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ABSTRACT

This article presents the design and calculation of a cable distribution system
used for large-sized cable robots. The main function of the cable distribution
system is to convert the rotational motion of the motor shaft into the
translational motion of the cable with constraints on position, velocity and
cable tension. With a clear relationship between cable length and motor
angle, the cable distribution system is designed to guarantee that cables are
fully distributed and oriented. The main contributions of the research are as
follows: Designing a cable distribution system with a built-in mechanism for
measuring cable tension; Building cable distribution system mathematical
models, incorporating the results into a mathematical model of a 6-degree-
of-freedom CDPR configuration powered by 8 cables and simulating the
computational results. The analysis findings suggest that the structure of the
cable distribution system meets the design specifications and is suitable for
developing actuators in cable robot applications that involve heavy loads and
large sizes.
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TOM TAT

Bai bao nay trinh bay thiét ké, tinh toan hé théng phéan phdi cap str dung cho
robot cdp kich thudc 16n. Hé thdng phan phéi cap cua robot cap co chuce
nang bién chuyén dong quay tir truc dong co thanh chuyen dong tinh tién
cua ddy cap voi cac diéu kién rang budc vé vi tri, van tdc va luc cing cap.

Heé théng phan phbi cap dugce thiét ké dam bao day cap dugc phéan phéi va
dinh huéng hoan toan véi mdi lién hé rd rang giita chiéu dai cap va | goc quay
dong co truyen dong. Cac dong gop chinh cua nghién ctru bao gbém: Thiét
ké hé théng phan phdi cap co tich hop co céu do luc cang cap; Xay dung
cac md hinh tinh todn hé thong phan phdi cap, tich hop két qua tinh toan vao
md hinh toan cia mot cau hinh CDPR 6 béc tu do dugc truyén dong boi 8
day Cap, md phong két qua tinh toan va danh gia. Két qua phan tich cho thay
két cdu clia hé thong phan phdi cap phu hop voi cac yéu cau thiét ké, co thé
{mg dung trién khai 1am bo truyén dong cho cac Robot cap c6 kich thudc va
tai trong 16m.
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1. Gigi thiéu

Robot song song diéu khién bang cap (Cable driven parallel robot - CDPR) la mét loai robot clu trac
song song c6 cau hinh déc biét, trong do cac co chu truyen dong co khi nhu banh réng, vit me, khau két
ndi cing dugc thay thé bang cac day cap co thé thay dbi chiéu dai. Cap truyen dong dugc quin va nha

bang cac bd truyén dong tuyén tinh hodc quay (dugc goi 13 toi hodc co ciu phan phdi cap) va dugc dinh
hudng bang cach str dung cac thiét bj din hudng nhu puly téi mot bé di dong (Moving platform - MP),
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trén d6 cac dau day cap dugc b tri theo cdu hinh song song [1]. Uu diém 16n nhét ciia cac CDPR 14 c6
kha ning cho mot khong gian 1am viée rat 16n va c6 thé cu hinh lai d& dang. Pic tinh nay dén tir viéc
co cau chap hanh 13 nhing soi cap rat dai, co thé duoc trir va phan phdi trén cac bo toi va cac day cap
hoat dong hiéu qua vé mit két cau, chi chiju tai trong kéo. Ngoai ra, cac bd truyén dong va h¢ théng dan
hudng ¢ thé duge bb tri lai d& dang, cho phép thay d6i nhanh chong vé kich thude va hinh dang khong
gian 1am viéc. Mot van dé khé khan trong viéce trién khai cac CDPR 1a viéc dam bao cho cac day cap
truyén dong hoat dong ¢ trang thai cing va cac luc cing cap nam trong gidi han cho trude ing véi cac
tai trong khac nhau [2]-[3]. Mot uu diém khéc ciia CDPR so véi cac robot ndi tiép 13 cac co ciu chap
hanh c6 thé lap dit trén bé ¢b dinh, khong anh hudng dén tai trong thiét k& hoac d& dang b tri dbi trong
dé can bang lyc tac - dong [4]. Tuy co nhiéu vu diém trong thlet ké va kha nang tng dung, viéc st dung
CDPR trong thuc té van con han ché do nhung thach thirc vé cac van dé thiét ké, diéu khién va an toan.

Kha nang diéu khién va an toan c6 thé dugc cai thién bang cach su dung nhiéu day cap hon s6 bac tu do
ctia MP (Cau hinh thira rang budc). Tuy nhién, diéu nay din dén sy phirc tap ctia cac bai toan dong hoc
— can bang luc va co thé khién cac day cap va cham v6i nhau hodc va cham véi méi trudng xung quanh,
lam han ché khong gian 1am viéc cua robot, do d6 doi hoi phai sir dung cac ky thuét thiét ké phirc tap dé
giai quyét cac van dé néu trén [5]. Trong truong hop nay, kha ndng mo rong khong gian lam viée c6 the
dugc cai thién bang ciu hinh treo cap (Cau hinh mic cap c6 b¢ di dong nam phia dudi cac dlem mic
cap ¢ dinh theo hudng luc trong truong) va sir dung nhiéu cap du phong (s luong cap 16n hon s béac
tu do cia MP) [6]-[7], mic du vay, kha ning va cham gitta cap véi cap co thé ting 1én va md hinh toan
cting phtre tap hon. Do do, dé don gian hoa thiét ké va hop ly hoa chi phi cua viéc phat trién CDPR, cac
cau hinh CDPR dang treo don gian hon da dugc dé xuat, véi s6 lugng day cap truyén dong it hon sb bac
tu do cua MP, diéu nay dan dén mot bo dién khién don gian hon vi MP khong bj thira rang budc [8]-[9].

Trong cac nghién ctru vé CDPR, dé c6 thé diéu khién dugc day cap dap ung cac yéu cau dong hoc, can
phai xac dinh rd mdi lién hé giita d6 dich chuyén ciia bo truyén dong 4g (dong co) va do dich chuyen
ctia cap 4/ (chiéu dai cap). Do dé, viéc dam bao tinh toan duoc ty s0 truyén cia bd truyen ddng co cau
phén phdi cap K = Al/Aq 1a mot diéu kién tién quyét khi cac nha nghién ciru thiét ké cac bo toi phan
phdi cap méi cho muc dinh truyén dong cho cac loai robot néi chung va CDPR noi rleng [10].

V& mit giai phap, cach don gian nhat dé trix cap 1a sir dung mot tang trong quan cap ndi voi dong co,
nhu phén tich ¢ trén. Tuy nhién, viéc thiét ké cac phuong phap quéan cap trén tang 1a khong don gian,
do chiéu dai day cap phu thu¢c vao ban kinh va vi tri vong day trén tang khong phai la mgt ham cua goc
quay dong co. Bé tang chiu dai cap duoc du trit, day cap co the dugc quan trén cac trong tron hodc co
ranh va dao chiéu bang vit tu dao chleu hoic str dung cac trong c6 ban kinh thay do6i duogc [11], [12].
Ngoai ra, day cap cung c6 thé dugc quan chdng 1én nhau trén céac tréng ngan [13]; tit ca nhitng giai phap
nay la dé thu duoc mdi twong quan chinh xdc gitra chuyén vi cua cap va goc quay dong co. Tuy nhién,
ty 5O truyen K 1a m¢t ham cuia goc tuyét d01 ctia dong co, ¢ thé khong xac dinh duoc tai thoi diém bat
dau néu khong c6 ché do luu vi tri khi ngét dién, hay khi ban kinh tang r thay ddi do quan nhiéu 16p s&
1am thay ddi cac gidi han luc cing khac nhau dbi véi cong suat dinh mirc dong co nhit dinh. Giai phap
¢6 thé don gian hon va c6 sin trén thi truong ddi véi hing sb K di biét 1a sir dung mot toi nang dang hé
rong roc va mot bo truyén dong tuyén tinh dé diéu khién né [14], tuy nhién, giai phap nay lam tang kich
thudc, taing d0 mon cap do ma sat khi luu trir cap dai.

Qua cac khao sat cho thdy, CDPR c6 tiém nang pht trién 1n, tuy nhién van chua c6 mot nghién ciru
chi tiét v& viée thiét ké va tinh toan bo tdi phan phdi cap hoang chinh theo cac yéu cau cu thé, ciing nhu
tich hop co cdu do luc cing cap phuc vu qué trinh diéu khién. Do d6, nghién ctru nay tip trung vao viéc
thiét ké, tinh toan va mo phong bo toi phan phdi cap sir dung cho cac cau hinh robot cap khac nhau véi
tai trong toi da 12 500N, chiéu dai luu trit cap 12 20m. Pong gop chinh cua nghién ciru 1a thiét ké céu
trdc bo toi phan phéi cap tich hop thiét bi do lyc cang cap, xay dung md hinh toan biéu dién mdi lién hé
gilra chiéu dai cap va goc quay dong co truyen dong, két qua nay dugc ap dung dé xdy dung bo diéu
khién va m6 phong trén mot cau hinh CDPR dé danh gia sy phi hop ctia md hinh nghién ctru.

2. Thiét ké hé théng phan phéi cap

Co céu phan phdi cap cho cac CDPR c6 nguyén ly twong tu nhu cdc bd to1 ning ha vét, bién chuyén
dong quay 6 truc dong co thanh chuyén ddng tinh tién ctia day cap. Khac voi cac b toi chuyén dung,
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chiéu dai day cap nang ha duoc diu chinh trye tiép tir ngudi van hanh, co ciu phan phdi cap phai dugc
diéu khién chiéu dai va vén toc cua cap truyén dong mot cach chinh xac theo cac bai toan quy hoach
quy dao cho trude. Do d6, viée thiét ké va tinh toan hé thong phan phéi cap phai thoa man cac yéu cau
sau: thir nhit, c6 kha ning phan phdi cap voi do chinh xac vé vi tri, van tdc va dap tng tai trong cho
trudc; thi 2, ¢ thé luu trit sb lugng cap nhét dinh, tuy theo kich thudc ciia CDPR; tht 3, ¢6 co cau do
I cang cap phuc vu qua trinh diéu khién.

Hinh 1. Thiét ké bé toi phan phéi cap

Trong nghién ctru ndy, bo tang cuon phan phdi day cap bang thép duoc thiét ké nhu trén hinh 1. Bé
cac day cap khong bi roi trong khi quin va xa day, mdt co ciu phan phdi hd tro ddn hudng day cap duoc
thiét ké nhu hinh 2, trén d6 c6 tich hgp mot cam bién luc (loadcell) ding dé do luc cing cua day cap.
Bo6 dan huéng bao gém Mot thanh vit me dudng kinh 20mm, buée Smm; Hai thanh dan huéng duong
kinh 16mm; B ga dai 6 oc vit me, dai ¢ thanh dan; Loadcell (100kg) dé do luc cang day cap do tai trén
dau cong tac tac dong vé bo diéu khién. Bo din huéng duoc truyén dong thong qua bo truyén dai rang
dugc dat ¢ cudi truc tang. Dé day cap cudn vao va xa ra khong bi ching, tang cubn cap duoc thiét ké
cac ranh dinh huéng cap véi bude ranh phu hop vé6i su dich chuyén ciia bo dan hudng bang vit me va
bd truyén dai. Vi tai trong yéu cau 50kg va trir dugc 20m day cap, so sanh vo1 bang thong s6 cap theo
tiéu chuén thi chon cap 4mm 1 phu hop. Do bd phén phdi cap va tang cudn cap hoat dong dong bo voi

nhau, vit me c6 budc rang p1 =5 , budc trén tang cudn cap p2 = 5 nén ta chon ti sé truyén cho tang va
vitme k = 1.

Hinh 2. Thiét ké bg dan hwéng cdp va chi tiét ga dai ¢ va cam bién luc

Chu vi mot vong tang cubn day cap:

C, =7(D+d) =7(100+4) =1047(mm) (1)
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Trong d6, Cr 14 chu vi tang quan cap (mm), D 1a dudng kinh tang quéan cap (mm), d 1a duong kinh
cap (mm)

S6 vong day can quin duoc dé dat duoc 20m:

3
N = L = M =61.21(vong) (2)
C, 104

Véi L 1a chiéu dai ti da tang c6 thé trir duoc (m)
Chiéu dai can thiét cua tang cubn cap:

L, = N xb=61.21x5=306(mm) (3)

Trong d6, Lt 1a chiéu dai tang cudn cap (mm), b 1a bé rong mdi bude ring trén tang cudn cap (mm).

3. Mb hinh truyén dgng CDPR

\ Tan BO pha 5
§ § - Vitri home {qp; I} g © phan

> truyén don
/hpi § Yb *xg %z-\
e X

—
—

Bé di dong

PuijC),

Cd cau do luc
cang

Hinh 3. So do truyén déng ciia Robot cdp va hé thong phdn phéi cdp

Hinh 3 cho thay so dd truyén dong cta co ciu phan phdi cap CDPR, chiéu dai cap 1a bién dau vao
diéu khién duogc xac dinh boi cac tham sé thiét ké twong mg va quy dao cta bé di dong, mo hlnh toan
lién quan dugc trinh bay trong cac nghién cuu [7], [15], Chleu dai thyuc té cua cap phan hdi vé bo diéu
khién khi hoat dong dugc do tur encoder. Pé xac dinh mdi lién hé gitra chiéu dai cap va goc quay dong
co, mdt vi tri c6 dinh trong khong glan lam viéc CDPR dugc lay 1am chuan v&i cac chiéu dai cap dugc
xéc dinh trudc, co thé coi day 1a vi tri Home véi cac tham sb ban dau {qni, Ini}. Tur vi tri nay, chiéu dai
tuyét ddi cua | cap fi=1,...,n} twong ung vdi goc quay ciia dong co g (d0) co thé duge tinh theo cac

cong thirc sau:
l. —1 —(q _q )(“ i bzti i )—(q _q )k (4)

_ J7PdE +b? +Db -
o 360k
_ (=) (i —1,)360k,

4 -0y = =
" kg J72d2 +b% +b ©
trong do:

li: chiéu dai khong quan trén tang ctia cap thir i (mm)
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Ini: chidu dai cap tai vi tri Home (mm)

kmi: ty s tuyén hop giam tdc tir dong co dén trang trong
Obi: duong kinh bude trong ciia toi thir i (mm)

Qi: gbc quay cua dong co, véii=1,..., m(d9)

Qni: goc quay dong co tai vi tri ban dau (do)

bi: chiéu rong ctia mdi ranh trén tang cudn cap (mm)

. Dé kiém tra luc cang trén day cap, mot cam biép luc duoc thiét ké dat trén bo dan hudng cap, khi
déu cong tac co tai trong s& gdy ra mdt lyc cang nhat dinh 1én ddy cap. Luc cang day duoc gitr nguyén
gié tri thong qua cdc rong roc dinh hudng day cap. Theo so d6 hinh 3, lyc cang cua day cap dugc tinh
bang cong thuc:

T
T=-——1 9
J2 ©)

Trong d6, T 1a luc cing cép, Tw 14 luc cing cap do dugc tir cam bién luc.

Tur bai toan dong luc hoc duge phén tich trong [15]-[16], m6 hinh dong luc hoc cua dong co truyén
dong co cau phan phoi cap dugc bicu dién theo cong thirc sau:

I, =1,q+f,g+fsign(q) + K.t (10)

Trong d6 In € R™™ 1a ma tran biéu dién quan tinh cua dong co, tang quan cap va va cac bd phan

quay khac, fv € R™™va fs € R™"1a ma tran duong chéo cua hé s6 ma sat nh6t va ma sat kho twong tmeg,

Kc =diag (Ket, - - kcg) € R™™1a ma tran hé s truyén dong bao gdm ty. s6 truyén hop giam tbe, duong

kinh tang va buge trong, va I'm€ R™ 1 véc to mémen cua dong co truyén dong. Tir cong thire (10) véi

céc diéu kién bién vé tai trong, gia toc va van tdc day cap, cong suat dong co va hop giam tc duoc tinh
toan va lua chon.

4. Mo phoéng va danh gia

Puly dan huéng Khung ¢6 dinh

Piém mic
cap co dinh

B¢ di dong Piém mic
cap di dong

Hinh 4. Robot cdp cdu hinh song song

Mo hinh thiét ké ctia bo toi phan phéi cap duge mo phong trén mét CDPR 6 bac tu do truyén dong
boi 8 day cap (8 b toi) dugc thiét ké dé di chuyén vat ning. Hinh 4 mé ta ciu trac cia CDPR trong
g dung nay va cac mo hinh toan ctia hé thong dugc xay dung trong cac cong thir tir (4-7), (10) va
trong nghién ctru [15]. Vi quy dao mo phong dudng tron ban Kinh r = 1 (m); duong tron nam trén mit
phing XY véi z= 1000 mm, va duoc chia thanh nhiéu diém nat. Mot thuat toan dwgc thiét ké dé kiém
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tra xem cac toa do ndy c6 nim trong ving lam viéc cia CDPR hay khong (thoa man phuong trinh can
bang lyc). Néu quy dao 1a c¢6 thé thyc hién duogc, dit li€u toa do nay s€ dugc dua vao thuat toan dé tim
cac giai phap phan bo lyc cang cap twong ung, quy dao va van toc khop ciling dugc tinh toan theo cau
hinh CDPR.

—Cabla 1
Cabke 2
Cable 3
Cabla 4
Cable 5

Cable 6
Cable 7
Cable 8

@ J
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Hinh 5. Bdp vng mé phong 8 bé toi cho néi suy duwong tron b&n kinh r = 1m
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Hinh 5 biéu dién két qua moé phong tuong tng quy dao ndi suy dudng tron voi ban kinh r = 1m.
Hinh 5a la chiéu dai cua 8 soi cap hay quy dao khop tinh todn tuong tmg v6i quy dao didu khlen cac
bién khdp c6 dang lién tuc doc theo quy dao didu khién, cho thay tat ca cac diém nut déu nam trong
khong gian hoat dong kha thi (WFW) [1]. Chiéu dai cap thay d6i tir 3600mm dén 6000mm nam trong
thong so thiét ké cua tang trit cap. Hinh 5b 1a dép Gmg cac goc quay dong co theo cac bién chidu dai cap
tuong (mg, mot s6 goc quay c6 gia tri am do quy dao hoan toan nim phia trén vi tri Home, gia tri cia
goc quay cua cac dong co phu hop vai quy dao khop tuong mg, cac dap tmg goc quay dong co cling co
dang lién tuc va thay ddi trong khoang tur -5X104 dén 3x10* (d6). Hinh 5c¢ 1a van tdc cua cac dong co
tuong tmg, két qua tinh toan cho thay cac van toc dong co dao dong trong khoang +8000%s tuong tng
+1333 vong/phut, cdc gié tri nay nam trong khoang van tdc thlet ké ctia cac dong co AC Servo, ddu cua
van toc thé hién chidu quay cta dong co trong qua trinh quan cap hodc xa cap. Hinh 5d 1a biéu d0 biéu
dién céc luc ciang cap tuong ung doc quy dao thiét ké, ddy 1a bai toan quan trong trong qua trinh diéu
khién CDPR, dbi voi cAu hinh c6 2 cép du phong, mot giai thudt tinh toan phu hop dé t0i wu cac giai
phap phén bd luc cing cho quy dao diéu khién [3], [15] d duoc tich hop vao trong bai toan thiét ké quy
dao, két qua tinh toan cho thay tat ca cac lyc cang dugc tinh toan déu nam trong ving gidi han cho trude
va 16n hon 0, diéu nay cho thiy tit ca cac dy cap déu hoat dong & trang thai cing voi luc cing duong
va khong vuot qua gi6i han tai trong ciia dong co thiét ké.

Thong qua két qua mé phong tinh toan & hinh 5 cho thay, thiét ké va mé hinh tinh toan ciia co cdu
phan phdi cap dap ng duoc yéu cau thiét ké ban dau ve tai trong, kha nang luu trir cap, toc do keo tha
cap. Trong d6 dap g goc quay va vén tbe goc ctia dong co truyén dong da dugc tinh toan truc tiép tur
quy dao khép (chidu dai va van tde dai cap truyén dong). Dic biét luc cang cap luoén nam trong gidi han
cho phép véi tai trong 500N, trong d0, cac gié tri cac luc cang cap 16n nhat déu khong vuot qua 220N,
diéu nay cho thiy uu diém cua cac CDPR trong viéc phén tan tai trong cua cac day cap truyén dong, qua
do co thé giam cong suét co cAu chap hanh bang cach tdi wu giai thuat phan phdi luc cang cap, trong khi
van dam bao dugc tai trong yéu cau.

5. Két lugn

Bai bao di trinh bay két qua thiét ké va tinh toan bo toi phan phdi cap tich hop co céu do lyc cang
Cap st dung cho CDPR, bd td1 c6 kha nang phan ph01 day cap chinh xé4c véi toe do cao cho yéu cau dleu
khién vi tri va quy dao vai tai trong cho trude. Két qua mo phong trén m6 hinh CDPR 6 bac tu do truyen
dong boi 8 day cap cho thiy thiét ké va tinh todn bo toi phan phdi cap 1a phu hop véi yéu cau diéu khién
ctia cac CDPR, mé hinh tinh toan cho thiy quy dao goc quay va vén tdc ciia dong co phu hop voi quy
dao khop thiét ké, cac gia tri hoat dong cua dong co déu nam trong ving cho phep Dic biét 1a cac gia
tri luc cang tinh toan déu dwong va nam trong gioi han hoat dong cua dong co. Két qua nay c6 thé lam
co 8¢ tham khao cho viée thiét ké tinh toan bo toi phén phbi cap, trién khai ché tao, thir nghiém va tmg
dung truyen dong cho cac CDPR. Céc cong viée tiép theo bao gom ché tao va thyc nghiém cac bo toi
phan phdi cap trén CDPR, danh gia do chinh x4c va kha ning két hop ciia nhiéu bg tdi cho cac cau hinh
CDPR phtc tap, nghién ctru anh hudng ctia do dan hoi cia cac co ciu truyén dong va do vong cap dén
d6 chinh xac ciia CDPR c6 kich thudc va tai trong 16n.

Lo&i cam on
Cong grinh nay thudc dé 4n nam 2023 dugc tai trg kinh phi boi Truong Pai hoc Su pham K§ thuat
Thanh pho Ho Chi Minh.
Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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