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Hanh trinh kep

Khi co cdu kep ddn déng co khi dwoc st dung cho cdc chi tiét Idp rdp cd
kich thwéc ciing nhw khoi lwon khdc nhau thi luc kep phdi tinh cho méi
trwdng ho'p cu thé. Vi né thay doi theo khodng cdch md kep, mdic dut luc dén
dong co cdu kep khéng thay doi. Trong nghién cttu nay, do thi luc kep va
hanh trinh md kep sé dwoc xdy du'ng bang phwong phdp mé phéng nhor
coéng cu Motion Skeleton ctia phdn mém PTC Creo. Théng qua phdc thdo
cting nhw khai bdo cdc théng sé ctia co cdu kep, Motion Skeleton cho phép
mé phdéng chuyén déng cting nhw xdy dwng dwoc dwdng ddc tinh quan hé
luc k_ep va khodng cdch md kep cho cdc qui co cdu kep co khi khdc nhau.
Hon niva, dé kiém tra lgi tinh chinh xdc ctia phwong phap nay, cdc biéu thirc
todn hoc xdc dinh quan hé luc kep va khoang cdch md cing dworc thiét ldp.

Cac biéu thirc nay cho phep tinh todn ciing nhw vé cdc do thi trén bang phan
mém tinh todn thiét ké Mathcad. Nho phwong phdp mé phdng ndy ma
ngwoi thiét ké khong nhiing xdy duwng do thi luc kep ma con cé thé ding dé
thiét ké va toi wu cdc thong sé co cdu kep khdc nhau.

© 2018 Trwdong Dai hoc Mo - Dia chit. Tt ca cic quyén dwoc bao dam.

1. M¢& dau

Tuy thudc vao hinh dang cling nhw d6 nhay cam
ctia bé mat vat thé ma nguwoi st dung chon loai ma

Hé théng 1ap rap tw ddng bao gdm chudi so d6
déng hoc, trong do co cau kep la khau cudi cung
ctia chudi. Khi thiét ké co ciu kep phai cha y dén
cac yéu to nhuw luc kep, cac khiu truyén déong dén
ma Kep, cdm bién vi tri ma kep va diéu khién co
ciu kep. Khi lwa chon co ciu kep tir Catalog, luc
kep la yéu t6 wu tién hang dau, vi n6 dam bao chi
tiét ludn dworc gitr chat trong qué trinh thao tac
(Hesse, 1991). Bong thoi tai vi tri tiép xtic ma kep
va vat thé khong dwoc phép lam hw hdng vit thé.

*Tdc gid lién hé
E-mail: tan.nguyen-dang@s2011.tu-chemnitz.de

kep cling nhw lwc kep phu hop (Hesse, 2011).

Véi co ciu kep co khi, lwc dan dong sé dwoc
truyén qua cac khiu lién két dén vi tri ma kep. Xac
dinh quan hé giira luc dan dong va luc kep cling
nhw quan hé lIwc kep va khodng cich ma la diéu
quan trong trong qua trinh thiét ké co cau kep.
Qua d6 méi c6 thé xac dinh dwoc luc dan dong
cling nhw kich thwéc co ciu kep (Volmer, 1992).

Trong pham vi cho phép, mdi loai co cu kep
c6 thé dwoc st dung dé kep cac vat thé c6 khoi
lwong va kich thwéc khac nhau. Khi thay ddi cac
vat thé khac nhau thi phai xac dinh lai lwc kep cho
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Hinh 1. Ddc tinh lwc kep va hanh trinh kep.

mdi trudmg hop cu thé, nghia 1 luc kep d6 c6
gay huw hai vat thé hay n6 c6 dua 16m dé gitr vat thé
trong qua trinh thao tac hay khéng. Tinh luc kep
hién nay van dwa vao méi quan hé hinh hoc vakich
thwée cac khiu cta co ciu kep. Viéc xac dinh theo
phuong phép truyén thong nay tré nén khé khan
hon néu co ciu kep phirc tap véi nhiéu khau lién
két (Volmer, 1995).

Nghién ctru nay sé dé cap dén gidi phap nhanh
chéng va thuan loi cho viéc tinh toan cling nhw
thiét ké co ciu kep nho cong cu mb phdng Motion
Skelette ciia phdn mém PTC Creo. Thong qua cong
cu nay sé giup nguwoi thiét ké phac thao nhanh co
cdu kep va xac dinh truc quan dwoc quan hé lwc
dan dong va luc kep cling nhw quan hé lyc kep va
khodng cach ma kep. Xuit phat tir yéu ciu xay
dung do6 thi lwc kep va hanh trinh ma kep cho cac
loai co cAu kep khac nhau bang bién phap mo
phdng, bai bao tip trung vao nghién ctru hai noi
dung sau:

Thi nhit: M6i lién hé gitra lwc dan ddng va luc
kep cling nhw lién hé gitra luc kep va vi tri ma kep.
Cac théng s6 nay bi anh hudng nhw thé nao néu
thay doi kich thwéc ciia cac khdu truyén dong
cling nhu co cdu kep.

Thi hai: Xay dung do thi lwc kep va hanh
trinh kep biang mo phong thong qua bién phap
phéc thao va khai bao cic théng sé dau vao.

2. Tong quan van dé nghién ciru

Hién nay c6 nhiéu loai co ciu kep co khi khac

nhau dwoc st dung trong céng nghé lap rap, tuy
thudc vao ddi twong 13p rap ma ngudi ding cé thé
chon hodc thiét ké co cAu kep phu hop. D€ tinh luc
kep cho mdiloai cAn phai xay dwng so d6 dong hoc
cuia co ciu kep, sau d6 thiét 1ap biéu thirc todn hoc
va giai cac phwong trinh toan (Park va nnk., 2004),
(Wang, 2002). D& tranh 1am hw hai vat1ap rap trén
bé mat ma kep c6 thé gan thém cic tii cao su va
thay d6i 4p suit clia cac tui cho mdi vat thé khac
nhau (Choi va Koc, 2006). Bang viéc phan tich,
danh gid 4anh hwong cta cac thong s6 hinh hoc
gitra khiu truyén dong dén vi tri ma kep ma c6 thé
tim ra kich thwéc t6i wu cho co ciu kep (Huang va
nnk., 2011), (Datta va Deb, 2011). U'ng véi méi
loai cor ciu kep c6 thé thay d6i cac ma kep c6 chiéu
dai khac nhau dé dung cho cic vat thé cé kich
thwéc khac nhau. (Wolf va nnk., 2005) nghién ctru
chiéu dai cia ma kep anh hwdng dén luc kep cling
nhw mé men trong so d6 déng hoc ctia co cdu kep.
Qua d6 xac dinh chiéu dai 16n nhit cho phép cia
ma kep. Tuy nhién nghién ctru nay lai khong chira
md&i quan hé cta luc kep theo hanh trinh méa kep.

S. Hesse (Hesse, 2011) chi ra rang, véi co cdu
kep co khi thi diéu quan trong nhit la lwc truyén
dong tir co' cdu dan dong dén ma kep, titc 1a sw
bién ddi nhw thé nao gitra lwc dan dong va luc kep
qua hanh trinh ma kep (nhw Hinh 1). D€ c¢6 thé xac
dinh gia tri lwc kep F¢ (N) &ng véi hanh trinh ma
kep s (mm) &ng véi lwe dan dong F (N) cho trwédc
thi can phai c6 s0 liéu thuc té trén do thi nay. Tuy
nhién Hesse chi dwa ra m6i quan hé tong thé giira
lwc kep va hanh trinh ma kep.
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Hinh 2. Cdc bwérc thuc hién mé phong.

Trong bai giang Cong nghé Lap rap va Robot
(Berger, 2011), cic co ciu kep cling nhw dwong
déc tinh lwc kep dwoc st dung dé giang day cho
sinh vién nganh Co khi, Pai hoc Ky thuat
Chemnitz. Tuy nhién, trong gido trinh nay cling
khoéng chi ra phwong phap xay dung cac dwong
dac tinh nay.

Do vay, xy dung d6 thi lwc kep va hanh trinh
ma kep bang phwong phap mé phéng 1a giai phap
don gian va thuan lgi ma khong phai tinh toan
bang thu cong hay viét chwong trinh tinh.

3. Phwong phap nghién ctiru

3.1. Xdy dwng db thi bang phwong phdp mé
phong bé'i cong cu Motion Skeleton

Motion Skeleton ctia PTC/Creo Parametric la
cong cu cho phép phac thao cac khau va khép lién
két. N6 cho phép nguoi dung c6 thé phac hoa
nhiéu khau lién két co khi don gian va nhanh
chong. Ngoai ra Motion Skeleton con cho phép
dinh nghia lién két cac khau nay va mo phdong
chuyén dong cac khiu (Heine, 2009). Vi vay, bai
bao nay str dung Motion Skeleton dé phac thao co
ciu kep co khi cling nhw xay dung cac do thi cia
no. P& phac thao mo hinh cling nhw mo phong thi

can thuc hién qua cac bwéc nhw trén Hinh 2.

Truwérc tién can tao File phac thao co ciu bang
Motion Skeleton va xac dinh cac khau cling nhw
khép thudc nhitng mit phang nao d€ dinh nghia
mat phang phac thdo. Ban phac thao s& dwgrc tao
ra trén mit phing cla Motion Skeleton bang
,Skizze". Motion Skeleton hién thi cac thong s6
hinh hoc ctia co' cdu phéac thao va cho phép nguoi
dung c6 thé thay d6i cac kich thwéc bang nhap s6
liéu tir ban phim hodc dung chudt di chuyén cac
khau mot cach dé dang (nhw Hinh 3).

Sau khi cac khau va khép dwoc phac thao thi
chiing can phai dwoc dinh nghia cac lién két. Viéc
dinh nghia cac lién két nay rat quan trong vi n6
dam bao dung s6 lwong bac tw do cla co ciu cling
nhuw lién két cac khiu. Ngay sau khi phéc thao co
cau thi Motion Skeleton da tw dong dinh nghia lién
két cac khau. Tuy nhién phan 16n nhitng tw dong
dinh nghia lién két nay la siéu lién két, tirc 1a khéng
ché qua bac tw do ctia cac lién két, do d6 co cau sé
khéng chuyén déng dwgc. Do vay, phai phan tich
lién két cac khiu cling nhw loai khép dé dinh nghia
lai nhitng lién két nay va phai x6a di cac lién két
thira. Sau khi dinh nghia lai cc lién két nay, cin
phai kiém tra chuyén dong cac khau ciia mo hinh
dé xac dinh lai nhirng lién két da dinh nghia.
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Hinh 4. Khai bdo Servomotor va lwc ddn déng.

Tiép theo can phai dinh nghia mit phang
chuyén déng chira ma kep. Tuy vao kich thwéc ctia
déi twong kep ma hanh trinh ma kep s sé dwoc xac
dinh va khai bdo bing Servomotor. Sau dé, chiéu
va do 16m lyc dan dong F4 dwoc dinh nghia (nhw
Hinh 4).

Tuy thudc vao do 1én cia co ciu kep ma khai
lwong cac khau ctia mé hinh c6 thé khai bao hoic
bd qua. Trong vi du nay, khoi lwong cac khau nhd
nén gan khdéi lwong clia chiing bang 10-6 kg.

Cudi cung can phai hién thi do thi lwc kep va
hanh trinh ma kep. Motion Skeleton cho phép xac
dinh khéng nhirng cac théng s6 dong hoc ma con
dong lwc hoc cac khiu cia co ciu kep. Dé xac dinh
quan hé gitra lwc kep va hanh trinh kep cin cac
thong s6 khai bao nhw Bang 1.

Bdng 1. Théng s6 khai bdo cho mé phdng.

Tén| Kiéu Tham so

Dwa vao gid tri Servomotor
»S/2" theo chiéu truc Y tai vi tri
ma Kkep tiép xic vai vat kep.

Lwc| Phan luc
kep|tai ma kep

Hanh trinh 16n nhat ctia ma

S/2| Vitri kep.
Tw dinh Khoang c\ach gitta hal’ ma lfe_:p
s T (mm) va dwgc xac dinh
nghia

s = 2:(S/2).

Bdng 2. Khai bdo théng s6 cho do thi.

Thong s6 trén
trucy

Thong s6 trén

Kiéu db thi
truc x

s (biéu dién hanh

trinh trén truc x) Luc kep

P6 16m

Hinh 5, So do cdu tao kep kiéu khép truot.

D€ xuit két qua d6 thi lwc kep va hanh trinh
ma Kep sau khi chay mo6 phéng ra man hinh can
chon cac thong s6 can xuat ra do thi, n6 dworc xac
dinh nhw sau (Bang 2).

Nho vao do6 thi ma cé thé xac dinh do 16m cla
lwc kep Fg va hanh trinh s. Bang cach thay d6i luc
dan dong F, hodc thay ddi lai kich thudc hodc két
ciu cua co ciu kep sé dworc cac do thi khac nhau.

3.2. Xdy dwng do thi bang phwong phdp todn
hoc

Cung v6i viéc thiét 1ap do thi bang phwong
phap mé phoéng, can ¢t vao méi quan hé hinh hoc
ctia cac khiu ctia co ciu kep ma biéu thirc toan hoc
cho moi lién hé gitra lwc kep va hanh trinh ma kep
sé dwoc xiy dung. Nho viéc st dung phan mém
PTC Mathcad sé tinh lwc kep ciling nhw vé do thi.
Trong vi du nay sé thiét 1ap cho co ciu kep kiéu
khép trwot trén Hinh 1. Sor d6 tinh dworc chi ra &
Hinh 5.
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Trong d6: Ly, Lz, h, ¢, 6 cac thong s6 hinh hoc
cua co ciu kep; s: khoang cach hai ma kep; Fa: luc
dan dong; Fg: luc kep hay phan luc tai ma kep; F:
thanh phan lwc phan tich trén méi tay don.

Can c thong s6 hinh hoc & Hinh 5 thi lwc tic
dong 1én mdi canh tay don dwgc xac dinh nhw sau:

Fy Fy

F = =
2-cos(90°—0) 2-sinf (1)
Luc F gy ra mo men tai goi do A:
Fy

= . . — 2
M) =gl cos@ -0 @)

Lurc kep F¢ gy ra mdé men quanh goi do A:
Mg (A) = F; Ly - cosa (3)

Tur phwong trinh (2) va (3) thi luc Fg dwge xac
dinh:
Fy
= - . L2
2-sinf - L, - cosa (4)

~cos(6 — a)

Quan hé hanh trinh s phu thudc théng s6 hinh
hoc ctia co ciu va dwoc xac dinh nhw sau:

s=h+2- L, sina (5)

Vi co cdu kep loai nay thi goc ma kep phai
thudc pham vi cho phép, tirc Ia hanh trinh ma kep
nho nhat smin = 0 va hanh trinh ma kep 1én nhat bi
rang budc béi géc 6 ctia khau dan. Do dé, goc
nghiéng ciia ma kep a bi han ché nhu sau:

Umax = 0, Amin = —arcsin L (6)
2.1,

Can ctt vao cong thirc (4), (5) va (6) rng voi
céc gia tri cia co ciu cho trwdece Ly, Lz, h, o Ovaluc
kep F, thi sé tinh dwoc luc kep F; va hanh trinh
kep s. Do d6 sé vé dwoc do thi cta lwc kep va hanh
trinh ma kep.

U'ng véi moi loai kep khac nhau ¢ ciu tric
khac nhau, do d6 mdéi quan hé gitra lwc kep va ma
kep khac nhau. Muén xac dinh phai can ci vao lién
két cac khiu ctia co’ cau cling nhw hinh dang hinh
hoc ctia ching. Trong bai bao chi vi du cho mot
trwong hop, con cho cac truedng hop khac cling xac
dinh twong tv.

Fg

4. Két qua va thao luin

D€ so sanh ciing nhw danh gia gitra phwong
phap md phéng va phwong phap tinh bang biéu
thirc todn hoc, cac thong so cho trwdc cuia co ciu
kep dworc khai bao giéng nhau (nhw Bang 3). Khai
béo cac thong s6 trong Bang 3 cho phwong phap
mod phong bang Motion Skeleton sé thu dwoc do
thi nhw Hinh 6. Véi loai kep nay thi luc kep tang

Bdng 3. Théng s6 hinh hoc cor cdu kep kiéu

khop truot.
Thong s Do 1on
L1 150 mm
L 80 mm
h 100 mm
0 35°
Fa 500 N

theo khodng cach hai ma kep.

DE viét chwong trinh tinh cling nhw vé do thi
lwc kep va hanh trinh ma kep bang phin mém
Mathcad thi cic thong s6 ban dau trén bang 3 phai
dwoc khai bao cling nhuw phai can ¢t vao biéu thirc
(4), (5) va (6). Két qua dd thi dwoc tao ra bang
Mathcad dwoc thé hién trén Hinh 7.

So sanh két qua & Hinh 6 va Hinh 7 cho thiy
hai d6 thi hoan toan giéng nhau vé hinh dang cling
nhuw gia tri. Tuy nhién, dé kiém nghiém cling nhw
danh gia phwong phap nay thi khong chi loai kep
nay ma cac loai kep khac trong tai liéu Hesse
(Hesse, 2011) cling dwoc thuc hién bang phwong
phap mo6 phéng va phwong phép toan hoc.
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Hinh 6. Do thi bang Motion Skeleton.
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Hinh 7. Do thi bang Mathcad.
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So sanh két qua thu dworc tir Hinh 6 v&i d6 thi
trén Hinh 1 (co cdu kep ki€u khép trot) cho thay
hinh dang dwong dac tinh lyc kep khac nhau. Trén
Hinh 1, lwc kep ting dan theo khoang cach ma kep
va dén mot khodng cach nao d6 thiluc kep lai giam
di. Do d6, c6 thé két luan do thi trén Hinh 1 la
khong chinh xac.

Két qua thu dwoc 13 tit ca cac do thi bang
phwong phap mo phéng va phwong phap toan hoc
chonhitnloai kep khac trong tailiéu Hesse (Hesse,
2011) déu c6 két qua giong nhau. Do d6, c6 thé
khang dinh phwong phap mé phéng bang Motion
Skeleton hoan toan tin cay.

5. Két luan

St dung cong cu Motion Skeleton cia PTC
Creo cho phép nguwoi dung phac thdo co ciu kep
nhanh chéng, moé phong chuyén dong cac khiu
cling nhw xay dung d6 thi quan hé lwc kep va ma
kep.

Can ctr vao thong s6 hinh hoc, bai bio da thiét
14p biéu thikc toan hoc cling nhw vé do thi quan hé
lwc kep va ma kep bang Mathcad. Muc dich dé
kiém tra lai tinh chinh x4c cia phwong phap mo
phong bang Motion Skeleton cho nhitng co cdu
kep co khi khac nhau.

Phuwong phap mé phong co thé irng dung cho
nhiéu loai co cdu kep khac nhau tir don gian dén
phtrc tap. M6 phéng bang Motion Skeleton la cong
cu don gidn nhuwng hiéu qua va chinh xac. N6 la
bién phap hiru hiéu dé€ dé xac dinh lwc kep theo
hanh trinh ma kep cho nhitng co' cdu kep khac
nhau ciing nhw luc dAn dong khac nhau ma khong
phai thiét14p cong thirc todn hoc dé tinh todn cling
nhuw 14p trinh dé vé do thi.

U'ng véi mbi loai co cau kep cé thé cung cip
dwong do6 thi luc kep va hanh trinh ma kep. Do d6
ngudi dung cé thé tra truce tiép gia tri lwc kep tng
v&i khoang cach ma kep
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ABSTRACT

A method for the simulation of gripping force vs. finger
displacement for mechanical grippers

Tan Nguyen Dang, Maik Berger

Faculty of Mechanical Engineering, Chemnitz University of Technology, No. 70 Reichenhainer Str,
09126 Chemnitz, Germany

When a mechanical gripper is used to grasp objects of different weights and dimensions, the
gripping force must be shrewdly calculated in each specific scenario, due to its dependence on the
finger opening while the driving force is unchanged. In this paper, the movement of translational
linkage grippers is simulated using Motion Skeleton of PTC Creo, based on which a graph of the
gripping force vs. finger displacement is depicted. To evaluate the accuracy of this method, a
mathematical model is established, describing the relationship between these two quantities, whose
corresponding graph is then drawn using Mathcad. The results of these approaches indeed prove to
be identical. This simulation method allows gripper designers to develop and optimize their products
owing to the simple verification of the quality of the gripper dimensions.



