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TOM TAT

Bai bao trinh bay nghién curu thiét ké va mé phong mot dau dot linh hoat gcfn robot phuc vu
gia céng 16 cam bién trén can 6 t6. Trén co sé phdn tich yéu cau cong nghé ciia can trude va can
sau, nhom tac gia dé xudt cau hinh dau dot gé‘m cum thay dung cu nhanh, khung chiu luc dang chir
C, xi lanh tang dp, cum dan hwéng va cum chay-coi dét. Tir cdc thong sé dau vao ciia nguyén cong,
lyc dot so b duweoe xdc dinh dé lua chon cum chcfp hanh phu hop. M6 hinh 3D cua dau dot duoc xdy
dung va tich hop véi robot trong méi triecong RobotStudio dé mé phong chudi thao tdc ldy dau dot,
di chuyén t6i vi tri trung gian va thue hién nguyén cong dot. Két qua cho thdy phwong dn dé xudt
c6 tinh kha thi vé mdt két cau va tich hop, 1a co sé cho cdc nghién ciru thwe nghiém tiép theo.

Tir khéa: Pdu dot robot; Can o6 to, Tool changer, RobotStudio; Dot 16 cam bién.
ABSTRACT

This paper presents the design and simulation of a flexible robot-mounted punching
end-effector for sensor-hole processing on automotive bumpers. Based on the technological
requirements of front and rear bumpers, the proposed structure includes a tool changer, a C-frame,
a booster cylinder, a guiding mechanism, and a punch-die assembly. The required punching force is
preliminarily determined from process parameters and used for actuator selection. A 3D model of
the end-effector is developed and integrated with an industrial robot in RobotStudio to simulate the
sequence of tool pickup, movement to an intermediate position, and punching. The results indicate
that the proposed solution is feasible in terms of both structural design and integrated operation,

providing a basis for further experimental validation.

Keywords: Robot punching end-effector; Automotive bumper; Tool changer; RobotStudio;
Sensor-hole punching.
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1. PAT VAN PE

Trong nganh cong nghiép 6 t6, yéu cau
tu dong hoa khong chi gidgi han ¢ cac cong doan
han, son va ldp rap ma con mo rong sang cic
nguyén cong phu trg c¢6 anh hudng truc tiép
dén chat luong va tinh 6n dinh ciia san pham
[1]. Dbi véi can trude va can sau 6 to, cac 16 1ap
cam bién 1 nhiing dic trung cong nghé doi hoi
dd chinh xdc vi tri, tinh 1dp lai va kha nang tich
hop trong day chuyén ty dong.

Trong céac cell gia cong bumper hién
nay, nguyén cong dot 16 thuong duoc b tri
clng véi cac cong doan lap ghép hodc han gia
dd trong mot hé théng tuw dong su dung robot
6 truc, 46 ga chuyén dung va ving luu trir
dau cong tac [2]. Trong cau tric do, dau dot
gin robot 13 mot phan hé quan trong vi n6 anh
huong tryc tiép dén kha nang tiép can ving gia
cong, chét lugng 16 @6t va muc do tuong thich
v6i bd tri tong thé cua thiét bi.

Thuec té cong nghé cho thiy cac yéu cau
dot 16 trén can trude va can sau khong hoan
toan giébng nhau. Sy khac biét vé duong kinh
16, d6 cong bé mat va goc tiép can dan t6i viée
dau dot khong thé chi dugc xem nhu mét co
cAu tao luc don thuin, ma can duoc nghién ctru
nhuy mot dau cong tac linh hoat c6 kha ning
thich nghi v6i nhidu cdu hinh san pham va diéu
kién b tri khac nhau [3].

Tir yéu cau dé, bai bao tap trung nghién
ctru thiét ké va mo phéng mot dau dot linh hoat
gin robot, dinh huéng tng dung cho cell gia
cong 16 cam bién trén can 6 t6. Muc tiéu cia
nghién ctru 1a phan tich cac rang budc cong
nghé cua phan hé dot trong cell bumper, dé xuat
cAu hinh co khi cho dau dot, tinh toan so bo luc
dot va danh gia tinh kha thi tich hop thong qua
mo hinh 3D va m6 phdng robot.

2. THIETKE VA PHUONG PHAPNGHIEN
cUU

2.1.Co'sé cong nghé cia cell gia cong bumper

Cell gia cong bumper trong nghién ctru
nay duoc dinh hudng theo mo hinh tich hop
robot 6 truc, hai vung thao tdc, cac module
d6 g4 cho can trudc va can sau, cing khu vuc
thao tac trung tdm cua robot. Trong cdu tric
do, robot thuc hién vai trd6 mang dau cong tac
to1 tirng vung lam viéc, trong khi cac tram hai
bén ddm nhi€ém chirc nang ga dat va dinh vi san
pham.

gy e e

Hinh 1. So' do bé tri mdt bang ciia cell gia cong
bumper.

So do trong Hinh 1 dugc sir dung dé
xéac dinh cac rang budc khong gian ciia dau dot
robot, bao gébm ving thao tac, kha ning tiép
can bumper va yéu cau tranh giao thoa véi dd
ga ciing nhu cac phan tir cong nghé 1an can.

V& yéu cau cong nghé, can trude va can
sau c6 su khac nhau vé s6 luong 15, duong kinh
16 va diéu kién hinh hoc ving dot. Vi vay, dau
d6t can dugc xem xét theo hudng linh hoat thay
vi 9hi t6i wu cho mot cdu hinh san phdm duy
nhat.
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Badng 1. So sanh yéu cau cong nghé gitva cdan trudc

va can sau.
Hang muc Can trudc Can sau

S6 16 cam bién 218 415

| , x 34,5 mm;
buong kinh 16 ”¥28,5 mm 032.4 mm
Pidu kién Tuong déi | D0 cong/gée
vung dot phang tiép can khac

g nhau

S6 punching | 3
unit
Yéu cau doi Co Co
tool

Bang 1 cho thay su khac biét gitta can
trude va can sau ve sb luong 16, kich thuéc 16
va diéu kién vung dot. Pay 13 co s¢ dé lya chon
dau dot theo hudng cé kha nang thay doi cum
chay-cbi va thich nghi véi nhidu diéu kién tiép
can khac nhau.

LU o vl i s Jars 1 e ol e 1 Bk Ih-l

Hinh 2. Yéu cau punching cua bumper: (a) can
truoc, (b) can sau.

Hinh 2 cho thay can trudc co diéu kién
vung dot thudn lgi hon, trong khi can sau doi
héi dau dot 1am viée voi nhiéu vi tri 18 ¢ kich
thudce khac nhau va diéu kién hinh hoc phuc
tap hon. Dy 1a co s quan trong cho viéc dé
xuét cdu hinh dau dot linh hoat trong nghién
cliru nay.

2.2. Céu hinh dau dot dé xuit

Trén co s& cac yéu cdu cong nghé néu
trén, dau dot robot duoc dé& xuét voi cac cum
chinh gdm: cum thay dung cu nhanh, khung
chiu lyc dang chit C, xi lanh ting 4p, cum dan
huéng va cum chay-cdi dot. Cau hinh nay duoc
lwa chon nham dong thoi dap Gmg cac yéu cau
vé do ctng vimg, kha ning truyén luc va tinh
thuan loi khi tich hgp véi robot.

Khung chiu lyc dang chir C dong vai
tro 12 bd phan mang tai chinh cta co cau, tao
khong gian cong nghé cho ving chay - cdi
tiép can san pham theo phuong lam viéc mong
muén. Cum thay dung cu nhanh dugc b tri tai
dau ndi v6i robot nhiam tao diéu kién thuan loi
cho viéc thay ddi dau cong tac trong cell. Xi
lanh ting 4p két hop v6i cum dan hudng tao ra
va duy tri chuyén dong dot theo phuong thang
dang, trong khi cum chéy-céi thuc hién truc
tiép nguyén cong tao 19.

N

Hinh 3. Cdu tric va mé hinh 3D ciia dau dét robot
deé xuat.

Hinh 3(a) thé hién rd cac bd phan ciu
thanh co cau dau dot, trong khi Hinh 3(b)
cho thiy dau dot trong trang thai lam viéc véi
bumper. Cip hinh niy cho phép danh gia dong
thoi ca phuong an bd tri két cdu va kha niang
tich hop ciia dau cong tac voi chi tiét gia cong
trong khong gian lam viéc thuc té.
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Tir goc do thiét ké, wu diém cua cdu
hinh dé xuat 13 gitr dugc dang két ciu twong
ddi gon, r0 chirc nang va thuan lgi cho vi¢e tich
hop véi robot. Dong thoi, viée bd tri cum thay
dung cu nhanh tao diéu kién phat trién theo
hudng linh hoat hon khi thay dbi cau hinh dau
cong tac trong céac trng dung khac nhau.

2.3. Dit liéu dau vio va phwong phap tinh toan

Céc thong s6 dau vao clia nguyén cong
dot duge xac dinh gom chiéu day vat liéu, chu
vi vong cat, 4p suat khi nén dau vao va hanh
trinh xi lanh. Trén co s& do, luc dot so bd duoc
xac dinh theo quan hé giira chu vi cét, chiéu
day vat liéu va Gmg luc cit cua vt liéu [3].

Trong nghién ctru nay, lyc dot yéu cau
duoc tinh theo biéu thirc:

F=kL.s.t (1)
Trong d6: k 13 hé sb xét dén diéu kién
lam viéc; L 1a chu vi vong cat; s 1a chiéu day vat

liéu; 7 1a tng luc cat cua vat liu.

Sau khi xac dinh luc dot, dién tich
piston can thiét dugc tinh theo:

A=F/p (2)

Trong d6, p la ap suat lam viéc cua
nguon khi nén hodc cum tang luc.

Duong kinh xi lanh tinh toan dugc xéac
dinh:

D =V4A/n 3)

Céc thong sd dau vao sir dung trong
tinh todn dugc trinh bay trong Bang 2.

Bdng 2. Théng s6 dau vao ding cho tinh todn

lyc dot.
Théng s6 Ky hiéu | Gia tri
Chiéu day vat ligu S 3,2 mm
Chu vi vong cit L 90 mm
Ap suét dau vao ) 6 bar
Hanbh trinh xi lanh L, 400 mm
Hé s6 lam viéc k 1,1-1,3

Trong tinh todn so b, ung luc cit cla
vat liéu dugc chon theo dir li€éu cong nghé
tuong rng véi nguyén cong dang xét.

Bdng 3. Két qua tinh todn so bg cum chdp hanh

ddu dot.
Dai lugng Ky hiéu Gia tri
Luc dot yéu cau F 1728 N
Dién tich piston A 2880 mm?
Puong kinh tinh toan D, 60,5 mm
Puong kinh chon D 63 mm

Két qua trong Bang 3 cho thay luc dot
yéu cau dat 1728 N, tir d6 din t6i dién tich
piston yéu ciu khoang 2880 mm? va dudng
kinh xi lanh tinh toan khoang 60,5 mm. Véi
yéu cau dy trir cong nghé va theo tiéu chuan
ché tao, phuong an chon xi lanh danh nghia 63
mm dugc xem 1a phi hop ¢ muc so bo ddi véi
nguyén cong dang xét.

Trong cdu hinh dé xuéat, luc dot duoc
truyén tir xi lanh ting 4p qua cum dan hudng toi
chay, sau do tac dong 1én Vung dot cua bumper
va truyén xudng cbi. Cach b tri nay cho phep
duy tri duong truyén luc twong dbi truc tlep,
dong thoi thuan 10'1 cho viéc kiém soat chuyén
dong va tang do 6n dinh cua ving cong tac.
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3.KET QUAMO PHONG VA THAO LUAN

Két qua md phong cho thay robot c6 thé
thuc hién duoc chudi thao tic co ban véi dau
dot, bao gém léy dau dot tir vi tri cho, di chuyén
t61 vi tri gde ao trude khi vao ving lam viée va
thuc hién nguyén cong dot tai vi tri cong nghé
trén bumper. Céach tiép can nay phu hop voi
cac nghién ctru vé mo phong va lap trinh ngoai
tuyén robot trong cell san xudt ty dong [4].

ihi Thnlnpx e b Tha Bede 8

Hinh 4. Chuéi thao tic mé phong ciia robot véi
dau dot.

Hinh 4 cho théy dau dot c6 thé duoc
robot mang t61 ving gia cong theo logic thao tac
phu hop véi mot cell ty dong. Trong do, vi tri
gbc 40 déng vai trod 13 trang thai chuyén tlep an
toan, glup giam nguy co glao thoa v&i dd ga va
san pham trudc khi robot tiép can Vung dot. Két
qua md phong trong dong thoi cho thiy dau dot
¢6 kha ning tiép can ving gia cong va duy tri
duoc phuong lam vi¢c phu hop cua chay trong
qua trinh dot, tuong tu cac hé théng gia cong
linh hoat sir dung robot da dugc cong bd [5].

Tir goc do tich hop, két qua mo phong
khang dinh rang c4u hinh dau dot dé xuat khong
chi kha thi vé mit két cau ma con phu hop voi
t6 chtrc thao tac trong cell gia cong bumper.
Viéce str dung cum thay dung cu nhanh tao diéu
kién linh hoat cho robot khi thay d6i dau cong
tac, trong khi cAu hinh khung chit C hd tro tiép
can t6t hon d6i véi cac ving dot ¢ diéu kién
hinh hoc khéc nhau gifra can trudc va can sau.
Diéu nay pht hop v6i xu hudng phat trién cac

hé thong san xuét linh hoat va tai cAu hinh trong
cong nghi¢p hién dai [6].

Tuy nhién, nghién ctru hién méi dung
0 muc md phdng kha nang thao tadc va tranh
giao thoa. Cac yéu t6 nhu chu ky 1am viéc, chit
luong 16 dot, do chinh xac vi tri va do bén ciia
cum chip hanh can duoc tiép tuc danh gia bang
thue nghiém trong cac nghién ctru tiép theo.

4. KET LUAN

Bai bao da lam & cic yéu cau cong
nghé d6i v6i phan hé dau dot trong cell gia
cong can 6 t0, dac bi¢t 1a su khac biét gitra can
trude va can sau vé cau hinh 13 va diéu kién tiép
can vung dot.

Mot dau dot linh hoat gén robot da duoc
dé xuat va thiét ké theo huéng module, cho
phép tich hop voi robot thong qua cum thay
dung cu nhanh va thich nghi véi nhiéu cdu hinh
san pham khac nhau. Két qua tinh toan so bd
cho thay phuong an cum chép hanh dap Gng
yéu cau luyc dot ctia nguyén cong.

Két qua md phong cho thiy robot co
thé thuc hién chudi thao tac cong nghé voi dau
d6t ma khong xay ra giao thoa, dong thoi dam
bao kha ning tiép can ving gia cong. Didu nay
chung minh tinh kha thi cua phuong an tich
hop dau dot nhu mot phan hé linh hoat trong
cell gia cong bumper.

Nghién ctru hién méi dimg ¢ muc thiét
ké va md phong. Cac nghién ciru tiép theo can
tap trung vao thir nghiém thuc té, danh gia
chét luong 16 dot va tdi wu hoa cum chap hanh
nhim nang cao hiéu qua cong nghé ctia nguyén
cong.
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