304. Thiét ké nay gitp
robot dé& dang tly chinh hodc thay thé cac bo phan, nhu:
Thay d6i cum co cau “dong co — banh xe da hudng”,
tang/giam chiéu cao khung chinh, diéu chinh d¢ rong ctia
khung chinh... Toan bo chi tiét duoc gia cong bang thép
tam day 2mm va duoc tao hinh bang may chan kim loai.
Dé dat duoc yéu cau vé tinh cong nghé, vat liu dugc
dung cho khung chinh cia BBR 1 thép khong gi SUS
430. Pay la loai thép d& dang gia cong chan gap do c6
tinh déo cao, do bén cao va cé kha nang chiu mai mon,
ngoai ra con dé dang tim kiém trén thi trudng.

Dia trén

Bulon,

Thanh ndi ) ®

Dia dudi

Hinh 3. Thiét ké khung chinh ciia BBR

3. M6 hinh phén tich FEM

Phan mém phén tich phan tir hitu han ANSYS R15.2
dugc sir dung & md phong va phan tich kha nang hoat
dong cua khung chinh BBR. O day, dé don gian hoa bai
toan phan tich, phan khung chinh 12 bo phan dugc chon
phan tich chinh. Pau tién, thiét ké 3D cua khung chinh
BBR dugc dua vao phan mém ANSYS duéi dang dir liéu
*.igs. M6 hinh phan tich duoc tao ra gdbm 29 chi tiét roi,
gdm 5 chi tiét chinh va 12 cap buldng — dai bc.
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Mot m6 hinh phan tich phan tir hitu han tot 1a mo hinh
c6 két qua chlnh xac va thoi gian mo phong ngin [19- 20].
Dé dat dugc yéu té do, viee thlet lap ciu tric ludi 1a rat
quan trong [21]. Pau tién, cin lya chon loai phan tu
(element) phu hop véi bai toan md phong. Phan tir dang
lang try tam giac 6 nat (Hinh 4(b)) va khéi hop 8 nit
(Hinh 4(c)) ludn dugc uu tién lya chon, vi 2 loai nay gilp
mod phong duoc thuc hién nhanh chong va két qua it sai
s6 [22]. Tuy nhién, déi véi céc chi tiét c6 hinh dang hinh
hoc phirc tap, khong thé sir dung 2 loai phéan tir trén thi
phan tir tir dién 4 n(t (Hinh 4(a)) 12 lya chon don gian hon
[23]. Trong mo hinh phan tich khung chinh BBR nay,
phan tir ling try tam gi&c 6 nat va khéi hop 8 nat duge sur
dung cho toan b md hinh; Trong khi do, buléng va
dai 6c dugc md phong véi sy két hop da phan tu
(multizone). Bén canh d6, & nhitng viing can dic biét chu
y khi tao mé hinh ludi (ving tap trung ting suét va dé xay
ra hong), kich thudc phan tir s& dugc thiét 1ap c6 kich
thude nhé hon nhu Hinh 5(b). Tir cac thiét 1ap néu trén,
md hinh phan tich nay ¢ 185714 phan tir (Elements) va
949023 nut (Nodes).

Hinh 4. Cac hinh dang phdn ti co ban: (a) Tit dién 4 nit;
(b) Lang tru tam giac 6 nat; (¢) Khoi hgp 8 nut

(b)

Hinh 5. Cdu tric hedi ciia: (a) M6 hinh tong quat;
(b) O mai ghép buldng — dai éc

Tay vao dic diém va tinh chat lién két giira cac chi tiét
khac nhau trong thyc té, cac lya chon ving tiép xuc giita
chidng trong mé hinh md phong s& dugc xac 1ap tuong
tmg. Trudc tién cac bé mit tiép xUc gitra céc dia trén va
dia duéi voi ba thanh ndi sé duoc lya chon tiép x(c c6 ma
sat (Frictional). Pay la kiéu lién két cho phép cac bé mit
tiép xUc gitra cac chi tiét chinh nay c6 thé tach roi nhau
khi bi tac dong bai ngoai luc. Dé tao lién két thanh mot
khéi thdng nhat, cac dia dudi (hodc dia trén) va cac thanh
no1 s& lién két v6i nhau bang cac moi ghép buldng — dai
bc. Bé tang tinh Chlnh XaC mo phong, cau trdc moi ghép
ren giita buldng — dai ¢ can dugc chi tiét hda t6t va dugc
md phong vai cau tric luéi min (Fine meshing) [22].
Tuy nhién, cach Iam nay s& lam chuong trinh mé phong
phirc tap va ton kém nhicu tai nguyén may tinh. Thay vao
d6, cach sir dung cong cu sin c6 Bolt pretension cua
ANSYS c6 thé dung lam phuong &n thay thé c6 chét
lurgng tinh toan twong duong. Céc khai bao can c6 trong
mo h|nh phan tich khi d6 danh cho méi ghép bulong dai
bc goém co: DBuong kinh trung b|nh ciia moi ghep ren,
bude ren, goc tiét dién ren, sé dau méi ciia duong xodn de
va chiéu cua ren.

Thém vao d6, trong mé hinh phan tich, lyuc siét ban dau
(preload) cuia méi ghép buldng - dai bc can duoc xéac dinh.
Luc ndy c6 vai tro 1am cho cac mbi ghép buldng khong bi
tach roi khi ngoai luc tac dung Ién vang lién két. Trong mo
hinh FEM, luc siét ban dau can duoc khai bao truge. Bé
tinh dugc gia tri luc siét can thiét cia mdi ghép buléng -
dai bc¢ str dung d6i voi khung chinh BBR, ta c6 thé sir dung
cong thirc (1) [24], luc siét ban ddu cho cac mbi ghép co
thé thao rap duoc tinh theo cong thic:

F =0,75F, )

Trong do, Fp la tai th nghi¢m: F = A x0,85xS (2)

O day, A 1a dién tich chiu kéo cta buldng va Sy 1a gidi
han chay cua vat liéu. D6i v6i buldng thép SUS 304 kich
cd M5 thi Ac=14,2 (mmz) va Sy =205 (MPa). Do do, ta co
thé xac dinh duoc luc siét ban dau cua méi ghép buldng —
dai 6c trong md hinh nay la Fi= 1856 (N).

Trong mé phong nay, khung chinh cia BBR ¢ rang
bude ¢ dinh tai ba ving ldp dong co va chiu tai tap trung
quy ddi tai trong tm ctia khung. Nhin chung, khung chinh
cia BBR duogc ¢ dinh va di chuyén theo qua bong bén
dudi nho vao cac dong co gin clmg tryc tiép véi nd. Do
d6, trong mod hinh phan tich FEM nay cac rang budc ¢
dinh (Fixed support) dwoc lwa chon tai ba vi tri gin voi
dong co. D& don gian h6a mo hinh, toan b tai trong dat
I1én khung chinh cua BBR sé& dugc xem la luc tap trung tai
tadm cua vong tron dia dudi (trong tdm khung). Trén thuc
té, mot BBR c6 hai trang thai hoat dong: Can bang va
nghiéng v&i goc nghiéng tbi da 5° [6, 9], nhu Hinh 6. Do
d6, md hinh phan tich kha néng chiu tai cua khung chinh
s& xét dén ca hai truong hgp nay. Tuy vao truorng hop cén
bang hay nghleng ma lyc tai trong P c6 thé chi ¢6 1 thanh
phan P, hoic ¢6 du ca 3 thanh phan (Py, Py, P,) tu'cng ung.
Ngoai ra, trong md hinh nay, tai trong dat vao khung
chinh s& c6 gia tri tdi da khong quéa 50kg. Céc thong sb
khai b&o trong md hinh phén tich kha nang chiu tai cua
khung chinh duwgc md ta trong Bang 1.
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(@) (b)

Hinh 6. Trong luc tac déng 1€n phdn khung ctia robot
trong truong hop (a) BBR can bang va (b) BBR nghiéng
Bing 1. Cac thong s6 ciia md hinh md phong

Pic diém Thong sb Gia tri

Gi6i han chay 345 MPa
Vit liéu cua Gidi han bén 517 MPa
phan khung Mé-dun Young 200000 MPa
SUS 430 Heé sb Poisson 0,3

Khdi lugng riéng 7850 kg/m3

Gi6i han chay 205 MPa
Vit lidu cta Gi6i han bén 515 MPa
buléng — dai 6c  |Md-dun Young 198660 MPa
SUS 304 Heé sé Poisson 0,29

Khéi lugng riéng 8000 kg/m?
Tai trong ti da 50 kg
Gia tdc trong truong 9,8 m/s?
Goc quay robot quanh truc Ox va Oy {0°, 5°}
Chiéu cao (H) coa trong tam téi tdm cua| {367mm, 467mm,
qua bong 567mm}
Thong sé hinh hoc cua ren B,l\J/:gnf 0_ g;ln?c
Luyc siét ban dau ciia méi ghép buldng — dai éc 1856 N

4. Két qua va phan tich danh gia
Bing 2. Tong hop phan tich khd ndng chiu tai ciia khung chinh
BBR v¢i cac truong hop chiu tai khac nhau

| Chiducao | G6c |Ung suét tdi da (MPa)| Bién
Truong| A P
W cuatrong | nghiéng | Khung Cac dang
(T‘-"]f) tam theo truc|ctia BBR|(trir buldng| buléng— | t6i da
Oz (mm) (°) | -daidc) | daibec | (mm)
1
267 0 146,7 37,4 0,67
2 5 221,0 55,8 1,00
3
467 0 146,7 37,4 0,67
4 5 251,8 65,4 1,25
5
c67 0 146,7 37,4 0,67
6 5 328,7 80,5 1,49

Két qua tong hop phan tich kha nang chiu tai cia khung
chinh BBR véi céac truong hop chiu tai khac nhau dugc thé
hién ¢ Bang 2. Nhin chung, trong ca 6 truong hop phan
tich, ung suat tdi da (USTD) sinh ra trén khung va cac
buléng — dai 6¢ déu nho hon gidi han chay cua vt lidu. Khi
robot & vi tri can béng, ung sudt va bién dang khi chiu tai
ctia khung robot khong thay ddi khi chidu cao trong tim
tang hodc giam. Nguoc lai, & trang thai nghiéng, USTD

tang manh khi chiéu cao cta trong tdm ting, vi khi d6
momen lyc tac dong 1én khung chinh cua BBR cling tang
theo va lam cho tai trong phan b6 khong déu.

Theo két qua md phong so bo cho cac trudng hop khac
nhau & Bang 2, nghién ctru lya chon chiéu cao trong tam
robot theo truc Oz thuéc md hinh phan tich sé 3 va 4
(H=467mm) la phuong &n cudi cing dé tién hanh cac phan
tich chi tiét. Két qua mo phong toan bo phan khung chinh
cua BBR vdi cac thong s6 g sudt va bién dang cua mo
hinh s6 3 va 4 (TH3 va 4) dugc thé hién trong Hinh 7. O
két qua phan tich ung suét khi BBR can bang dugc thé hién
trong Hinh 7(a), tmg suat |6n nhat sinh ra la 146.7 MPa va
tap trung ¢ diém ndi giita phan ga dong co va vanh khung
tron cta dia dudi. Trong khi do, tai dia trén, Gmg suét sinh
ra tai c4c phan co lién két vai thanh néi ¢6 xu huéng nho
hon céc phan con lai. Xu hudng bién dang cua khung chinh
BRR robot cd thé quan sat & Hinh 7(b). Dia trén cua khung
6 xu huéng bién dang 16m xudng va phan bd bién dang
giam dan tir trong ra ngoai vanh dia. Hinh 7(c, d) 1a két qua
mo phong khi robot nghiéng 5°. B4i véi trudng hop nay,
{ng sudt va bién dang phan bé tap trung hian vé mot phia
(phla nghiéng), lam cho USTD caa md hinh 16n hon dang
ké so véi robot & vi tri thiang bang véi gié tri 215,84 MPa.
Nhin chung, trong ca hai truong hop (can bang va
nghiéng), bién dang cua khung tai chd ldp dong co 1a khong
dang ké (tiém can 0). Piéu ndy la can thiét va gip dam bao
g6c giita banh xe va qua bong s& khong thay dbi khi BBR
hoat dong.

Hinh 7. Két qua phan tich khi chiéu cao trong tam robot = 467mm

(a) BBR thdang bang (TH3) — phan tich itng sudt

(b) BBR thang bang (TH3) — phan tich bién dang

(c) BBR nghiéng 5°(TH4) — phan tich img sudt

(d) BBR nghiéng 5°(TH4) — phén tich bién dang

Hinh 8 thé hién tuong quan giira img suat va bién dang
ctia khung chinh robot (khong tinh cac buléng, dai dc) khi
tai trong ting dan trong phan tich chi tiét cia 2 mé hinh
phan tich chi tiét 3 va 4 (TH3 va 4). Ban dau khi chwa c6
tai, khung chinh cia BBR da chiu mot ing suit c6 gia tri
35 MPa (Hinh 8(a)) gay ra do luc siét ban dau caa méi ghép
buléng. Khi chiu tai tac dong ting dan, khung chinh cua
BBR ciing dong thoi chiu USTD va bién dang ting tuyén
tinh tuwong tng véi tai trong d6. Tuy nhién, khi tai trong dat
gid tri 10kg tro 1én, gi tri USTD nay méi tang dang ké va
16n hon g sudt tao bai luc siét ¢ ban dau tac dong lén
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khung chinh cua BBR. Nhin chung, ¢ truong hop robot
nghiéng, do thi tmg suat va bién dang ¢6 do doc cao hon so
vGi ¢ trang thai thang bang.

250
— -a— -BBR thang bing
‘= 200 | |—— BBR nghiéng 5°
o
E 150
-3
Z 100
=y
D s0
G

Tai (Kg)
(a)
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Hinh 8. Moi lién h¢ giita tai trong véi (a) USTD va
(b) Bién dang trong TH3 va 4 (khong tinh cdc bulong - dai oc)

Phan tich két ciu cua thanh ndi duoc thé hién & Hinh 9
va Hinh 10. Trong két qua phan tich ciia m hinh, diém dau
¢6 vi tri Omm la diém duoc danh s6 “1° va diém cudi Ia s6
2’ nhu ¢ Hinh 9. Tir d6 céc gi4 tri tmg suat va bién dang
dugc thé hién dudi dang d6 thi nhu Hinh 10. Tir Hinh 10(a)
c6 thé thay rd, tai ving 0 — 30mm va 120mm — 140mm la
viing ¢6 chénh léch g suat 16n, vi cac diém nay gan cac
mdi ghép buldng — dai éc. Nguoc lai, & vang 30mm —
110mm, ting suat ¢6 Xu hudng ting dan do cac diém vé sau
& gan ving chiu tai trong cua chi tiét. Ngoai ra, xu huéng
bién dang cua thanh ndi ting dan theo doc chiéu dai cua
thanh nhu Hinh 10(b).
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Hinh 9. Kéf qud phan tich két cdu thanh ndi
() BBR thang bang (TH3) — phan tich ing sudt
(b) BBR thdng bang (TH3) — phan tich bién dang
(c) BBR nghiéng 5°(TH4) — phan tich ing sudt
(d) BBR nghiéng 5°(TH4) — phan tich bién dang
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Hinh 10. (a) Ung sudt va (b) bién dang theo
chiéu dai thanh noi ¢ cac TH3 va 4

Khoang h¢ giita cac mat tiép xuc cua cac chi tiét dugc
lip rap trong qua trinh hoat dong co tai dugc thé hién &
Hinh 11. Trong d6, tat ca cic bé mat tiép xtc déu 1a mau
d6, tirc khoang hé gitra bé mit tiép xuc bang 0. Do do luc
siét trén bulong 1a da dé giir cac bo phan cta phan khung
chinh lién két voi nhau trong cac diéu kién hoat dong khac
nhau cua robot.
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Hinh 11. Khodng hé giita C&c mdt tiép XUc ciia C&C chi tiét:
(a) TH3 - Robot can bang, (b) TH4 - Robot nghiéng 5°

100.00 (e

Hinh 12. Khung chinh ciia BBR sau khi ché tao
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Tir cac phan tich két céu, danh gia két qua g suét t6i
da va mirc d¢ bién dang ciia khung chinh robot (img véi kha
nang chiu tai tbi da 50kg) bang mo hinh FEM, ¢6 thé nhan
thay, thiét ké khung nay hoan toan du kha niang hoat dong
trong thyc té. Do d6, mot mau khung chinh cia BBR di duoc
gia cong va lap rap thanh cong nhu & Hinh 12.

5. Két luan

Bai bao d trinh bay thiét ké va phan tich cau tric khung
chinh ciia BBR. Toan bg cau trdc duoc phan tich bang
phuong phap FEM véi 6 md hinh md phong khéac nhau.
Céc ky thuat phén tich nang cao (nhu: Chia luéi min, mo
hinh h6a méi ghép ren, dat luc kéo trude cho buldng,...) di
duoc st dung trong mo hinh phan tich.

Két qua phan tich cho thiy ung suat sinh ra & khung
chinh ciia BBR nam trong viing an toan cua vat liéu, v6i tai
trong 50kg. Bo phan g& dong co khong bi bién dang qué
16n, dam bao cho géc gitta banh xe da hudng va qua bong
khéng bi thay d6i. Cac mbi nbi buléng — dai dc du luc kéo
trude dé két ndi cac chi tiét voi nhau.

Cubi cung tir két qua thiét ké va md phong kha nang
hoat dong, phan khung chinh cia BBR duoc ché tao va lap
rap thanh cong.
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