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1. Tém tiat ndi dung cua ludn an.

Hién nay, s6 ngudi bi dot quy ngay mot ting va tudi ctia ngudi dot quy ngay mot
tré. Dot quy dan dén cac bién ching 1am anh huong hoat dong hang ngay. Diéu nay tao
ra ganh nang cho gia dinh va xa hoi. Dé cai thién kha nang hoat dong cua nguoi bi dot
quy, cac thiét bi hd trg van dong va tap luyén phuc hdi chire nang da dugc phat trién.

Trén céc thiét bi nay, co cAu can bé“mg trong lyc thuong dugc st dung.

Co céu can bang trong luc 13 co cAu dung dé loai bé anh hudng cua trong luc do
khdi luong tao ra. Khi mot vat duoc di chuyén bé“mg thiét bi c6 st dung co cAu can béng
trong luc, thi né duge xem nhu di chuyén trong méi truong 1y twdong. Lic nay, ning
luong can thiét dé di chuyén vat gan nhu bang khong. Nho dic tinh ndi trdi nay, co cdu
can bang trong lyc di dugc tng dung trong nhiéu linh vuc nhu: khoa hoc, cong nghé,
doi sdng. Tuy nhién, khi str dung trong cac thiét bi hd trg van dong cho ngudi khuyét
tat, co cAu can béng trong luc can phai c6 két cAu nho gon, nhe va phai diéu chinh duoc
tai trong dé dang. Trong khi d6, co cAu can bﬁmg trong luc vira nhé gon, nhe va co thé
diéu chinh tai trong dé dang hién nay chua dugc nghién clru nhiéu. Vi vay, luan an nay
trinh bay mot thiét ké co cdu can bang trong luc st dung co cAu mém dé dat duogc tinh

nhé gon, nhe va dé diéu chinh khi tai trong thay ddi.

Duya trén cac phan tich vé co cau can bang trong luc, nghién clru nay dé xuat

nguyén 1y cin bang v6i tong mod men tac dung bang khong. Thiét ké nguyén 1y cua co



ciu can bang dugc thuc hién bang sy két hop giita 10 xo phang va khép xoay mém.
Nguyén 1y va phuong phap diéu chinh d6 cting ctia 16 xo phang ciing dugc dé xuit trong
nghién ctru nay. Bén canh d6, gia tri 46 cting ctia 16 xo phang va khdp xoay mém ciing
dugc tinh toan twong tng v6i mdi khdi lugng ma co cdu can di chuyén. Viéc tinh todn

nay dugc thuc hién bang phuong phép can bang tinh.

Dua trén két qua tinh toan cho co cAu can béng trong luc dugc dé xuét. Luén an
nay phat trién hai mé hinh cho khép xoay mém. M6 hinh khép xoay thir nhat duoc phét
trién bang cach két hop cac 10 xo xoan phang. Sau d6, thong s thiét ké dugc t6i vu bang
su két hop gitra phuong phap phan tir hitu han, dép tmg bé mit va thuat toan t6i wu bay
dan. Két qua ciia khdp xoay thir nhat xac dinh duoc kich thuée chiéu day t= 0,94 mm
va khdng gian R= 40 mm. Két qua dy doan duogc so sanh véi két qua mo phong véi sai
s6 6,1 % cho khéi luong, 1,68 % cho bién dang va 5,6% cho ting suat. M6 hinh khép
xoay thir hai duoc phat trién bang cach két hop phuong phap t6i uu héa cau tric Topo,
phan tir hitu han, mang tri tué nhan tao mo va giai thuat chu ky nude — con thiéu than.
Két qua toi wu da tao ra mot khdp xoay thir hai voi cac thong s hinh hoc bao gom ri=
0,5 mm, t1= 0,36 mm, to= 0,41 mm, |:= 11,3 mm, l>= 14,74 mm. So sanh v&i moé phong,
sai 86 13 4,59% cho m6 men, 4,16 % cho ung suat va 4,73% cho nang luong.

Duya trén két qua thiét ké nguyén 1y ciia co cau can bang trong luc, hai quy trinh
thiét ké, phan tich va t6i wu hoa cho 10 xo phang ciing duoc dé xuat. Trong viéc thiét ké
tinh toan cho 10 xo phang thtr nhat, quy trinh dugc tao ra la phuong phap lai mé phong
phﬁn tor hitu han, dap ung bé mat va thuat toan t6i wu di truyén da muc ti€éu. Dua trén
quy trinh dé xudt, két cdu cua 10 xo phang thi nhat di duoc thiét ké va toi wu hoa. Két
qua da tim ra thong s6 hinh hoc ¢6 chiéu dai 40,725 mm, chiéu day 0,940 mm va chiéu
rong 9,602 mm. So sanh gitta két qua dy doan va mo phong tim thay sai s6 nho hon
0,001% cho khéi luong, 5,78% cho tng suit va 1,65% cho bién dang. Trong viéc thiét
ké tinh toan cho 16 xo phang thtr hai, quy trinh dugc tao ra 1a két hop gitta phuwong phap
phan tich phr:in tor hitu han, mang no ron hoc sau va thuat toan chu ky nudc. Dya trén
quy trinh dé xuat, két cau cua 16 xo phang thtr hai dugc thiét ké va toi wu. Két qua da
tim duoc kich thudc cta 10 xo phang thi hai gdbm t= 1,029 mm, L= 45 mm, w= 9 mm
va r= 0,3 mm. Két qua sai s6 giita du doan vé6i két qua mé phong 1a 1,87% cho ning
lwong, 1,69% cho bién dang va 3,06% cho tng suit.



Tir két qua thiét ké t6i wu, co cdu can bang trong luc dugc ché tao va thiét 1ap
thuc nghiém. Két qua thuyc nghiém chirng minh co ciu can bé‘mg dé xuét dat duoc can
bang khi tai thay doi trong pham vi 250 gr dén 1000 gr. Qu4 trinh diéu chinh khi tai
trong thay doi khong can ning luong.

2. Nhirng déng gop cia dé tai
DPoéng gdp méi cia ludn 4n gém cac diém sau:

Vé khoa hoc bao g("im:

- Phat trién co cAu cn bang trong luc c6 kha ning diéu chinh tai trong trong pham
vi tir 250 gr dén 1000 gr, pham vi can bang tir 0 dén 30 d, sir dung két hop 10
xo phang c6 thé diéu chinh do cing bang phuong phap khong sir dung ning
lugng va khép xoay mém.

- Pé xuat cach tiép can méi ap dung cho phén tich, thiét ké va tdi uu cho 10 xo

phang va khép xoay mém.

- Ché tao thanh cong mé hinh co ciu cén bang trong luc c6 kha niang diéu chinh

tai trong tir 250 gr dén 1000 gr, pham vi c4n bang tir 0 dén 30 d6.
Vé thye tién bao gom:

- Co cau phat trién c6 tiém ning ung dung thyc tién cao va cung cip giai phap
hitu ich thyc tién cho hd tro chirc ning van dong cho ngudi va robot.

- Két qua cta luan an 1a tai liéu tham khao cho cac nghién ctru sau.
Tp. Ho Chi Minh, ngay 26 thang 5 niam 2023
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1. Abstract.

Nowadays, large numerous amounts of people having a stroke are increasing
while the age of stroked people is getting younger and younger. The stroke has strictly
influenced on the life and movement of disabled people. This creates a burden on the
family and society. To enhance the moving ability of stroked people, mobility and
rehabilitation training devices have been developed. In these devices, gravity balancing

mechanism (GBM) is always employed.

GBMs are utilized to eliminate the gravity influence which is caused by mass.
By using a gravity balancer, when an object is moved, it is considered as a movement
in an ideal environment. As a result, the required energy is almost equal to zero. Due to
this outstanding feature, numerous GBMs have been applied in many fields of science,
engineering, technology, and life. For disabled mobility aids, gravity balancers should
have a compact size, a lightweight, and a simple load adjustment. Nevertheless, such
these GBMs have not been researched and developed yet. Therefore, this thesis presents

a design synthesis and analysis of a new GBM based on compliant mechanisms.

Based on the analysis of the previous studies on GBMs, the principle of balance

is determined via total torques on the mechanism are equal to zero. The principal design



of the proposed GBM is developed by a combination of a planar spring and a compliant
rotary joint. The principle and the adjusting procedure of the stiffness for the planar
spring are presented under different balanced loads. In addition, the stiffnesses of the

planar spring and the rotary joint are computed through a static equilibrium method.

In this thesis, two models for the compliant rotary joint are developed. The first
model is developed using the tortional springs. The geometrical parameters of the 1%
rotary joint are optimally determined through a combination of the finite element
analysis method, response surface method, and swarm optimization algorithm. The
results of the 1% rotary joint found the optimal factors at t= 0.94 mm and R= 40 mm. The
predicted results are compared with the simulation results with an error of 6.1% for
mass, 1.68% for strain, and 5.6% for stress. The 2" rotary joint is developed based on a
combination of the Topology method, finite element analysis method, adaptive network-
based fuzzy inference system, and water cycle-moth flame optimization algorithm. The
results of 2" rotary joint identified the best factors at ri= 0.5 mm, t;= 0.36 mm, t,= 0.41
mm, l:= 11,3 mm, and l>= 14.74 mm. The estimated values are also compared with the

simulation with an error of 4.59% for moment, 4.16% for stress and 4.73% for energy.

Based on the calculating results of the proposed GBM, this thesis introduces two
design synthesis processes for the planar spring. In the 1%t model of the planar spring,
the design process is built via a combination of finite analysis method, response surface
method, and multi-objective genetic optimization algorithm. The results of the 1% planar
spring determined the optimal parameters, including a length of 40.725 mm, a thickness
of 0.940 mm, and a width of 9.602 mm. The error between the predicted and the
simulation is less than 0.001% the mass, 5.78% for the stress, and 1.65% for the strain.
In the 2" model of planar spring, the design process is formulated by a hybridization of
finite element analysis method, deep forward neural network, and water cycle algorithm.
The results of the 2" planar spring found the best factors at t= 1.029 mm, L= 45 mm,
w= 9 mm, and r= 0.3 mm. The comparison between the prediction and the simulation

shows that the energy error is about 1.87%, the strain is 1.69%, and the stress is 3.06%.



Finally, the GBM s fabricated and experimentally set up. Experimental results
show that the proposed GBM achieves a good balance when the load is changed in the
range from 250 grams to 1000 grams. The process of adjusting when the load changes
does not use energy.

2. Theoretical and academic contribution of the dissertation
The main contributions of this thesis include as follows.

Scientific contributions:

- Developed a gravity balancer capable of adjusting the load from 250 gr to 1000
gr, the balance ranges from 0 to 30 degrees, using a planar spring that can be
adjusted stiffness by nonenergy free method and rotary joint compliant.

- The propose a new approach to analysis, design, modeling, and optimization for
planar spring and soft rotary joint compliant.

- A model of a gravity balance mechanism capable of adjusting the load from 250
gr to 1000 gr was fabricated successfully. The balance ranges from 0 to 30

degrees.

Practical contributions:

- The development structure has high practical application potential and provides
useful solutions for supporting motor function for humans and robots.

- The thesis is a reference for the following studies.
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