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TOM TAT

Bai b&o nay trinh bay viéc kiém chiing cdc trang thai ddu — cuoz va kha néng chuyén dong cua
mé hinh fidget toy dang ldp phwong trén quan diem mé hinh cdu triic robot song song. Do choi
thu gidn (fidget toy) dang khéi hdp c6 thé thay doi trang thai tir khong gian sang dang ban khai
trién. Pady la su két hop giita do choi gidi tri va nghé thudt xép hinh Origami cua Nhat Ban. Viéc
khoi hdp nay c6 thé dat dwoc trang thai thiét ké mong mudn hay khéng nam ‘ngodi kha nang twong
tuong ciia ching ta vi chuyén déng khong gian cua mat nay quy dinh chuyen dong cua mat kia va
ton tai chuyen déng theo ciia mot sé mat. Vi vy, viéc kiém chirng bang todn hoc la can thiét dé
dam bao rang hop co thé dich chuyen va dat dwoc trang thai nhw yéu cau truoc khi no dwoc ché
tao, san xudt. Phirong phdp mé hinh héa cdu tric dwdi dang robot song song di dwgc dp dung
trong bai viét ndy va cho két qua chinh xdc nhw cdu triic thiét ké mong muén. Céch thirc thiét lgp
mo hinh ndy la mét goi y ddang chii y dé gidi cdc bdi todn cdu triic phire tap twong tir.

Tir khoa: Fidget toy; Lap phuong; M6 hinh hoa; Pong hoc; Robot song song.
1. MO PAU

D) choi fidget toy 1a thuat nglr chi nhitng dd choi chuyén dugc dung véi ngon tay. Cude song
hién dai v6i bao ap luc, cang thang budc chiing ta phai nd lyc mdi ngay tim kiém phwong phap
xoa diu tam tri. DO choi thu gidn (Fidget Toy) hay con goi 1a EDC Toy (Every Day Carry) di
dugc ra doi tir nhu cau thiét yéu dé. La cong cu tu didu chinh rét hitu ich, Fidget Toy thuong co
kich thuéc nhé gon dé dé dang cit vao trong tii 40 quan hodc balo, tii xach. Cong dung chinh
ctia chung 1a giir cho co thé duge tha 1ong, phéan tan su lo ldng, xoa diu than kinh, va ting nhan
thirc xtic gidc. Nhiéu qudc gia & Chau Au cong nhan ring cang thang 1a rui ro 16n trong nghé
nghiép, nén ho thuong xuyén tao nhiéu hoat doéng ¥ nghia nham ngan chan tinh trang khong
mong mudn d6 cho nhan vién. P choi thu glan 1a mot trong 5O ‘nhimg bién phap dugc ap dung.
Chung dugc cong nhan va phé duyét rong rii boi cac td chic y t& & Chau Au. Viée thudng xuyén
sir dung céac cong cu hodc tién ich thé nay dugc chimg minh c6 thé giup giam tac dong tiéu cuc
1én hiéu suét lam viéc va tham chi cai thién tAm trang cho nguoi di lam. Thur gidn dong vai tro
quan trong trong viéc phan tan ning lugng tiéu cuc tich tu 1én bin than ching ta mdi ngay.
Phuong thirc hoat dong ciia cac moén do choi giam cing thing dugc vi nhu liéu phap nhe nhang
xo0a diu tam Iy khién nguoi ding théy thoai mai, d& chiu hon[1].

Con voi Origami - Nghé thuat gip gidy ctia Nhat Ban 1a mot mon nghé thuat doc dao doi hoi
su khéo leo, 6¢ sang tao. Gép gidy Origami khong don thuan chi 1a giai tr, lam do trang tri thong
thuong. Mot trong s6 nguyén nhén giip ngh¢ thuét gip gidy Origami tr¢ thanh biéu tuong van
hoa Nhét Ban 1a boi gap gidy Origami con ¢6 tac dung nhu mét liéu phap tdm ly, giap tran an
tinh than, mang lai niém vui va cam himg cho con ngudi khi hoan thanh mét tac pham. Ngoai ra,
viéc tao ra mot mau Origami s& phai 4p dung rat nhiéu quy tic hinh hoc. O mét vai noi trén thé
gidi con ap dung déy Origami trong cdc tiét hoc my thuat, hinh anh truc quan. Dic biét 13 & cac
16p mau gido va cap 1, hoc Origami gilip tré tu duy hinh anh, hinh hoc truc quan, triru tuong,
khong gian, cic khbi 3 chleu cac hinh tam giac, hinh vudng,... rat ¢6 lgi cho sy phat trién tu duy
cua nguoi choi [2].
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Hinh 2. M4t s6 san phdam minh hoa cho Origami.
Mot nhom dé} choi Origami c6 dac tinh xép gon dang phing nho dic diém nhu nép gap hay
cac khop da chiéu do kha nang co gién cua gidy. Nhu 1ong dén trung thu gidy x€p c6 kha nang
khai trié€n phang nhu hinh 3.

S

Hinh 3. Long dén trung thu gidy xép c6 kha nang khai trién phdng.

Db choi dang khéi hop c6 kha ning trai phang chinh 1a su két hop tuyét voi giita hai loai hinh
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Fidget va Origami s& duoc trinh bay trong nghién ctru ndy. Khdi hop co cac mat duogc lién két
dong v6i nhau thong qua cac khdp ban 18. Trong d6, nhd cac khép thap nay, mdi bé mat déu
dugc lién két dong va6i hai mat khac trong sé 6 mat cua khdi. Pay chinh 1 nguyén 1y cau tao ctia
co cAu song song.

Tap hop cic co céu lién két nhau thoa man dinh nghia mdi khau trong chudi lién két véi it
nhat hai khau khac goi 13 co ciu song song. Vi co cau song song ludn c6 thé mé hinh hoa dang
vong kin nhu hinh 4. Robot Delta 1a mot vi du dién hinh cta co cau song song dugc sir dung phod
bién trong cong nghiép (hinh 5).

base point

joint spaces g | work space

tool point

Hinh 4. M6 hinh co cdu song song. Hinh 5. Robot song song Delta [3].
Co cau song song, cu thé 1a robot song song c6 cach thirc mé hinh hoa, tinh ton va gii cac
bai toan dong hoc khac biét so voi cac co cau khac do dac thu lién két dong tao thanh cac vong
tron khép kin cta né.
Phén tiép theo, tac gia s& trinh bay vé viéc md hinh héa co ciu dang khdi hop dudi dang cau
truc robot song song dé xac dinh chinh xac hudng va vi tri ciia cac khau lién két trong khoi khi
khoi thay d6i trang thai.

2. NOI DUNG

2.1. M6 hinh hinh hoc co ciu dé xuit

D& xuét co cAu hop khi xép nhu hinh 6 (tréi) va khi ban khai trién (phai). D¢ dat dugc muc
dich dong hoc nhu trén 6 mat hop can lién két véi nhau bang cac khop ban 1& (khép R) ¢ cdc vi
tri 4n dinh nhu hinh 7. Can mo hinh héa dé x4c dinh chinh xac cac trang thai cua co céu bang
toan hoc. Qua trinh mo hinh héa trén quan diém robot song song dugc tién hanh.

Hinh 6. Co cdu hép de xudt va hai trang thdi Hinh 7. Vi tri cdc khép ban 1é
dau — cudi cia né. lién ket cac mat hop voi nhau.
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2.2. M6 hinh ddng hoc co ciu twong dwong

Trén co s& mo hinh lién két khép ban 1€, néu tudng twong khai trién thanh mot chudi dong
hoc, chudi nay s& c6 dang khép kin nhu hinh 8. Trén hinh 8, tudng tugng rang chon hai mét
phang d6i dién nhau lam hai gia (mét gia tinh, mét gia dong). Chang han an dinh khéu 1 va khau
4 lam hai gia, so do két cau hinh 8 s€ c¢6 so @6 dong hoc nhu hinh 9.
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Hinh 8. Khai trién chudi dong hoc qua 6 khdu — 6 khdp ban Ié.

Hinh 9. So do déng hoc tuwong dirong nhénh thir nhdt va nhéanh thir 2 ciia hdp.
Hinh thanh hai vong véc to cho hai nhanh 1 va 2 nhu trén hinh 10:
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Hinh 10. So d@6 vong kin cho nhdnh 1 va nhanh 2.
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Trong do:

- Kiz, Kas, Kag, Kas, Kss va Koy lan luot 1a vi tri tai 6 khép thap ciia co cau lién két dong voi
cac khau lan luot tir khau 1 dén khau 6;

- 2° 12 d6 dai canh cua khdi 1ap phuong (¢ day lay 2a =60 mm);

- OoXoYozo Va O1x1y121 | la hé truc toa do tai tim tdm tinh va tAm tim dong;

- 1, B1,02, P2 1a tham s bién khép tai hai nhanh chan tuong tng;

- (¢, ¢, 7) 12 b goc dinh hudng cua tim dong theo Roll-Pitch-Yaw (RPY).

Phuong trinh dong hoc twong ung cho hai nhanh cé dang nhu sau:
*Nhanh 1:

Oool = OO K12 + K12K23 + K23K34 - RRPY '01K34 (1)
Phuong trinh khai trién cuy thé:
Xos -al| |—2aS, 2a5,S, ¢c, s;s,. -Cs, CS.C +SS, ||-a
Yoo =] @ |+] O |+| -22C, |-|CS, S,5,S,+C,C, C¢S¢Sy S,C, || —a (2)

Zo, 0 aC,, -2aS,C, =S, S,C, C,C, 0
Hay:
Xoq=—a-2aS,+2aS,S, +aC C +asS,;SC -aC,s,
Yo =a—2aC, +aC,S, +asS,;S S, +aC,C, (3)

Zy=2aC, —2aS,C, —aS, +aS,C,
*Nhéanh 2:

Oool = oO K64 + KGlKSG + K56 K45 - RRF’Y 'OlK45 (4)
Phuong trinh khai trién cuy thé:
Xo1 a -2aS _, -2aS,,S,, cc, s, -CS, CSC +SS, || a
Yoo |=|@|+|-2aC,, |+| -2aS,C,, |-| C,S, S¢S¢Sy +C, C C¢S¢Sy S,C,

Zo. ] |0 0 2aC,, =S, 5,C, c,C, 0

|
o

®)

Hay:
Xy =—a-2aS,,-2aS,,S,,-aC,C, +aS,S,C, —aC,S,
Yo =a-2aC,, —2a5,,C,,-aC,S, +aS,S,S, +aC,C, (6)
Zy =2aCy, +aS, +aS,C,

Hé phuong trinh s (3) va (6) dugc sur dyung dé giai bai toan dong hoc nham kiém ching vi tri
va hudng cia cac mat cua co cau khi co cau ¢ trang thai hop va ¢ trang thai trai phing ba mat
nhu thé hién & hinh 6.

2.3. Két qua khio sit va kiém chirng

Phuong phép s6 Giam Gradient tong quat GRG [4, 5] duoc ap dung dé tim 10i giai cho bai
toan dong hoc thuan va nguogc.
*Tai vi tri co cdu & dang khoi hop:

Ldc ndy cac mat ddi dién & trang thai song song nhau. D& dang nhan thiy rang, 2 hé truc toa
d6 tinh va déng la OoXoYoZo V& O1X1y1Z1 ¢ cac cap truc twong tng song song va trung nhau, tm
hai hé cach nhau mot doan bang do dai canh, tuc 12 tai trang thai ndy s& c6 cac bo thong s sau:
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- Hé toa d6 dong O1X1y1Z1 so voi hé¢ tinh OeXoYozo:
+ Vi tri: (Xo1, You, Zo1) = (0,0,60)
+ Hudng: Bo goc RPY: (@, ¢, v) = (0,0,0)

- Céc bién khép tai 2 nhanh chan:  a1=0 B1=0
o = 0 ﬁz =0
Két qua khao sat cho két qua chinh xac hoan toan, nhu thé hién ¢ hinh 11:
3
4 | alphal alpha2 betal beta2 Xol Yol Zol phi theta | gamma
5 0 0 0 1] 0 Y] 60 0 0 0
6 Tham s8 khérp tai 2 chén Vi tri tdm tdm dong Huwéng tdm déng
7
8
9 Nhanh chén 1
10 | Xol 0
11 Yol 0
12 |Zol 60
132
14 |Nhanh chéan 2
15 |Xol ]
16 Yol 0
17 Zo1 50 [ Kiém tra tai vi tr cor i hinh thanh khGi hgp |
18
19 11 0
20 (L2 0
21 |L3 0
22 14 0
23 L5 0
24 L6 0

R

Hinh 11. Két qud khao sat tai vi tri co cau & dang hop.

Hinh 12. Cdc gid tri tham s khi co cau ¢ trang thdi ban khai trién.
Ldc nay, theo tinh toan 1y thuyét va 10i giai hinh hoc phang, ta c6 cac gia tri sau:
- Hé toa d6 d@ng 01x1y121 co: + Vi tri: (X01, You, 201) = (-45, -47.9423, 30)
+ Hudng: Bo goc RPY: (o, ¢, y) = (90°,0°,-60°)
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- Cac bién khop tai 2 nhanh chan: a3 =90° B1=30°
0z = 30° B2 = 90°
Két qua khao sat cho ket qua chinh xac, nhu thé hién ¢ hinh 13:
3
alphal alpha2 betal beta2 Xol Yol Zol phi theta gamma
1,570795| 0,52359833| 0,523598| 1,570795 -45| -47,9423( 30,00001| 1,570795 0| -1,0472
Tham s& khdp tai 2 chan Vi tritadm tdm dang Hu'éng tam ddng

3
3
H
7
3
}

Nhanh chan 1

0| Xol -44,999974
1 Yol -47,942271
2 |Zol 30,0000398
3

4 |Nhanh chén 2

5 Xol -44,999934
6 Yol -47,942301
7201 |30,00007% [__Ki€m tra tai vi tri 3 khau ném trén 1 m3t phing |
8

911 3,6227E-09
0|L2 1,5749E-09
1/|L3 8,8073E-10
2|14 1,0098E-08
3|5 9,7641E-11
4 L6 4,8277E-09
5L

A

Hinh 13. Két qua khdo sat tai vi tri co cau & dang trdi phang 3 mdt.
Loi giai toi wu chi ra rdng, trang thai trai phang 3 mit cia co cau 1a hoan toan hop Iy va kha
thi (sai so rat rat bé 2,1.10%).

3. KET LUAN

Qua dit li€éu nhan dugc tir mo hinh todn cho théy, gia thiét vé su tuong tu cta dd choi fidget
dang 13p phuong va hai trang thai dau — cudi ciia n6 hoan toan phi hop véi mé hinh robot song
song c6 hai nhanh gdm 6 khép R. Cac trang thai dau — cudi ciia robot két hop voi mot vai lién hé
toan hoc don gian cho phép khing dinh kha niang chuyén dong cua cdu tric giita hai trang thai
nay. Viéc khang dinh kha nang dong hoc ctia co ciu la budc co ban trong quy trinh thiét ké kiéu
dd choi dang fidget toy.

bay cling la quy trinh c6 tinh tong quat dugc kién nghi ap dung trong céc truong hop tuong tu
khi ma cac chuyén dong khong gian nam ngoai kha nang tuéng tuong thong thuong. Diém manh
ctia cach 1am nay & chd ca mé hinh dong hoc robot va cong cu chuyén ding dé khao sat cac md
hinh nay sén c6 va d& 4p dung ngay ca v6i cac mé hinh c6 chuyén dong phuc tap hon nita.
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ABSTRACT

Verifying the initial and final states of the cube-shaped fidget toy mechanism
based on the parallel robot model

This article presents verifying the initial and final states and motion capabilities of the
cube fidget toy model from the perspective of the parallel robot structure model. A cube-
shaped fidget toy that can change its state from space to semi-expanded. This is a
combination of entertainment toys and the Japanese art of Origami. Whether this cube can
achieve the desired design state is beyond our imagination because the spatial motion of
one face dictates the motion of the other face and there exist follow-on motions of certain
faces. Therefore, mathematical verification is necessary to ensure that the box can move
and achieve the required state before it is manufactured. The method of modelling the
structure in the form of a parallel robot has been applied in this article and gives the exact
results as the desired design structure. This modelling technique can also be applied to
resolve other complex structural problems.

Keywords: Fidget toy; Cube; Modelling; Kinematics; Parallel robot.
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