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NGHIEN CUU MO PHONG PONG LUC HQOC QUA TRINH GAP
CUA TAY GAP MEM RO BOT

Phung Vin Binh'*, Nguyén Tran Hung?, L& Hai Long?,
Nguyén Anh Tuén’, Tran Anh Vang!
'Khoa Hang khong - Vii tru, Pai hoc Ky thudt Lé Quy Dén

Tém tit

Bai bao trinh bay phuong phap mo phong dong luc hoc qua trinh gap-giir vat ctia cum tay
gép mém rd bdt duge ché tao bﬁng vat li¢u silicon. Cac ngoén mém duge cdu tao boi cac
khoang rdng thong nhau va dugc kich hoat bang khi nén. Mdi ngén tay mém dwgc md hinh
héa bai chudi cac khau théng ndi v6i nhau theo cach tiép can dong luc hoc hé¢ nhiéu vat.
Thong sb dong luc hoc cta hé dugc xac dinh nho thuc nghiém sb trén phﬁn mém
Abaqus/CAE. M6 hinh dong Iuc hoc ciia cum tay gip tich hop trén tay may dugc xy dung
trén phin mém MSC Adams. Tuong tc giita tay mém voi vat duoc méd phong theo 1y
thuyét tiép xtic Hertz. M6 hinh dwoc xay dung cho phép khao sat kha ning gap-giir vat co
hinh dang, khéi lugng khac nhau véi cac quy luat chuyén dong khac nhau mot cach thudn
loi. M6 phong cho thiy, cum tay gip mém c6 thé gitr vat hinh cau va vat thé hinh try cing
khéi lugng 300 g & muc gia toc tdi da twong tmg 1a 9,9 m/s? va 3,6 m/sZ. Két qua nghién

ctru 12 co s¢ dé hoan thién phuong an thiét ké, ché tao cum tay gap mém cho rd bot.

Tir khéa: Tay gdp mém ré bot, dong luc hoc; qud trinh gdp; Abaqus/CAE; MSC Adams.

1. Gi6i thiéu

Tay gap la mot b phan quan trong caa ro bot dé kep, gitr cac vat khac nhau. Céc
tay gap (ctng) truyén théng cha yéu duoc sir dung dé kep nhitng d6i twong c6 do cing
cao, it bién dang, c6 hinh dang tiéu chuan nhu vat hinh try, hinh cau, hinh hop... va cé
kich thuéc xac dinh. Tuy nhién, khi can gap cac vat d& v&, vat mém, vat c6 hinh dang
kich thudc khong xac dinh thi viéc sir dung tay gap truyén théng khong con pha hop.
Pé khac phuc han ché nay, nhitng nam gan day xuat hién mot xu thé méi do 1a st dung
c4c cau hinh tay gap méi dugc lam tir vat liéu mém (c6 md dun dan hoi E < 100 MPa),
thudng duoc goi la tay gap mém [1].

Theo phuong phap truyén dong, tay gap mém duoc chia thanh mot s6 dang chinh la
tay gap dan dong bang thuy luc va khi nén [2], tay gap diéu khién bang day [3], tay géap
mém Iam tir hop kim ghi nhé hinh dang duoc dan dong bai nhiét [4], tay gap mém ché tao
tir vat liéu Polyme ap dién [5]. Mot s mau tay gdp mém dién hinh da duoc phét trién dua
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trén nguyén ly hoat dong cua bach tudc [6], tay ngudi [7],... Phan 16n chung duoc ché tao
bai cac vat ligu siéu dan hdi, gdbm nhiéu ngén tay, mdi ngon tay dwoc cau tao boi cac
khoang théng nhau va két néi véi hé thong khi nén. Bién hinh trong nhém nay 1a cau hinh
tay gap mém véi 3 hoidc 4 ngon tay duoc ché tao bang vat liéu silicon [8]. CAu hinh nay
da dat dugc thanh céng budc dau trong Gng dung vao day truyén déng goi thuc pham [9].
Hiéu qua tich cuc trong (ng dung thyc té di truyén cam hang cho rat nhidu nha nghién
cau trén thé gidi trong viéc hoan thién phuong phép tinh toan thiét ké [10], phuong phap
ché tao, nham tbi wu hoa thiét ké cac mau tay gap mém khac nhau [11].

O cac cong trinh d3 cong bd, hoat dong cua tay gap mém thuong duoc md phong
bang phuong phéap phan tir hitu han (FEM). Tuy nhién, véi dac diém tén nhiéu thoi gian
va dung luong bd nhé, FEM chi thich hop cho viéc md phong bién dang tinh chir khong
thich hop dé md ta qua trinh hoat dong cua céc két cau tir vat liéu siéu dan hdi. Vi vay,
phan 16n cac tac gia thuong chi dung lai & viec md phong bién dang tinh cua két ciu tay
gap mém [12, 13]. Bé dap tng yéu cau ngay cang cao cua thuc té, nhu cau ¢ng dung tay
gap mém dé gap cac vat nang hon, c6 kha nang di chuyén dong ¢ toc do cao hon dé dam
bao ning suat ngay cang dugc chi trong. Pé dap tng nhu cau nay, van dé dong luc hoc
qua trinh gap-gitt vat rat can duoc quan tm nghién ciu. Do sy m&i mé va tinh phirc tap
ctia két cau - vat liéu tay gip mém, viéc xdy dung mo hinh dong luc hoc tay gap mém
van 1a mot bai toan kho d6i vai cac nha nghién ctu. Vi vay, nhidu van dé lién quan dén
dong luc hoc qué trinh gip vat, twong tac gitra tay gap mém vai vat van chua dugc
nghién cau lam ro.

Dé dan khoa 14p khoang trong trén, nghién ciru niy s& tap trung vao dong luc hoc
qua trinh gip-gitr vat cta tay gip mém. M6 hinh dong luc hoc tay gip mém s& dugc xay
dung theo mé hinh chudi doan thang (Line-Segment Model) theo cach tiép can dong
luc hoc hé nhiéu vat [14, 15]. Céc thong sb dong luc hoc cta tay gap dugc tinh toan tir
mo phong két ciu nhd phwong phap phan tir hitu han va thuc nghiém [8, 12]. Tuong tac
gitta tay mém véi vat dugc mo phong theo 1y thuyét tiép xtc Hertz [16]. Trén co s& do,
qua trinh gap-gitr vat c6 khdi luong khac nhau & cac tbc d6 khac nhau s& duoc nghién
ctru, danh gia trong moi truong MSC Adams.

2. Xay dung mé hinh dong luc hoc tay gip mém

Cum tay gip dugc thiét ké gdm 3 ngén tay mém véi kich thude mdi ngoén twong
duong voi tay ngudi trudng thanh [8, 12]. Céu tao va kich thudc cia cum tay gip mém
duoc thé hién trén hinh 1. Ngoén tay duoc ché tao boi vat liéu Silicone RTV 225, 1a dang
vat liéu déo, dfmg hudng, voi khéi luong riéng 1a 1130 kg/m?.
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—~ Ng6én tay mém
a) Cau tao cum tay gap mém b) Kich thuoc ngon tay mém

Hinh 1. Cau tao va kich thuée cum tay gdp mém.

2.1. Tinh todn bién dang ngon tay mém

Mot trong nhitng dic tinh quan trong nhét cia tay gap mém d6 1a do cing. Pac

tinh vé d6 cling cta tay gap duogc tinh toan thong qua mo phong bién dang nhd phuong
phap phan tir hitu han trén phan mém Abaqus/CAE [8, 12].

a) P=0 kPa, a=27° b) P=10 kPa, 0=38° ¢) P=30 kPa, a=75° f) P=50 kPa, 0=114°
Hinh 2. Két qua mé phong géc uén ngén tay mém trén phan mém Abaqus/CAE.

a) P=0 kPa, a=25° b) P=10 kPa, 0=35°  ¢) P=30 kPa, a=70° d) P=50 kPa, a=104°

Hinh 3. Két qua thire nghiém do géc uén ngén tay mém.

Do ciimg cua ngon tay mém sé duoc xac dinh thong qua do cong duoc dai dién bai
gbc udn o . Su phu thude ctia goc udn theo mot sd gia tri ap suét khac nhau duoc thé
hién trén hinh 2. Két qua mé phong duoc kiém tra lai nho do dac thuc nghiém (Hinh 3).
Sai 1éch gitra két qua mo phong va thuc nghiém 1a khong nhidu (dudi 9%) nhu duoc thé
hién & hinh 4.
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Ap suat Sai s6 10
(kPa) (%) s
0 7,41 ~
3 80
10 7,89 E 50 —e— Abaqus
20 8,93 ; 40 - ® - Thyre nghiém
@]
30 6,67 %
40 7,53 0 o
50 8,77 0 20 40 60 Ap suit (kPa)

Hinh 4. Sai léch géc uon tay gdp theo mé phong va thuwc nghiém.
2.2. Xdy duwng mo hinh dong luc hoc tay gd'p mém
Ngoén tay mém dugc md hinh héa thanh chudi n khau ctng tuyét d6i, twong mg 1a
n doan thang ndi tiép [14]. Lién két giira khau i-1 va khau i dugc mo hinh héa thanh mot
khdp ban 1& va mot 16 xo xodn c¢6 do cimg K. (Hinh 5). o cimg K; ciia 16 xo xo0én s&
dugc xac dinh théng qua do cing cua két cdu tay gap theo tinh toan ¢ muc 2.1 [15, 17].
Hop luc lam cho ngoén tay mém bi udn duoc moé hinh hoa thanh chudi cac md men udn

M, tac dung Ién cac khau th{t i twong ing. Gia tri m6 men M, phu thudc vao ngoai luc

(4p suat, trong luc,...) tdc dung vao ngoén tay. Dudi tac dong cia mdé men M., khau tht

j=i
i quay mot goc @; (so vai khau i-1) va @; so véi truc Ox (P, = Z(Dj ).
-0

Hinh 5. M6 hinh déng luc hoc twong dwong ciia ngon tay mém.

2.2.1. Tinh todn dg cumg K; ctia lo xo

Ngén tay mém dugec mod phong bién dang nhd phan mém Abaqus/CAE véi diéu
kién bién nhu sau: Ngon tay mém duoc xét & moi trudng khong trong luong, mot dau
ngon tay bi ngam, dau con lai chiu mét luc tap trung F = 0,1 (N).

Do cimg ctia 10 xo gan véi khép thtr i duoc xac dinh dwa theo cong thire (1):
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k= @)

v6i goc @ duoc do tir phan mém Abaqus/CAE, md men M, dugc xéac dinh qua cong
thirc (2):

M.:F-(anlj-cos@j)) (2)

j=i
v6i | 1a chiéu dai khau thit j.
Dua vao céc cong thire (1) va (2), ta c6 duge d6 ctirng moi khdp nhu bang 1.

Bdng 1. P ciing méi khau tim dwoc qua mé hinh doan thing

Khéau 1 2 3 4 5 6 7 8 9 10 11 12

0i (%) 0,02 | 899 | 584 | 548 4,99 4,49 4,01 355 | 3,11 | 2,69 | 2,28 2,14

Di(°) 0,02 | 9,01 | 148 | 20,33 | 25,33 | 29,82 | 33,83 | 37,38 | 40,5 | 432 | 4549 | 47,63

Mi

7,01 | 6,06 | 547 | 4,89 4,32 3,78 3,26 2,76 | 2,29 | 1,83 | 1,39 0,97
(N.mm)

ki

. 350 | 0,67 | 0,93 | 0,89 0,86 0,84 0,81 0,77 | 0,73 | 0,68 | 0,61 0,45
(N.mm/*)

2.2.2. Xdc dinh ham mé men uon phu thugc vdo ap sudt khi nén M, (P)

Mbi quan hé giita moé men M, va goc quay ¢, duoc biéu thi qua cong thirc (3).
Do 16n cua goc quay ¢, theo ap suat dugc do trén phan mém Abaqus/CAE, két qua thu
duoc ¢ bang 2.

Bang 2. Mo6i quan hé giita dp sudt P va géc quay ¢;

i (")
P P | P @3 @, {45 @ @, Ps @ P P 4P
(kPa)

0 0 0 0 0 0 0 0 0 0 0 0 0

10 0,46 3,26 | 393 | 352 | 351 | 349 | 357 | 359 | 351 | 3,68 | 412 | 3,46

20 0,85 (10,29 | 8,36 | 7,56 | 754 | 755 | 7,66 | 766 | 7,59 | 791 | 891 | 6,64

30 1,21 113,84 | 126 | 11,41 | 11,35 | 11,38 | 11,56 | 11,53 | 11,44 | 11,7 | 12,74 | 9,98

40 1,56 (18,06 | 15,16 | 15,03 | 14,9 | 14,97 | 15,19 | 15,11 | 15,04 | 15,22 | 16,29 | 13,32

50 191 | 24 | 1892 | 18,49 | 18,32 | 18,41 | 18,69 | 18,57 | 18,49 | 18,69 | 19,69 | 15,47
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Tir cong thirc (3) va bang 2 thu duoc mbi quan hé giita mé men M, va ap suat P

nhu thé hién ¢ bang 3.

M. =k..@ 3
Bdng 3. Moi quan hé giita mé men M, va dp sudt P
Mi
Nmm) Ml MZ M3 M4 MS M6 M7 MS M9 MlO Mll MlZ
P
(kPa)
0 0 0 0 0 0 0 0 0 0 0 0 0
10 164,1 2,02 3,68 3,14 3,04 2,94 2,91 2,79 2,58 2,51 2,51 1,57
20 2986 | 6,94 7,82 6,75 6,54 6,36 6,24 5,97 5,58 5,38 544 | 3,02
30 424.6 9,33 | 11,79 | 10,19 | 9,83 9,59 9,42 8,99 8,41 7,97 7,78 | 4,54
40 5479 | 12,18 | 14,18 | 13,47 | 12,91 | 12,62 | 12,37 | 11,78 | 11,05 | 10,37 | 9,95 | 6,06
50 671,3 | 16,19 | 17,71 | 16,51 | 15,88 | 15,51 | 15,23 | 14,48 | 13,57 | 12,73 | 12,02 | 7,04

Trén co s6 s liéu & bang 3, mbi quan hé gitta m6 men M, va ap sudt P s& dugc
x4y dung theo cac ham gan dung M, (P) nhu sau:

M, =-0,0379-P? +15,16- P +5, 2863 M, =-0,0003- P? +0,324-P+0,1051

M, =0,0003-P?+0,3109-P-0,1968 M, =-0,0004-P? +0,3107-P —0,0955
M, =-0,0014-P? +0,4241-P-0,1231 M, =-0,0003- P? +0,2894- P —0,0986
M, =-0,0003-P?+0,3505-P-0,121  M,, =-0,0005- P* +0,2863- P —0,0797
M, =-0,0004.P*> +0,3393-P—-0,1084  M,, =-0,0009-P?*+0,2889- P —0,0807
M, =-0,0001- P? +0,3196-P+0,1003 M,, =-0,0005-P? +0,1674-P +0,0379

2.3. M6 hinh hoa ngon tay mém trén phan mém MSC Adams

Trén co s6 bo thong sb do cimg 10 xo k;, cAc ham m6 men M, (P) tim duoc,
mo hinh dong luc hoc ngdn tay mém duge xay dung trén phan mém MSC Adams (Hinh 6).
M5 hinh gém 12 khau ndi tiép c6 do dai I, ghép véi nhau béi cac khop ban 1€, mdi khép
c6 mot 10 xo ¢6 do cung K; va chiu tdc dung bdi mot md men M, (P). Khdi tuong moi
khau duoc do nho phan mém Siemens NX: Khéi luong khau 1 1a 2,64 g, khau 12 la
3,18 g va cac khau con lai (tir 2 dén 10) bang nhau 1a 1,38 g.
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Abaqus

y Adams Abaqus Adams
— W s o Abaqus q
| | =
Adams

(a) 0 kPa (b) 10 kPa (c) 20kPa
Abaqus Adams 5o y
Adams -~ Abaqus Adams |

(d) 30 kPa (e) 40 kPa (f) 50 kPa

Hinh 7. So sdnh géc uén gitra hai mo hinh.

Két qud so sanh (Hinh 7) cho théy, sai 1éch vé do cong thu dugc tr mo hinh tay
mém trén MSC Adams so v6i mo hinh phan tir hitu han trén Abaqus/CAE & cac mirc ap
suat khac nhau déu nho hon 8% (Bang 4). Két qua so sanh chimg t6 do tin ciy ctia mo
hinh dong luc hoc ctia ngén tay mém duge xdy dyung.

Bdng 4. Géc udn ngén tay mém thu dwoc tie mé hinh dwoc xdy dung va mé hinh FEM

Ap suit (kPa) G6c uon . Gac udn theo md hoinh Sai lach (%)
theo Abaqus/CAE (°) dwoc xay dung (°)
0 0 0 0,00
10 40,1 43,07 7,40
20 88,52 87,22 1,46
30 130,78 129,39 1,06
40 169,87 170,20 0,19
50 209,65 209,79 0,07
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3. M phéng kha niing gip, giir vit ciia cum tay gip mém
3.1. Thiét Igp diéu kién tiép xiic giita tay gdp va vit

Tuong tac giita tay gap v6i vat duge dic trung boi hai thanh phan luc chinh, d6 1a
luc phap tuyén Fy va luc ma sat Fms (Hinh 8a).
3.1.1. Lurc phdp tuyén F

Véi cac gia thiét 1a: B qua luc dinh giita cac bé mat; Cac bién dang nho va nam
trong ving bién dang dan hdi; Cac bé mat tiép xtc 1a lién tuc va dién tich tiép xuc rat
nho so voi kich thude dic trung cua vat thé, luc phap tuyén Fn duogc tinh theo thuyét
tiép xuc Hertz [16] theo cong thirc (3):

F=FK-FK (3)
v6i Fi 1a Iyc dan hoi, Fp1a luc giam chan.

Luc dan hdi duoc tinh theo cong thirc:

Fo=k-(x—x)° (4)
trong d6, k 1 do ctng tiép xuc gitra hai vat, e 1a hé s6 dic trung tinh phi tuyén cua luc
dan hoi, x1 12 khoang cach giira hai vat (theo hinh dang ban dau, khong tinh dén su bién
dang ctia vat), con x 13 khoang cach giita hai bé mat tiép xtc (c6 tinh dén su bién dang
ctia vat). Khi hai vat chua tiép xtic voi nhau, thi X = x1. Khi 2 vét bi ép vao nhau thi gia
tri X luon khong do6i (x = 0) con gia tri X1 thay doi (Hinh 8b).

Luc giam chan Fp phu thudc vao van tbe tiép xuc gitra hai vat va dugc tinh theo
cong thuc:

F,=c-X (5)

Hé s giam chan ¢ c6 gia tri thay d6i tir 0 dén Cmax khi d6 1un ting dén mot gia tri d
xéc dinh nao d6 va khi d¢ lun tiép tuc ting thi gia tri Cmax NAY van giit nguyén (Hinh 9).

£

a) Luc tiép xiic b) Khodng cdch giita hai bé mdt trude va sau tiép xiic

Hinh 8. Twong tdc gitta hai bé mdt tiép xiic.
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A

H

0 D) lin d
Hinh 9. Sy thay doi hé sé giam chdn ¢ theo d¢ lun.
Nhu vay, luc phap tuyén Fn khi hai vat tiép xtc dugce tinh theo cong thuec:
F, =k(x —x)*—c-x (6)

3.1.2. Luc ma sat Fis
Lyc ma sat dugc tinh theo cong thirc:

F.. =R (7

v6éi M 14 hé s6 ma sat.
Gi4 tri cua lyc ma sat duogc thé hién trén hinh 10a. Tuy nhién, dé thuan loi cho qua
trinh tinh todn, nguoi ta thuong st dung moé hinh hé s6 ma sat lién tuc nhu thé hién trén

hinh 10b. C6 4 tham s6 dic trung, d6 1 hé s6 ma sat nghi z,, hé sé ma sat trugt g, va

cac van toc twong g vai gia tri hé s6 ma sat nghi V va ma sat truot ;. Gia tri cia bon
tham s nay thuong duoc xac dinh bang thuc nghiém. Céc hé sé mo ta diéu kién tiép
xUc gitta tay gap va vat dugc lya chon twong tmg véi didu kién tiép xuc cua cao su
(twong tng véi vat lidu Silicone RTV 225 ngdn tay mém) véi thép (twong tmg vai cac
vat thé hinh tru va hinh cau) va duoc thé hién trén bang 5 [16].

Bdng 5. Céc théng s6 mé ta diéu kién tiép xiic gitta ngon tay va vit

STT Thong sé Ky Gia Thi Ghi chu
higu tri nguyén

bo cung k 10 N/mm Stiffness

2 Hé sé mii cua luc e 11 Force exponent
Hé s6 giam chén téi da C, Corax 0.1 N.s/mm | Maximum damping

4 | B6lun d 0,01 mm Penetration depth
Hé sb ma sat nghi (tinh) L 0,8 Static Coefficient

6 Hé sb ma sat truot (dong) Ly 0,76 Dynamic Coefficient
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STT Théng sb Ky Gia Thir Ghi chd
higu tri nguyén
7 | Van téc chuyén trang thai ma sét v, 0,1 mm/s Stiction Transition
tinh v, Velocity
8 | Van téc chuyén trang thai ma sat v, 1 mm/s Friction Transition
dong v, Velocity

= A
o |
: |
o s —
= J
3l — /4 §
| =i
I 9
| Tz
| " 4
Ma st Luc tac dong
nghi | Ma sat trugt '
i Vian toc trugt
@) Quy lugt ciia hec ma sdt thic 1€ b) Quy ludt cua lyc ma sat su dung

trong tinh toan
Hinh 10. Quy ludt cua luc ma sat va hé so ma sat.

3.2. Mé phéng khd nang gdp, gii vt khi cum tay gip mém di chuyén thing

Trén co s& mo hinh tay gip mém va bo thong sb mo ta diéu kién tuong tac giita
tay gap voi vat (Bang 5), qua trinh gap-giit vat ciia cum tay gip mém s& dugc mo phong
trén phan mém MSC Adams. O phan md phong nay, cum tay gip mém dugc gidi han
v6i quy dao chuyén dong thang, 6 cao khong ddi, va cho gia téc ting dan.
3.2.1. Gcfp vdt co dang hinh cau

Hinh 11a minh hoa hinh 4nh cum tay gap mém gip vat hinh cau (c6 duong kinh
70 mm). Do thi hinh 12 mo ta gia tri do cao Z, gia tdc cua vat (a) va lyc tuong tac cua
cac ngon tay vao vat thé (b) trong qua trinh di chuyén. Khi d6 cao cua vat bi dot ngot
giam hodc lic twong tac ¢ gia tri bang 0 14 thoi diém vat thé bi roi. C6 thé thay rang, &
gan thoi diém vat thé bi roi, lyc tiép tuong tac clia cac ngon tay vao vat cb gia tri khac
nhau, vét thé bj 1éch vé phia ngon thir 1 (do tac dung cua lyc quan tinh) nén luc tuong
tac cia ngon tht 1 1én vat thé 1 16n nhat.

Kha nang giit vat c6 khdi lugng tir 100 g dén 300 g khi di chuyén thang voi gia
téc tang dan duogc thé hién trén hinh 13. Két qua cho thay, tay gip mém c6 thé giir vat
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hinh cau ¢ khdi lugng 100 g khi di chuyén véi gia toc 41,2 m/s?, tuy nhién khi giit vat

c¢6 khdi luong 300 g thi chi c6 thé di chuyén & gia tdc nhé hon 13 9,9 m/s?.

(a) Gdp vt hinh cau (b) Gap vt hinh tru
Hinh 11. Cum tay gdp mém gap, giir vit.

0.4 Caodp 50 6  ——Ngénthir1
- = =Giatde ‘\ o
Zs s oo s Negn(hi 2
24
g - = Ngénthi 3
T3
9
g2
21
=
0
Thoi gian (s) 0 2 4 6
Thoi gian (s)
(a) P cao va gia toc (b) Luc twong tac cua cdac ngon tay lén vit
Hinh 12. D6 thi qua trinh gdp-giit vdt hinh cau 100 g.
Khéi ooz Gia toc 50
lrong Thoi diém roi khi bi roi o
© (s) (m/s?) S
100 5,15 47,285 2
= 20
150 4,63 32,135 =
O 10
200 4,35 20,086 0
250 4.22 13,379 0 100 200 300
300 4,16 9,938 Khoi lrgng (2)

Hinh 13. Kha ndng cum tay gdp giik vdt hinh cau c6 khoi lirong khdc nhau.

3.2.2. Gcfp vdt co dang hinh tru

Trong md phong nay, vat duoc gip c6 dang hinh tru v6i dudng kinh 70 mm va chiéu

cao 70 mm (Hinh 11b). D6 thi hinh 14 mé ta quy luat do cao Z, gia tc cua vat thé (a) va
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luc tuong tic ciia cac ngdn tay vao vat thé (b) trong mé ta qua trinh gip-giir vat. Khi do
cao cua vat bi dot ngdt giam hoac luc twong tac co gia tri béng 0 1a thoi diém vat thé bi
roi. Twong tu nhu két luan & hinh 12, c¢6 thé thay rang, & gan thoi diém vat thé bi roi,
luc tiép tuong tac cua cac ngodn tay vao vat ¢ gia tri khac nhau, vat thé bi 1éch vé phia

ngén tay thir 1 nén lyc twong tac cuia ngén thir 1 1én vat thé 1a 16n nhét.

0.4 5 60
, Cao do 7 ® o o o Ngon thi 3
- - (Gia td 5 )
- jia e / e 9 — - -Ngén thi:2
g = 0 s .
e = = Ngon thi 1
«©- S 8
=} =
=1
0
0 2 4 6
Thaoi gian (5) Thoi gian (s)
(@) Do cao va gia toc (b) Luc twong tic cia cdc ngon tay lén vit

Hinh 14. D6 thi qua trinh gdp-giit vt thé hinh tru 100 g.

Kha nang giit vat cua tay gap dbi v6i cac vat co khdi luong thay doi tir 100 g dén
300 g dugc thé hién trén hinh 15. Tuong ty nhu khi gap vat hinh cau, vat cang ning thi
gia toc t6i da ma tay gip c6 thé di chuyén cang nho. C6 thé thdy rang, cac két qua mo

phong thu duge déu pht hop véi 1y thuyét va thuc té.

Ngoai ra, co thé thiy ring, tay gip mém c6 thé gitr vat hinh cau c6 khdi luong
300 g di chuyén véi gia téc 16n nhat 1a 9,9 m/s?, tuy nhién khi gip hinh tru cting khoi
lwong thi chi c6 thé di chuyén véi gia toc tdi da 1a 3,6 m/s?. Két qua nay ciing phan anh
ding thuc té, vi vat thé hinh tru duogc gilr bdi lyc ma sat gitra ngon tay mém voi vat,
trong khi d6 vat thé hinh try duoc giit boi hai thanh phan 1a lyc ma sat va luc phap tuyén

do ngén tay mém 6m vao vat.

Khdi Thoi Gia toc 30
lwgng diém roi khi bi roi 2
(9) (s) (m/s?) g
100 4,47 26,178 £ i;
150 4,36 20,904 g
200 4,33 19,259 0
0 100 200 300 400
250 4,25 14,776 K heomg @
300 4,06 3,605

Hinh 15. Khd ndng cum tay gdp giit vt thé hinh tru c6 khoi liwong khdc nhau.
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3.3. M6 phong kh ning gAp, giii vit ciia cum tay gap mém gin trén tay mdy Scora ER14Pro

Pé md phong gén hon véi diéu kién lam viée thuc té cua cum tay gép mém, mo
hinh tay may cong nghiép Scora ER14Pro tich hop v6i cum tay gip mém da duoc xay
dung trong moi trudong MSC Adams. Piéu nay cho phép mé phong kha ning gip-giir vat
clia tay gip mém theo cac quy dao phuc tap, gan véi diéu kién lam viéc thuc té trong moi
treong cong nghiép (quy dao cia vat giéng quy dao khau cong tic cudi ctia tay may).

Qua trinh gdp vat gdbm 3 giai doan 14 chuén bi gip vat, gip-giit vat di chuyén va
vat bi roi (Hinh 16). D) thi mo ta qua trinh gap-giir vt thé hinh try (co6 duong kinh
90 mm, chiéu cao 70 mm, khéi lwong 200 g) dwoc thé hién & hinh 17a. Vi quy dao khau
cong tac cua tay may trong thuc té c6 do cao thay doi, nén luc twong tac cia mot ngén
tay 1én vat s& dugc sir dung dé nhan biét thoi diém vat thé bi roi. Két qua cho thy, vat
thé hinh tru s& bi roi tai thoi diém 3,94 s khi gia toc vat dat 19,38 m/s.

Qué trinh gép-giit vat hinh cau (c6 duong kinh 70 mm, khéi lugng 1 400 g) duoc
md ta & hinh 17b. Két qua cho thy, vét hinh cau bi vang & thoi diém 8,33 s twong ng
v6i gia tde cuia vat 1a 10,29 m/s?.

Ngoai ra, c6 thé nhan thiy rang d6 thi gia toc cia vat thé bi thay ddi (bi nhifu) &
mot sb thoi diém. Ly do 13 ngén tay mém duoc mé hinh hoa béi cac khau cing ndi véi
nhau thong qua céc 10 xo xodn nén trong qua trinh cum tay gip mém gir vat va di
chuyén, vt khong bi kep ctng giéng nhu sir dung tay gip cimg ma c6 thé xay ra cac
hién twong nhu vit bi treot (mot khoang nho) hoic bi rung lic. P6 chinh 14 nguyén nhan
dan dén su thay doi gia tdc cta vét thé trong qua trinh tay gip gitr vat.

a) Chuan bi gdp b) Gdp vt ¢) Vat bi roi
Hinh 16. Cdc giai doan trong qud trinh gdp vit.
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Lyc twong tac o Luc tuong tac
(= , 12 ST 40
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i 25 g a 8 25 5
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(@) Gap vdt hinh tru (b) Gap vdt hinh cdu

Hinh 17. Do thi biéu dién qud trinh gdp vt trén tay may Scora.
4. Két luan

Bai béo trinh bay phuong phap xay dung md hinh dong luc hoc va mo6 phong tay
gip mém 10 bdt. Mo hinh dong luc hoc ngon tay mém duoc xdy dung theo mé hinh
chudi cac khau dya trén cach tiép can dong luc hoc hé nhiéu vat. Cac tham sb vé dong
luc hoc cua hé dugce xac dinh dya trén mo phong két cAu nho phuong phap phﬁn tir hiru
han va thuc nghiém. D6 cong cia tay gip tinh theo mo hinh dé xuit co sai sé khong
nhiéu so v6i két qua tinh toan nho phuong phap phan tir hitu han (< 8%).

Trén co s& mod hinh duoc xdy dung, quéa trinh gip-gitt vat cia tay gip mém da
duge mo phong thanh cong trén phan mém MSC Adams. Tuong tac gitta ngén tay mém
va vat dugc mo phong tudn theo 1y thuyét tiép xuc Hertz. Dé mo ta gan nhit voi diéu
kién 1am viéc thuc t&, moé hinh tay gip mém gin trén tay may cong nghiép Scora di
dugc thiét 13p.

M6 hinh duoc xdy dung dd cho phép danh gia kha ning gip-giit vat co khoi
luong, hinh dang khéc nhau & cac tbc dd khac nhau truée khi ché tao thuc nghiém.
Mo phéng cho thiy, cum tay mém c6 kha ning gap-giir cac vat hinh cau tot hon vat thé
hinh try va khi vat cang ning thi kha ning di giit vat ¢ gia tc 16n cang giam. Cac két
qua mo phong thu duoc vé dinh tinh 1a phu hop voi thuc té.
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SIMULATION RESEARCH ON THE GRASPING PROCESS
OF THE SOFT ROBOT GRIPPER

Abstract: This article presents a method to simulate the dynamics of the grasping process
of a soft robotic gripper that is made of silicon. The pneumatically actuated soft fingers are
composed of interconnecting hollow chambers. Each soft finger is modeled as a series of line-
segment links using a multibody dynamics approach. Numerical simulations using Abaqus/CAE
software are used to determine the system's dynamic parameters. The soft gripper’s model is
then integrated into the robotic manipulators that are built on MSC Adams software. The
interaction between soft grippers and objects is modeled according to the Hertz contact theory.
The proposed model allows for the investigation of soft gripper gripping capacity with various
types of objects and different moving velocities and accelerations. The simulation shows that the
soft gripper can hold a spherical object and a cylindrical object with the same mass of 300 g at
a maximum acceleration of 9.9 m/s? and 3.6 m/s? respectively. The results of the study are being
used to improve the design of the robot's soft gripper.

Keywords: Softrobotic gripper; dynamic; grapping process; Abaqus/CAE; MSC Adams.
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