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TRUGNG DAI HOC SU PHAM KY THUAT CONG HOA XA HQI CHU NGHIA VIET NAM
THANH PHO HO CHI MINH Doc lip - Tuw do - Hanh phie
KHOA CO KHi MAY

Tp. HCM, ngay 8 thdang 3 ndm 2017

THONG TIN KET QUA NGHIEN CUU

Thong tin chung:

- Tén d8 tai: Nghién civu ing dung co cdu dan héoi véi lwe diu ra khong dbi
- M s6: T2016-26 TP

- Chi nhiém: TS. Pham Huy Tuén

- Co quan cht tri: Pai hoc Sw pham Ky thuit Thanh phé Hd Chi Minh

- Th&i gian thuc hién: 12 thang (tir thang 1/2016 dén thang 3/2017)

Muc tiéu:

— Ngay nay, véi su phét trién nhanh ciia khoa hoc va k¥ thuat nhidu thiét bi may maoc

hién dai dugc ra doi. Trong dé mét s6 thiét bi may méc trong san xudt doi hoi phai
c6 mot ngudn dau ra lubn én dinh nhu céc co cdu tay siét c6 thé didu chinh duoc
luc d4u ra, cdc van diéu 4p nhim diéu chinh dong 4p suit d4u ra ludn dn dinh, thiét
bi déng nép tur dong, thiét bi chdng qué tai. Tuy nhién cdc co cAu nay thudmg duoc
két ndi véi nhau bang cac khdp cing do d6 khi hoat déng s& cé rung dong gy ra
ma sat, chdng bi mai mon, ton chi phi 1ap rap va bao tri.

Trén co s& do, muc ti€u cta dé tai nay la:

Téng hop duoc co ciu dan hoi c6 luc dau ra khéng ddi;

Két chu phai c6 kha ning gidm thdi gian ldp rép cla cac khdp lai véi nhau va loai
bo dugc ma sat sinh ra khi cac khép hoat dong;

Tang hiéu ndng hoat dong cla co ciu.

Pua ra huéng (ng dung co cAu dan hoi c6 luc diu ra khéng ddi vao céc thiét bi diu

cudi canh tay may.
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3. Tinh méi va sang tao:

— Co chu dan hdi 12 mét dang co chu méi dang dugc nghién ciu rng rdi véi uu diém
don gian nhung cé d6 chinh xac rit cao do khong c6 su chuyén déng tuong d6i gitta
cac khau. M6t dang cia co cdu nay 14 co cdu dan hdi véi luc diu ra khéng ddi co
thé giup dam bao sy dn dinh cta luc tac dung nhung khéng cin st dung bit ky thiét
bi cam bién hay céc chwong trinh diéu khién nao. Viéc st dung co cAu nay s& giup

lam don gian thiét bi nhdm lam tang dd tin cay khi sur dung.
4. Két qua nghién ciru:

— Dé tai da d& xult mot thit ké co cdu dan hdi ¢6 luc ddu ra khéng ddi trén co s toi
uru hoda bién dang béng giai thuét di truyén. Mot co cdu CEM duoc ciu tao dua trén
cac dudng cong tham sb Cosin va Bezier. San phim thiét ké clia tac gia c6 chu tao
nguyén khéi lam bang vat liéu POM (Polyoxymethylen) ma khong dung céc khép
dong nén khéng cn phai bbi tron khi hoat ddng va c6 dd chinh xéc cao. Khi co céu
hoat dong ludn tao ra duoc mdt lwe du ra khong d6i trong mét pham vi twong ting
v6i chuyén vi ddu vao. Co chu c6 thé tich trit ning lugng dan hdi ¢ sau dé phéan
phéi phin ning lugng ndy trong qua trinh lam viéce sao cho phén luc tic dung 1én co
ciu la khong ddi. Co cAu tao ra mét luc déu ra gﬁn nhu lién tuc Fp = 27,8 N trong

khoang chuyén vi tit 7,0 mm dén 13,6 mm.

— Co chu dan hdi ¢6 luc dbu ra khéng dbi duoc ché tao trén may CNC da dugc kiém
tra thuc nghiém trén may thi nghiém dan hdi va da ching minh dwoc luc déu ra cua
co chu la gin nhu khéng dbi (do phan luc cia co ciu).

5. San phim:
5.1S4n phim Kkhoa hoc
[1]. Pham Huy Tuin, Nguyén Ha Ngoc Hiéu, L& Minh Nhat, 2015, “Nghién ctu
thiét ké co chu dan hdi véi luc déu ra khng dbi img dung trong thiét bi diu cudi
canh tay may,” Hgi nghi Khoa hoc- Cong nghé toan quéc vé Co khi (lin thie
4), ngay 6/11/2015, Tp.HCM, pp. 79-86.

[2]. Pham Huy Tuan and Nguyen Ha Ngoc Hieu, 2016, “Shape Optimization and
Fabrication of a Compliant Constant-Force Mechanism,” J. Science &
Technology: Technical Universities, Vol. 115, (Accepted).
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5.2San phim dao tao:
Hudng dan thanh cong 1 hoc vién cao hoc
— Tén hoc vién : Nguyén Ha Ngoc Hiéu
— Nganh : Ky thuit co khi Khéa: 2014-2016(A)
— Tén dé tai : “Nghién civu ting dung co ciu din héi véi liee dau ra khong doi
trong thiét bi ddu cuéi canh tay mdy”
— Piém : 9.3 (Chin ba)
5.3S4n phfim ung dung
— Sén phém Ung dung 1ad m6 hinh co cdu CFM tao ra mot luc dau ra gén nhu lién tuc
Fu =278 N trong khoang chuyén vi tir 7,0 mm d¢én 13,6 mm. Co cdu di duoc kiém
tra thyc nghiém trén may thi nghiém dan hdi va da chirng minh duoc luc déu ra cua
co chu la gin nhu khéng déi.
6. Hidu qui, phuwong thicc chuyén giao két qua nghién ciru va kha niing ap dung:
— Vé gido duc va dao tao: ( Viét Nam hién nay, viéc nghién ciru vé co cdu dan hdi cé
luc d4u ra khong dbi vAn chua dugc nghién ciru réng rai va hudng phat trién chua
nhiu. Viéc nghién ctru dé tai nay sé& gitp hoan thién cdc hudng nghién ctru vé linh
vue ndy. Tir d6 tao duoc mét phén tai lidu tham khao cho cc nghién ctru tiép theo

dbng thoi sém dua nghién cru phd bién & nude ta trong thdi gian toi.

ﬁy Truéng Pon vi Chii nhi¢m d@ tai
(kp, ho va té

p——

1S. Pham Huy Tudn

Trang xi



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Design a compliant constant force mechanism for robotic

applications
Code number: T2016-26TD
Coordinator: Pham Huy Tuan (Ph.D.)
Implementing institution: HCMC University of Technology and Education
Duration: from January 2016 to March 2017
2. Objective(s):

This research aims to synthesize a compliant constant force mechanism (CFM) that

are:
v" The output force of the mechanism is constant in a prescribed working range.

v" The mechanism should be simple, reduction in part count, reduced wear and need
for lubrication, light weight, increased precision since backlash is eliminated,

therefore ease of miniaturize.

v The mechanism should be integrated into an end-effector of a robot to implement

certain tasks.
3. Creativeness and innovativeness:

— Compliant mechanism (CM) is a new class of mechanism that is widely studied in
the world because of its advantage: reduction in part count, reduced wear and need
for lubrication, light weight, increased precision since backlash is eliminated,
therefore ease of miniaturize. CFM is a special compliant mechanism that could
provide a constant output force without using any sophisticated sensors and control
system. The development of this mechanism would help to simply the structure
therefore increase the reliability of the whole system.

4. Research results:

— This study demonstrates the design methodology for a compliant CFM which could
be integrated into a robot end-effector. This design takes a lot of advantages from
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the compliant mechanism: minimization, no friction and abrasion, cost reduction for
assembly and maintenance. The design process is implemented via a shape
optimization scheme using parameter Bezier curves and cosine curves and genetic
algorithm. Based on the optimum design, a prototype of the CFM was fabricated
using the CNC milling machining method. In order to verify for the simulated
results, an experiment was also set up. The measured results shows good agreement
with the calculated force - displacement curve. The results of the research will
facilitate the application of compliant mechanism in robot design and some other
fields of automation and mechanical engineering.

5. Products:

5.1Science product

[1]. Pham Huy Tuén, Nguyén Ha Ngoc Hiéu, L& Minh Nhat, 2015, “Nghién ciru
thiét ké co cAu dan hdi vai luc diu ra khéng déi tmg dung trong thiét bi dau
cudi canh tay may,” Hpi nghi Khoa hoc- Céng nghé toan quéc vé Co khi (lin

tha 4), ngay 6/11/2015, Tp.HCM, pp. 79-86.

[2]. Pham Huy Tuan and Nguyen Ha Ngoc Hieu, 2016, “Shape Optimization and
Fabrication of a Compliant Constant-Force Mechanism,” J. Science &

Technology: Technical Universities, Vol. 115, (Accepted).
5.2 Education product:
— Successfully supervised a graduate student.
5.3 Application product:

— The application product is a fabricated CFM that could produce a constant output

force Fi» = 27,8 N in a working range from 7.0mm to 13.6mm.
6. Effects, transfer alternatives of research results and applicability:

— Education and training effectiveness: currently in Vietnam, the research of CM is
still not popular so it has not been widely applied. The successful of this research
would provide practical reference documents and open the gate for other

researchers.
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PHAN A. TONG QUAN

1. Tong quan chung vé linh vue nghién ciu, cic nghién ciu trong va ngoai nuée
o~ ” ‘
da cong bd
1.1. Céic nghién ciru trong va ngoai nudc

1.1.1. Cac nghién ciru ngoai nuwéce

Trong cac nam gin ddy cac phuong phép thiét ké, phan tich va img dung co chu
dan hoi da duge nghién ctru rong rdi. Atanackovic va Cveticanin (1996) dé phat trién
phuong trinh vi phén ting phin qua d6 m6 phong qua trinh twong tac ciia mét co chu
gén con lan. Wang (1997) d& nghién ciru thiét 1ap mét phuong trinh dong nang dé mé
ta su hoat déng clia mdt co ciu lién két bén thanh dan hdi. Nam 2000, Panza cong bd
md&t ham phi tuyén phuong trinh vi phan cia mét co chu dan hdi, co ciu két hop khéi
luong va ma sat véi hiéu tmg gidm xoc.

Trong img dung k¥ thuit tong hop, Jenuwine va Midha (1989) xay dung va phat
trién mét hing s chinh x4c cho co chu két hop 10 xo tuyén tinh va lién két cimg. Nam
1996 Millar, et al, d3 trinh bay mdt nghién ciru vé co cu c6 luc khong dbi vé ly thuyét
co chu voi ba cau hinh.

Co cAu dan hdi 1a co ciu d truyén hay thay d6i chuyén dong cia lyc hay nang
lwong. Co ciu dan hdi thuc hién it nhit mot hogc nhiéu chuyén dgng cia minh nhey
su bién dang ctia cac khdu dan hdi chir khéng dua vao cac khép dong. Do duge cdu
tao bai cac khiu dan hdi nén khi hoat dong s& loai bé dugc luc ma sat, mai mon, giam
su rung dong va tiéng On, tiét kiém dugc chi phi l4p réap, ting do chinh xdc va gidm
chi phi béi tron cho co cAu khi hoat déng. So véi co cAu truyén théng thi co cdu dan
hdi ¢6 vu diém vé trong luong nhe, kich thudc nhé nén duge ing dung nhidu trong
hé théng hang khong, gia tdc ké dang khoa (latching accelerometer), relay dién, hé
thdng vi co dién tit MEMS (MicroElectroMechanical Systems) (Howell, 2001).

Céc co chu dan hdi ung dung trong hé théng vi co dién tir (MEMS), Sridhar

Kota (2001) tap trung nghién ctru thiét k& cac co cAu dan héi khéng cé khép dong, c6



chuyén ddng lic nhd, cac co cdu cé cong dung khuéch dai luc, chuyén vi va duge Gng

Hinh 1. Co cdu dan héi trong cde san phim MEMS (Howell, 2001)

Trong qua trinh san xuét dic biét 1a trong linh vuc tu déng héa va robot, dé kiém
soat duge luc truyén dong gitta canh tay may va thiét bi ddu cudi cin c6 mét cam
bién. Nhitng thiét bi cim bién va hé théng diéu khién tich hop vao co cdu thudmg lam
tang chi phi, phirc tap hda hé théng, khé bao tri. P& khic phuc nhitng nhuge diém
nay mot sb tac gia di nghién clu co cdu ¢ luc dau ra khong déi (Constant-Force
Mechanism, CFM) nhdm cung cAp mdt luc dau ra gin nhu khéng dbi trong mét pham
vi chuyén vi ddu vao (Howell, 2001). Hinh 2 14 mét co cAu CFM téng hop tir ba 1o

x0 dugc bo tri dé tao nén cac d6 cirng Am va duong khéc nhau.
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Hinh 2. Co cdu CFM cdu tao tir ba 16 xo (Howell, 2001)
Co cAu c6 luc diu ra khong déi 6 lgi trong cc (g dung ddi hdi phai c6 mot

luc khong ddi duogc ap dung cho mt hé théng cin luc diu ra 8n dinh hoic cac chi



tiét trong qua trinh mai, han, 1p rap... Trong quy trinh san xuét c6 lién quan dén cdng
cu thay dbi dudng kinh nhu mai, kep hodc van an toan, van diéu ap dé duy tri mét hé
théng & ap sudt lién tuc. Co chu c6 luc ddu ra khong ddi c6 nhiu wu didm khi dua
vao ung dung cho céc co cdu chip hanh vi n6 tao ra duge mot luc ludn ludn én dinh
trong sudt qua trinh san xuit. Céng trinh nghién ctru cia Brent Lewis Weight (2001)
dwa ra mét qué trinh thiét ké, phuong phap dé xé4c dinh céc co cdu dan héi cho mét
thiét k& dugc dua ra va cdc mdi quan hé gitta cac bién trong co cdu dan hdi. Téc gia
chi dya trén cac dang co cdu dd dwoc tdng hop ma chua xdy dung dugc bién dang
khdi cho co cAu méi chinh vi vy céc co cAu van con phai 1p rap lai thong qua cac
khau cing (Weight, 2001).

Pé giam sb luong thanh phan ciu tao cha médt co cdu cé luc dau ra khdng ddi,
nhém tac gia Boyle va cdng sur (2003) da nghién ciru mdt co ciu nén ¢ luc khdng
d6i biang céch sir dung thanh 10 xo 14 lép rap v&i nhau béi cac khép ban 1& (Hinh 3)
(Boyle, et al, 2003). Pedersen, et al, d4 str dung céu triic lién két va ti wu hoa kich
thude dé thiét ké mét co ciu truyén tai c6 hé sb luc dAu ra 12 lién tuc (Pedersen, et al,
2006). Meaders va Mattson dé t8i uu héa hinh dang ctia 16 xo ¢6 lwc khéng dbi img

dung trong céc tiép diém tiép xuc dién (Meaders, et al, 2010).
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Hinh 3. CFM st dung co cdu nén (a) So do co cdu (b) Thiét ké cu thé
Tuy nhién khi hoat dong thi co cAu trén tao ra ma sat, mai mon, giam hiéu suét,
lam ting khe hd. D& khic phuc mot s6 nhuge diém trén thi Chao-Chieh Lan va Yi-
Ho Chen di thiét k& mot co cdu CFM img dung co cu dan hdi ¢é cdu tao nguyén
khéi cho canh tay méy dé didu khién co cAu chp hinh qua do c6 thé thay ddi duoc

chi s cta lyc déu ra cho pht hop véi timg san phim khac nhau. Trong nghién clru



d6, cac téc gia di két hop mét co chu song én dinh c6 d6 cing phi tuyén véi mét 1o
xo tuyén tinh. Viéc hiéu chinh d6 nén ban dAu cta 16 xo tuyén tinh gitp co chu co thé
thay dbi duoc d6 16n ctia luc (Chao-Chieh Lan, et al, 2010; Yi-Ho Chen, et al, 2012).

Nim 2014 Minhaz Ur Rahman va Hong Zhou dé dwa ra mét bién dang cua co
cAu dan hdi cé luc déu ra khdng ddi trén co sé t6i wu hoa céc théng sb cta duong
cong spline (Rahman, Zhou, 2014). Nhung tac gia chi dimng lai & pham vi tinh toan

va md phdng ma chua di dén kiém tra thuc nghiém trén co cAu thue.
1.1.2. Cac nghién ciu trong nude

Co cdu dan hdi ¢é6 pham vi img dung rét réng rai trong thuc té san xudt nhu:
trong truyén dong chinh xac (dudi micromet), co ciu kep hay co ciu dinh vi... Tuy
nhién cac huéng nghién ctru vé co cdu dan héi cling nhu ‘mg dung ciia co ciu nay &
nuée ta con nhidu han ché c6 rt it d8 tai nghién ciru vé co cAu nay va dic biét vé tai
liéu chuyén khao vé co cAu dan hdi & Viét Nam con nhiéu han ché.

Nhung dic biét trong nhitng nim gin ddy mdt nhom tac gia da budce déu di sau
vao nghién ciru, thiét ké ciing nhu huéng ting dung ctia co cu nay. Nam 2008 Pham
Huy Hoang va cong su da dua ra thiét ké co cdu din dong v&i d6 phéan giai micron,
nhém tac gia dé trinh bay viéc thiét ké mdt co chu tac dong cho chuyén dong théng
c6 do phén giai micro c6 kha néng tai va khoang di chuyén 16n dua trén két hop thanh
piezo nhidu 16p, phn din, bd phan khuéch dai vi sai (Hinh 4) va phan bi dan.
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Hinh 4. Co cdu Khuéch dai vi sai



Co cau dan dong vai d6 phan giai micro (Hinh 5) ¢ dang li€n khoi va rat can
thi€t trong cac linh vuc nghién clru miii nhon nhu : gia cong chinh xéc, cap quang,

cOng nghé sinh hoc, c6ng nghé y sinh... (Pham Huy Hoang, Trén Van Thuy, 2008).
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Hinh 5. Co cdu dén ding vdi dé phdn gidi micro

Nim 2013 m6t nghién ciru clia nhém tic gia Pham Minh di nghién cir, thiét
k&, m6 phdng co ciu #n dao bing co cdu dan hdi sir dung trong may CNC, nhung két
qua nghién ciru chi gi¢i han & viée tinh toan, m6 phong ma chua di siu nghién ciru
thuc nghiém (Pham Minh Tuén 2013).

Nim 2014 nhém téc gia Pham Huy Tuén va cdng su dé phat trién mot phuong
phéap thiét k& méi cing v6i mét cong cu ché tao don gian cho khép mét ca chan gia
dua trén nén tang cia co ciu dan hdi va giai thuat di truyén. Khép chén gia c6 cdu
tao nguyén khdi va c6 kha ning tich trit va giai phéng ning lwong (Hinh 6) (Pham
Huy Tuan 2014).
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Hinh 6. Khép chdn gia s dung co cdu dan hoi



Riéng dbi v&i co cAu dan hdi c6 luc ddu ra khéng dbi tac gia Lé Hoai da xay
dung va tim ra mbi quan hé gifta vi tri chuyén vi con trugt theo thoi gian, méi quan
hé giira luc theo thdi gian qua d6 chimg minh dugc luc diu ra cta co ciu 1a khéng
ddi (L& Hoai, 2014). Tuy nhién cdng trinh nghién ctru trén chi dimg lai & qua trinh
phén tich ddng luc hoc cta co céu ma chua dua ra dugc mét mé hinh co clu thyc té.

Do d6 dé tai nghién ctru ndy cla tic gia s& giup giai quyét dugc mot s thiéu s6t
ma céac dé tai nghién ctru trude ddy chua lam duoc.

1.2. Pinh nghia co ciu

Co chu 12 mot thiét bi co khi dung dé truyén hay thay ddi chuyén dong, luc hay
nang luong. Céc dang co cu truyén théng (rigid body mechanisms) 12 nhimng co cdu
ctmg ma bao gdm cac lién két cimg dugc két néi bing cac khép dong hoc (Kinematic
joints). Vi du nhu co céu Hinh 7, Hinh 7(a) 12 co cdu dong co piston co cau c6 chirc
ning bién chuyén déng tinh tién va luc ctia ddu vao thanh chuyén dong quay va
mémen cia déu ra va Hinh 7(b) 1a co cAu kim céng luc cling duge cAu tao tir co cu

ctmg truyén théng (Howell, 2001).
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Hinh 7. Mpt 56 co cdu truyén thong
a) Co cdu clia déng co piston , b) Co cdu kim cong luc
Co ciu dan hdi (compliant machanisms) ciing dugc dung dé truyén mot hoic
vai chuyén déng, luc hay ndng lugng nhu cac co cdu cimg truyén théng nhung su
truyén chuyén dbng cua co cAu dan hoi lai dua trén sy bién dang ctia cac khau dan

héi (flexible members) chir khang chi dua vao céc khép dong. Co cAu dan hdi c6 thé
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