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BO GIAO DUC yA PAO TAO
PAI HQC THAI NGUYEN

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Nghién ciru thiét ké co cdu tu di chuyén co xét cac yéu t6 ngau nhién

- Ma s6: B2019-TNA-04

- Chu nhiém dé tai: PGS.TS. Nguyén Khic Tuin

- T6 chtrc chu tri: Pai hoc Thai Nguyén

- Thoi gian thyc hién: 1/2019 — 12/2020
2. Muc tiéu:
- Pé xuit co ciu tu di chuyén m&i hodc ké thira co cdu c6 sdn dé nhan dugc co ciu c6 cau tao
don gidn hon, va/ hodc lam viéc c6 hi€u qua hon cac mo hinh hién thoi;
- Nghién ctru danh gia cac yéu t6 ngiu nhién dudi su twong tac v6i méi truong (luc ma sat,
tuong tac gilia cac khdi lugng va luc kich dong thiét bi tu di chuyén), phan tich dong luc hoc
nham cai thién két cau, nang cao hiéu qua hoat dong cua co cau tu di chuyén.
3. Tinh méi va sang tao:
- Trén co so phat trién cac mo hinh ly thuyét va thyc nghiém da duoc cong bd trude day, dé
tai da dé xuat, thiét ké va hoan thién dwoc mot md hinh thi nghiém nghién ctru thiét bi ty di
chuyén nho rung dong - va dap, ciu tao don gian, dé dang van hanh va trién khai.
- Trén co s& 1y ludn co hé hai khdi lugng - mét 16 xo da dugc cong bo, dé tai da xay dung
dugc mé hinh vat 1y, kiém chimg mé hinh va tir d6 xay dung dugc hé phuong trinh khong thi
nguyén dé phan tich tmg xir dong luc hoc co ciu tu di chuyén. Viéc sir dung mo hinh khong
thir nguyén dé phan tich cho phép mo rong pham vi nghién ctru va nang cao kha ning tmg
dung trong thuc té khi kich ¢ thuc ctia co cdu nho hon nhiéu so véi kich ¢& thi nghiém.
- Dé tai da trién khai nghién ctru truong hop co ciu ty di chuyén dudi diéu kién ma sat di
hudng, trong d6 cuong do luc ma sat theo chiéu tién 16n hon cuong do luc ma sat theo chiéu
lui. Két qua cho théy, khi ti 1€ gitta cuong dd luc kich thich va cuong d¢ luc ma sat duoc lya
chon hop 1y, co cdu hoan toan co thé di chuyén nhanh theo chiéu tién. Pay 1a két qua nghién
ctru hoan toan mdi, trén pham vi toan thé gidi.
4. Két qua nghién ciru:
- Pa xay dyng duoc mot co cdu tu di chuyén méi nho rung dong - va dap méi trén co s ké
thtra va phat trién co ciu c6 sn. Co ciu ty di chuyén méi ¢o cdu tao don gian, lam viéc hiéu
qua hon cac mod hinh hién thoi.
- Co cau c6 kha ning chuyén dong theo chiéu mong mudn dudi diéu kién ma sat dang huéng
(nghia 1a khi lyc ma sat can tré chuyén dong theo chiéu tién va chiéu lui nhu nhau) bang cach

chi can thay d6i tan sd luc kich thich, khong can giai thuat diéu khién nao.



- Co cau c6 kha nang di chuyén nhanh theo ca chiéu tién va chiéu lii trong diéu kién ma sat di
huéng, trong d6 cuong do luc ma sat can tré chuyén dong theo chiéu tién 16n hon cudng do
luc ma sat can tré chuyén dong theo chiéu Iui.

- Pi nghién ctru, ddnh gia cac yéu td ngau nhién dudi su tuong tac véi moi trudong (luc ma
sat, twong tac giira cac khoéi luong va luc kich dong thiét bi tu di chuyén). Két qua phan tich
dong luc hoc cho thay, co ciu co ing xir dong luc hoc don gian (theo chu ky don) hoic phirc
tap (chuyén dong thi diéu hoa 4), tham chi hon loan. Tuy nhién, k¥ thuat phan tich tap hat da
cho thdy, ing xir dong luc hoc nay 13 on dinh.

5. San pham:

5.1. Sin phim khoa hoc:

- 01 bai bao khoa hoc dang trén tap chi ISI (hoan thanh dung voi dang ky):

+ Khac-Tuan Nguyen, Ngoc-Tuan La, Ky-Thanh Ho, Quoc-Huy Ngo, Ngoc-Hung Chu and
Van-Du Nguyen, "The effect of friction on the vibro-impact locomotion system: modeling
and dynamic response", Meccanica, Vol. 56(5), 2021, DOI: 10.1007/s11012-021-01348-w
(ISI-Q2)

- 04 bai bao khoa hoc c6 chi muc SCOPUS:

+ Khac-Tuan Nguyen, Van-Du Nguyen, Ky-Thanh Ho and Ngoc-Tuan La, "Modelling of a

vibration-driven module for capsule locomotion systems", International Journal of
Mechanical and Production Engineering Research and Development, 10(3), pp. 837-850,
2020, DOI: 10.24247/ijmperdjun202075 (Scopus-Q3);

+ Ngoc-Tuan La, Quoc-Huy Ngo, Ky-Thanh Ho, and Khac-Tuan Nguyen, "An experimental
study on vibration-driven locomotion systems under different levels of isotropic friction", in
Advances in Engineering Research and Application, ICERA 2020. Lecture Notes in Networks
and Systems, vol 178. pp. 181-191, 2021, DOI: 10.1007/978-3-030-64719-3 21 (Scopus);

+ Van-Du Nguyen, Ky-Thanh Ho, Ngoc-Tuan La, Quoc-Huy Ngo and Khac-Tuan Nguyen,
"An experimental study on the self-propelled locomotion system with anisotropic friction",
International Conference on Modern Mechanics and Applications (ICOMMA), HCM City,
Vietnam, 12/2020 (Scopus, Accepted).

+ Quoc-Huy Ngo, Ky-Thanh Ho, and Khac-Tuan Nguyen, "Experimentally investigating the
resonance of the vibration of two masses one spring system under different friction
condition", International Conference on Modern Mechanics and Applications (ICOMMA),
HCM City, Vietnam, 12/2020 (Scopus, Accepted).

- 01 Bai bao khoa hoc dang trén tap chi trong nudc (hoan thanh dung voi dang ky)

+ Nguyén Khic Tuén, La Ngoc Tuin, HO Ky Thanh, Nguyén Vin Du, "Panh gia d on dinh
cta thiét bi tu di chuyén nho rung dong - va dap trong diéu kién ngiu nhién tién dinh", Tap
chi Khoa hoc va cong nghé - Pai hoc Thai Nguyén, tap 226(11), trang 10 - 19.

5.2. Sdn phim dao tao:

- Hd trg dao tao 02 chuyén dé Tién si (vieot 01 chuyén dé so véi dang ky)



+ Nghién ctu thye nghiém thiét bi tu di chuyén, NCS: La Ngoc Tuén;
+ Phan tich dong luc hoc thiét bi ty di chuyén, NCS: La Ngoc Tuan
5.3. Sin phim iing dung:
+ M5 hinh thi nghiém co c4u tu di chuyén.
6. Phuong thirc chuyén giao, dia chi ing dung, tic déng va lgi ich mang lai cia két qua
nghién ciru:
- Chuyén giao san pham tmg dung cho Vién Nghién ctru va Phat trién Cong nghé cao vé K¥
thuat Cong nghi¢p, Truong Dai hoc K¥ thuat Cong nghi¢p - Pai hoc Thai Nguyén khai thac
va tiép tuc nghién ctru, phat trién mé hinh.
- G6p phan hinh thanh, phat trién nhém nghién ctru manh vé nghién ciru khoa hoc, cong bd
qudc té c6 thir hang cao cta Truong Pai hoc K§ thuat Cong nghiép - Pai hoc Thai Nguyén.
Ngay thang nam
T chirc chii tri Chii nhiém dé tai
(ky, ho va tén, dong dau) (ky, ho va tén)

PGS.TS. Nguyén Khic Tuan



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Study on design of self-propelled locomotion system with random initial

conditions
Code number: B2019-TNA-04
Coordinator: Assoc. Prof. Dr. Nguyen Khac-Tuan
Implementing institution: Thai Nguyen University
Duration: from 01/2019 to 12/2020
2. Objective(s):
- Proposing a new self-propelled locomotion system or developing an existing one to receive

a simpler structure, and/or to operate more effectively than current models;

- Researching and evaluating random conditions under the interaction with the environment
(friction force, interaction between masses and driving force of self-propelled locomotion
system); dynamic analysis to improve the structure, improve the operating efficiency of the

self-propelled locomotion system.
3. Creativeness and innovativeness:

- On the basis of developing previously published theoretical and experimental models, the
project has proposed, designed and completed an experimental model for research on self-
propelled devices thanks to vibration — impact, having simple structure, easy to operate and
deploy.

- On the basis of the published theoretical basis of the two-mass - one-spring system, the
project has built a physical model, verified the model and thereby built a dimensionless
system of equations for analyzing dynamic behavior of self-propelled devices. The use of
dimensionless models for analysis allows expanding the scope of research and improving the
applicability in practice when the actual size of the mechanism is much smaller than the

experimental size.

- The project has researched the case of the mechanism moving by itself under the condition
of anisotropic friction, in which the amplitude of the friction force in the forward direction is
greater than that of the friction force in the reverse direction. The results show that, when the
ratio between the amplitude of the excitation force and the intensity of the friction force is
selected reasonably, the mechanism can completely move rapidly in the forward direction.

This is the result of a completely new, worldwide study.
4. Research results:

- Built a new self-propelled device thanks to vibration - impact on the basis of inheritance and
development of the existing models. The new self-propelled device has a simpler structure

and works more efficiently than current models.



- The system is capable of moving in the desired direction under the condition of isotropic
friction (i.e. when the friction force impedes forward and backward motion equally) by only

varying the frequency of the excitation force, and control algorithm is not required.

- The system is capable of moving quickly in both forward and backward direction under
anisotropic friction conditions, in which the amplitude of friction impeding forward motion is

greater than that in backward motion.

- Researched and evaluated random initial condition under the interaction with the
environment (friction force, interaction between masses and force that provokes the device to
move itself). The results of dynamic analysis show that the mechanism has simple (period-1
motion) or complex (period-2 motion) dynamic behavior, even chaotic motion. However, the

basin of attraction analysis technique has shown that this dynamic behavior is stable.

5. Products:

5.1. Scientific products:

- 01 scientific article published in the journal ISI:

+ Khac-Tuan Nguyen, Ngoc-Tuan La, Ky-Thanh Ho, Quoc-Huy Ngo, Ngoc-Hung Chu and
Van-Du Nguyen, "The effect of friction on the vibro-impact locomotion system: modeling
and dynamic response", Meccanica, Vol. 56(5), 2021, DOI: 10.1007/s11012-021-01348-w
(ISI-Q2)

- 04 scientific articles with index SCOPUS:

+ Khac-Tuan Nguyen, Van-Du Nguyen, Ky-Thanh Ho and Ngoc-Tuan La, "Modelling of a

vibration-driven module for capsule locomotion systems", International Journal of
Mechanical and Production Engineering Research and Development, 10(3), pp. 837-850,
2020, DOI: 10.24247/ijmperdjun202075 (Scopus-Q3);

+ Ngoc-Tuan La, Quoc-Huy Ngo, Ky-Thanh Ho, and Khac-Tuan Nguyen, "An experimental
study on vibration-driven locomotion systems under different levels of isotropic friction", in
Advances in Engineering Research and Application, ICERA 2020. Lecture Notes in Networks
and Systems, vol 178. pp. 181-191, 2021, DOI: 10.1007/978-3-030-64719-3 21 (Scopus);

+ Van-Du Nguyen, Ky-Thanh Ho, Ngoc-Tuan La, Quoc-Huy Ngo and Khac-Tuan Nguyen,
"An experimental study on the self-propelled locomotion system with anisotropic friction",
International Conference on Modern Mechanics and Applications (ICOMMA), HCM City,
Vietnam, 12/2020 (Scopus, Accepted).

+ Quoc-Huy Ngo, Ky-Thanh Ho, and Khac-Tuan Nguyen, "Experimentally investigating the
resonance of the vibration of two masses one spring system under different friction
condition", International Conference on Modern Mechanics and Applications (ICOMMA),
HCM City, Vietnam, 12/2020 (Scopus, Accepted).

- 01 scientific article published in a domestic journal:

+ Nguyen Khac Tuan, La Ngoc Tuan, Ho Ky Thanh, Nguyen Van Du, "Stability of vibro -

impact driven locomotion system with random initial consitions", TNU Journal of Science



and Technology, Vol. 226(11), pp. 10 - 19.

5.2. Training product:

- Support for training 02 PhD topic:

+ Experimental research on self-propelled locomotion system, PhD student: La Ngoc Tuan;
+ Dynamic analysis of self-propelled locomotion system, PhD student: La Ngoc Tuan

5.3. Application products:

+ Experimental model vibro - impact driven locomotion system.

6. Transfer alternatives, application institutions, impacts and benefits of research

results:

- Application product is transferred to the RIAT, Thai Nguyen University of Technology -

Thai Nguyen University to exploit and continue to research and develop models.

- Contributing to the formation and development of a strong research group on scientific
research and high-ranking international publications of Thai Nguyen University of

Technology - Thai Nguyen University.



DANH SACH CAC THANH VIEN THU'C HIEN PE TAI

STT | Hoc ham, hoc vi, ho va tén Pon vi cong tac

1 | PGS.TS. Nguyén Khic Tuan* | Truong DH Ky thuat Cong nghiép, PHTN
2 | PGS.TS. Nguyén Vian Dy Tap chi Khoa hoc Cong nghé, PHTN

3 | TS. Duong Thé Hung Truong PH K¥ thuat Cong nghi¢p, PHTN
4 | ThS. Lai Ngoc Hung Truong DH K§ thuat Cong nghi¢p, PHTN
5 | ThS. La Ngoc Tuan Truong PH Su pham K§ thuat Vinh

6 | ThS. Nguyén Thé Thinh Truong PH K§ thuat Cong nghié¢p, PHTN
7 | ThS. Nguyén Vin Luan Truong DH K¥ thuat Cong nghi¢p, PHTN
8 | ThS. Ngo Qudc Huy Truong DH K§ thuat Cong nghiép, PHTN
9 | ThS. Mac Duy Hung Truong PH K§ thuat Cong nghi¢p, PHTN

* Chu nhiém dé tai.
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CAC CHU VIET TAT TRONG BAO CAO

Thir tw | Chir viét tit Giai nghia
1. DAQ Data Acquisition System - hé thong thu thap dit liéu
2. DC Direct Current - Nguén dién mot chiéu
Linear Variable Displacement Transformer - Cam bién
3. LVDT . ,
dich chuyén
Mach dién gém dién trd (R), cudn cam (L) va tu dién (C),
4. RLC méc nbi tiép tao thanh mot dao dong dicu hoa cho dong
dién va cong hudng
5. PZT Lead Zirconate Titanate (Pb[ZryTi(1-9]O3) - Gém ap dién
6. SMA Shape memory alloy - Hop kim nhé hinh
Thai Nguyen University of Technology - Truong Pai hoc
7. TNUT

K§ thuit Cong nghiép, Dai hoc Thai Nguyén
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MO PAU
I. Tinh cép thiét cia dé tai

Céc thiét bi tu di chuyén, hay con goi 1a thiét bi tu hanh (autogenous mobile
systems hodc locomotion systems) 1a loai thiét bi co thé di chuyén chi nho luc tac
dong twong tac giita than thiét bi véi chuyén dong tudn hoan cua mot khdi luong
bén trong hé théng. Nhiéu uvu viét cta dang thiét bi nay da dugc khéng dinh, bao
gdm tinh don gian trong thiét ké, khong cin cac két cdu dan dong bén ngoai
(external driving mechanisms) nhu banh xe, xich, chan hay mai chéo... Két cdu
khong c6 thiét bi dan dong ngoai cho phép tao ra hé ti hanh co thé dé dang déng
g6i trong hinh dang tron nhin, kich thuéc nhé gon, c¢é thé di chuyén trén nhiéu dang
bé mit hodc trong cac moi truong c6 mat do can khac nhau.

Céc thiét bi ty di chuyén duoc sir dung rong rdi trong cong nghiép nham dap
g yéu cau hoat dong trong moi truong kho khin cho viée can thiép truc tiép cia
con ngudi, hodc trong cac diéu kién khéc nghiét, chéng han trong cong tac ctru ho,
kiém tra ham 10, chan doan cac dudong Ong ngam...[1],[2]. Trong co y sinh
(Biomechanics), cac hé théng tu di chuyén hira hen cai thién kha ning diéu khién
vién nang ndi soi (capsule endoscopy) dap ung yéu cau di chuyén, tién/ lui hay
tranh ket trong mao mach [3].

Trong qua trinh thyc hién d& tai trude cling nhu phan tich cac nghién ctu da
cong bd, nhom nghién ciru nhan thiy moét huéng nghién ctru méi vé phan tich va
danh gia mo hinh thiét bi ti di chuyén 1a van dé tic dong cua méi truong (luc ma
sat, tuong tac gitta cac khdi luong va luc kich thich) déng vai tro quan trong khi co
cau di chuyén tdi wu. Viéc ké dén yéu t6 ngau nhién cua luc ma sat va luc kich thich
dong vai trd quan trong va phai duoc mé hinh hoa vao co ciu tu di chuyén — day 1a
van dé m&i ma dé tai s& giai quyét. Viéc md hinh hda mét co ciu ty di chuyén c6 ké
dén yéu t6 ngdu nhién dudi sy tac dong ciia mdi trudng (luc ma sat, tuong tac giira
cac khoi lugng va luc kich thich thiét bi tu di chuyén) phan anh sy lam viéc pht hop

v6i thuc té hon.



Chinh vi vay, dé tai nay s& 1a huéng nghién ctru méi ciia nhom tac gia, vi day
1a hudng vira ké thira két qua ctia cac dé tai trudc dong thoi trién khai theo huéng
méi nghién ciru co cAu tw di chuyén theo mé hinh ngiu nhién. Linh vuc nghién
ctru nay dang duoc quan tam giai quyét ¢ trong va ngoai nudc, khi d6 s& giai quyét
van dé méi 1a phan tich va dé xuit co ciu tw di chuyén khi ké dén yéu té ngiu
nhién duéi sy twong tac véi mdi truwong (luc ma sat, tac dong giita cac khdi luong
va lyc kich dong thiét bi tu di chuyén).

I1. Muc tiéu, ngi dung va pham vi nghién ciru
11.1. Muc tiéu nghién ciru

- Dé xuét thiét bi tu di chuyén mai hoac phat trién trén co s& co cdu san c6 dé
nhén duge thiét bi ¢6 ciu tao don gian hon hodc/va lam viéc c6 hiéu qua hon so voi
cac mo hinh hién thoi.

- Nghién ctru danh gia cac yéu t6 ngau nhién dudi su twong tic véi moi truong
(luc ma sat, tuong tac gitta cac khdi lugng va luc kich thich thiét bi tu di chuyén),
phan tich dong luc hoc nham cai thién két céu, nang cao hi¢u qua hoat dong cua co
cau ty di chuyén.

11.2. Ngi dung nghién ciru

- Téng quan mot sé mo hinh co cau ty di chuyén, nhitng wu nhuoc diém cia
mo hinh co cdu ty di chuyén di co;

- Thir nghiém mot sé moé hinh thi nghiém co cdu tu di chuyén c6 kha ning
thay d6i diéu kién ma sat, luc can, thay d6i huéng chuyén dong va tai trong.

- Phat trién cac mé hinh toan, mé phong phan tich dong luc hoc co hé trong
cac diéu kién lam viéc khac nhau dudi dang tién dinh hodc ngau nhién;

- Phan tich, xur 1y dit liéu phan tich dong luc hoc;

- Phat trién giai thuat diéu khién, trién khai thir nghiém va kiém chung két qua
diéu khién;

- Phat trién thiét ké, luya chon thong s6 tbi uu.

11.3. Pham vi nghién curu



- Nghién ctru mé hinh co cdu tu di chuyén c6 ciu tao don gian va di chuyén
hiéu qua. Pay la nghién ctru budc dau trong giai doan thiét ké, ché tao thiét bi tu di
chuyén dugc ing dung vao trong thyc té nhu may méc trong linh vye Co khi, Xay
dung, Y sinh,...

II1. Cach tiép cin va phwong phap nghién ciru

- Nghién ctru Iy thuyét tir cac cong trinh dd cong bd vé co cau ty di chuyén. Sir
dung cac nguyén 1y co ban ctia co hoc, toan hoc va vat Iy hoc ... dé phat trién cac
moO hinh todn hoc mo ta dong luc hoc co hé.

- Nghién ctru mé phong: M6 phong tinh toan trén phan mém may tinh.

- Nghién ctru thue nghiém, str dung cac phuong phap thiét ké thi nghiém, quy
hoach va xu ly s6 liéu thuc nghiém. Xac dinh cac tham s6 thuc nghiém can thiét.
Tién hanh kiém chimg, danh gia va hoan chinh mé hinh 1y thuyét.

V. Céu tric ciia bao cdo

Bio céo dugc trinh bay theo két cdu gdm phan M& dau va nim chuwong. Phan
Mé dau gidi thiéu tom tat vé tinh cép thiét cua dé tai; muc tiéu, ndi dung va pham vi
nghién ctru cling nhu cach tiép cin va phuong phap nghién ctru.

Chuong 1 trinh bay théng tin tong quan tai liéu tir cac cong bd khoa hoc lién
quan dén thiét bi tu di chuyén, qua d6 1am rd hon bdi canh thuc té, cac khoang tréng
trong khoa hoc va tinh cip thiét ctia dé tai. Chwong 2 trinh bay cac co sd ly thuyét
va cac ky thuat phan tich s& dwoc sir dung trong qua trinh nghién ciu dé tai.
Chuong 3 mo ta tién trinh thiét ké, trién khai xay dung va thir nghiém hé thdng thi
nghiém dung cho nghién ctru thyc nghiém. Tiép theo, Chuong 4 trinh bay mot s6
két qua khao sat thyc nghiém véi cac diéu kién van hanh khac nhau cua thiét bi.
Chuong 5 trinh bay nhiing két qua phat trién mo hinh toan mé ta hé thong méi dugc
dé xuat, két qua thuc nghiém kiém ching, phan tich dong luc hoc va danh gia tinh
ddn dinh cta hé théng. Cudi cung la phén Két luan vé cac két qua nghién ctru da dat

duoc theo dang ky ban dau.



CHUONG 1.
TONG QUAN CAC NGHIEN CUU VE THIET BI TU DI CHUYEN
1.1. Thiét bi tw di chuyén - nguyén tic 1am viéc

Thiét bi ty di chuyén khai thac tuong tac luc gitta than (vo) va moi truong dé
tao chuyén dong ma khong can c6 co cu din dong ngoai. Nguyén 1y hoat dong cia
thiét bi dang nay la tao luc quan tinh tac dong lén vd r6-bot nhd mot khdi lugng dao
dong bén trong. Do khong cin co cau dan dong bén ngoai nén cé thé dong goi toan
bd hé théng trong 16p vo ngoai tron nhin, din dén kha ning tmg dung trong nhiéu
linh vuc khéc nhau, trai rng tir cong nghiép xay dung dén cac ro-bdt noi soi.

Trong cong nghiép xdy dung, may dao ngdm ngang Moling (xem minh hoa
trén Hinh 1.1 [4]) dugc dung dé tao cac dudng ngam nam ngang ma khong can dao-
lap (Trenchless). Theo dinh nghia trong [5], k¥ thuat nay "la mot phuong phap
khong dao-lap" dung dé lip dit cac duong 6ng din cap tin hiéu, ong dan nude va

cac dang dng khac co kich thude nho.
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Hinh 1.1. Mé hinh mé ta qud trinh lam viéc ciia mdy dao ngam ngang
V6i kha nang ty di chuyén ma khong can co cau dan dong ngoai, nguyén tic
khai thac Iyc quén tinh sinh ra bén trong co hé dugc rat nhiéu nha khoa hoc quan
tam, dic biét 1a dé ché tao cac robot dugce dong goi (thudng duge goi 1a capsubot)
mg dung trong linh vuc Co y sinh. Hinh 1.2 [6] minh hoa tom tit hai nguyén tic
hoat dong chinh cua thiét bi tu di chuyén da va dang nhén dugc nhiéu quan tam

nghién ctru cua cac nha khoa hoc.
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Hinh 1.2. Cac nguyén tic hinh thanh dich chuyén cia co hé

nho twong tdc giita cdc khoi lwong

Nguyén tic thir nhat 1a tu di chuyén nho rung dong. Véi nguyén tic thir nhat,
khdi lugng m chuyén dong trong long khdi lugng M, luc quan tinh phat sinh khi m
chuyén dong c6 tac dung lam cho khdi lugng M (mang theo ca khdi luong m)
chuyén dong, nhu mé ta trén Hinh 1.2a. Nhim nang cao hiéu qua hodc thay dbi
huéng chuyén dong, nguyén tic nay cé thém cac bién thé phat trién thém (nhur trén
Hinh 1.2¢), trong d6 sir dung hai hoic ba khéi luong dao dong. Nguyén tic thir hai
két hop rung dong voi va dap (Hinh 1.2b), nhu da gidi thiéu & trén. DE dang nhan
thiy su khac biét chii yéu giita hai nguyén tic 12 & chd co khai thac va dap hay
khong: nguyén tic thir nhat chi khai thac dao dong thuan tay cua khdi lugng bén
trong; nguyén tic thir hai khai thac ca dao dong va va dap giira hai khdi luong.

Mot s6 két qua nghién ctru ndi bat ctia hai nhom nay s& duoc 1an luot trinh bay
trong cac phan dudi day.
1.2. Tong quan cac nghién ciru vé thiét bi tw di chuyén nho rung dong khong co
va dap

C6 thé coi mé hinh do Chernous'ko dé xuat nim 2002 [7] 13 khoi thity cia cac
thiét bi ty hanh nho dao dong tuan hoan cua khéi lwong quan tinh. Nguyén tic hoat
dong cua mo6 hinh tu di chuyén nay dugc mo ta nhu trén Hinh 1.3.

Trén Hinh 1.3, m> duoc coi 1a khéi lwong chinh (primary mass), m; 1a khoi
luong dao dong hay khdi lwong quan tinh, thuong duoc gia dinh nhé hon khdi

lwong chinh (m; < my). Chernous'ko gia dinh rang, néu tic dung mot luc F twong



tac gitra hai khdi luong m; va m> s& lam phat sinh chuyén dong twong ddi giita
chung. Gia thiét rang ma sét sinh ra khi m> chuyén dong 16n hon so v&i ma sat sinh
ra khi m; chuyén dong. Dich chuyén ctia hé thong c6 thé dugc tao ra khi luc quan
tinh 16n hon lyc ma sat gitra m> va moi truong. Pé nhan duoc chuyén dong cua hé
theo chiéu duong cia truc x (quy udc goi la "phia trudc"), can didu khién sao cho
chuyén dong twong ddi giita m; va m> tuan theo mot tién trinh bén bude nhu sau:

v' Budc 1: m; chuyén dong nhanh dan vé phia trude, m> van ding nguyén;

v’ Budc 2: Sau khi dat téc d6 cuc dai m; chuyén dong cham dan vé phia trudc,
vi gia toc thay d6i — luc quan tinh thay doi, rang budc giita hai
khéi luong s& co thé 1am m. bat dau chuyén dong nhanh dan vé
phia trudc;

v' Budc 3. Sau khi di hét hanh trinh m; dao chiéu va chuyén dong nhanh dan
theo huéng nguoc lai, theo quan tinh m> c6 thé chuyén dong cham
dan vé phia trudc;

v Budc 4. Sau khi dat toc d6 cuc dai m; s& chuyén dong cham dan nguoc lai,
m; ¢6 thé van chuyén dong cham dan vé phia trudc.

Tién trinh bén bude ndi trén néu 1ap lai lién tuc s€ tao dugc cac chuyén dong

o1 rac, lién ti€p nhau va tién vé phia trudc cua h¢ thong.

F -F m;
> <«

Hinh 1.3. M6 hinh mé ta nguyén tdc cia hé tw di chuyén gom hai khoi lwong
Chernous'ko va cong su [8] ing dung nguyén tic chuyén dong nhu mé ta trén
Hinh 1.3 dé thiét ké mot mo hinh thuc thiét bi ty di chuyén dang capsubot. Hinh 1.4
1a anh chup (a) va mo ta vé két cdu (b) cling nhu so dd diéu khién téc d6 ctia khoi
luong bén trong nham nhan dugc chuyén dong mong mudn cta capsubot (c). Tir so
d6 diéu khién nay, mach diéu khién ciing duoc nhom nghién ciru xay dung. Tuy
vay, cong bd nay chua chi rd duoc kha ning chuyén dong thuc sy ctia capsobot voi

diéu kién mai truong xac dinh hoic thay doi.
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Hinh 1.4. M6 hinh thiét bi tw di chuyén (dang capsubot) ciia Chernous'ko va céng
sw: (a) Anh chup mé hinh thuc nghiém; (b) Nguyén Iy cdu tao; (c) So dé diéu khién
toc dg khoi lwong qudn tinh

Nhiéu nghién ctru vé thiét bi ty di chuyén nho rung déng khong va dap voi cac
muc tiéu khac nhau duwa trén md hinh Chernous'ko da dwogc thuc hién. Ching han,
cac nghién ciru tiép tuc phat trién mo hinh toan hoc thuan tiy nham mé ta chinh xac
chuyén dong cua co hé dong thoi didu khién chuyén dong cho co hé c6 hai khéi
luong [9-12] va co hé co nhiéu khéi lwong [13, 14].

Diéu khién co ciu chip hanh (chuyén dong cta khéi lugng quan tinh) tao ra
chuyén dong twong ddi giita cac khéi luong dé hé thong tu di chuyén duoc coi 1a
van dé quan trong nhat voi co cau tu di chuyén nhd rung dong khong co va dap.
Céc nghién ctru ca & dang mo hinh 1y thuyét, mé phong cling nhu thuc nghiém kiém
chimg di duoc trién khai. Dudi day tom tit mot s6 két qua nghién ctru vé co ciu tu
di chuyén nho rung dong.

M. Nazmul Huda va cac cong su [15] dé xudt mé hinh capsubot tu di chuyén
sir dung dong co tuyén tinh chuyén dong thang dong vai tro 1a khdi luong quan tinh.
Trén md hinh 1y thuyét va mé hinh thuc nghiém (Hinh 1.5a), dong co tuyén tinh
trugt trén than capsubot ¢ ma sat kho theo md hinh Coulomb. Pé nang cao hiéu
qua lam viéc, trén hai dau truc cua dong co dugc gén thém hai qua nang. Qua trinh
tu di chuyén cta capsubot ing véi mdi chu ky dao dong gdm bén bude, duge didu

khién qua gia toc ctia dong co tuyén tinh (Hinh 1.5b). Budc (1), dong co lui vé phia



sau v6i toc do 16n va co cdu tién vé phia trude. Bude (2), dong co tiép tuc lui nhung
giam tdc va ding han sau d6 déo chiéu chuyén dong; & cudi bude nay, do lyc ma
sat 16n hon luc twong tac nén capsubot ding lai. Budc (3), dong co tién chdm vé
phia truéc v6i gia toc nho, do ma sat 1on hon luc twong tac nén capsubot van dung

yén. Budc (4), dong co tién ve phia trudc voi gia toc 16n va capsubot ciing tién vé
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déng co tuyén tinh; capsubot displacement (x1)- chuyén déng ciia capsubot.

Hinh 1.5. Anh chup (a) va mé hinh nguyén Iy lam viéc (b) thiét bi tw di chuyén nho
rung dong ding dong co tuyén tinh; két qua mé phong diéu khién chuyén dong (c);
so sanh két qua thie nghiém va mé phong gia téc ciia dong co tuyén tinh (d).

Céc tac gia da d& xuat va ap dung giai thuét diéu khién gia téc cho truc dong
co, thyc hién mo phong chuyén dong va kiém chung thuc nghiém. Két qua kiém
chimg bang thuc nghiém cho théy, gia toc ciia dong co co su sai khac rat 16n so véi
mod phong s6. M hinh nay tiép tuc dugc M. Nazmul Huda va cong sy phat trién
bang cach dong goi trong chai nhya dé nghién ctru kha ning bam quy dao dinh trudc
va diéu khién chinh xac chuyén dong [16]. Uu diém chinh ctia mé hinh thiét b tu di
chuyén nay 13 c¢6 thé di chuyén ma khong dung chan hodc banh xe. Tuy vay, dé dang
nhan théy v61 mo hinh nay, dé nhan dugce dich chuyén cua hé théng can ap dung giai
thuat diéu khién gia téc cua khdi luong dao dong kha phirc tap. Cac tac gia ciing chi

mdi quan tam dén kha nang tién cua thiét bi. Cac phan tich dong luc hoc chi tiét chua



dugc thyc hién. Thém nira, m6 hinh nay khong khai thac dugc dac tinh cong hudng
cua cac h¢ dao dong.

Nhiéu nghién ctru khac da trién khai theo hudng khai thac cac co cau dao dong
tudn hoan dua trén nguyén tic cua hé khdi luong-1o xo (mass-spring). Lo xo lam
nhiém vu tich trit ndng luong ctia mot giai doan, sau dé gidi phong ning luong
trong giai doan ké tiép, qua d6 tao ra chuyén dong tuan hoan cua khéi lwong. Mot
mo hinh kha phd bién khi nghién ctru dao dong trong thuc nghiém 14 sir dung khoi
lugng Iéch tdm quay déu trong thiét ké, ché tao cac capsubot tu dich chuyén ma
khong can chan hodc banh xe. Chu trinh tich trit niang luong duéi dang thé ning
(khi qua ning quay 1én trén) rdi giai phong dudi dang dong nang (khi qua nang di
xudng) déng vai trd nhu ciia mot 16 xo.

Trong d6, R. Carta va cong su [17] dé thiét ké va ché tao mé hinh thuc nghiém
capsubot (Hinh 1.6) str dung banh léch tim quay tron va cic cudn cam ung dé kich
thich dao dong. Lyc 1i tam phat sinh khi khdi lugng m quay s& c6 phuong thay dbi
lién tuc. Bang cach diéu khién téc do quay @ cua truc mang banh léch tim theo cac
thong s6 két cAu cua co hé, co thé nhan duoc cac tde do dich chuyén khac nhau cua
capsubot. Két qua thyc nghiém cho thiy, capsubot c6 thé chuyén dong trén bé mit
cat, trong méi trudng chat 16ng, trén xdp va trong éng cao su (Hinh 1.7). Tc do
chuyén dong ctia capsubot trén cac moi truong ciing da duoc ghi lai va so sanh véi
nhau. Tuy vay, cac phan tich vé mé hinh toan mé ta chuyén dong va tng xir dong
luc hoc chua duge trién khai trong nghién ctru nay. Ngoai ra, dé capsubot chuyén
dong can c6 ngudn cam ung kém theo.

(2)

A- bé tiép nhdn nang lwong cam vmg; B- déng co dao ddng khong truc;
) C- nam cfzdm dién. )
Hinh 1.6. M6 hinh thiét bi ty di chuyén cua R. Carta va cong su, su dung khoi

lwong léch tam kich thich capsubot
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Hinh 1.7. Thi nghiém di chuyén capsubot ciia R. Carta va cong su:

(a) trén cat; (b) trén nudc; (c) trén xop; (d) trén chat déo

H. Yu va cong sy [18] nghién ctru mé hinh thiét bi di chuyén nho khdi luong
1éch tam dang con lac quay tron gén trén xe (Hinh 1.8a). Tu m6 hinh dong lyc hoc,
cac tac gia dé xuat diéu khién chuyén dong cua thiét bi theo sau budc. Cac tham sb
khdi lugng dao dong, khdi luong xe, ban kinh 1éch tdm va ma sat Coulomb duoc st
dung dé thiét 1ap chuong trinh diéu khién nham xac dinh téc do dich chuyén lon
nhat. M6 hinh nay sau d6 tiép tuc duoc H. Yu va cong sy [19] nghién ctru phat trién
dé mé rong kha niang diéu khién chuyén dong bang cach sir dung hai khéi lugng
léch tim quay tron (Hinh 1.8b). Két qua mo phong sé cho théy, thiét bi co thé di
chuyén thang hodc theo duong cong xac dinh.

(n m (h

Fa m2

L O O S
Hinh 1.8. Mé hinh thiét bi tw di chuyén ding mét (a) va hai (b) khoi lwong qudn tinh
quay tron gdn trén xe.
Ciing su dung mot khéi lugng 1€ch tam dang con lac quay tron, twong ty mo
hinh trén Hinh 1.8a, M. V. Golitsyna [20] lai dé xuat giai thuat diéu khién gdm bay
giai doan cho mdi chu ky dao dong cuia khbi lwong bén trong. M6 phong sd duge str

dung dé xac dinh diéu kién nhan duoc toc do di chuyén 16n nhét cua thiét bi. Tuy



11

nhién, d& dang nhan thay, cac nghién ctru [18-20] méi chi dimg & nghién ctru ly
thuyét va mo phong sd, chua c6 cac thi nghiém kiém chung. Ngoai ra, phéan tich
ung xt dong luc cling chua dugc thyc hi¢n dé nhan dién duoc cac tham sd anh
huodng dén tinh 6n dinh cta thiét bi. Cac diéu kién ma sat, luc can cling chua dugc
quan tam, danh gia.

Mot s tac gia khac khai thac khéi lwong 1éch tam theo nguyén 1y con lic dao
dong tuan hoan. Chéng han, Pengcheng Liu va cong sy [21] da thiét ké va ché tao
md hinh thyc nghiém st dung khdi luong 1éch tdm, trong d6 con lic duoc gén Vo1
than thiét bi tu di chuyén thong qua mét 10 xo xo0dn c6 do ctng k, duoc kich thich
tuan hoan nhd mot dong co budce, nhu trén Hinh 1.9a. Cac tac gia dé xuat mo hinh
diéu khién van tdc goc cua khéi lwong léch tim theo bay giai doan, nhu trén Hinh
1.9b. Luong dich chuyén cua robot ciing dugc mé phong va kiém chimng bang thuc
nghiém theo mo hinh van tc goc da dé xuat (Hinh 1.9b). Thuat toan diéu khién co
phan hdi bam quy dao cua robot ciing dd dugc cac tac gia xay dung. Han ché cua
mo hinh nay 13 r6-bdt chi chuyén dong theo mot chiéu (chiéu tién). Cac phan tich
sau vé ung xur dong luc hoc cua hé théng dao dong cling chua dugc thyc hién.

(b) ’\Giai doan Giai doan dur tri
di chuyén | nang luong

Khéi Gof
1 -ie
pendulum

P
P\ v VI Vil |

Vin toe goc

k Dén yor
M actuation

L 0 Tl Gl s Is ; <
———

Thoi gian
Hinh 1.9. M6 hinh vit Iy (a) va mé hinh diéu khién vin toc géc (b)
ctia thiét bi tw di chuyén dung khoi luwong léch tam
Pengcheng Liu va cong sy duwa trén mo hinh di dé xuét trong [21] dé phat trién
cac nghién ciru nhu: t6i wu hoa diéu khién thich nghi quy dao va dé xuat bo ma
chuong trinh diéu khién méi [22]; mé phong va phan tich chi tiét twong tic ma sat

dong luc hoc [23] theo mo hinh dinh — trugt; phan tich chi tiét sy tao thanh chuyén
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dong va dong luc hoc thiét bi tu di chuyén v6i su tOn tai cua can nhét [24]... Tuy
vdy, han ché rat 16n trong céc trinh ndy 1 mé hinh chua dwoc kiém ching bang cac
két qua thuc nghiém.

O mot hudng nghién ctru khac, Armen Nunuparov va cong su [25, 26] da khai
thac chuyén dong tinh tién khir hoi cua hé khdi lwong - 16 xo dat nim ngang nhu mo
ta trén Hinh 1.10a. Khéi luong dao dong m 1la mot 161 sat dugc kich thich tuin hoan
béng luc dién tr dang xung vudng. Dong di€n mot chiéu duogc cép gian doan cho
cudn day cua nam cham di¢n, qua d6 phat sinh lyc hut 161 sat (khéi luong dao dong)
vé phia cudn dy. Thong s diéu khién chinh 13 ty 1¢ giita thoi gian dong dién T va
thoi gian chu ky cua cac xung 7 (duty cycle). Két qua mo phong cho thay, toe do dich
chuyén trung binh cua hé théng phu thudc manh vao cac théng sé didu khién. Hién
tuong cong hudng xay ra & gan voi tan sé dao dong ty nhién cua co hé giy nén sy
dao chidu van tdc. Két qua mo phong ciing cho thay tinh chat dbi ximg ciia van toc
trung binh d6i voi chu ky cdp xung. M6 hinh thi nghiém da dwoc xay dung, nhu trén
Hinh 1.10b, dé kiém chimg anh hudng ctia cong huong va dic tinh dbi ximg cia toc
dd trung binh. Cac két qué thyc nghi¢m da xac nhan sy ddi xrng van tbe trung binh
theo thoi gian chu ky cap xung. Han ché ciia nghién ciru nay 1a chua phan tich sau
cac dac tinh dong luc hoc cia h¢ théng.

Ve Cuon day

v /[T
¢ 0 Vo

s

Hinh 1.10. Mé hinh hé khoi lwong - lo xo kich thich bcing xung luc dién tur

Mot s6 nghién ctru khac [6, 27, 28] khai thac dic tinh twong tac thuan nghich
ciia gdm ap dién PZT dé tao dao dong cho khéi lugng quan tinh gin trén dau mat
ctia mot dim cong-x6n moéng, nhw md ta trén Hinh 1.11 [27]. Céc tac gia sit dung
mo hinh ma sat di hudng, & d6 luc ma sat theo chiéu 1ui vé phia sau dugc gia thiét

16n hon ma sat theo chiéu tién vé phia trudec. Thiét bi thi nghiém dugc dat trén mat
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phang nghiéng dé phu hop gia thiét nay (xem Hinh 1.12 [27]). Nhu vay, hé thong
nay moi chi c6 kha ning di chuyén xudng ddc (chuyén dong theo mot chiéu), khong
c¢6 kha nang 1én ddc.

(a) .'f{ ~ 7= Chuyen déng

I- Thanh PZT: 2- Dam; 3- Khoi luwong dao dong; 4- Ban truot thép, 5- Khung nhua
Hinh 1.11. Mé hinh tao luc kich thich béi thanh PZT dan dong co cau tu di chuyén

Méy phat | —— Khuéch dai | ———————~ Mohinh .
tinhiéu [~ cbng suat — : Gia do
Thiét bi do rung -
ddng siéu am la-ze e - H

l \(./"’/,/ Ban quang hoc

Hinh 1.12. M6 hinh diéu chinh va xdc dinh lyc ma sdt (di huéng)
cia thiét bi tw di chuyén trén mdt phang nghiéng

C6 thé nhan thiy, nghién ctru phat trién mo hinh thiét bi tu di chuyén nho rung
dong khong thuan tay, khong khai thac va dap dd duoc trién khai theo nhiéu khia
canh khac nhau: phat trién mé hinh vt 1y tao rung dong va mé hinh toan dé mo ta
chuyén dong va diéu khién; phan tich ing xtr dong luc hoc cua h¢ théng; dé xuét va
phat trién cac giai thuat diéu khién chuyén dong va quy dao di chuyén. Dic biét, xu
huéng nghién ctru thyc nghiém dé kiém chimg mé hinh ngay cang dwoc quan tam.
Trong thiét bi tu di chuyén nho rung dong, chuyén dong cua khdi luong bén trong
¢ thé duoc thuc thi dua trén céc nguyén ly khac nhau, chrflng han st dung khdi
lugng 1éch tdm, st dung dong co tuyén tinh, sir dung h¢ khdi lugng - 10 xo.... Yéu

cau chung 1a can diéu khién duoc quy luat chuyén dong cua khdi lwong quan tinh
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bén trong dé nhan dugc chuyén dong (tién hodc 1ui) mong mudn cia toan hé thong
v6i van tdc 16n nhét.

Céac mo hinh thyc nghiém hé théng tu di chuyén nho rung dong thuan tay co
két ciu kha don gian. Chiéu chuyén dong cua thiét bi ciing c6 thé diéu khién duoc
thong qua viéc lya chon cac thong sé két cAu va van hanh hop 1y. Tuy nhién, dé
diéu khién duoc chidu chuyén dong, cac md hinh nay doi hoi giai thuat diéu khién
kha phirc tap [15, 16, 18-21, 24]. Trong nhiéu trudng hop, két cdu cua hé théng kha
cong kénh, gay kho khan cho viéc thu gon kich thudc, chiang han cac mé hinh st
dung khdi lugng 1€ch tdm dang con lic [15, 16, 18-20]. Hiéu ung cong huong cling
chua thue su duoc khai thac triét dé trong cac mod hinh nay, dic bi¢t 1a cdc mo hinh
str dung khdi luong 1éch tam. Ngoai ra, nhidu mé hinh 1y thuyét di dinh tinh nhan
dién duoc vai trd ctia ma sat (lyc can) dbi voi qua trinh chuyén dong. Tuy véy, anh
hudng ctua ma sat dén tng xir dong luc hoc ctia hé thdng van chwa duge danh gia va
kiém chimg bang thuc nghiém day du.

1.3. Tong quan cdc nghién ctru vé thiét bi tw di chuyén nho rung dong c6 khai
thac va dap

Mo hinh khai thac va dap két hop véi trong luc cta hé thong dé tao chuyén
dong di xudng phia dudi theo phwong thang dung da duoc ap dung trong thuc té
trén cac may dong coc tir nhitng nam cudi thé ky 19 [29]. Tuy vdy, phai dén nhiing
nam dau thé ky 20, viéc mo6 hinh héa (nhu trén Hinh 1.13a) va nghién ciru dong luc
hoc méi duge trién khai thuc hién boi Krivstov va cong su [30, 31]. Trong md hinh
dong luc hoc, nhom tac gia lan dau tién quan tam dén anh hudng ciia thanh phan luc
ma sat truot Pr.

Niam 2001, Pavlovskaia va cong sy [32] dé xudt mot mé hinh méi mé ta thiét
bi ty dich chuyén dua trén nguyén tic rung dong két hop va dép (mé ta trén Hinh
1.13b). Nhém tac gia lan dau tién quan tim dén dic tinh dan hoi nhot - dic trung
boi 10 x0 ¢b d6 cung k va giam chin co hé sb can c- tai bé mat tiép xuc gitra cac
khéi lugng va dap. Nghién ctru nay cé thé coi 1a khéi thuy cua cac thiét bi ty di

chuyén nho rung dong c6 khai thac va dép.
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Hinh 1.13. M6 hinh vat ly cua may khoan va ddp cua Krivstov va cong sy (a);
mé hinh may khoan va ddp do Paviovskaia cing céng sw dé xudt va phdt trién (b).

Duya trén mé hinh toan hoc dd cong bd [32], mé hinh thi nghiém dau tién vé
thiét bi tu di chuyén cua Pavlovskaia va cong su da dugc xay dung vao nam 2003
[33] v6i dinh hudéng tmg dung cho may dio ham ngang (moling), nhu mo ta trén
Hinh 1.14. Céc tic gia st dung co cdu cam tao chuyén dong tudn hoan cho khéi
luong quan tinh, tan s kich thich thay d6i bang cach thay doi téc d6 dong co dan
dong cam. Ung xtr dong luc hoc cua thiét bi tu di chuyén nay da duoc nghién ctu.
Tuy vay, mo hinh thuc nghi€ém nay doi hoi phai tdc dung moét Iyc €p tinh xac dinh
1én co cdu nén kho trién khai trong thuc té. Ngoai ra, nghién ciru méi chi quan tim
dén kha nang di chuyén vé mot phia, cung chiéu véi luc ép tinh. Bén canh do, anh
huong cua lyc ma sat dén qua trinh chuyén dong ciing chwa dugc xem xét, khao sat
mét cach chi tiét.

Néam 2007, mdt mo hinh thyc nghiém thiét bi tu di chuyén nho rung dong - va
dap méi st dung dao dong cua 15i sat trong 1ong dng diy cua mach cong hudng
RLC da duoc trién khai [34]. Luc dién tir dwoc nhom nghién ciru tao ra trong long
6ng day (Hinh 1.15a) dong vai trd nhu mot 10 xo dién tir phi tuyén, nhd d6 tao ra co
ché rung dong - va dap gitp thiét bi di chuyén. M6 hinh vt 1y cta thiét bj va mach
cong huong RLC tao nén dao dong tuan hoan cho khdi lvong quan tinh duge mé ta
trén Hinh 1.15b. Téc do di chuyén cua thiét bi dudi tac dung cua mot sb cép do luc
ma sat dd dugc khao sat. Tuy vdy, ma sat can trd chuyén dong ciing méi chi duoc

khao sat dinh tinh v6i hai mic cuong do, 16m va nho.
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Entry hole

Motor and cam system LVDT Sand box

Supporting structure

A

LVDT Load-cell <
amplifier amplifier

Yyv

Data acquisition system

Cdc tir/thudt ngit tiéng Anh: motor and cam system- hé thong dong co va cam;
LVDT- cam bién dich chuyén; mole- miii khoan; supporting structure- két cau dan
ds; Load-cell- cam bién liec tinh,; amplifier- b6 khuéch dai; sand box- hip cat; entry
hole: 16 dao.

Hinh 1.14. M6 hinh thi nghiém hé thong tw di chuyén theo phiong ngang

dwa trén nguyén ly rung dong - va dap
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Hinh 1.15. Mach RLC (a); mo hinh vat Iy (b); anh chup mé hinh thuc nghiém co

cau tw di chuyén RLC (c) va do thi lwong dich chuyén theo thoi gian (b).

Dao dong tuan hoan cta khoi lugng bén trong dugc kich thich bdi mach cong
huong RLC tiép tuc khai thac va phat trién trong nhidu nghién ciru sau do. Trong
cac cong bd sau d6 [35-37], nhém nghién ctiru dd bd sung ro-le trang thai mic ndi
tiép v6i mach RLC dé bién dbi ngudn kich thich duoc thanh dang xung, mdi xung
chtra mot s6 chu ky séng sin tan s6 50 Hz. Dé khai thac thém dic tinh cong hudng,
gitta khdi lugng quan tinh va than thiét bi dugc két ndi bang mot 10 xo (hé khdi

lugng - lo x0). Nho vay, cuong do lyc va dap va tde do di chuyén cua thiét bj da
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dugc cai thién dang ké.

Niam 2017, trén co s¢ phat trién mo hinh thiét bi ty di chuyén st dung cudn
RLC kich thich, nhom nghién ctru tai Truong Pai hoc Ky thuat Cong nghi¢p
(TNUT) - Pai hoc Thai Nguyén tiép tuc cai tién va c6 thém nhiing cong bd mai
[38]. M6 hinh nay duoc nhém dit tén 14 RCLO09. So d6 mach RLC va so d6 khbi thi
nghiém cua thiét bi tu di chuyén RLC09 dugc minh hoa trén Hinh 1.16. Trong md
hinh nay, éng day (2) ctia mach RLC khong dat truc tiép 1én ban trugt - than thiét bi
(6) ma dat 1én mot xe con (3), xe con niy dong vai 1a khéi lugng dao dong. Lo xo (4)
duoc sir dung dé két ndi xe con va than thiét bi. Khi ng day duoc cap dién, 16i sat (1)
dao dong s& lam cho xe con dao dong va va dap voi than thiét bi (ban trugt) thong
qua tam chin (5), nhd d6 thiét bi s& dwoc day vé phia trude. M6 hinh thuc nghiém da
dugc nhom nghién ctru xay dung va kiém ching két qua 1y thuyét. Nhing cai tién
ctia md hinh nay so v6i mé hinh trudc day da mang lai hiéu qua rat rd rét. Cing voi
mot dién ap cép, tdc do dich chuyén cta thiét bi tang 1én sau 1an so voi két qua cong
bd trong [34]. Tuy vay, hé thdng nay ciing ton tai nhuoc diém 16n 1a két ciu cong
kénh, phuec tap. Viée lya chon hé s6 ma sat gitra than thiét bi va moi truong lon chi
dé so sanh véi cac két qua cong b trong [34] ma khong co nhitng khao sat & truong
hop ma sat khac.

(a) | (b) i |
A T

1
< N L&i sat ANA N AA
L TMEETIE
Ongddy 1/ nn ' n I X \Htk ﬂ<o>

N
‘ EEEEE i Lot | y ‘[L 11 3
Lo xo |l am chan X, _A\;“ .
\ L1-E-F4 LVDT 2 WYy d
’_Mﬁ - 6\

LVDT 3 x |

| Ban trugt

/
\ 7
I DAQ }—)l PC )———)I Data Analyse |
Hinh 1.16. So' d6 nguyén Iy lam viéc (a)

va so dé khéi thi nghiém (b) ciia co cau tw di chuyén RLC0O9
Mo hinh co cau tu di chuyén khai thac rung dong va va dap sitr dung mach
cong huong RLC c6 nhitng wu diém 16n nhu c6 thé tao nén luc va dap 16n, dé dang

stir dung dién ap kich thich ¢ tin sé 50 Hz thong thudng. .. Tuy vy, két cau thiét bi



18

phtre tap nén dé thu nho kich thude nhim mé rong kha ning tmg dung sang kich ¢
mini gip nhiéu kho khin. Ngoai ra, viéc ding ngudn dién xoay chiéu thong thuong
cling 14 mot tré ngai khi mudn thay doi tan s6 kich thich nhim nghién ciru sau hon
cac dap (mg dong luc hoc va diéu khién chidu chuyén dong cta hé thong & cac dai
tan sd kich thich khac. Vi vay, nhiéu mé hinh kich thich dao dong khac da dugc
trién khai nghién ctru dong thdi véi mé hinh RLC nham muc tiéu tmg dung cho céc
capsubot, chéng han str dung dong co tuyén tinh hoac s dung cic by phat rung
chuyén dung...

MO hinh thiét bi tw di chuyén khai thac va dap mang tinh khai quat duoc mo ta
trén Hinh 1.17 va di duoc trién khai trong mot sd nghién ctu 1y thuyét [39-41].
Trong md hinh trén Hinh 1.17, khdi lwong quan tinh m; duoc kich thich bang mot
luc diéu hoa va dao dong trong 1ong khdi luwgng m: (than thiét bi), mot 1o xo tuyén
tinh c6 do cung k; lién két hai khdi lugng. BO phan tiép nhan lyc va dap cling dugc

mo hinh héa nhu mét 16 xo tuyén tinh v6i d6 cing 2.

m,

~ot

Displacement, x , x,

45 50 35 o0 63

Time, ¢

Hinh 1.18. M6 hinh tao chuyén déng ciia thiét bi ti di chuyén khai thic nguyén tac

rung dong va va dap
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Trong nghién ctru [39], m6 hinh ma sat Coulomb di duoc st dung dé mé
phong chuyén dong, phan tich ng xur dong luc hoc cta co hé cling nhu nang lugng
tiéu hao. Anh hudng cia cac thong s6 két cu nhu do cing 10 xo, do cung va dép,
hé s giam chén, ti 1& gilta cac khéi lugng... va cac thong s6 van hanh nhu tan s6
kich thich, bién do luc kich thich dugc khao sat. V& nguyén 1y di chuyén, tng véi
mdi chu ky kich thich, khdi lwong quan tinh ciing trai qua bon giai doan (nhu mo ta
trén Hinh 1.18) ma khong can ap dung bat ky giai thuat diéu khién phuc tap nao.
Két qud phan tich img xir dong luc hoc theo cac thong s6 khao sat cho théy, hé
thdng hau nhu chi ¢6 chuyén dong on dinh véi chu ky don (Period-/ motion),
khong xuét hién chuyén dong hon loan. Tuy vy, két qua phan tich chuyén dong
cling chua cho thiy kha ning chuyén dong theo chiéu lui cua thiét bi, hodc c6 thé
chuyén dong theo chiéu Iui nhung tdc d6 rat nho so véi theo chiéu tién.

Ung xir dong luc hoc cia mo hinh capsubot nay tiép tuc dugce nghién ctru phat
trién va so sanh, sir dung cac mo hinh ma sat khac nhau [40], gém: ma sat Coulomb,
ma sat Coulomb nhdt, ma sat Coulomb - Stribeck, ma sat bay thong so. Trong
nghién ctru nay, ti 1& khdi lugng m»/m; duoc céc tac gia khao sat trong khoang 0.1-
0.6. Két qua nghién ctru [40] cho thdy, tmg xir dong luc hoc ciia hé théng hau nhu
khong thay d6i, dang chu ky don, v6i cic md hinh ma sat Coulomb va Coulomb
nhét. V6i hai mo hinh ma sat ndy, chiéu chuyén dong c6 thé nhan duoc thong qua
viéc thay d6i cta bién diéu khién 1a d6 cimg 10 xo. Ngoai ta, co ché ma sat it bi anh
hudng dén tmg xir dong luc hoc cua hé thong khi khdi lugng quan tinh m; nho hon
khéi luong thiét bi m>. Ngoai ra, mo hinh ma sat Coulomb phtt hop nhat va c6 thé
duoc st dung trong nghién ctru thuc nghiém khi ti 1¢ khéi luwong mz/m; du lon.
Nhom nghién ciru tiép tuc phét trién mé hinh 1y thuyét nham nhan dang va lya chon
bién diéu khién dé nhan duoc chuyén dong tién lui voi tée do mong mudn [41].
Trong cong bd [41], bién didu khién k&, dugc xac dinh qua cac thong s6 van hanh va
thong s6 két cau. Két qua cho thay, cudng do lyuc kich thich nhé hon ngudng luc ma
sat thi hé théng chu yéu thé hién tmg xtr dong luc hoc hon loan. Khi cudng do luc

kich thich 16n hon ngudng ma sat, hé théng lam viéc & ché do chuyén dong diéu
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hoa 6n dinh. Ung xtr dong luc hoc cua hé théng twong ty nhau khi bién d6 cua luc
kich thich gin bang lyc ma sat trong ca bon mé hinh ma sat di duoc khao sat trudc
day trong. Ngoai ra, cuong do luyc ma sat cang 1on thi ung xtr dong luc hoc cang tro
nén 6n dinh va téc do di chuyén cua co hé 16n hon.

Nghién ciru thyc nghiém kiém chimg cac két qua phan tich 1y thuyét ctia cong
bd [39],[40] néi trén dd duoc trién khai nam 2015 trong [42]. M6 hinh thi nghiém
thiét bi tu di chuyén sir dung mot dong co tuyén tinh chuyén dong thang va so dd
thu thap dir li¢u thi nghiém dugc mo6 ta trén Hinh 1.19. Trong mé hinh thuc nghi¢m
nay, dong co tuyén tinh dugc kich thich bang mot dong dién hinh sin, tao nén
chuyén dong tuan hoan cta 15 (truc) dong co theo phuong ngang. Va dép cua truc

dong co voi tdm chan dan hoi tao nén dich chuyén cho hé théng.

(b) LR IEE .
| Data acquisition system ]
Support spring
R [~rvificr] Filir_]
——
Base frame ¢ o000
.‘U.[?]'l Motion Amplifier
x: Spring controller Y
O Pd_Ql TX‘-X, Accelerometer |y
- 1

LVDT > Rod Linear motor :%*

Base frame
Linear motor

Accelerometer

Cdc ky hiéu tiéng Anh: base frame- khung; linear motor- dong co tuyén tinh, rod-
truc dong co; support spring- 16 xo chiu va cham; amplifier- by khuéch dai; filter-
loc nhiéu; motion controller- diéu khién toc do déng co; computer- mdy tinh; data

acquisition system- bg thu thdp dit liéu; accelerometer- gia toc ké.

Hinh 1.19. M6 hinh thi nghiém thiét bi ty di chuyén sir dung ddng co tuyén tinh (a)
va so do khoi do cdc tham sé ciia hé thong (b)

Bai toan phan tich dong luc hoc da duogc kiém nghiém va phat trién nham
danh gia anh huong cua cac thong s6 két cdu k2, cac thong sd van hanh f'va P, dén
mg xtr dong luc hoc cua co hé. Két qua thuc nghiém [42] cho thay, bién d6 luc kich
thich 16n c6 thé khong cai thién dugc tdc do dich chuyén cua capsubot va ton tai ché

dd lam viéc to1 vu twong tng voi cac bd tham so két cau, tham s6 van hanh khac
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nhau. M6 hinh thuc nghiém nay da duoc tiép tuc phat trién va t6i vu hoéa tham sd
Iuc kich thich (gém tan sd va bién d6), hinh dang hinh hoc cta capsubot dé lyc can
nho nhit va nhan duoc téc do di chuyén nhanh nhit cho co hé [43]. Tuy vay, trong
cac nghién cuu [39-43], do khéi lugng dao dong (truc dong co) khong dugc két ndi
v6i hé thdng (than thiét bi) boi 10 xo thuc cho nén dic tinh dao dong ciia hé khdi
luong - 10 xo ciing chura dwoc khai thac hét. Bai toan diéu khién chiéu chuyén dong
cta thiét bi van can phai cac tham s6 két cAu nén viéc ung dung vao thuc té gap
nhiéu kho khin va khong duoc giai quyét triét dé.

Nham khai thac dic tinh dao dong va cong huong cua hé khdi luong - 10 xo,
nhém nghién ctru tai TNUT ciing da phét trién hé thong thiét bi tu di chuyén nho
rung dong c6 va dap [44, 45],.. Trong do, nhém st dung thiét bi tao rung dién dong
lyc hoc ¢ nhd (mini electro-dynamic shaker). M6 hinh véat ly va anh chyp mo hinh
thi nghiém thyc cua h¢ théng tu di chuyén trong nghién cuu [44] duoc thé hién nhu
trén Hinh 1.20. Trong céng bd nay, cac tac gia coi nhu 16 xo ndi giita hai khdi lugng
la tuyén tinh v&i do cung k;. BO phan tiép nhén va dap gitra khdi luong m; va m;
dugc md hinh héa bang mot 16 xo tuyén tinh v6i do cing k>. Khéi lugng dao dong
m; c6 thé thay d6i bang cach bd sung thém cac qua niang. Anh huong dong thoi cia
khéi lugng dao dong m; va tan sb kich thich da dwoc khao sat. Két qua nghién ctru
cho thdy, tan s kich thich t6i wu (dé nhan dugc van toc di chuyén 16n nhat) giam

khi khéi lwong dao dong m; tang.
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Hinh 1.20. M6 hinh vat ly (a) va anh chup mo hinh thuc (b)
ciia hé thong thi nghiém ding thiét bi phat rung déng lwc hoc
Nhirng nghién ciru thyc nghiém va 1y thuyét sau hon vé dic tinh dong luc hoc

cta thiét bi tu di chuyén tiép tuc dugc nhom nghién ctru TNUT trién khai va cong
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b trong [45]. Trong d6, dic tinh phi tuyén cia 10 xo dwgc mé hinh héa & dang béc
ba 1¢, twong tu nhu hé dao dong Duffing. Do cac 10 xo trong thyuc té déu c6 tinh phi
tuyén, nén nghién ctru tmg xtr co hoc cua hé Duffing mang lai tinh thuc té cao hon
s0 v6i cac mo hinh st dung 10 xo tuyén tinh. Hinh 1.21 mé ta mé hinh vat Iy va
duong cong thé hién dic tinh phi tuyén cua 10 xo trong co hé nay. Két qua thuc
nghiém va mé phong cho thiy sy twong dong cao trong két qua, do d6 mo hinh nay
6 thé st dung dé phéan tich ung xtr dong luc hoc va du doén tde do di chuyén cua
hé théng. Bén canh do, thiét bi tu di chuyén nay ciing thé hién kha ning chuyén
dong theo tién hodc theo chiéu lui theo mong mudn thong qua viée lya chon cin
than cac tham s két ciu va van hanh cua co hé.

(a) W b) Tm=

m

v fn)

G

777777
Hinh 1.21. M6 hinh vdt 1y thiét bi tw di chuyén ding hé 16 xo Duffing (a)
va dwong cong thé hién ddc tinh phi tuyén ciia 1o xo trong co hé (b)

Nhu da phan tich ¢ trén, mot trong nhitng yéu cau cua hé thong tu di chuyén
dang capsubot 14 kha ning d6i huéng chuyén dong, nghia 1a thiét bi c6 thé tién vé
phia trudc hodc 1ui lai theo yéu cau. Ddi véi thiét bi tu di chuyén nhd rung dong va
va dap, khi chi xay ra va dap vé phia trudc, cac nghién ctru Iy thuyét cho thdy c6 thé
diéu khién huéng chuyén dong cia hé thong lya chon giai phap thay dbi thong sd
két cdu hodc thong s6 van hanh [39-41]. Mot sd nghién ctru thyc nghiém &p dung
giai phap lya chon thong s van hanh nhu thay d6i bién do luc kich thich [42, 43]
hodc thay doi tan sb kich thich [44, 45]; hodc thong sé két cAu nhu ti 16 khdi lugng
ma/m; [42, 45]. Tuy nhién, viéc thay do6i thong sb két cau d6i voi mo hinh thuc khi
thiét bi dang lam viéc 1a khong thé. Trong khi dé, dé tiép tuc khai thac anh huong

tich cuc cua va dap, gan day mdt s6 nghién cuu da dé xuat va thir nghi€ém mo hinh
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rung dong va tao ra va dap & ca hai phia [46-48].

Nim 2017, Yang Liu va cong su [46] dd cong bd mot sb két qua nghién ctru ly
thuyét so sanh tmg xtr dong luc hoc va téc d6 di chuyén giita hai mé hinh rung dong
két hop va dap theo ca mot phia va hai phia. Trong mé hinh vt Iy cua thiét b tu di
chuyén nhod rung dong va va déap theo hai phia (xem Hinh 1.22 [46]), chét va dap
trén than co cau (khdi luong m>) duge md hinh héa bang cac 10 xo tuyén tinh, do
ctng lan luot theo chiéu tién 1a k; va theo chiéu Iui 13 k. Hai khdi luong m; va mo
dugc lién két v6i nhau bang 10 xo tuyén tinh c6 d6 cung k. Két qua mo phong sd
cho thay, chidu chuyén dong cua thiét bi co thé thay d6i bang cach thay doi ti 16
khdi lugng m/my; thay ddi tan s6 va bién do luc kich thich; thay doi khoang cach va
dap G, va G, giita hai khéi luong.
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Hinh 1.22. M6 hinh vat ly capsubot khai thdc rung dong - va ddp theo hai phia
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Cdc ky hiéu tiéng Anh: base board- thin co ciu; wheel- banh xe; guide slots- dan
huong, stop- chot va cham; mini shaker- thdan bé tao rung; shaker shaft- truc bo tao
rung; power reverser- cau dao dao chiéu; forward- tién; backward- lii.
Hinh 1.23. M6 hinh vit Iy thiét bi tw di chuyén khai thac va ddp hai phia (a)
va anh chup hé thong thiét bi thi nghiém (b)
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Mo hinh thyc nghiém dau tién vé hé thdng tu di chuyén nhd rung dong va va
dap theo ca hai phia, c6 thé dao chiéu don gian bang cach dao chiéu dong dién kich
thich, dd dwoc nhém nghién ctru cia TNUT phat trién nam 2018 [47]. Hé thong
thuc nghi€ém c6 mo hinh vat 1y nhu trén Hinh 1.23a va anh chyp nhu trén Hinh
1.23b. Hé thong nay dugc kich thich boi ngudn phéat xung dang chir nhat co tan s6
diéu khién dugc nhd mot may phat ham va ro-le trang thai. Trong [47], anh huong
cua cac thong s6 van hanh nhu tan sd va bién d6 luc kich thich va cua céac thong )
két cAu nhu khoang cach va cham va ti 1€ khdi lugng m>/m; dén ung xtr dong luc
hoc va tbc d6 chuyén dong cta hé théng di duoc nghién ctu chi tiét, ca & goc do
mo phong va thuc nghiém. Két qua cho thdy, tmg xir dong luc hoc cta hé thdng co
thé & ché d6 hdn loan hodc on dinh, tiiy thudc vao gia tri cic tham sb. Co cu s&
chuyén dong vai tbe d6 16n nhét khi khdi luong bén trong c¢6 dao dong on dinh.

Nam 2020, trén co s& md hinh toan co cdu ty di chuyén nhd rung dong va va
dap hai phia di dé xuét trong [46], Yang Liu va cong su [48, 49], trién khai nghién
ctru chi tiét vé ung xu dong luc hoc ctua hé théng. Mo hinh véat 1y, m6 hinh thyc va
so d6 két khdi thi nghiém da duoc cac tac gia xdy dung, nhu mé ta trén Hinh 1.24.
Khéi lugng quén tinh M, dugc kich thich béng luc dién tr tao boi dién ap bién
thién dang xung chir nhat va do d6, dao dong trong long capsubot M.. Tdc dod
chuyén dong cta capsubot va tiéu hao ning luong duoc khao sat bang cach thay doi
tan s kich thich, bién do luc kich thich va ti 1& chu ky cip xung (xem Hinh 1.25).
Hai bé mat tiép xtc khac nhau, mot bé mat 14 tim nhém phéng, mot la nira 6ng co
ma sat nho hon, di duoc thir nghiém dé xem xét tmg xir cia co hé trong hai mirc ma
sat. Két qua ciing cho thdy, ma sat gitra vo capsubot va mdi truong dong vai tro dic
biét quan trong ddi véi chuyén dong cua thiét bi. Ngoai ra, dé dam bao hiéu qua, ma
sat phai du 16n, néu ma sat qua nho thi capsubot s& khong thé di chuyén duoc hoic
di chuyén lui. Phéan tich dong luc hoc cho théy, capsubot lam viéc ¢ ché d6 6n dinh
chu ky don hodc chu ky doi. Ngoai ra, va cham hai phia c6 thé tao luc va dap du 16n
dé thang luc can moi trudng 1am cho capsubot chuyén dong theo chiéu tién hoic

chiéu Iui. Tuy nhién, hai mtc cudng do ma sat ciing chi duoc danh gia dinh tinh,
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chua duoc khao sat dinh lugng nhu mot tham s6 anh huong.

Forward Backward
constraint  constraint

Cdc ky hiéu/thudt ngiv tiéng Anh: backward contraint- giGi han va cham phia sau;
forward contraint- gioi han va cham phia trucc; spring- lo xo, accelerometer- gia
téc ké: washer- vong dém; nut- dai éc; coil- cuon ddy; shaft- truc capsubot;
permanent magnet- nam cham vinh cieu; LVDT- cam bién dich chuyén.

Hinh 1.24. M6 hinh vt Iy (a); danh chup (b); so do khoi thi nghiém (c) va so do

mach dong lie (d) capsubot mini ti di chuyén nho rung déng va va ddp hai phia

100 — 360 F
o Z 270+ - — =z
Z 50F
E 1 ) E 180
= U =" 90f
501 0 L k I
1073 10"
~ 2 Backward ! = g- " ,  Backward
LR impact ! N ! A ] i 1/ impact ‘\’_l .
E . 0 . . :
C / N £ af .
ZNE 0 ] P 6 i Forward/ |
-F impact |
481 Off  On Off On Off On Off
-0.9 . L ! - L 1 .
10.6 10.7 10.8 10.9 11.0 10.6 10.7 10.8 10.9 11.0
Time (s) Time (s)

Hinh 1.25. Do thi heong dich chuyén theo thoi gian img véi:
chuyén dong i (bén trdi); chuyén déng tién (bén phdai)
1.4. Két luin Chwong 1
Qua phan tich cac cong bb khoa hoc gan day, cac dé tai gan ddy trong cing
linh vuc, c6 thé nhan thiy, nghién ctu vé thiét bi tu di chuyén nhd rung dong
(khong hodc c6 khai thac va dap) di va dang tiép tuc 1a mot huéng nhan dwogc rat

nhi€u sy quan tam cua cac nha khoa hoc. Cac nghién ctru da ti€p can theo nhi¢u goc
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d6 khac nhau nhu: dé xuét thiét ké méi va/hodc cai tién thiét ké hién co, ché tao thu
nghiém mé hinh thuc nghiém, phat trién mé hinh va giai thuat diéu khién, cai tién
co ciu tao rung dong va khai thac va dap, phan tich g xtit dong luc hoc ctua hé
thong... Mot s6 van dé con dang 13 bai toan mé, can tiép tuc nghién ctru, c6 thé rit
ra nhu sau:

- Thiét bi tu di chuyén nhd rung dong thuan tay (khong khai thac va dap) co két
céu co khi don gian, khi 1am viéc khong phét sinh tiéng on. Tuy viy, dang thiét b
nay doi hoi giai thuat diéu khién dao dong cua khéi lugng quan tinh kha phuc tap;
viéc dam bao co cau chép hanh thyc thi chinh x4c su bién thién gia tde (hoac van téc)
nhu mong muén 1a khong dé dang.

- Thiét bi tu di chuyén nhd rung dong ¢ khai thac va dap tuy co két cau co
khi va tmg sir dong luc hoc phirc tap hon, ddng thoi s& phat sinh tiéng 6n khi hoat
dong nhung khong doi hoi giai thuat diéu khién phirc tap dang ngay cang thu hut
duoc nhiéu sy quan tim nghién ctru. Pay sé& 1a dang nguyén 1y co ban duoc dé tai
tap trung khai thac, phat trién thiét bi thuc nghiém ciing nhu nghién ciru siu vé
dong lyc hoc.

- Hau hét cac nghién cru mdi chi coi ma sat phu thudc vao khdi luong hé
théng voi cac muirc hé sb ma sat gia dinh, anh hudng ctia cuong do luc ma sat néu co
cling chi dimg ¢ muac d6 dinh tinh cho hai cap 1a ma sat 16n va ma sat nho. Anh
huong cua ma sat di huéng gan nhu chua cé. Bén canh d6, viéc danh gia cac yéu to
ngau nhién dudi sy twong tic véi moi truong chua duoc quan tim. Do vay, dé tai
dinh huéng xay dung hé thdng diéu khién cuong do lyc ma sat mot cach doc 1ap voi
khdi luong ciia thiét bi, ddng thoi ¢ thé d& dang diéu chinh dé danh gia kha ning

lam viéc cua h¢ thong.
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CHUONG 2. CO SO LY THUYET
VA LUA CHON PHUONG PHAP NGHIEN CUU

Chuong nay trinh bay co s& Iy thuyét phuc vu cho muc tiéu xay dung hé thong
thiét bi tu di chuyén phuc vu nghién ctu thyc nghiém. Déng thoi, cac cong cu va
cac phuong phap nghién ctru duoc st dung trong trong qua trinh trién khai dé tai
cling dugc gidi thidu tom tit trong chuong nay.
2.1. M6 hinh nghién ciru
2.1.1. M6 hinh vat ly

Qua phén tich cac cong bd gan ddy co thé nhan thay, moé hinh nghién ciru thiét
bi tu di chuyén hé "khéi luong - 10 xo" dang thu hut dugc nhiéu sy quan tam vi giai
thuat diéu khién chuyén dong don gian, tham chi khong can giai thuat diéu khién.
Céc mo hinh nay déu thudc loai rung dong c6 khai thac va dap. Do vay, dé tai lua
chon mé hinh thiét bi tu di chuyén dua trén hé "khéi luong - 10 xo" khai thac va dap
1am co so phat trién nghién ctru.

Hinh 2.1 [45] minh hoa m6 hinh vat ZI—;(I 4+

2

1y mo ta nguyén tac lam vi¢c ciia mot thiét

bi tr di chuyén dang nay. Trong md hinh . ko

1
nay, khéi lugng quan tinh m; dugc két nbi
s

v6i than thiét bi (co khéi luong) m> bang

10 x0 c6 d6 cung k. Trong cac nghién ctru
trude day, ddc tinh cta 10 xo nay 6 thd la  Hinh 2.1. M6 hinh vdt Iy co cdu rung-
tuyén tinh hodc phi tuyén. va dép cé luc kich thich diéu hoa
Luc kich thich F, tac dong tuong tac 1én ca hai khdi lwong (m; va my). Luc
kich thich F, co thé thay doi diéu hoa theo quy luat ham sé sin [39-42, 44, 45], co
bién do 13 4 va tan sd goc 2. Luc kich thich co thé thay d6i diéu hoa theo quy luat
xung vuodng [47, 49].
Tén that nang luong khi khdi lugng quan tinh m; dao dong twong dbi so véi
than thiét bi m> dugc md hinh hoéa bang phan tir can nhét ¢. Dich chuyén tuyét dbi

cta khbi luong m; va m; lan luot duoc x4c dinh béng cac toa do X; va X5, O trang
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thai can bang (khi lyc kich thich F. = 0), hai khéi luong m; va m> cach nhau mot
khoang G xéac dinh. Khi dugc kich thich, khdi lugng m; dao dong va va dap s& xay
ra khi luvong dich chuyén twong d6i gitra hai khéi lwong 16n hon hoic bang khoang
cach G, nghia 1a X; - X> > G. Vi tri va dap cua than thiét bi m> voi khdi lwong quan
tinh m; dwgc mo hinh héa 1a mot 16 xo c6 dd ctng ko. Thanh phan luc ma sat can tré
chuyén dong twong ddi gitra hai khdi lwong m; va m: thuong duge bo qua. Luc ma
sat hay luc can chuyén dong (ky hiéu 1 F) cia méi truong tac dung 1én than thiét bi
ludn c6 xu hudng nguoc chiéu chuyén dong cia thiét bi. Trong hau hét cac nghién
ctru trudc ddy, ton that ning luong do va cham giita hai khdi luong m; va ma, dugce
dic trung bai hé s6 giam chan ¢y, thudng duge bo qua.

Nhu vay, cac thong s6 co ban cua thiét bi tu di chuyén dang "khoi lugng - 10
x0" ¢6 thé dugc chia thanh ba nhém chinh, gém:

- Céc thong sb két cau: cac khdi luong m; va m> (thudng duge xac dinh bang ti
1€ m>/m; hodc nguoc lai); do cung va dac tinh cia cac 10 xo £, ko; hé sb can nhot c.

- Cac thong sb van hanh: tan s 2 (hoic f) va bién d6 luc kich thich 4 khi thiét
bi duogc kich thich béng lyc kich thich c6 dang ham sb sin; cuong do lyc ma sat
(hodc lyc can) Frcua moi truong tac dung lén thiét bi va dic tinh cta luc ma sat,
chang han nhu ma sat c6 thé déng hudng hodc di hudng...

- Cac thong sb danh gid két qua (hidu qua) lam viéc cua hé thong: toc do dich
chuyén (khoang cach dich chuyén X trung binh sau mot don vi thoi gian), chiéu
dich chuyén cua thiét bi...

Hai nhom thong s6 dau duoc st dung dé xay dung mé hinh toan hoc ciing nhu
mo hinh thuc nghiém va phan tich dic tinh dong luc hoc cua thiét bi. Nhom thong
sO thir ba thuong dugc thu thap trong qua trinh van hanh, dung dé danh gia két qua
1am viéc cua hé thong. Cach thirc xay dung mé hinh toan hoc cho mé hinh vat 1y da
mo ta ¢ trén (Hinh 2.1) s& duoc trinh bay trong phan tiép theo.

2.1.2. M6 hinh todn hoc
Giai phong lién két giita cac thanh phan khéi lugng va dp dung Dinh luat I

Newton s€ nhan dugc mo hinh todn hoc mo ta dong luc hoc cua co hé trén Hinh 2.1
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nhu sau:

i} 2.1
m,X,=—F +F @1)

spr

m1X1 =F, _F;pr - F, _H[kO(Xl - X, _G)]
+F, + Hlk,(X, - X, - G)|- F, sgn(X,)

Trong hé phuong trinh (2.1), m; va m2 1an luot 13 khéi lugng quéan tinh va khéi

2 2
dd;(‘ a X, = ddfz(z lan luot 14 gia toc cta khoi lugng

luong than thiét bi, kg; X, =

quan tinh va ciia than thiét bi, m/s’; Fe 1a luc kich thich, N; Fy, 1a luc dan héi cua 10
x0, N; F. 1a luc can nhét, N; H 1a ham Heaviside; Frla cuong d§ luc ma sat (hodc
luc can chuyén dong) cuia moi truong tac dung 1€n than thiét bi khi di chuyén, N;
ham diu sgn(X,) thé hién chiéu luc ma sat hodc luc can ludn nguoc véi chiéu
chuyén dong cua thiét bi.

Luc kich thich F. dang ham sin ddy di duoc xac dinh theo biéu thirc [45]:

F. = Asin(Q¢) (2.2)

Trong d6, tan s6 goc £2 = 2xf (tinh bang rad/s) v6i f1a tan sb (tinh bang Hz)
cua luc kich thich.

Ham Heaviside H(,) dic trung cho va dap giita hai khdi lugng m; va mo, duge
biéu dién nhu sau [45]:

{H:l, (X,-X,-G)=0
(2.3)

H=0, (X,-X,-G)<0
Trong thuc té, hau hét cac 10 xo déu co quan h¢ lyc dan hoi ty 1¢ phi tuyén VOl
bién dang. Cac cong bd trude day thudng st dung mo hinh Duffing dé mé ta quan
hé 10 xo phi tuyén, c6 dang ham bac ba khuyét nhu sau [45]:
F, =k(X, - X,)+k(X, - X,)’ (2.4)
Luc can nhét F. 1a mot ham sd, phu thude vao tbe do chuyén dong va hé )

can ¢, dugc xac dinh nhu sau [45]:

dX, dX
F, (77) (25)

Thay cac phuong trinh (2.2), (2.3), (2.4) va (2.5) vao hé phuong trinh (2.1) s€

nhén dugc h¢ phuong trinh dong luc hoc cua co hé, cu thé nhu sau:
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d’X, . 3
m; ———= Asin(Qt) -k, (X, - X,) -k, (X, - X,)" —

dx, dx,
—o =L -2 _Hlk, (X, - X, -G
C(dt dt) [ (X, - X, - )]

d*X .
m—s 2 = _Asin(Qt)+ k, (X, - X)) +k, (X, - X,)* +

dx, dx dx
+ c(d—t‘ - dtz ) +Hlky(X, - X, - G)]-F, sgn( dtz )
Dé bai toan c6 tinh khai quat, nghia 1a khong chi xét mot truong hop 6 s6 liéu

(2.6)

va don vi cy thé, ddng thoi ¢ thé phat trién mé hinh, hé phuong trinh (2.6) thuong

dugc chuyén thanh dang khong thtr nguyén bang cc phép doi bién. Cu thé nhu sau:

T:Qot;xlzﬁXl;xzzﬁXz;Qo:1ﬁ;a)zg;
Ff Ff' m, 0
; 2.7)
2mQ,” FCU k\k )T m’ T k7T F

Xét phuong trinh chuyén dong cuia khoi luong m;, trude hét can luu y rang vi

1
t=—r1 nen:
0
dX, drdX, dx F, dx
dt dt dr " dr 'k dr (2.8)
T do: 4% zi(XmJzi o Frdu|_drd(, Fdy
it dt\ dt ) de\ "k dr) dt de\ "k dr
Cubi cung nhan duogc:
d2X1 2 Ff dzx
L 2.9
dt *k dr’ 29)

Thuyc hi¢n tuong tu, dao ham bac nhét cua chuyén dong X> s€ nhan dugc:

dX, drdX, dx F, dx
dt dt dr ' dr 'k dr (2.10)

Pao ham bac hai cua chuyén dong X> s€ nhan dugc:
d2 F d2
R @2.11)

—X. =
" 'k dr?
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Thay céac biéu thic (2.7), (2.8), (2.9) va (2.10) vao phuong trinh thir nhat cia
hé phuong trinh (2.6) rdi tiép tuc thuc hién qua trinh bién d6i.

d*x k )
Sk _d‘rzl :F:Ffasul(wr)_kl(xl - Xx,) = Pk (x, _xz)3 -
_2k1§(%_ﬁ)_ak1(xl xX,=7)
T

Cudi cung, phuong trinh khong thir nguyén mo ta chuyén dong cua khéi luong
quén tinh m; (phwong trinh thir nhét cua (2.6)) c6 dang:

dz}il = asin(wt) —(x, —x,) - B(x, _x2)3 _24,(
dr

dx, _dx,
dr dr

j—O'(X]—xz—}/) (2.12)

Thuc hién bién ddi twong ty nhu véi phuong trinh chuyén dong cua m; & trén
s& thu dugc phuong trinh khong thir nguyén cho than thiét bi m:

2
d’x,

dr?

= [—Otsin(a)r)+(x1 —X,)+ B(x, - x,)’ +2§(dxl—dxzj-lrd(x1 —X, —7/)—1}1 (2.13)
dr dr Y7,

C6 thé viét lai hé hai phuong trinh (2.12) va (2.13) thanh hé bon phuong trinh

vi phan bac nhat mé ta dong luc hoc cia co hé nhu sau:

!/

X, =V
v =asinwr)—(x, —x,) - B(x, —x,)' =26 (x —x; )=k [o{x, —x, =7)]
X, =v, (2.14)

v, = [ asiwn)+ () + B, ) +26(x —,)+ ol —x, —7)]-sgne)| -
U

Trong d6, ho 1a ham Heaviside c6 dang nhu sau:

- —x, —y)>
o, ore o @19
Hé phuong trinh (2.14) phi tuyén manh nén khéng giai dugc bang phuong
phép giai tich. Do vay, dé phan tich dong luc hoc co hé thuong phai sir dung mat )
cong cu giai tich s6 dudi dang phan mém chuyén dung mién phi, chang han phan
mém XPPAuto, phin mém Dynamics.
2.2. Céc cong cu phén tich dong lwe hoc bang giai tich s6

Phan tich dong luc hoc cé thé duoc thuc hién béng thuc nghiém. Tuy vay, )
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lugng thuc nghiém thuong phai thyc hi¢n rat nhidu. Do do6, cac nghién ctru thuong
stt dung mo hinh toan hgc. Cac mé hinh toan c6 thr nguyén (2.6) hodc khong thir
nguyén (2.14) c6 dang phi tuyén manh, khong thé giai dugc bang phuong phéap giai
tich thong thuong. Do d6 phai sir dung mét s6 cong cu giai tich s6 tich hop trong
cac phan mém chuyén dung. Trong qua trinh nghién ctru dé tai nay, cac phan mém
XPPAUTO va Dynamics dugc sir dung dé trién khai cac nghién ctru, phan tich dong
luc hoc thiét bi tu di chuyén nho rung dong co6 khai thac va dap.
2.2.1. Phdn mém XPPAUTO

XPPAUTO la mot goi phan mém mién phi, bao gdm hai phan: XPP va AUTO,
trong @6 AUTO dugc tich hop véi XPP [50]. XPP 1a mot cong cu giai tich s6 dung
cho viéc mo phong (Simulation), hoat hinh (Animation) va phan tich (Analysis) cac
hé thong dong luc hoc. AUTO 1a mé dun chuyén dung cho phan tich dong luc hoc
bang dd thi & nhanh. So v&i Matlab, XPP cho phép gidi cac phwong trinh vi phan
phi tuyén manh nhanh hon nhiéu.
2.2.2. Phan mém Dynamics

Mot s dir lidu can thiét hay dung dé vé cac do thi r& nhanh hodc do thi pha
kém ban dd Poincaré c6 thé dugc két xuét tién loi hon nho phén mém Dynamics.
Pay ciing 1a phin mém mién phi, c6 kha ning giai cic phuong trinh phi tuyén
manh, dac bi¢t 1a cdc mo hinh c6 lyc va dap [51].
2.2.3. Phdn mém OriginLab

OriginLab 1a mdt phan mém chuyén nghiép dung cho phan tich va xtr Iy sd
lidu. Mic du 6 cach thic vé dd thi tuong tu phén mém Microsoft Excel, cac dd thi
dugc v& trong OriginLab d& dang dugc thay d6i vé cach trinh bay truc toa do, kiéu
dang, duong nét dd thi hon. Bén canh do, céc tién ich cua phén mém OriginLab c6
thé khai thac trong nghién ciru dong luc hoc thiét bi tu di chuyén nho rung dong -
va dap, g@)m: tich phan dé xac dinh van tdc tir gia tbe (khi gia tde duge xac dinh boi
gia tdc ké), dao ham chuyén vi dé nhan duoc van toc chuyén dong...
2.3. Cac phuong phap phan tich dong luc hoc
2.3.1. Do thi time history
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Do thi time history thuc chét 1a d6 thi biéu dién sy bién d6i cua thong sb
can khao sat theo thoi gian. Cac thong s khao sat c6 thé xac dinh bang thuc
nghiém hodc mé phong nhd cac cong cu giai tich s6. Khi nghién ctru, phan tich
dong luc hoc thiét bi tu di chuyén nho rung dong c6 khai thac va dap, can quan
tam dd thi time history cua cac thong s6 nhu: lwong dich chuyén, véan tc va gia
tdc cua khéi luong m: (lén luot 1a Xo, Xz, X ,); lugng dich chuyén va van tdc
tuong dbi gitta m; va m> (lén luot 1a X7 - X> va Xl —X2 ); luc kich thich Fe; luc
ma sat hodc lyc can chuyén dong (F)) ciia méi truong tac dung 1én hé thdng; luc
va dap Fimp (néu c6) giita hai khdi lugng m; va mo. ..

Db thi time history phan anh truc quan xu hudng thay d6i cua cac tham sb
khéo sat theo thoi gian lam viéc cua thiét bi. Tuy nhién, néu chi dua vao dd thi time
history s€ rat kho dé phan tich, danh gia vé dic tinh dong luc hoc cling nhu ing xur
cua hé théng. Vi vay, khi nghién ctru dong luc hoc ctia thiét bi tu di chuyén thuong
phai sir dung thém cac k¥ thuat phén tich khac, chang han nhu phan tich do thi pha
va do thi r& nhanh. Cac phuong phap nay sé dugc lan luot gidi thiéu sau day.

2.3.2. Pé thi pha va bin dé Poincaré

Mot trong nhirng cong cu quan trong thuong duge sit dung dé phén tich dong
Ic hoc ctia co hé 1a D6 thi pha (Phase Portraits). Trong phén tich dong luc hoc, mdr
phang pha (Phase plane), con duoc goi 1 mdt phang trang thai (State space), chira
hé toa do Pé-cac co hai truc, trong d6 truc hoanh biéu dién chuyén vi va truc tung
biéu thi van tc. Mdi diém cua mit phing pha dic trung cho mét trang thai cia co
hé, voi vi tri va van tdc xac dinh. Tai thoi diém ¢ bat ky, ton tai mot diém P(x(2),
y(2)) biéu dién trang thai ctia chuyén dong tai thoi diém d6. Khi thoi gian ¢ thay doi,
diém P thay ddi tao nén mot quy dao, goi 1a quj dao pha (Phase trajectory). Tap
hop quy dao nay ta c6 do thi pha. Thong thuong, trong nghién ciru dong luc hoc
thiét bi tw di chuyén hé hai khéi lugng, d6 thi pha biéu dién quan hé giita chuyén vi
tuong dbi (X7 - X> hodc x; - x2) va van toc twong d6i (V7 - V> hodc v; - v2) cua hai

khoi luong m; va mo.
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Mic du c6 thé quan sat rd rang hon quy luit thay ddi cta chuyén vi va van tdc,
nhung d6 thi pha khong thé hién rd duoc ddc tinh chuyén dong cua co hé. Chang
han, khi khéi luong m; duoc kich thich va dao dong diéu hoa trong long khdi lugng
my, d thi pha khong cho biét co hé chuyén dong on dinh (period-n motion) hay
chuyén dong hon loan (chaotic motion). DPé nhéan dang dugc dac tinh chuyén dong,
thuong phai sir dung ban do Poincaré (Poincaré map).

St dung phuong phap "lat cit Poincaré" (Poincaré section) dé hinh thanh mot
"ban d6 Poincaré" 1a mot ky thuat dién hinh trong phan tich dong luc hoc thiét bi tu
di chuyén. Gia str d6 thi pha (x, v) duoc xay dung theo thoi gian (7) nhu trén Hinh
2.2a [4]. Trong hé toa do (7, x, v), sit dung cic mit phing O; vudng goc voi truc thoi
gian (7) va cach déu nhau mot khoang bang chu ky cua luc kich thich, tirc 1a bang
277w khi lyc kich thich tuan hoan. Chiéu cac giao diém cua quy dao (x, v) véi cac
mit phang O; 1én mit phing pha (x, v), ta thu dugc mot ban dd Poincaré v6i mot
hay nhiéu diém chdm. Vi du, nhu mé ta trén Hinh 2.2b [4], trén mit phang quy dao
pha, ban dd Poincaré 1a mot diém chadm. Mot chuyén dong duogc goi 1a "period-n
motion" la chuyén dong lap lai chinh nd mot cach chinh x4c sau mdi » chu ky cua
luc kich thich. Khi d6 trén d6 thi pha, ban dd Poincaré sé& c6 n diém roi nhau. Luu v
rang, cac diém cua ban d6 Poincaré luon nam trén quy dao pha.

(b)

X=X

Hinh 2.2. D6 thi pha theo thoi gian trong khéng gian ba chiéu (a) va quy dao pha -
nét lién mau xam, kém bdan do Poincaré - cham tron mau do, cua chuyén dong (b)

Phan tich két qua thu duoc dua trén cac nguyén tic sau:
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- Néu chuyén dong dang xét 1a chuyén dong tudn hoan véi thoi gian chu ky
bang thoi gian chu ky cua luc kich thich, trén quy dao pha ban do Poincaré s& chi c6
mot diém chidm duy nhat (vi du nhu trén Hinh 2.2b). Dang chuyén dong nay con
duogc goi 1a chuyén dong chu ky mot hay chu ky don ("period-/ motion").

- Néu mét co hé chuyén dong véi chu ky ddi ("period-2 motion") thi ctr sau
hai chu ky cua luc kich thich, chuyén dong moi lai 13p lai chinh xac nhu cii, ban dd
Poincaré c6 hai diém roi nhau. Tuong tu nhu vay 1a cac chuyén dong "period-3
motion", chuyén dong "period-4 motion"...

- Néu mot chuyén dong hdn loan ("Chaotic motion") thi ban dd Poincaré s& c6
day dic cac diém cham.

Thong thuong, quy dao pha va ban dd Poincaré thuong dugc thiét 1ap cho giai
doan thiét bi lam viéc 6n dinh. Tuy véy, khi khoi dong, co hé phai trai qua mot
khoang thoi gian lam viéc voi mot s6 chu ky xac dinh ¢ trang thai khong 6n dinh
(unstable state) méi xac l4p duoc trang thai 1am viéc 6n dinh (stable state). Do vy,
khi xay dung quy dao pha va ban dd Poincaré thuong phai bé qua cac chuyén dong
khoi tao ban dau.

2.3.3. Do thi ré nhdanh (Bifurcation diagram)

Do thi r& nhanh (Bifurcation diagram) biéu dién su thay ddi dic tinh ctia mot
hé théng (co hoc, dong luc hoc, sinh hoc...) nhu mdt ham ctia mdt hay nhiéu tham
sd. Bifurcation do Poincaré dit tén, c6 nghia 1a "sy tach d6i" [4]. Tai mot so gia tri
dic biét cta tham sd, dic tinh dong luc hoc cua co hé c6 sy thay ddi dot ngdt. Gia
tri ddc biét cua tham sb gay nén su bién ddi dot ngot dac tinh h¢ théng duoc goi la
gia tri r€ nhanh. R€ nhanh la mdt hién tuong rat quan trong khi nghién ctru dong luc
hoc phi tuyén dudi sy anh hudng cua cac tham sb. DO thi r& nhanh thudng duge vé
bang cic cong cu giai tich s6 (d gidi thidu & muc 2.2). Logistic map 1a mot do thi
r& nhanh dién hinh. Phuong trinh Logistic mé ta dic tinh x v&i tham sb » ¢6 dang:

x,.,=r(1-x,)) (2.16)

Hinh 2.3 minh hoa sy "r& nhanh" cta x khi tham s r thay ddi.
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Hinh 2.3. D6 thi ré nhdnh Logistic map

Trong phan tich Gmg xtr dong luc hoc, dic tinh chuyén dong ciia co hé thuong
dugc danh gia qua d6 thi r& nhanh cia van toc tuong ddi gitra cac khdi luong m; va
m;. Van toc twong ddi thuong duge khao sat dudi dang khong thir nguyén, doi khi
c6 thé str dung dang co6 thir nguyén khi thyc nghiém kiém ching. Van tdc tuong ddi
dudi dang khong thir nguyén, ky hiéu 1a v; - v2, 1a dao ham bac nhét cua lugng dich
chuyén twong d6i khong thir nguyén x; - x>, trong d6 x; va x> dugc xac dinh boi cac
phuong trinh d6i bién (2.7) va hé phuong trinh (2.14). Van tc tuong d6i co thir
nguyeén, ky hiéu V; - V>, 1a dao ham bac nhét cua luong dich chuyén tuong ddi co
thr nguyén X7 - Xz, dugc xac dinh nhu phuong trinh (2.6) va Hinh 2.1.

N6i chung, nham khai quat héa cho co hé khao sat voi nhiéu kich ¢& khac
nhau, bai toan phan tich dong lyc hoc thuong duoc tién hanh cho mé hinh khong
thir nguyén. Céac tham s6 duoc khao sat bao gdm: Tan sd luc kich thich, cudng do
luc kich thich, cac khéi luong m; va ma, do ciung 10 xo... Tan s luc kich thich
khong thir nguyén, thuong ky hiéu 14 @, 1a ti sd gitra tan s6 kich thich thuc 2 va tan
s6 dao dong riéng cua co hé ), w = /€. Cuong d6 luc kich thich dugc dac trung
béng ti sb gitra bién do 4 cua lyc kich thich thuc va cuong do ctua luyc ma sat Fy, o =
A/Fy. Pac tinh khong thtr nguyén cua khoi lugng duoc phan anh thong qua ti s6 giita

cac khdi lwong m; va ma, u = ma/m;. PO ctng 10 xo duoc danh gia thong qua ti sb
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giita d6 cumg tuyén tinh cua 1o xo k; va do ctng va dap ko, ov = ke/ks. Truong hop

co hé str dung 16 xo phi tuyén, nhu biéu thirc (2.4), dic tinh phi tuyén cta 16 xo

duogc khao sat thong qua ti s6 gitta do cing phi tuyén k> ctia 16 xo va do cling tuyén

tinh cua lo xo, f = E[ET
1 kl

2.3.4. Phén tich tap hut (basin of attraction)

Trong qué trinh thiét bi hoat dong, vi¢c danh gia tinh on dinh vé dong luc hoc
theo thoi gian thuc dong vai tro rat quan trong. Thong thudng, tinh 6n dinh dong luc
hoc dugc phan tich duya trén cac ky thuat nhu phan tich Fast Fourier Transform
(FFT), dd thi pha va lat cat Poincaré, d6 thi r& nhanh [52]. Bén canh do6, tinh on dinh
cua hé théng dong luc hoc trong cac diéu kién dau vao khac nhau cling dugc danh
gia bang phuong phap tip hut (basin of attraction) va quy dao hut (attractor)
[48],[49]1,[53]. Gan day, tinh 6n dinh cua hé thng ty di chuyén nho rung dong két
hop va dap cling da dugc khao sat dua trén k¥ thuat phan tich tap huat [53],[54],[55].

Vi¢ce nghién curu cac co hé phirc tap dugc thuc hién dya trén ly thuyét hon don
(chaos theory) [56]. Theo d0, dic tinh bién dong cta tmg xtr dong lyc hoc thudng
duoc phan 4nh qua ban d6 Poincaré mo ta trang thai cua hé. Cac diém cua ban do
Poincaré ing voi mot tap diéu kién nhét dinh cua co hé hinh thanh nén mot tap hut
(attracting set) gdbm diém hut va quy dao hut (attractor). Mot tap hop cac diéu kién
ban dau dan dén mot tap hut nhat dinh dugc goi 1a ving hut, doi khi goi 14 thung
liing hut (basin of attraction). C6 thé xép ung xir dong luc hoc ciia cac co hé vao 3
loai quy dao hut (attractor): diém hut (mo ta trang thai can bang-equilibrium), quy
dao hut gi6i han (md ta dao dong), va quy dao hut la (mo ta hon don). K§ thuat
phan tich tap hut va quy dao hut rat phu hop dé danh gia tng xr cta co hé khi diéu
kién dau (Initial Condition) thay ddi ngiu nhién trong mot pham vi can khdo sat. K§
thuat phan tich tap hut nay s& duoc dé tai sir dung trong qua trinh danh gia tinh 6n
dinh cua hé théng theo thoi gian lam viéc.

2.4. Két luin Chwong 2

Chuong nay da tom tat cach thire mo hinh hoa, gém lgya chon mo hinh vat 1y
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va tir 46 xdy dung mo hinh todn hoc mé ta chuyén dong cua thiét bi ty di chuyén
nho rung dong cd va dap. Néi chung, cac phuwong trinh toan hoc mé ta chuyén dong
ctia thiét bi ty di chuyén nho rung dong - va dap 14 hé phuong trinh vi phan c6 tinh
phi tuyén manh.

Mot s6 cong cu giai tich sd thich hgp cho bai toan phan tich dong luc hoc ¢o
tinh phi tuyén manh, 1a cac phan mém mién phi, c6 kha ning cung cap cac 1oi giai
s6 nhanh va chinh xéc, thuong dugc st dung cling da dugc gidi thi€u tom tat. Cac
cong cu nay s& dugc st dung trong qué trinh trién khai, nghién ciru dé tai.

Mot sd phuong phap phan tich dong luc hoc co ciu tu di chuyén nho rung
dong co6 va dap dién hinh, bao gdm dd thi time history, do thi pha va ban do
Poincaré, dd thi r& nhanh... cling da dugc gidi thi¢u tom tat va lua chon phuc vu
qua trinh trién khai, hoan thién dé tai.

Mo hinh vt 1y (Hinh 2.1) va mé hinh toan hoc (2.1)-(2.6) duoc tmg dung dé
xay dung mo hinh thyc nghi¢m va phan tich dong luc hoc cho thiét bi tu di chuyén
nhd rung dong - va dap. Cac két qua trién khai cu thé s& dugc trinh bay trong cac

chuong tiép sau.
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CHUONG 3. XAY DUNG MO HINH THi NGHIEM
THIET BI TU DI CHUYEN

Chuong ndy sé& trinh bay tién trinh va két qua xay dung hé théng thi nghiém

phuc vu nghién ctru vé thiét b tu di chuyén nho rung dong co6 va dép. Trudc hét,

cac yéu cau chung cua h¢ théng thi nghi¢ém dugc phan tich nham dat duoc muc tiéu

nghién cuu dé ra. Tiep do, két cau co khi dugc xay dung dap ting cac yéu cau vé

nguyén 1y hoat dong, dong thoi dam bao thudn tién cho viéc thu thap dit liéu phan

tich. Viéc lua chon thiét bi do duoc tién hanh dya trén céc tiéu chi vé do phan giai,

pham vi do, chi phi dau tu va tinh sin co. Cubi cung, hé théng thi nghiém dugc van

hanh thir nghiém nham kiém tra kha nang hoat dong va thu thap dir liéu dang dan.

3.1. Yéu céu ciia hé thong thi nghiém

Mot hé thdng thi nghiém ding cho nghién ciru vé thiét bi tu di chuyén nho

rung dong co6 va dap can dap tng cac yéu cau chinh nhu sau:

Co hé gom hai khdi luong, trong d6 khdi lwong bén trong (m;) lién két voi
than thiét bi (khdi luong bén ngoai, m.) bang 16 xo;

C6 thé diéu chinh dugc twong quan d6 16n giita hai khéi luong m; va m, mot
cach dé dang;

C6 kha ning tao dao dong cho khdi lugng bén trong dé gay nén va dap giita
hai khéi luong;

Kich c& di 16n dé thuan tién cho viée bé tri cac thiét bi do can thiét;

C6 kha nang thay dbi cac thong sd dau vao (thong so kich thich);

C6 kha ning thay ddi/diéu chinh luc can chuyén dong (lyc ma sat) khi thiét
bi di chuyén;

Céc thiét bi do co6 db tin cay, do chinh xac va pham vi do phu hop.

3.2. Xay dung két cAu co khi cho hé thong thi nghiém

bé xay dung két cau co khi cho mé hinh thuc nghi¢m, tor mo hinh vat 1y co

cAu tu di chuyén nhu trén Hinh 2.1, cic budc tién hanh cu thé nhu sau:

- Lya chon b tao rung;

- Thiét ké bo phan thay d6i luc ma sat (luc can chuyén dong).
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3.2.1. Lwa chon b¢ tao rung

Phén tich cac bd phan tao rung cho khéi lwong dao dong bén trong tir cic
nghién ctru trudc, nhém dé tai nhan théy:

(1) Co cdu rung dong léch tim: Pugc st dung nhiéu trong cac nghién ciru thuc
nghiém nhu banh 1éch tam hodc con lic 1éch tam. Tuy vay, co c4u léch tam co rat
nhiéu nhuoc diém nhu: kich thudc hudng kinh 16n, khé c6 thé ap dung cho céc thiét
bi tu di chuyén mini; mat khéc, tn sb va bién do rung dong lai phu thudc 1an nhau,
dan dén rat kho thiét 1ap tan sb va bién ddo mot cach chinh xac. Co ciu tao rung nay
thuong chi duge sir dung khi nghién ctru thiét bi tu di chuyén nho rung dong, khong
khai thac va dap.

(2) Pong co tuyén tinh chuyén dong thing (Linear motor): Dit tién, chi phu
hop véi cac trudng hop dao dong & tan s rat thip.

(3) Thiét bj tao rung sir dung mach cong huéng RLC: Két cau cong kénh,
phirc tap, khé thay di tan s kich thich.

(4) Thiét bi tao rung chuyén dung (shaker): No6i chung, thiét bi rao rung
chuyén dung cé kich thude 16n, rat dit tién nén thuong chi dugc ding trong cac
phong thi nghiém dé tao ngudn rung dong nham kiém tra san pham. Tuy nhién,
shaker lai ¢6 wu diém rat 1én 13 c6 thé thiét lap tan sb va bién do rung dong mat
cach doc lap.

Theo nguyén Iy 1am viéc ctia hé théng (thé hién boi mé hinh vat 1y trén Hinh
2.1), qua tim hiéu cac bo phat rung thuong mai sdn ¢, nhém dé tai Iyra chon thiét bi
tao rung la bd phat rung dién dong luc hoc cd nhd (mini electro-dynamic shaker),
mo-den MS20 cua hang Tenlee, tir day goi tat la shaker. Py 1a bo phat rung co kich
thudc nho nhit trong sé cac bo phat rung dién dong luc hoc thuong mai ¢& nhé sin
c6. Nguyén 1y twong tac dién-tir ciia shaker ciing c6 thé d& dang dugc trién khai dé
ché tao cac bo tao rung kich thudc ¢ mi-li-met phuc vu viéc phat trién dé tai sau
nay. Két cAu chi tiét cta bo tao rung dugc mo ta trén Hinh 3.1.

Nguyén 1y 1am viéc cta shaker nhu sau: Khi cuon day cia shaker duoc céap

mot dong di¢n xoay chiéu, luc dién tir tuvong tac gitra cudén ddy va nam cham vinh
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ctru s& gay nén chuyén dong twong ddi giira chiing. O shaker MS20, tryc shaker (2)
dugc gin cb dinh v6i cudn day (5); nam cham vinh ciru (3) duoc lién két ¢b dinh
v6i vo (4) cua shaker. Truc shaker dugc treo trong vo bang hai 10 xo tim (1) va ¢
thé dé dang dao dong qua lai trong 1ong ctia nam cham vinh ciru (3). Két ciu nay
cho phép giam thiéu ma sat khi truc mang 6ng diy dao dong trong 1ong nam cham.
Tuy nhién, 16 xo nay lai ¢c6 d6 cing c6 tinh phi tuyén manh. Mot qua ning bang
déng (7) duoc lép 1én dau truc shaker tao nén khoi lugng dao dong. Nhu vay, khdi
lugng dao dong (m;) thuc chét gém: qua nang béng df)ng, truc shaker, cuon day va

cac kep nhya.

Hinh 3.1. So d6 két cau mini shaker

1- Lo xo tam; 2- T ruc shaker; 3- Nam cham vinh cvu; 4- Than shaker;
5- Cudn ddy; 6- Kep; 7- Khoi lwong dao dong.
Quan h¢ gitra luc dién tir va cac thong s6 két cau cua shaker dugc biéu dién
bang phuong trinh sau:
F =B-L-1 (3.1
Trong d6, B 1a cudong do tir truong, L 1a chiéu dai éng day, con 7 1a cudong do
dong dién chay qua 6ng day.
Néu dong dién cip cho shaker bién d6i theo chu ky hinh sin, c6 nghia 1a:
I =1,sin(Q) (3.2)
thi Iyc dién tir kich thich tac dong 1én 6ng day s& 1a:
F =B-L-1,sin()) (3.3)
D6i véi thiét bi shaker MS20, theo thong s k¥ thuat cua thiét bi dugc nha

cung cap cong bd, trong khoang thong sd 1am viéc binh thuong thi L va B 1a hing
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s0. Do vy luc kich thich F. ciing bién thién theo quy luat dao dong hinh sin. Bang
cach diéu chinh cuong do dong dién (I)) va tan sb €2, co thé thiét 1ap duoc bién do
va tan s cua luc dién tu, nghia 1a thiét l1ap dugc cac gia tri bién do 4 va tan sb 0
ctia luc kich thich theo yéu cau thi nghiém.
Toan bg shaker dugc gé dat va di
chuyén trén mot ray truot bi (4), nhu
Hinh 3.2. Trong d6, mot khung tiép nhan
luc va dap béng inox duoc ge‘in ¢b dinh
1én vo cua shaker. Nhu vay, khoi luong

m> c6 thé dugc xac dinh gom: vo shaker,

nam cham vinh ctru, dé truot, khung tiep — Fmmmet T —

nhan luc va dap va mot s chi tiét ndi. Hinh 3.2. Thén thiét bi tu di chuyén
3.2.2. Thiét ké b phan thay déi lwc ma sit

Nhu da phan tich trong Chuong 1 va Chuong 2, lyuc ma sat (hay luc can
chuyén dong) 1a mot thong sd anh hudng rat 16n dén tng xtr ctia hé théng tu di
chuyén. Cac dé tai trudc day hau hét xac dinh lyc ma sat (hodc luc can chuyén
dong) theo khéi lwong cua hé thdng, cac yéu t6 ma sat di hudng gan nhu chua duogc
quan tim. Dé khic phuc nhuoc diém nay, dé tai s& thiét ké va trién khai ché tao két
cAu thiét dat Iyc ma sat theo yéu cAu thi nghiém, doc lap voi khdi luong hé théng.
Pay duge xac dinh 1a muc tiéu chinh ciia dé tai. Viéc thiét ké va trién khai ché tao

két cAu thiét dat luc ma sat s& duoc trinh bay cu thé sau day.

(a) 7@
1 /®
Fon // Fu
Vi Va4 i

Hinh 3.3. So d6 (a) va anh chup (b) két cdu bé phan thay doi lec ma sat

Truée hét, thiét bi tu di chuyén dugc dat trén mdt hé ray truot bi (linear
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bearing guide) c6 hé s6 ma sat truot rat nho so v6i hé sd ma sat trugt khd. Do vay,
khi hé thng thiét bi di chuyén, thanh phan ma sat trugt ban dau nay 1a rat nho va co
thé bo qua. Pé thiét 1ap dugc b phan thay ddi luc can theo yéu cau, dé tai su dung
mot 6ng cac-bon (4) co khéi luong rat nho, khoang 7.0 gram, ndi v6i than thiét bi
bang mot khép ban 18. Ong cac-bon (4) duoc kep giita hai khéi V (5). Hai khdi V
nay dugc ga trén hai tim kep (8) c6 gin nam cham dién (7) nhu mo ta chi tiét trén
Hinh 3.3. Hai tim kep duoc gan trén hai con truot ciia mot ray bi dan huéng. Cap
dién cho hai nam cham di¢n s€ tao ra lyc kep 1én éng cac-bon, lam phat sinh lyc ma
st gitta ong va khdi V, can trd chuyén dong cua thiét bi khi di chuyén. Nho thiét ké
nay, luc ma sat s& thay doi theo yéu cau ma khong phu thudc vao khéi luong cua hé
thong thiét bi.

Thi nghiém x4c dinh quan hé lyc ma sat Fyva dién ap ¥ cdp cho nam chim
dién duoc tién hanh nhu so d6 mo ta trén Hinh 3.4a. Vit me bi (1) duoc dan dong
boéi mot dong co mot chiéu truyén chuyén dong dén dai dc (2) 1am cho dai 6¢
chuyén dong véi toc d6 on dinh xac dinh, vy = 2.0 mm/s. Pai ¢ kéo hoic diy than
shaker chuyén dong tinh tién trén ray truot bi (10) nhd thanh ndi (3), do vy, than
shaker ciing chuyén dong 6n dinh véi tée do béng tbe do chuyén dong cua dai be.
Van toc chuyén dong cua than shaker dugc xac dinh béi cam bién LVDT (9). Than
shaker ndi véi 6ng cac-bon (6) boi mot khép cau. Khi nam cham dién (8) duoc cap
dong dién mot chiéu co6 dién ap V, luc hit cua nam cham dién s€ tac dung mot luc
cdp 1én 6ng cac-bon tao ra lyc can chuyén dong Fy. Luc can ndy duoc do boi
Loadcell (5).

(2)

(b)) T = e 1

e nghiém
Forward fitted

Friction . Fc (N),

Pidu_gn_upply (V)

Hinh 3.4. So do xdc dinh luc ma sat theo dién ap ccfp cho nam cham dién
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Dt li¢u thu thap dugc tir cac cam bién LVDT va Loadcell dugc luu vé may
tinh dé xir Iy nho bd thu thap va xu 1y dit liéu DAQ. Sir dung phan mém phan tich
OriginLab tién hanh xt 1y dir liéu va hdi quy (Hinh 3.4b) nhan duoc phwong trinh
(3.4) mo ta mbi quan hé giira dién ap cép ¥ cho co céu kep va ma sat (luc can)
chuyén dong F; cua thiét bi.

F, =0.209-0.248V +0.3078V* (N) (G.4)

Trong do, dién ap cép cho nam cham dién cua bg phan kep duoc tinh 1a V.
3.3. Lua chon, lip dit thiét bi do
3.3.1. Cic théng sob va yéu cau do
3.3.1.1. Cdc théng s6 do

Ttr mé hinh toan hoc mo ta chuyén dong cua thiét bi tu di chuyén nho rung
dong c6 va dap (hé phuong trinh c6 thr nguyén (2.6)) va moé hinh vat 1y (xem Hinh
2.1) c6 thé phan loai cc thong sd thuc nghiém can phai thiét 1ap va thu thap theo ba
nhém. Cu thé la:

- Céc thong s6 két cau gom: khéi lugng cac thanh phan chuyén dong m; va mo;
dd ctiig va dac tinh cua 10 xo; hé ) giam chin ¢ cua hé théng.

- Céac thong s6 van hanh gém: tan sb fvabién do 4 cua lyc kich thich; lyc ma
sat hoac luc can chuyén dong Fy tac dung Ién co cAu khi di chuyén; lugng dich
chuyén twong d6i X; - X> giita hai khdi luong m; va m2; luc va dap Fimpy néu xay ra
va cham. Nhu mo ta ¢ trén, luc kich thich dugc tao nén boi bd shaker phu thudc vao
cuong do dong di¢n kich thich. Do vay, trong nghién ctru thuc nghiém, dé tai s& do
cuong do dong dién kich thich thay vi do bién d¢ luc luc kich thich.

- Thong sb6 danh gia hi¢u qua lam viéc ctuia thiét bi tu di chuyén, st dung lugng
dich chuyén X cua thiét bi khi duoc kich thich sau mot khoang thoi gian hodc sb
chu ky kich thich xac dinh.
3.3.1.2. Yéu cau doi véi thiét bi do

bé do va luu trix gia tri cua mot bién vat 1y (vi du nhu chuyén vi, nhiét d9, van
tdc, gia tbe, luc, ap SuAt. . D, thiét bi do s& lam nhiém vu chuyén doi cac dai lugong

vat 1y can do thanh tin hiéu dang dién, phd bién nhét 1a dang dién ap. Thiét bi do
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nhu vay thuong 1a cac cam bién. Tir tin hiéu do duoc, hé thong thu thap dir liéu
DAQ (Data Acquisition System) s& 1am nhiém vu sé hda, nghia 1a chuyén ddi tin
hiéu tuong tu thanh tin hiéu sb, rdi chuyén sang bd phan luu trir dit liu, thuong 1a
méy vi tinh, r0i sau d6 tién hanh xir Iy két qua. Ngoai nhiém vu sb hoa tin hiéu,
DAQ ¢6 thé thuc hién cac nhiém vu khéac nhu loc tin hiéu (Filtering), khuéch dai tin
hiéu (Amplifying) va cac chtic nang ky thuat khac nhu tao by nhé dém, diéu khién
tan s6 lay mau (sampling rate)... Hinh 3.5 [4] mo ta mot hé thu thap dit liéu dién

hinh trong qua trinh thuc nghiém do ludng cac bién vat 1y.

Chuyén @éi| Tinhiéudign | g4 p4q Tinhiéusé |Truyéndan| Luwutrie

Bién vat ly - Dién ap L
| . Dong dign — - Xey
\ /\ /\ /
Y ) Y Y
Céam bién Hé thu théap dir liéu (DAQ) X Iy tin hiéu

Hinh 3.5. Nguyén tdc thu thdp dir liéu trong mét so do do thong dung
Nhu vay, dé do, thu thap va s6 héa nham luu trir dir lidu thuc nghiém, can ¢6
thiét bi do va bo thu thap dir litu DAQ. Cuy thé 13, thiét bi do phai dugc két ndi véi
ddi tuong can do, c6 thé tiép xuc hoac khong tiép xtic, va két ndi véi DAQ. DAQ
dugc két ndi voi may tinh dé xu 1y hodc luu trit trén 6 clng.
e Cic yéu cau ddi véi thiét bi do:
- Pam bao do chinh xac cua dai luong can do, nghia 1a két qua phai dam bao
do tin cay can thiét;
- Bam bao d6 nhay cao va do phan giai phu hgp, nghia l1a phan anh trung thyc
va kip thoi nhiing bién d6i cua dai luong can do;
- CAu tao don gian, dé dang két ndi va van hanh;
- St dung nguén dién c6 dién &p thép dé dam bao an toan khi van hanh;
- Chi phi dau tu thap, d& dang tim kiém va thay thé khi can thiét.
e Cac yéu cau ddi v6i bd thu thap dir liéu:
- Bo thu thap dit liéu phai co tan suat lay mau du 1on. Thong thuong, tan sd lay

mau toi thi€u phai lon hon hai lan so véi tan so dugc quan tam cua tin hi¢u do [4].
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Tuy nhién, dé phan anh va tai tao tot nhat hinh dang tin hiéu dau vao, can dam bao
tan s6 1ay mau 16n hon tan sd tin hiéu ddu vao trén muoi lan.

- Do phan giai phai du 1én. Do phan gidi cang cao thi cang dé dang ghi
nhan/phat hién duoc cac thay ddi nhé cua tin hiéu do. B phan giai co thé 8 bits, 12
bits, 16 bits, 24 bits hodc cao hon. Tuy vay, vi cac thong s6 khac tuong ty nhau, do
phan giai cang cao (cang nhiu bits) thi gia thiét bi thu thap cang dat.

- C6 do phan giai dién ap phu hop. Do phén giai dién ap 1a luong thay ddi tin
hiéu vao nho nhit ma thiét bi c6 thé nhan biét va phan hoi (du 1am thay d6i mot bit
tin hiéu dau ra). Thong thuong, tin hiéu dau vao cua thiét bi 1a tin hiéu dién ap, do
phan giai thuong dugc tinh bang von (¥) hodc mili von (mV).

3.3.2. Lwa chon thiét bi do va thu thép dir liéu
3.3.2.1. Lwa chon thiét bi do chuyén Vi

Trong qua trinh nghién ctru thyc nghiém thiét bi tu di chuyén nho rung dong
c6 va dap, viéc xac dinh chinh xac vi tri cua cac khéi lugng theo thoi gian (X7, Xo,
X1 - X2) c6 vai tro dac biét quan trong. Lugng dich chuyén Xz 1a lugng dich chuyén
tuyét dbi cua thiét bi, ding dé danh gia téc do dich chuyén trung binh va chiéu
chuyén dong cua thiét bi. Do khdi lugng quan tinh dugc kich thich dao dong khong
ngimg nén luong dich chuyén tuyét dbi X; khong thé xac dinh chinh xac duoc, vi
vay thuong phai xac dinh thong qua luong dich chuyén tuong dbi X; - X>. Bén canh
do, luong dich chuyén X1 - X> con duge st dung trong phan tich dong luc hoc cua
thiét bi. Bé do cac luong dich chuyén ké trén, tuy thudc vao cac diéu kién cu thé co
thé lua chon va st dung nhiéu loai thiét bi (cam bién) khac nhau, vi du nhu LVDT,
cam bién tiém can, cam bién héng ngoai, cam bién laser... Trong dé tai nay, nhom
nghién ctru sir dung hai loai cam bién gdm cam bién chuyén vi LVDT va cam bién
tiém can.

e Thiét bi do chuyén vi tiép xiic LVDT

LVDT viét tit cua Linear Variable Differential Transducer/ Transfomer hay

Linear Variable Differential Transducer - cam bién vi sai tuyén tinh, con goi 1 cam

bién dich chuyén bién ddi tuyén tinh, 1a thiét bi do lugong dich chuyén dang tuong tu
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(Analog) bang cach chuyén doi lwong dich chuyén thanh tin hiéu dién dudi dang
dién ap. Bé lam viéc, LVDT can duoc cap mot ngudn dién 4p (Hinh 3.6a). Dé thu
thap tin hiéu dich chuyén, cap tin hiéu hai ddu ra cia LVDT dugc ndi voi hai chan
cta mot kénh trén bd thu dir liéu DAQ. Céac bo DAQ thong dung thudong co6 gidi han
dién 4p tin hiéu can thu thap 1a 10V. Do vay, nguén dién mot chiéu 9V cép cho
LVDT thuong dugc lya chon trong nghién ctru thuc nghi¢m.

Luong dich chuyén ciia diém tiép xtc ty 18 bac nhat v6i tin hiéu dién ap xuat
ra trén hai dau ra cia LVDT. Khi lugng dich chuyén bang khong, dién ap xuat ra
bang khéng. Khi lugng dich chuyén cta 15i sat 1a 16n nhat, dién ap xuit ra dung
bang dién ap ngudn cip cho LVDT. Dién ap thu duoc trén DAQ 14 dién ap ra Vou
cua LVDT, duoc xac dinh nhu sau:

(3.7)

Trong do, Vi, 1a dién ap mot chiéu cap cho cam bién (V); Vo 1a dién ap xuat
ra cua cam bién (V); x 1a lugng dich chuyén cua tiép di€m so vdi bién trd cia cam
bién (mm); L 1a gi6i han do cia cam bién (mm).

(a) (b) ()
Via Bién trg . - D6 tuyén tinh: 0,075%
- Do chinh xac: 0,002mm
- Nhiét do hoat dong: -30+100 C
- Dién ap cép t51 da (mot chidu): V-
in(max) — 9.
- Pham vi do: L = 250mm.
- Khoéng dién ap dau ra (mot
chiéu): Vo = 0+9V.

Hinh 3.6. So @6 nguyén 1y lam viéc ciia LVDT (a), nguyén Iy cdu tao (b), théng so
ky thudt (c) va anh chup cam bién LVDT LHC-25E (d)
Nghién ctru niy lya chon cam bién LVDT Holzman LHC-25E vi c4u tao don
gian (md ta trén Hinh 3.6), phd bién va cho két qua do chinh xac, tin ciy. Cam bién

LVDT Holzman LHC-25E duoc st dung dé xac dinh chuyén dong tuyét d6i X> cua
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xe (thiét bi), thong qua d6 c6 thé xac dinh dugc tdc d6 dich chuyén cua thiét bi tu di
chuyén. Dt li¢u tir LVDT duogc thu thap va s6 hoa nhd bd thu thap du licu DAQ,
sau d6 dugc luu trir trén may tinh dé xir Iy. Ngoai ra, cam bién LVDT con duoc sir
dung dé xac dinh lyc can chuyén dong Fy (nhu md ta ¢ phan trén). Theo nha san
xuét, cac thong s k¥ thuat cia LVDT nhu mé ta trén Hinh 3.6c.

Trudc khi van hanh hé théng, cam bién LVDT duoc kiém tra tinh trang hoat
dong va calib dé dam bao d6 chinh xéac. Khi do, nguff)n dién mot chiéu 9V duoc cép
cho cam bién. Tin hiéu dién ap ra Vou tr cdm bién duoc thu vé may tinh nho DAQ.
Dir liéu calib dugc xir 1y bang phan mém OriginLab. Két qua calib duoc thé hién

nhu trén Hinh 3.7.

10 . ,
= [Exp
] Fitted Linear /
8
6
=
S
kQ
4
Equation y=a+b¥x
‘Weight No Weighting
2 Residual Sum 0.00926 ||
of Squares
Pearson'st 0.99991
Adj. R-Square 0.99978
Valme  Standard Error
0 Volt Intercept 0.25313 0.03571H
clage Siope 003747 246815E-4
- - —F
-50 0 50 100 150 200 250

x (mm)
Hinh 3.7. Dit liéu kiém chudn LVDT Holzman LHC-25E
(Exp- dit liéu thire nghiém; Fitted Linear- dwong hoi quy)
e Thiét bi do chuyén vi khong tiép xiic
Trong nghién ctru ndy, nhom dé tai sir dung cam bién tiém can Kaman KD-
2306 do lugng dich chuyén twong ddi X; - X giita hai khdi lwong m; va m>. Hinh
3.8 1a dau do va bo chuyén doi tin hiéu cia cam bién. Do khéi luong m; dao dong

tuan hoan nén dau do cua cadm bién s€ dugc gan 1én than co cau, tuc la gan 1én khoi
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lwong my. Sir dung cam bién khong tiép xGic nhim loai bo thanh phan ma sat truot
khi cac khéi luong chuyén dong twong dbi voi nhau.

(b) (c)
- Dién ap cap (mot chiéu): 15+30V

{ i
p i{,‘; m - Cudng do dong dién cap: 150m4
&: 1 - D6 nhay: 1V/1 mm
.
- Pham vi do: 0+13 mm

jare @;‘, 8¢ | - DO phan gidi: 1.3 um.

““\/ - Pién 4p dau ra (mot chiéu): 0-107.

Hinh 3.8. Pau do (a), b chuyén doi tin hiéu (b) va théng sé ky thudt (c)

ctia cam bién tiém cdn Kaman KD-2306
Dit liéu tir cam bién tiém can Kaman KD-2306 dugc thu thap va s6 hoa nho
bo DAQ, sau d6 dugc luu trit trén may tinh dé xu 1y. Thong sb k¥ thuat cua cam
bién tiém can Kaman KD-2306 cu thé nhu trén Hinh 3.8c. Khi do, c¢6 thé tuy y diéu
chinh dé thu thap dién ap ra trong khoang 0+107 hodc =5V hodc 05V

6 I
IEquﬂtion y=a+b*x
| Weight No Weighting
Residual Sum 0.03772
4 7] of Squares
Pearson's 1 -0.99983
Adj. R-Squar 0.99962
2 < ! Valie  Standard Emo
[ Intercept  -5.76558 0.04059
{* Slope -1.09928 0.00679
-
£ 0
&
- gz
(-5.23264, 0)
-2 4
-4 4 -
® Exp
Fitted Linear
-6 — L . ]
-10 -8 -6 -4 2 0

V)
Hinh 3.9. Dit liéu calib cam bién tiem can Kaman KD-2306
(Exp- dit liéu thire nghiém; Fitted Linear- dwong hoi quy)
Tuong ty LVDT, trude khi van hanh hé théng, cam bién tiém can duoc kiém

tra tinh trang hoat dong va calib dé dam bao do chinh xac. Khi do, nguén dién mot
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chiéu 19V duoc cép cho cam bién. Tin hiéu dién ap ra Vou tir cam bién dugc thu vé
may tinh luu trit nho bo thu thap va xir Iy dit liéu DAQ, sau d6 duogc xur 1y bang
phan mém OriginLab. Két qua calib cam bién tiém can Kaman KD-2306 duoc thé
hién nhu trén Hinh 3.9.

Ngoai dung dé xac dinh luong dich chuyén twong ddi X; - X2, cam bién tiém
can Kaman KD-2306 con duoc sir dung dé xac dinh d6 cing k va dic tinh phi tuyén
ctia 10 xo cling nhu xac dinh hé s giam chan ¢ cta hé thong. Cac ung dung ndy s&
duoc gidi thi¢u ¢ céac phén sau.
3.3.2.2. Thiét bi do luc

Trong nghién ctru thuyc nghiém thiét bi tu di chuyén nho rung dong hoac nho
rung dong két hop voi va dép, xac dinh cac thanh phan luc c¢6 vai trd quan trong.
Cac thanh phﬁn luc can xéc dinh gém: luc kich thich Fe; luc va dap Fimp; luc ma sat
Fycan tré chuyén dong... M&i thanh phan lyc c6 dic tinh (tinh hodc dong) khac
nhau. Tuy thudc vao dac tinh cua lyc ma thiét bi do luc cling khac nhau. Thanh
phan luc tinh, gdm bién d6 lyc kich thich, luc can chuyén dong khi thiét dat hé
thong... dugc xac dinh bang cam bién do lyc tinh (Loadcell). Thanh phan lyc dong
(luc va dap) dugc xac dinh bang cam bién do lyc dong (Dynamics Force Sensor).
Tuy vay, trong pham vi nghién ctru ciia dé tai, chung t6i khong thu thap dit liéu luc
va dap nén cam bién luc dong s& khong can phai st dung.

e Thiét bi do luc tinh

bién dang

(a) Cam bién /L Cam bién (b)
bién dang
' o
Transduci
T Techn

Cam bién
bien dang

Cam bién
bién dang

‘z’.ftz’

Hinh 3.10. So' d6 nguyén Iy cdu tao ciia Loadcell do lyc tinh (a)
va anh chup Loadcell MDB-5 duwoc su dung trong nghién civru (b)
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Trong nghién ctru thyc nghiém, dé tai sir dung Loadcell MDB-5 ciia hing
Transducer Techniques, My (Hinh 3.10) v&i cac thong sb k¥ thuat nhu sau:

- Dién ap cap (Vin): 15+30V;

- b6 nhay danh nghia ctuia Loadcell: 2mV/V

- Khoang luc do: 0+5/bs (khoang 0+22,2411N)

- Kha nang qua tai: 150%.

Hinh 3.11 trinh bay két qua calib cam bién do lyc tinh MDB-5.

10
= Exp
Fitted Linear /#
8
6 /i
s 4
LL Equation y=a+b*x
2 Weight No Weighting
Residual Sum 3.75189E-4
of Squares
Pearson's 1 1
0 Adj. R-Square 0.99999
Value Standard Error
Intereept 0.01062 0.00636
tue Slope 474978 0.00406
-2 T T ; r ; ; I‘
0.0 0.5 1.0 15 2.0
V (V)

out

Hinh 3.11. Dit liéu calib Loadcell MDB-5
(Exp- dit liéu thyre nghiém; Fitted Linear- dwong hoi quy)

3.3.2.3. Bo thu thap dir lieu DAQ

B thu thap va s6 hoa dit liéu DAQ ¢ nhiém vu chinh 14 sé héa tin hiéu twong
tu thu thap duoc tir cac cam bién déng thoi chuyén tin hiéu s6 vé luu trit trén may
tinh. Cac thong sb quan trong nhat cia DAQ 1a tan suat lay mau va do phan giai.
Can cu vao céc thong s6 thiét dat ché do van hanh cua thiét bj thi nghiém, luén an
str dung bd DAQ sd hiéu NI USB-6210, hing National Instruments (M¥). Thong sb
k¥ thuat ciia b0 DAQ nay duogc trinh bay nhu trong Bang 3.1 sau day.

Chuong trinh diéu khién DAQ duoc st dung dé van hanh cac thiét bi nay la

phan mém NI SignalExpress, ciling ctia hing National Instruments (M¥), dugc cai
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dat trén may tinh. Giao dién tuong tac ngudi dung ciia phan mém NI SignalExpress
don gian, dé hiéu va tién loi khi st dung.

Bing 3.1. Thong s6 ky thudt bé DAQ NI USB-6210

Théng s6 NI USB-6210
S6 kénh dau vao 16
Do phan giai (bit) 16
Tan suat 14y mau 16n nhat (10001an/s) 250

3.4. Ché tao, lap dit hé thong va van hanh thir nghiém
3.4.1. Thuc nghiém xdc dinh thong s6 két cdu, thong sé vin hanh
3.4.1.1. Xac dinh do cung va ddc tinh cua lo xo

Lo xo sit dung trong bd tao rung chuyén dung 13 160 xo tim nhu md ta trén
Hinh 3.12 (bén trai). Loai 16 xo nay c6 d6 cimg theo phuong hudéng kinh 16n dé do
khéi lugng m; nhung d6 cung theo phuong doc truc nhd dé tao thuan loi cho cac
khéi lugng dao dong.

My tinh ‘

| Bo thu thap dir liéu

Cam bién
do luc

Hinh 3.12. Lo xo tdm va mé hinh thuc nghiém xdc dinh do cung cua lo xo

Do ctng cua 10 xo dugc xac dinh nhu mo ta trén Hinh 3.12 (bén phai). Trong
d6, vanh ngoai cua 10 xo dugc gén chat 1én than thiét b (khéi lugng m>) con vong
trong dugc gén chat truc shaker. Khi d6, thiét bi tu di chuyén (xe) duoc ¢ dinh trén
duong ray truot. Cac qua can c6 khéi lwong 1a 300gr 1an luot duoc chat tai 1én 10 xo
thong qua truc shaker nho mot day mém khong dan, sau do tién hanh d& tai mot
cach 1an lugt. Cam bién tiém can Kaman KD-2306 duoc st dung dé do chuyén Vi

cua 10 xo do cac qua nang gay ra thong qua su thay doi khoang cach giira cam bién
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va truc shaker. Dir li¢u tai trong - chuyén vi cua 10 xo thu duogc béng thuc nghi¢m s&

dugc xtr Iy va hdi quy bang phan mém OriginLab.

10 & Experimental data| - Nonlinear Curve Fit (Cubic_stiffness (User)) (2/8/2021 16:15:49)
| —— Fitted curve ¢+ Notes  +|
8 ] + Input Data  -|
I Parameters -
Value Standard Error
E k1 1885.24078 5.84493
B OfC® 2 521587E7 78164128341
Reduced Chi-sqr = () 0435906602561
—_~ COD{R*Z) = 0 99242369729887
% Herations Performed = 3
k4] Todal Merabons in Session =3
L, Fil comerged. Chi-Sqr tolerance value of 1E-9 was reached
— Statistics |
2 | :I:‘.rbi : i | FDmB
e ows e Number of Points 2220
). R-Square Ll Degrees of Freedom 2218
0 T ke S e | Reduced Chi-Sgr 0.04359
i 2] 521587E 151641 28 Residual Sum of Squares 96.68408
Ad]. R-Square 0.99242
v T T T
0.000 0.001 0.002 0.003 0.004 Fit Status Succeeded(100)
Fit Slatus Code
D (m) 100 . Fil convergesd Chi-Sqr tokerance value of 1E-9 was reached

Hinh 3.13. Két qua xu Iy dit liéu xac dinh do cung cua lo xo
(Experimental data- dit liéu thuc nghiém, Fitted Curve- dwong hoi quy)

Két qua hdi quy cho thay, trong ving lam viéc, 10 xo dugc sir dung trong mod
hinh thuc nghiém thiét bi tu di chuyén c6 dic tinh phi tuyén bac ba khuyét nhu trén
Hinh 3.13. Phuong trinh hdi quy ¢ dang:

Fypr = kix + kox? (3.8a)
F . =6068,1908(X, — X,)+2,05983.10°(X, - X,)’ (3.8b)

sor
3.4.1.2. Hg 56 can nhét ¢

Heé s6 can nhét ¢ dic trung cho ton that nang lugng trong dao dong ciia co hé.
Vi co h¢ su dung hai khéi lugong ndi véi nhau béng 16 x0, dé x4ac dinh hé sb ¢ ¢
thé quét trong mot khoang tan sd xac dinh xung quanh tan s dao dong tu nhién cia
co hé theo ca chiéu ting va giam cua tan s kich thich.

Trong thuc nghiém nghién ciru, dé tai sir dung phuong phap xac dinh nhu sau:
tac dung mot luc kéo (hodc nén) 1én khdi lwong m; 1am 16 xo bién dang mot lugng
nhét dinh (Hinh 3.14, bén trai), sau d6 do tai dot ngot dé co hé dao dong tu do.
Chuyén vi cta khéi luong dao dong m; theo thoi gian dugc xac dinh bang cam bién
tiém c4n Kaman KD-2306 va dugc thu thip vé may tinh boi bo DAQ. Sau do, dit
liéu duogc hdi quy bang phan mém OriginLab. Pudng cong lién tuc tiép xtc vai

dinh céc dao dong c6 dang:
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x =Xxp.e?
(3.9
z=c/2m
Trong do, c 1a hé s6 can nhdt cua 10 xo.
4 f— N
| Computer ———DAQ| . [ x, = e

g : {\/\A/\f\/\nnhn

[

=)

X(

i'@ '

AR RN -39

T T T T T T T T v
0.0 02 0.4 0.6 0.8 1.0

* {tne (s)
Hinh 3.14. M6 hinh do kiém hé s6 can nhét ¢ (bén trdi)
va két qua xir 1y dir liéu xdc dinh hé sé can nhét ¢ cia 1o xo (bén phdi)

Trong qué trinh thuc hién dé tai, nhom tac gia sir dung mot s6 bd 10 xo ¢ hinh
dang nhu nhau nhung kich thudc khac nhau tuy thudc mo hinh cé khai thac va dap
hay khong. Do viy, ca do cimg k cua 10 xo va hé s can ¢ cling s& khac nhau theo
moi md hinh thyc nghiém.
3.4.1.3. Xac dinh lyc kich thich

Luc kich thich 1a lyc tao nén dao dong lam cho khoi luong quan tinh va dap
v6i than thiét bi dé day thiét bi tu di chuyén. Do vay, dic tinh, tan s va bién do cia
luc kich thich (Excitation Force - F.) 1a nhitng théng sd van hanh rat quan trong.
D6i véi thiét bi rung dién dong luc hoc, cac thong sd nay phu thudc vao ngudn
(dong dién) kich thich. Dong dién kich thich c6 thé 1a dong mot chiéu gian doan,
dong xoay chiéu dang hinh sin hodc nira sin... Luc kich thich twong tmg dugc xac
dinh nhu sau:

Fe=Fosin(£% + ¢) (3.10a)
F.=iBsin({X + ¢) (3.10b)

Trong d6: Fy 1a bién do luc kich thich; Q2= 22 véi f1a tan s6 dong dién kich

thich; ¢ la goc pha; B 1a h¢ s6 thuc nghiém; i 1a cuong do dong di¢n.
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Hinh 3.15. M6 hinh thyc nghiém xac dinh bién do lyc kich kich

2 T T T T
0s 1.0 15 20 25

Dé xac dinh bién d6 lyc kich thich (Fy), st dung bd ngudn mot chiéu cé thé
thay ddi dién ap va cudong d6 dong dién cap cho bo tao rung chuyén dung. Trén khéi
luong dao dong m; c6 gan mot Loadcell, Loadcell nay duoc ti sat vao gia ¢b dinh
(Hinh 3.15a). Khi cép dién cho co ciu rung, lyc kich thich khéi luong dao dong
chuyén dong, ¢ép Loadcell ti vao gia ¢ dinh. Tin hiéu lyc dugc chuyén thanh dién
ap va duogc thu thap boi DAQ dé luu trit va xir 1y trén may tinh. Sau khi xu 1y va hoi
quy (Hinh 3.15b) bang phan mém OriginLab, két qua thu dwgc hé sé thuc nghiém B
= 10.78214. Luc kich thich khi sit dung dong dién hinh sin hoac ntra sin dugc xac
dinh nhu sau:

Fe=10.78214 xi xsin({X + @) (3.11)

Bé qua goc pha (¢ = 0), luc kich thich khi sir dung dong dién hinh sin hoac
ntra sin c¢6 dang:

Fe=10.78214 xi xsin({%) (3.12)

Trong nghién ciru thyc nghiém dé tai, may phat ham (function generator,
model PicoScope 2000 Series, Pico Technology Ltd.) dugc sir dung nhu mot ngudn
kich thich. Tuy nhién, cong suit cia nhiéu may phat ham rat nho nén thyc té phai st
dung bo khuéch dai cong suat (power amplifier) truéc khi cap cho co cdu rung
chuyén dung. Cuong do dong dién kich thich dugc thu thap va s6 hoa qua b thu
thap dir liéu DAQ dé luu trit trén may tinh, dong thoi st dung cho viéc phan tich
cac dir li¢u thyc nghiém. Tin hi¢u duoc thu boi DAQ 1a hi¢u di¢n thé nén trong thuc

nghiém st dung mot dién tré thuan /Q mic ndi tiép voi diy cp cho bo tao rung
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chuyén dung va cuong d6 dong dién duoc xac dinh qua hai dau cua dién tré thudn
nay. Do vay dac tinh, tan sd va bién do cua luc kich thich tir bd khuéch dai duoc
phan anh qua DAQ mot cach chinh xac.
3.4.2. Ldp ddt va van hanh hé thong thi nghiém

Hinh 3.16a 1a anh chup hé thdng thi nghiém di duoc xay dung. Than thiét bi
(1) 1a vo cua mot mini shaker, 161 mini shaker duoc lién két voi vo nho 10 xo (2).
Mbt dau cta 13i mini shaker c6 gén khdi lugng dao dong (3), nhom dé tai lya chon
vat liéu cua khéi luong dao dong 1a dong. Hai khdi luong nay dugc dat trén hé ray
trueot (4). Chdt va cham (5) duoc gin 1én vo mini shaker qua mot khung inox. Ong
cac-bon (6) va cip ga (7) duoc st dung dé thay doi luc can (luc ma sat) khi thiét bi
chuyén dong. Cam bién khoang cach (9) va cam bién dich chuyén LVDT (8) dugc
sir dung dé xac dinh chuyén dong cua cac khéi lugng khi hé thdng lam viéc. Mot
may phat ham (Function generator) ciia hing PicoScope dugc sir dung dé tao nén
luc kich thich véi tin sé xac dinh. Do tin hiéu kich thich cia may phat ham nho nén
can mot bd khuéch dai (Amplifier) dé khuéch dai cong suét cép cho mini shaker
hoat dong. Hinh 3.16b 1a so dd nguyén ly lam vi¢c cua h¢ théng, df)ng thoi thé hién
viéc két ndi v4i cac cam do cac dai lugong khi h¢ théng duoc van hanh.

(a) (b)

Function
Cienerator

Hinh 3.16. Anh chup anh chup hé thong da trién khai (a)

va so do nguyén 1y hé thong thi nghiém (b)
Khoang céach va dap G co thé diéu chinh duogc trong pham vi xac dinh. Trén co
sO cac thong s6 két ciu (nhu trong Bang 3.2), lua chon cac thong s6 van hanh dé
thtr nghi¢ém hé théng. Céc dai lugng dugc thu thap va xu ly, gf)m: cuong do dong

dién 7, lugng dich chuyén cua thiét bi X2; luong dich chuyén tuong ddi X; - Xa...
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Bang 3.2. Théng s6 két cau ciia hé thong thuwc nghiém

Théng s6 Ky hi¢u Gia tri Pon vi
Khéi lugng quén tinh mi 0.518 kg
Khéi lugng than co céu m> 1.813 kg
Do clng tuyén tinh ciia 10 xo ki 1885.24078 N/m
Do cing bac 3 cua 10 xo k> 52158700 N/m?
Do cung va dap ko 1.24x108 N/m
Hé s6 giam chan c 8.893542 Ns/m

Hé thong nay dé dang b tri tao thanh gbc nghiéng xac dinh dé nghién ctru anh
huong cta ma sat di huéng dén tng xir dong luc hoc va danh gia kha ning chuyén
dong (Hinh 3.17a). Ngoai ra, hé thong nay ciing c6 thé linh hoat cai tién dé nghién
ctru theo dinh hudng tu di chuyén nho rung dong thuan tay (Hinh 3.17b).

®) §

(a

e A A L R R A I O

e S

Hinh 3.17. Mt s6 phirong dn bé tri va van hanh thiét bi tw di chuyén: (a) khai théc
va dép khi di chuyén trén dwong trueot nghiéng; (b) khai thac rung déng thuan tiiy.
3.5. Két luan Chwong 3

- P xay dung duoc hé thdng thiét bi thi nghiém gdm: mé hinh thyc co ciu tu
di chuyén nho rung dong - va dap, xac dinh cac thong $6 hé théng va lya chon duoc
cac thiét bi do, thiét bi thu thap di liéu phu hop vé6i yéu cau do.

- Hé thong thiét bi tu di chuyén c6 thé dé dang diéu chinh dé khai thac, nghién
ctru theo cac dinh hudng: rung dong khong va dap, ma sat di hudng...

- b3 @& xuat mo hinh thuc nghiém diéu chinh lyc can chuyén dong thay thé

cho gia dinh lyc ma sat dugc tao nén badi khdi lugng ban than hé théng.
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CHUONG 4. THUC NGHIEM KHAO SAT ANH HUONG

CUA MOT SO THONG SO PEN KHA NANG CHUYEN PONG

CUA THIET BI TU DI CHUYEN NHO RUNG PONG - VA PAP

Trén co so thiét bi tu di chuyén nhd rung dong co khai thac va dap di duoc
xdy dung ¢ Chuong 3, chuong niy sé& trinh bay cac két qua khao sat thuc nghiém
danh gia anh hudng ciia mot vai tham sé thuc nghiém dén kha ning chuyén dong
cua thiét bi. Cac thong sb dugc lya chon danh gia chinh gdm: Anh huéng cua cudng
d6 luc ma sat khi xem xét ma sat 1a dang hudng va anh huong ciia ma sat di hudng.
Két qua khao sat duoc thu thap, xir 1y va phan tich dya vao do thi time history ctia
cac khdi lugng khi co cdu dugce kich thich trong khoang [5-20] Hz. Luc ma sat (hay
luc can chuyén dong) duoc gia thiét tudn theo mé hinh ma sat Coulomb.

4.1. Anh hwéng ciia cuwong dd lwe ma sat dén kha ning chuyén dong
4.1.1. Co so nghién ciru

Déi v6i thiét bi tu di chuyén nho rung dong thuan tay hodc nhd rung dong - va
dap, ma sat dong vai tro dac bi€t quan trong. Mot mat, ma sat thuong dugc xem la
nhan t6 can trd chuyén dong cua thiét bi, do d6 cuong d6 ma sat cang nho cang tot.
Mit khac, ma sat dong vai trd quan trong trong tuong tac giita khdi lwong bén trong
va khoi luong bén ngoai dé dam bao thiét bi c6 thé chuyén dong duge theo chidu
nhét dinh [23, 57]. Cuong dO luc ma sat qua 16n hodc qua nho, tham chi, thiét bi
khong thé di chuyén dugc [7, 32].

Trong thiét bi tu di chuyén nho rung dong - va dap, luc kich thich tac dung 1én
khéi luong bén trong thudng dudi dang quy luat hinh sin. Trong cic nghién ciru
trude ddy, luc kich thich thuong dugc chuyén dbi thanh dang mé hinh khéng thu
nguyén, va dugc tinh bﬁng ti s6 bién do luc kich thich va cuong do luyc ma sat
Coulomb. Dé danh gia anh hudng cia cuong do luc ma sat dén kha niang chuyén
dong, chiéu chuyén dong va ung xt dong luc hoc cua thiét bi tu di chuyén, mdt s6
nhom nghién ctru da su dung ti ) gitra cuong do luc kich thich va cuong do lyc ma
sat [24, 32, 42, 47, 58]. Trong nghién ctu thyc nghiém, anh hudéng cua luc kich

thich duoc tinh todn so vdi cudng do lyc ma sat cho trude, chéng han nhu trong [37,
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38, 42, 44, 59]. Anh huong ciia cuong do lyc ma sat dén Gmg xir ciia hé thong trong
thuc nghiém dugc rat it nghién ctru quan tdm [34, 60], nhung khong phai dudi dang
tuong tic v6i luc kich thich. Theo cac tac gia [41], khi luc dan hoi tac dung 1én
capsubot 16n hon so véi cuong do luc ma sat, thé thong s& chuyén dong theo chiéu
lui. Trong mot nghién ctru khac [42], van téc chuyén dong trung binh theo chidu
tién cua capsubot ¢6 cudng do luc kich thich nho 16n hon rat nhiéu so véi chidu lui
khi cuong do luc kich thich 16n. Két qua nay cho thiy, cudng do luc kich thich 16n
khong cai thién dugc hiéu qua lam viéc cua hé théng. Do vay, viéc khdo sat mbi
tuong quan gitra cuong do luc kich thich va cuong do luc ma sat 1a can thiét d6i voi
hé thong thiét bj da duoc xay dung.
4.1.2. Thiét ldp thong sé thwe nghiém

Hé thong thi nghiém v&i mo hinh da xdy dung nhu trén Hinh 3.16a duoc st
dung dé khao sat. Dé thiét dat luc ma sat (lyc can chuyén dong) & mot gia tri xac
dinh, lya chon mdt dién ap mot chiéu (theo quan h¢ trén Hinh 3.4b) cép cho nam
cham dién cua co ciu cap. Ba muc cuong dd luc ma sat Fpp dugc khao sat, lan luot
la2.3 N, 6.8 Nval13.6 N, tuong ung voi hé s6 ma sat trugt khoang 0.1; 0,3 va 0.6.
Vi céc gia tri cuong do luc ma sat Fp da dugce thiét dat nhu trén, lva chon bién do
I kich thich theo dién ap cap cho cudn day cua shaker, twong ing véi cac gia tri ti
s6 a = A/Fp lan luot 13 0.59, 0.79, 0.99 va 1.19. Tan s0 fix, bién do luc kich thich
(4) dang hinh sin duoc tao nén boi may phat ham PicoScope va duoc khuéch dai
boi mot bd khuéeh dai cong suit sau do cép cho cudn day cua shaker. Khi duoc
kich thich, khdi lugng bén trong (m;) s& dao dong va va dap véi than shaker (co
khdi lugng m:>) thong qua khung chiu va cham. Qua trinh thi nghiém dugc thyc hién
bang cach quét theo tan sb (trong khoang 5-20Hz, gia s6 1Hz) tuong tmg v4i mdi
gia tri ctia o va Fp. Moi gia tri khdo sat ciia a va Fp duge thuc hién quét 16 lan.
Céc thong s6 van hanh duoc tom tit nhu trong Bang 4.1 sau.

Céc thong sb do va so d6 nguyén 1y do nhu trén Hinh 3.16b, gdm: luong dich
chuyén X> clia co cau theo thoi gian, lwong dich chuyén tuong d6i X; - X gitta hai

khdi luong theo thoi gian, luc can chuyén dong theo thoi gian.
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Bang 4.1. Théng s6 thuc nghiém khdo sdt anh hwéng cia cwong dé luc ma sdt

Théng s6 Ky hié¢u Gia tri Pon vi
Khéi lwong quéan tinh mj 0.518 kg
Khdi lugng than co cau m2 1.813 kg
Do cung tuyén tinh cia 16 xo ki 1885.24078 N/m
Do cung bac 3 cua 10 xo k> 52158700 N/m?
Do cung va dap ko 1.24x10° N/m
Hé sb giam chan c 8.893542 Ns/m
Khoang va dap G 0.5 mm
Cuong dg lyc ma sat Fr 2.3;6.8val3.6 N
Ti s6 giita bién d6 luc kich thich 0.59; 0.79; 0.99
va cudng do luc ma st a=A/Fy va 1.19 )
Tan s6 kich thich Sexe [5-20], gia s6 1Hz Hz
Goéc nghiéng 0 0 °

Hinh 4.1 thé hién so d6 thi nghiém va mé hinh vat Iy phuc vu viéc nghién ctru
thue nghiém anh hudng cua cudng do lyc ma sat dén kha ning di chuyén.

Function : a—> ZI—>
Cienerator X X

1 N 2

o— b

k 1y

Fr i kEJ

Hinh 4.1. So do thi nghiém (a) va mé hinh vt Iy (b).
4.1.3. Két qua va théo luin

1y

Trude tién ciing xem xét toc do dich chuyén trung binh cua thiét bi (Hinh 4.2).
D@ dang nhan thiy, vdi cac gia tri @ < I (Hinh 4.2a,b), cuong do lyc ma sat cang
16n thi van tc di chuyén trung binh ciia thiét bi cang 16n. Pong thoi, khi gia tri o
tang thi van toc di chuyén trung binh cua thiét bi ciing ting 1én. Tuy nhién, van tdc
trung binh tién vé phia trudc cua co cdu (chiéu duong cia truc X> nhu trén Hinh

4.1b) v6i gia tri cua ti s6 o~ 1 (Hinh 4.2¢) so véi khi gia tri o= 0.79 déu nho hon.
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Truong hop ti s6 a = 1.19, hé thdng chuyén dong theo chiéu lui khi tin s kich
thich trong khoang fo.. = [12..18] Hz, twong tng véi hai mic cuong do luc ma sat

16n hon 1 (F» va Fj3), nhu thé hién trén Hinh 4.2d.

(a) a=0.59 (b) a=0.79
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Hinh 4.2. Van téc dich chuyén trung binh cia thiét bi sau 3s kich thich twong iing
Vvoi cac gia tri ava Frkhadc nhau.

Tur két qua thu duoc, co thé c6 mot sd nhan xét nhu sau:

- Khi ting dong thoi cudng do luc kich thich va cuong do luc ma sat (nghia la
gilt nguyén ti s6 a = A/F)) c6 thé tang tdc do chuyén dong theo chiéu tién cua hé
théng. Két qua nay c6 nhitng twong dong nhét dinh so voi cac nghién ciru trude déy.

- Khi ti s6 a=A/F;16n hon 1 (nghia 13, cudng do luc kich thich 16n hon cuong
dd lyc ma sat), h¢ théng s& xuét hién chuyén dong lui, tham chi lyc va cham tac

dung 1én than thiét theo chiéu tién.
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- Tr két qua thi nghiém cho thdy mot diém dang luu ¥ nira 13, khi cung mot ti
s& a = A/F;, chuyén dong cia hé théng c6 thé theo chiéu tién hodc theo chiéu lui,
phu thudc vao cuong do lyc ma sat (lyc can chuyén dong) duogc thiét dat F, 13 Két qua
nay khac véi cic cong bd trude day cho rang, voi bd thong sé xac dinh, co cau
chuyén dong theo mot chiéu khi cling mot gié tri cho trudc cua .

(a) Fy=2.3N (b) Fr=13.6 N

. +((r

127 —o—u‘_.. "/.\
S _a_-.

6 +rr f/_\
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ji_ »\ /

T T T
4 6 B 10 12 14 16 18 20 4 6 8 10 6 20
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V. fmm/s)

(]

Hinh 4.3. Anh hwéng ciia a dén vin toc chuyén dong trung binh ciia co' cdu
khi liec can chuyén dong Fy= 2.3 N (a) va khi Fr=13.6 N (b)

Hinh 4.3 thé hién mot cach biéu dién khac vé anh huodng cua cuong do luc ma
sat dén kha ning chuyén dong cia hé thong. Hai mirc cuong do luc ma sat dugc
khao sat, 1an luot 13 Fr=2.3 N va Fy=13.6 N. C6 thé nhan thiy, khi co cu chiju tac
dong boi cung mot cudng do lyc ma sat, ti s o 1on (nghia 1a cuong do luc kich
thich 16n hon cuong d6 lyc ma sat) khong lam cho co ciu chuyén dong véi van toc
nhanh hon. Véi trudng hop cuong do luc ma sat nho (Hinh 4.3a), van toc chuyén
dong trung binh 16n nhat khi o = 0.99, trong khi d6 véi ti s6 ¢ 16n nhét thi hau nhur
thiét bi chi chuyén dong theo chiéu lui (ngugc chiéu luc va dap). Voi truong hop
cuong dd lyc ma sat 16n (Hinh 4.3b), van tde chuyén dong trung binh 16n nhét nhan
duoc tai gia tri a» = 0.79, trong khi d6 ¢ gia tri oy = 1.19, co ciu chuyén dong theo
chiéu Ui véi toe d 16n nhat.

Hinh 4.4 1a d6 thi time history thé hién chuyén dong cua khdi luong m;
(duong X1) va than thiét bi co khbi luong m. (duong X>). Cac thong s6 van hanh cu
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thé duoc lua chon 1a: tan s kich thich fexe =17 Hz, ti s6 a=1.19, cuong do lyc ma
sat 1an luot 14 Fy= 2.3 N (Hinh 4.4a) va Fy= 13.6 N (Hinh 4.4b). Mdi chu ky kich
thich (mg v6i hai dinh ciia duong X; (duwoc gidi han boi hai duong thang dimg mau
d0), ¢ thé chia thanh hai ving bang duong nét dit, mau den di qua dinh cia duong
X>. Ving 1 cho thdy hé thong tién vé phia trude, trong khi d6 ving 2 13 Gmg voéi giai
doan hé théng chuyén dong 1ui vé phia sau.

Nhu thé hién trén cac hinh v&, va dap xay ra ¢ thoi diém tGng véi dinh cua d6
thi time history cta X;. Duéi diéu kién cuong do ma sat nho (Hinh 4.4a), thiét bi
tién vé phia trudc khong phai béi luc va dap ma boi tuong tac gitta hai khéi luong.
Chuyén dong tién vé phia trudc cua than thiét bi xay ra khi khéi luong m; chuyén
dong vé phia sau. Dudi diéu kién cuong do luc ma sat 1on (Hinh 4.4b), chuyén dong
theo chiéu tién cua thiét bi c6 thé do luc va cham - xay ra tai thoi diém va cham.
Khac voi truong hop cuong do luc ma sit nhd, trong mdi chu ky, lugng dich
chuyén theo chiéu Iui vé 16n hon so véi chiéu tién. Két qua 1a, v6i truong hop
cuong do luc ma sat 1on, hé théng chuyén dong theo chiéu lui.

(a) (b)
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ts) ts)
Hinh 4.4. o6 thi time history ciia X; (dwong ddm, nét dirt) va X (dwong lién, nét
manh, mau xanh) khi co cau dwoc van hanh 6 fue = 17 Hz v6i ti s6 a2 = 1.19 twong
ung voi cac truong hop luc can nho Fy= 2.3 N (a) va luc can lon Fr= 13.6 N (b)
4.2. Anh huwéng clia ma sat di hwéng dén kha niing chuyén dong
4.2.1. Co so nghién ciru
Nhu d3 phan tich & trén, hau hét cac nghién ctru di cong bd vé thiét bi tu di
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chuyén nho rung dong - va dap déu coi ma sat 1a ddng huéng, nghia 1a ma sat theo
chiéu tién va theo chiéu 1i nhu nhau, chéng han nhu trong cac cong bd [32, 34, 39,
45, 60]. Mot sd nghién ctru khac cho rang, luc ma sat mang tinh di huéng, nghia 1a
cuong do luc ma sat khi chuyén dong theo chiéu tién khac véi theo chiéu lui. Tuy
vay, phan 16n cac nghién ctru thuc nghiém cho rang, ma sat theo chiéu tién nho hon
ma sat theo chiéu Iui [6, 27, 28, 61]. Cac md hinh thuc nghiém nay dugc xay dung
dé c6 thé di chuyén xudng dbc trén mot mit phang nghiéng, voi goc nghiéng
(Hinh 4.5a). M6 hinh ma sat di huéng cuia cadc nghién clru truéc ddy nhan duoc
bang cach sir dung trong luong cua hé théng. Khi thiét bi di chuyén trén mat phing
nghiéng, lyc ma sat dwoc xem nhu gdm hai thanh phan, thanh phan luc ma sat kho
va thanh phan trong luc c¢6 phuong song song voi phuwong cua mit phing nghiéng.
Luc ma sat theo chiéu tién (Fy+) va luc ma sat theo chidu 1ui (F), khi d6, duoc xac
dinh nhu sau:
F,, = fo(m +m,)gcos®—(m, +m,)gsinf

F, = fy(m +my)gcos@+(m, +m,)gsind (4.1

Trong d6, f; 1a hé s6 ma sat truot gitta than thiét bi va mat phang nghiéng; m;
va m lan luot 13 khéi luong quén tinh va khéi lugng than thiét bi, kg; g 1a gia tdc
trong truong, kg/m’. Do ca ba tham s m;, m> va g déu duong, nén lyc ma sat theo
chiéu tién (xudng dbc) nho hon theo chidu lui (1én doc), nghia 1a F < Fr. Goc
nghiéng cua mat truot phu thudc vao chiéu cao H va chiéu dai L, néu L ¢6 dinh thi
chiéu cao H cang 1on thi tinh di hudng cua ma sat cang 16n. Bén canh do, tinh di
hudng con phu thudc vao khdi luong hé théng, nghia 1a phuy thudc vao m; + mo.
Ngoai ra, hé thong nay chi méi c6 kha nang di chuyén xudng ddc. Day 1a nhimng han
ché co ban cua cic nghién ctru nay.

Dé c6 nhitng dénh gia chinh xac hon vé kha niang di chuyén cua thiét bi tu di
chuyén nho rung dong - va dap mdi, dic bi¢t kha nang chuyén dong khi lyc can
theo chiéu tién 16n hon chiéu lui, dé tai lya chon mé hinh nghién ctru nhu trén Hinh
4.5b. Luc can theo chiéu tién (Fy+) va chidu i (F) dugc xac dinh theo biéu thuc

Sau:
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. 4.2
Ff_=Ff0—(m1+m2)gSH’19 ( )

Trong do, Fy la cuong do lyc ma sat dugc thiét dat trude, N; 01a gbc nghiéng
cua ray trugt bi. Dé dang nhan théy, cuong do luc ma sat dugc thiét dat trudc khi co
céu chuyén dong theo chiéu tién twong tng véi khi 1én déc, s& 16n hon khi chuyén
dong xudng doc theo chidu i (Fy+ > Fr). Khi giit Fp khong d6i, diéu kién ma sat
di hudng s€ chi phu thudc vao goc nghiéng € cua duong ray trugt. Goc nghiéng 6
cang 16n thi tinh di hudng cia ma sat cang lon.

(a) (b)

Signal [~ Power
generator| -] amplifier

I Optical table

Hinh 4.5. M6 hinh khdo sdt thiét bi tw di chuyén duwi diéu kién ma sdt di
hiedmg: mé hinh trude day (a) va mé hinh do dé tai d@é xuat (b)
(a) (b)

Function ¥ Amplifier ]
Generator —

ﬂ‘ To computer

Hinh 4.6. So d6 thi nghiém (a) va dnh chup co cdu khi khdo sat kha ndng chuyén
dong dudi diéu kién ma sdt di huéng (b)
4.2.2. Thiét lgp thong sé thuc nghiém
Dé thiét lap thi nghiém, ray trugt bi duoc nang 1én voi goc nghiéng xac dinh.

Mo hinh do duoc thiét 1ap nhu trén Hinh 4.6a. Goc nghiéng @ duoc kiém soat bang
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ddng hd so nhu trén Hinh 4.6b, 1an luot [a 2.5° va 5.0°. Hai gia tri cudng d6 luc can
duoc thiét dat trude Fp lan luot 12 6.8 N va 13.6 N. Ti sb gitra cuong do luc kich
thich va cuong do luc ma sat duoc thiét 1ap trude dugce ¢b dinh 1a a = 0.59, tuong
mg v6i mie d6 nho nhét trong thi nghiém da trinh bay ¢ muc 4.1, phia trén. Toan
bo cac thong sd thuc nghiém duogc trinh bay trong Bang 4.2 sau.

Bdng 4.2. Théng sé thwc nghiém khdo st dnh hwéng ciia ma sat di hieong

Théng s6 Ky hi¢u Gi4 tri Pon vi
Khdi lugng quén tinh mj 0.518 kg
Khdi luong than co cau m2 1.813 kg
Do cing tuyén tinh cua 1o xo ki 1885.24078 N/m
Do cling bac 3 cua 16 xo0 k> 52158700 N/m?
Do cung va dap ko 1.24x10° N/m
Heé s6 giam chin c 8.893542 Ns/m
Khoang va dap G 0.5 mm
Cuong d6 lyc ma sat Fp 6.8 va13.6 N
Ti s& gitra cuong do luc kich
thich va cuong do luc ma sat a=FvEp 0-59
Tan s6 kich thich Sexe [5-20], gia s6 1Hz Hz
Goc nghiéng 0 2.5va5.0 ©

4.2.2. Két qud va théo ludn

Trude tién, cung xem xét van tdc dich chuyén trung binh cta co ciu. Hinh 4.7
1a van toc di chuyén trung binh cua thiét bi khi thay doi cuong do luc can dugc thiét
dat trudc Fp, tuong Gmg v&i hai gia tri goc nghiéng @ clia ray truot bi. Dé dang nhan
thiy, khi tan s6 kich thich nho hon 10 Hz, tai mdi gia tri ciia goc nghiéng 0, thiét bi
chuyén dong theo chiéu tién (Ién dbc) véi van toc tuong dbi cham. Tuy vay, gia tri
Fyp 16m hon thi thiét bi chuyén dong tién vé phia trudc (1én déc) nhanh hon. Khi tang
tan so kich thich 16n hon 10 Hz, véan tdc di chuyén trung binh cia thiét bi thay d6i

dang ké, phu thudc vao tinh di hudéng ctia ma sat. Cu thé nhu sau:
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- Truong hop goc nghiéng nho (0 = 2.5°), nghia la tinh di hudéng cuia ma sat
nho (Hinh 4.7a), khi cuong do luc can thiét dat trude 16n hon (Fp = 13.6 N), khi
tang tan sb kich thich trong khoang fix. € [10-17] Hz thi co céu di chuyén lén dbc
v6i toc do 16n hon. Tuy vay, khi cudng do luc can nho hon (Fip = 6.8 N), quan hé
nay chi ding trong khoang tan s6 foe € [10-13] Hz. Khi van hanh co ciu voi tan sd
kich thich 16n hon s& lam giam toc d6 di chuyén 1én dbc cia thiét bi. Khi tan s kich
thich 16n hon 19 Hz véi truong hop luc can thiét dat trude 16n hon, va tan s kich
thich trén 16 Hz véi truong hop luc can thiét dat trude nho hon thi hé thong bat dau
chuyén dong theo chiéu Iui, nghia 1 di chuyén xudng déc.

- Hién tuong tuong tu cling nhan dugc véi goc nghiéng 16n hon, 6 = 5.0°,
nghia 14 tinh di hudéng ctia ma sat 1én hon (Hinh 4.7b). Tuy vdy, khoang tan s6 kich
thich ma véan téc chuyén dong 1én dbc ting khi tan s ting tré nén hep hon khi so
v6i trudng hop tinh di huéng cia ma sat nhoé hon. Van toc di chuyén 1én déc 16n
nhat nhan duoc & tan sb kich thich fexe = 15 Hz, ung v6i truong hop luc ma sat duoc
thiét dat trudc 1én hon (Fp=13.6 N). Pbi voi truong hop luc ma sat duoc thiét dat
trude nho hon thi hé thong chi ¢6 thé chuyén dong xudng dbc khi tan sé kich thich

to 11 Hz tro 1én.

(a) 0=2.5° (b) 6 =5.0°
6
"T——F, 136N A F.=136N
5| —8—F 68N —e—F, = 68N —r
b, /-.__‘ . 2 .l /
4 L/ .. - T~
= :
04 —o—o—o -QXQ"'. e
o o \t".“x._\ ol
:E‘ 2 ; = h
=, “ E L ]
= 14 o \
41
0 ] /-"
6 /
14 + 1 P
_2 T L T T T T T T “x T ) T T T T T
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
1. (Hz) £ (Hz)

Hinh 4.7. Vin téc di chuyén trung binh cua thiét bi tw di chuyén duwdi diéu kién ma
sat di hwong: voi goc nghiéng 6= 2.5°(a) va goc nghiéng 6= 5.0°(b)

Dé giai thich rd hon vé ung xir cia hé thdng, co thé sir dung do thi time
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history ctia cac khdi luong trong hai trudng hop (Hinh 4.8): mot truong hop co ciu
chuyén dong tién vé phia trude (16n doc) va mot truong hop co ciu chuyén dong lui
vé phia sau (xubng ddc). Cac d6 thi c6 cung goc nghiéng, 8= 5.0° va cic thong sd
khéc, trir cuong do lyc ma sat dugc thiét dat trude Fpva tan sd kich thich. Trén mbi
dd thi, mdi chu ky dao dong cua cac khdi luong m; va m> dugc gidi han béi hai lan
va cham lién tiép, twong tng véi hai dinh lién tiép cua X;. Trong d6, chuyén dong
ctia khéi luong my (dudng X2) ¢ thé chia thanh bén khu vuc: khu vuc (I) khéi
luong m> tién vé phia trudc do va cham véi khdi luong m2; khu vuc (1) khéi luong
m; 10i vé phia sau; khu vuc (IIT) khdi lugng m: ¢6 thé di chuyén vé phia sau hodc vé
phia trude, tiy theo tan s kich thich; khu vyc (IV) khéi lwong ma chuyén dong vé
phia sau. Trén Hinh 4.8, hai thoi diém va cham dugc danh ddu bang hai duoc thing

dung, nét dut; cac khu vire duoc phan chia boi cac duong thang ding, nét chdm nhod

mau do.

(a) Fp=13.6 N; fore = 15 Hz (b) Fp= 6.8 N; faxe = 19 Hz
: _"1‘ ® o Impact o Impact i) ([ —)
44 ) Impact : ELP__. '@? ! J I_V '

X, X (mm)
[3*]
J -

X, X, (mm)

L

1 ! : ! -10.0 ot —

- T T . v 1 v T v
1.00 1.05 1.10 1.15 1.20 1.25 L.10 1.15 1.20 1:25 1.30 1.35
fis) I(s)

Hinh 4.8. D6 thi time history ciia khéi lwong qudn tinh X, (dwong dam, nét dirt) va
cia than thiét bi X (dwong lién, mau xanh) khi co cdu di chuyén trén mdt nghiéng
voi goc 0= 5.0° (a) Fpp = 13.6 N; fexe = 15 Hz, and (b) Fpp = 6.8 N, foxe = 19 Hz

Dé dang nhan thay, khi hai khdi lugng va cham véi nhau, than thiét bi lap tirc
duoc déy vé phia trudc, twong ung voi khu vuc (I). Dudi tac dung cua luc dién tu,
khéi lwong m; van tién vé phia trudc va kéo theo ca khdi lugng m.. Khi khdi lugng
m; dat dén cuc han va chuyén dong theo chiéu 1ui, khdi lugng m; nhanh chong dirng

lai do lyc can chuyén dong Fjp tic dung 1én than co cAu. Sau dé, do trong lyc va cé



69

thé mot phﬁn do lyc tuong tac gitra hai khéi luong, dudi diéu kién ma sat dong luc
hoc, than co ciu chuyén dong theo chiéu 1ui véi lugng dich chuyén dang ké, thé
hién trén ving (II). O khu vyc (1) trén Hinh 4.8b mg véi trudng hop luc ma sat
thiét dat trude nho hon, xu huéng chuyén dong Iui (xudng dbc) ciia than thiét bi co
vé van tiép tuc. Diéu nay co thé do khéi lugng quan tinh m; dao dong dén vi tri cuc
han va chuan bi dao chiéu, lyc quéan tinh tac dung 1én than thiét bi 1on lam cho thiét
bi chuyén dong xubng ddc dé dang hon. Tuy nhién, & khu vuc (I1I) trén Hinh 4.8a
ung véi truong hop cuong do luc ma sat dugce thiét dat trude 1on hon, khoi lugng
quan tinh m; chuyén dong dén vi tri can bang, luc quan tinh nho nhat nén co thé lam
cho thiét bi hau nhu khong chuyén dong. O khu vuc (IV), giai doan dau, ca luc quan
tinh ciia khdi lwong m; va trong luc c6 xu huéng kéo than thiét bi chuyén dong
xudng dbc, do d6 khéi luong m, chuyén dong xudng doc nhanh chéng. Khoang thoi
gian chuyén dong ¢ giai doan nay khong giéng nhau, & Hinh 4.8a nho hon so véi ¢
Hinh 4.8b, c6 thé phu thudc vao cuong do lyc ma sat dugc thiét dat trude. Giai doan
thtr hai ¢ khu vuc (IV) trén Hinh 4.8a, cua luc quan tinh c6 xu hudng kéo than thiét
bi tién vé phia trudc, va can bé“lng Vo1 téng cua trong luc va lyc ma sat dugc thiét dat
trude, nén co ciu gan nhu khong chuyén dong. Con d6i véi giai doan thir hai ¢ khu
vuc (IV) trén Hinh 4.8b, khi giam cuong d6 lyc ma sat thiét dit trude, khdi luong
m> gan nhu chi chuyén dong xudng phia dudi ma khong thé chuyén dong 1én dbc
duoc. Do d6, co cdu c6 xu hudng chuyén dong i, hay chuyén dong xubng ddc.

Tir két qua thuc nghiém nay c6 thé nhan thiy, chuyén dong tién vé phia trude
(1én dbc) cua thiét bi ty di chuyén duéi diéu kién ma sat di huéng phu thudc manh
vao cuong do cua lyc ma sat duoc thiét dat trude F m. Khi cuong do luc ma sat thiét
dit trudc cang thi thiét bi cang d& dang chuyén dong vé phia trudce, nghia la cang dé
dang 1én déc.
4.3. Két luan Chuong 4

- Anh huong ctia cuong d6 luc ma sat trong truong hop ma sat dang hudng da
dugc khao sat thong qua danh gid ti s6 gitra cudng do6 luc kich thich va cuong do

luc ma sat cho bbn truong hop khac nhau. Két qua cho thay, khi ti s6 nay nho hon 1
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thi thiét bi d& dang chuyén dong tién vé phia trudc (cung chiéu voi chiéu va cham).
Khi ti s6 nay nho hon 1, téc d6 chuyén dong vé phia trude cang 16n khi lyc can
chuyén dong tac dung 1én co cau cang 1on.

- Anh huong ctia ma sat di huéng da dugc khao sat thong qua cuong do luc
ma sat duoc thiét dat trudc va goc nghiéng di chuyén cia thiét bi. Két qua cho théy,
thiét bi co kha nang chuyén dong theo chiéu c6 lyc can 16n hon, nghia 1a chuyén
dong 1én dbc. Khi cung mdt do dbc xac dinh, luc can chuyén dong cang 16n thi co
céu cang dé chuyén dong vé phia trudc, va tdc do chuyén dong vé phia trudc (1én
déc) cang 16m.

- Ca hai trudng hop khao sat déu cho thdy, thiét bi ty di chuyén nho rung dong
- va dap c6 kha ning chuyén dong tién, lui trong ca diéu kién ma sat dang hudng va
di huéng ma khong can giai thuat diéu khién. Vi cac didu kién xac dinh khac nhau,
chiéu chuyén dong va van tde chuyén dong cua thiét bi c6 thé nhan duoc theo tan sb
va bién d0 cua luc kich thich véi dang kich thich theo ham s sin. Dang kich thich
don gian nay 1a diéu kién 1y tuong cho viéc tiép tuc nghién ciru, phat trién mo hinh

va trién khai img dung trong thyc tién.
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CHUONG 5. NGHIEN CUU PONG LUC HQC
THIET BI TU DI CHUYEN NHO RUNG PONG - VA PAP MOI

Chuong nay s& trinh bay cac két qua nghién ctru dong luc hoc thiét bi tu di
chuyén nho rung dong - va dap moi dua trén cac két qua duge khao sat anh huong
cua cuong do lyc ma sat da thuc hién & Chuong 4. Trudc ti€n, mo hinh toan dugc
xay dung cho hé thong thiét bi tuw di chuyén nhd rung dong - va dap méi va kiém
chimg véi két qua thuyc nghiém. Sau d6, mo hinh toan duoc chuyén sang dang
khong thtr nguyén dé nghién ciru dong luc hoc, ddng thoi, dé dang khao sat cho cac
truong hop kich ¢ khac nham danh gia chi tiét dic tinh dong luc hoc ciia hé thong
khi thay d6i cac thong sd.
5.1. M6 hinh héa hé thong
5.1.1. M6 hinh vdt ly va mé hinh ma sat

Mo hinh vat 1y cta thiét bi ty di chuyén nho rung dong - va dap dién hinh
dugc sir dung, nhu trén Hinh 5.1a. Lo xo duoc sir dung dé lién két hai khéi lugng
m; va my c6 dic tinh phi tuyén manh. Khéi lugng quan tinh dugc kich thich tuan
hoan bdi luc kich thich dang ham s6 sin. Luc ma sat can tré chuyén dong, F;, duoc
gia thiét theo mé hinh ma sat Coulomb-Stribeck, nhu trén Hinh 5.1a. Khi lyc ma sat
tac dung 18n than thiét bi vuot ngudng cia cuong do lyc ma sat kho, thiét bi co thé
chuyén dong theo ca hai chiéu (tién hodc lui). Khi do, thiét bi chiju tac dung cua luc
ma sat dong luc hoc R. Trong nghién ctru dong luc hoc, gia thiét réng ma sat la

déng hudng, nghia la: Fy" = |[Fy|=F;vaR"=|R|=R.

@ (b)
a_i} a_x—)f F+A Fr
l RS+ &_——r_—_‘_—_‘?_'____
]CO )
ni 0 .
G m,  J  TU=== R
F, . B

Hinh 5.1. M6 hinh vét Iy (a) va mé hinh ma sat Coulomb-Stribeck dang hiwrémg (b)
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5.1.2. M6 hinh héa hé théng tw di chuyén nho rung dpng - va dip

Trong Hinh 5.1a, X; va X> lan luot 1a luong dich chuyén tuyét ddi cia khdi
lwong quéan tinh m; va khdi lwong than thiét bi mo. Lwong dich chuyén X; (i=1,2)
nhan gia tri duong khi thiét bi chuyén dong theo chiéu tién vé phia trudc va nguoc
lai. O vi tri can br:ing (khi khong dugc kich thich), hai khéi lugng cach nhau mot
khoang G. Khi chuyén dong tuong dbi X; - X> 16n hon hodc bang G thi va cham
giita hai khdi lwong xay ra va thiét bi c6 thé chuyén dong. Pic trung cho va cham
giita hai khdi luong dugc mo hinh hoa bai 16 xo tuyén tinh c6 do cimg ko. Lo xo lién
két giita hai khdi lwong dugec mo hinh hoa béi mot ham bac ba khuyét, theo dich
chuyén tuong ddi gifra hai khdi luong, tuong tu trong [45, 60], nhu sau:

var=k1(X1_X2)+k2(X1_X2)3 (5.1)

Hé théng c6 thé hoat dong theo hai giai doan, nhu dugc mo ta sau day. O giai

doan dau, khi khbi lwong m; khong va dap véi khdi luong m», nghia 1a: [X;—X3|<G.

2
m, X, = Asin(Q¢)- F, —c[%—ﬂ]

dt? pr dt dt
d*x dx, dx (5:2)
m, = :—Asin(Qt)+prr +¢ —L-—2%|-F,
dr’ ‘ dt  dt

Khi dich chuyén twong dbi giita hai khdi luong bang hodc vuot qua khe ho G,
nghia 12 X;—X> > G, va cham giita hai khéi lugng xay ra. Hé phuong trinh chuyén

dong cua co h¢ trong giai doan thir hai co thé duoc biéu dién nhu sau:

d*X . dx, dx
my 21 :ASIH(QI)_var_c(_l__zj_kO(Xl_X2_G)
dt dt dt (53)
d*X . dx, dx '
m, dt22 :—Asm(Qt)+Fspr +C(TZI—TZZJ+I€0(X1 -X,-G)-F,

Phuong trinh téng quat mo ta chuyén dong cta co hé nhan dugc bang cach két

hop gitra hé phuong trinh (5.2) va (5.3):

2
m d )2(1 = Asin(Qt)- F,,, —¢ ax, _dX, ~ Hko(X, - X, - G)
dt dt dt 54)
’X, () dX, _dXo) e ( c ©.
my—t = —dsin(Qe)+ £y, +o| — -2 |+ Hiko (X, - X, - )-F,
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trong do, H(.) l1a ham Heaviside, dugc dinh nghia nhu sau:

H=1,X,-X,-G>0
(5.5)

H=0, X,-X,-G<0
Nghién ctru dong luc hoc cta co hé¢ hau hét duoc thuc hién dudi dang khong
thir nguyén. Thong thudng, viéc chuyén doi khong thir nguyén duoc thuc hién bang

cach d6i bién thong qua viéc thiét dat cac dai luong nhu sau:

k k k Q
T=Qut X =L X%, =—X,;Q, = | —0=—yj
Fy F m Q,

: (5.6)

¢

2m,Q), F k, k,

trong d6, cudng do luc ma sat Fs duge xem nhu 13 hang s6. Hé phwong trinh khong
thir nguyén mo ta chuyén dong cua co hé, dung dé nghién ciru ing xtr dong luc hoc
ctia co hé, sau khi thuc hién d6i bién c6 dang nhu sau:

2
- );1 = asin(07)-(x — %) - By - x,)° —24’(%—&J—ha(xl —x,—7)

dr dr dr

(5.7)

2
dx2:

dr?

_asin(a)r)-i-(xl—x2)+ﬂ(xl_x2)3+2§ dq _dog _,_ho-(xl_xz_},)_sgn[ﬁ] r
dr dr dr )|u

Trong hé phuong trinh (5.7), & 1a ham Heaviside, mo ta dac trung va cham

trong mo hinh khong thtr nguyén, cé dang:

h=1,x,—x,—y >0
1~ X7 (5.8)

Trong nghién ctu dong lyc hoc, anh huong cua cuong do luc kich thich (F)
dén tng xir ciia hé théng dugc dénh gia thong qua dai luong «, d6 1a ti sb giita
cuong do luc kich thich va cuong do luc ma sat. Trong cac nghién ctu trudc day,
cudng do luc ma sat thudng duge xem nhu khong doi. Khi d6, tng xtr cta hé thong
duoc khao sat dudi diéu kién thay ddi cuong do luc kich thich, nghia 1a thay doi ti
sd a. Tuy vdy, tng xir cta hé thdng c6 thé khac nhau khi cuong do lyc ma sat khac
nhau, nhu da khéao sat trong Chuong 4. Do vay, trong nghién ctru dong luc hoc cua

de tai nay, ti sO a dugc gitt nguyén va cuong do luc ma sat s€ dugc thay doi, h¢
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thdng c6 thé di chuyén tién vé phia truéc hodc 1t vé phia sau. Hon nua, nhu c6 thé
thdy trong phwong trinh d6i bién (5.6), cuong do luc ma sat Fs xuat hién trong nhiéu
thong sb (x1, x2, B, 7), nghia 1a Fs khong phai dai luong doc lap, gay nén nhirng kho
khan 16n cho qua trinh kiém nghiém tmg xir dong luc hoc ciia hé thong khi thay doi
cuong d6 lyc ma sat. Ngoai ra, sir dung ti s6 o s& dan dén cac phuc tap trong qué
trinh mé rong két qua khi ding mé hinh khong thir nguyén.

Trong dé tai nay, trudc tién phai kiém chimg mo hinh toan (5.4). Anh hudng
cua cac muc cuong do luc ma sat dén ung xu thuc ctua hé théng duoc kiém tra. M6
mo hinh khong thir nguyén méi duoc dé xuat dé thuan tién hon cho viéc thay d6i
thanh phén lyc ma sat. Sau do, cac ung xur dong luc hoc cua co h¢ dugc khao sat, st
dung mé hinh khong thir nguyén méi. Trong d6, md hinh ma sat dugc dé tai su
dung 1a mo6 hinh Coulomb-Stribek model [40, 42], c6 dang nhu sau:

dX,
dt

s

Ve dx,
sgn (_dt (5.9)

F=Lrlite
2

trong d6, F; 1a cuong do luc ma sat kho khi co cau bat dau chuyén dong, nghia 1a
khi dXo/dt = 0, va V 1a van tc Stribeck. Trong qua trinh nghién ctru thyc nghiém,
ba muc cuong do lyc ma sat dugce st dung, tuong ung voi cac mirc nho, trung binh
va 1on. Pong thoi, két hop véi bdn mure ti sd gitta cudong do luc kich thich va cudng
d6 lyc ma sat (o). Thiét 1ap thi nghiém va céac két qua kiém ching mo hinh s& duoc
trinh bay cu thé & phan tiép theo.
5.2. Thi nghi¢m kiém chirng mé hinh
5.2.1. Thiét Igp thi nghiém

Trén co s& hé phuong trinh (4.3) va (4.4) va cac két qua xac dinh thong s6 nhu
da trinh bay trong Chuong 3, cac két qua khao sat da duoc trinh bay trong Chuong
4, gia tri cac thong sb thi nghiém duoc tong hop nhu trong Bang 5.1. Trong do,
mudi hai bo thong s6 thi nghiém duoc thuc hién trong tng véi bon mirc cia o va
ba mirc cuong do luc ma sat. Tan s kich thich 15 Hz duogc lwa chon dé phan tich

chi tiét.
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Bang 5.1. Cdc théng s6 thi nghiém kiém chimg mé hinh tw di chuyén nho rung dong

- va ddp maoi

Théng so Ky hiéu Gia tri Pon vi
Khéi lugng quén tinh mj 0.518 kg
Khdi lwong than co cdu m: 1.818 kg
Do cung tuyén tinh cia 16 xo ki 1885.24078 N/m
Do cling bac 3 cua 10 xo k> 52158700 N/m?
Heé s6 giam chén c 8.893542 Ns/m
Khoang va dap G 0.5 mm
Cuong dg lyc ma sat Fs 2.3;6.8;val3.6 N
Ti s6 gitta cuong dd luyc kich 0.59; 0.79; 0.99;
thich va cuong d6 lyc ma sat AR va 1.19 )
Tan s6 kich thich foxe 15 Hz

5.2.2. Két qua kiém chieng mé hinh

Hinh 5.2 trinh bay két qua so sanh dd thi time history lwong dich chuyén X; va
X giita md phong va thuc nghiém. Trong do, ti sd giita cudng do luc kich thich va
cuong d6 luc ma sat o = 0.79 khong d6i, tan s kich thich foro = 15 Hz, hai muc
cuong do luc ma sat dugc khao sat la Fy = 2.3 N (Hinh 5.2a,b), va Fy = 13.6 N (Hinh
5.2¢,d). Cac d6 thi bén trai (Hinh 5.2a,c) thé hién két qua giai hé phwong trinh (5.4)
bang phwong phap giai tich sb, cac thong sé nhu trong Bang 5.1. Cac do thi bén
phai (Hinh 5.2b,d) thé hién két qua nhan duoc tir thuc nghiém thong qua viéc thu
thap, xur 1y dit liéu van hanh hé thong thiét bi tu di chuyén.

Trén Hinh 5.2, d& dang nhan thay su twong dong rat cao giita két qua mo
phong va két qua thuc nghiém vé dang quy dao chuyén dong cua cac khéi luong
cling nhu chiéu chuyén dong cua thiét bi. Véi ti a = 0.79 duogc giit khong ddi trong
ca hai truong hop cuong do lyc ma sat 16n Fs = 13.6 N va cuong do luc ma sat nho
Fy=2.3 N, thiét bi c6 thé di chuyén vé phia trude. Miac du co su sai khac nhét dinh

vé luong dich chuyén nhan dugc giita moé phong va thyuc nghiém, tuy nhién co thé
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két luan sy phu hop tot ciia md hinh toan véi mé hinh thuc nghiém. Pong thoi, co

thé nhan thay, luong dich chuyén theo chiéu tién vé phia truéc ciia gan nhu tuyén

tinh bac nhét theo thoi gian. Tuy vay, lugng dich chuyén X; cua thiét bi dat duoge

dudi diéu kién cuong do luc ma sat 16n (Fy; = 13.6 N, nhu trén Hinh 5.2¢-d, tdc do

dich chuyén dat dugc khoang +5 mm/s) 16n hon hai lan so voi khi chuyén dong

duéi diéu kién cuong d¢ luc ma sat nho hon (Fs = 2.3 N nhu trén Hinh 5.2a-b, tbe

d6 dich chuyén dat dugc khoang +2.5 mm/s).
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Hinh 5.2. DO thi time history lwong dich chuyén cia khoi heong qudn tinh (Xi) va

thén thiét bi (X2) nhdn dwoc tir két qua mé phong (a,c) va két qud thwe nghiém (b,d)

tai tan sé kich thich fexe =15 Hz, t1 s6a=0.79, cuong do luc ma sat lan luot la

Fs=23N (a,b)va 13.6 N (c,d)
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Hinh 5.3. DO thi time history lwong dich chuyén cia khoi heong qudn tinh (Xi) va
thén thiét bi (X2) nhdn dwoc tiv két qua mé phong (a,c) va két qud thwe nghiém (b,d)
tai tan sé kich thich fexe =15 Hz, t1 s6a=1.19, cuong do luc ma sat lan luot la

Fs=23N (a,b) va 13.6 N (c,d)

Twong ty Hinh 5.2, Hinh 5.3 trinh bay cac d6 thi time history cua thiét bi véi ti
sO o 16n hon 1 (cu thé: a = 1.19) trong diéu kién ciing tan s kich thich (foxe = 15
Hz) va hai muc cuong do lyc ma sat khac nhau, truong hop cuong do luc ma sat
nhé hon, Fy=2.3 N (xem Hinh 5.3a,b), va truong hop cuong do luyc ma sat 16m hon,
F;=13.6 N (xem Hinh 5.3¢,d). Cac d6 thi hinh bén trai (xem Hinh 5.3a,c) thé hién
két qua nhan duogc tir giai tich sd, trong khi d6 cac d thi hinh bén phai (xem Hinh

5.3b,d) thé hién két qua nhan duoc tur thuyc nghiém van hanh hé théng. Ciing dé
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dang nhén thiy su trong dong cao vé luong dich chuyén cua thiét b giita mé phong
va thyc nghiém & cung cac diéu kién. Tuy vdy, quy dao chuyén dong cua hai khbi
lwong, thé hién qua dd thi X; va X», ¢ su sai khac nho gitra mdé phong va thuc
nghiém. Sai khac nay co thé do m6 hinh hoéa luc dan hdi cua 16 xo hodc sai sb do
trong qué trinh thuc nghiém. Ngay ca khi c6 sai khac nay thi cac két qua mo phong
va thuc nghiém déu cho thay, khi cung ti s6 gitta cuong do luc kich thich va cuong
d6 lyc ma sat o = 1.19, hé thong chuyén dong vé phia sau (lui) dudi didu kién
cuong do luyc ma sat 16n hon (Fs= 13.6 N, nhu thé hién trén Hinh 5.3c,d), trong khi
d6 lai chuyén dong tién vé phia trudc dudi diéu kién cuong d6 luc ma sat nho hon
(Fy=2.3 N, nhu thé hién trén Hinh 5.3a,b).

Két qua nhan dugc tir mé phong va tir thuc nghiém vé chuyén dong cua cac
khéi lwong thude hé théng véi cac ti sb gitra cudng d6 luc kich thich va cudng do
lwc ma sat khac nhau (ti s6 @), cuong d6 luc ma sat (Fs) khac nhau c6 thé cho phép
nhéan dinh ban dau ré“mg, mo hinh toan va mo hinh thuc nghiém da tuong déng. bé
¢6 nhitng nhan dinh chinh xac hon vé chiéu chuyén dong ciing nhu téc do chuyén
dong cua co hé khi xem xét dong thoi anh hudng cia ti s6 « va cudng d6 luc ma sat
Fi, qué trinh thuc nghiém dugc trién khai véi 12 mire, duge to hop tir ba mirc cuong
d6 luc ma sat Fy (1an luot 13 2.3 N; 6.8 N va 13.6 N) va bon murc ti s6 o (1an luot 1a
0.59; 0.79; 0.99 va 1.19).

Nhu da trinh bay trén Hinh 5.2 va Hinh 5.3, dich chuyén cua toan co hé (X>)
thé hién su tuyén tinh bac nhét theo thoi gian & moi thong s6 khao sat. Dé so sanh
tdc d6 dich chuyén cia co hé khi thay ddi tap hop thong sé khao sat, luong dich
chuyén X> cua thiét bi nhan duge sau 3 s duoc dinh nghia 1a tbc d6 dich chuyén
trung binh, ky hiéu 13 P. Vi vay, néu P 16n hon nghia 1 co hé chuyén dong nhanh
hon. Mit khac, néu P ¢6 gia tri 4m, nghia 1a P < 0, thi chimg t6 co ciu chuyén dong
theo chiéu lui vé phia sau. Trén Hinh 5.4, tde do6 dich chuyén trung binh cua thiét bi
nhéan dugc tr thyc nghiém dugc vé de 1én dd thi contour phéng nhan dugc tu giai
tich s6. Két qua giai tich s6 nhan dugc bang cach thay d6i dong thoi ca hai bién s6

a va F; voi vong 1ap kép, bude lan wot 14 0.5 N cho cuong do lyc ma sat Fs va 0.05
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cho ti sb gitra cuong d6 luc kich thich va cuong do luc ma sat o.

F,(N)

E,(N)
Hinh 5.4. D6 thi contour ciia téc dé di  Hinh 5.5. D6 thi contour thé hién cdc
chuyén trung binh nhan dwoc tir thee  gid tri thie ciia dong thoi cwong dg luc
nghiém (thé hién béi dau sao) va tirmé ~ ™Ma sat Fsva cuong do lyc kich thich A
phong (dién tich dwoc dé mau), twong
wng voi cac mirc cuong do luc ma sat Fi
va ti s6 o khdc nhau
Trén Hinh 5.4, cac gia tri van toc dich chuyén trung binh nhan dugc tur thuc

nghiém (dugc danh déu bang déu sao va cac tham sb cu thé), twong ung voi hai
tham sb cua cuong do lyc ma sat va ti s6 . D thi contour duge d6 nén mau, tuong
ung voi ndm murc do tdc do dich chuyén khac nhau. Cac khu vuc chuyén dong theo
chiéu Iui (P e [0..-6]) dugc thé hién bang nén mau xam, va phan biét v6i cac khu
vuc chuyén dong theo chiéu tién (P €[0..+6]) bang duong nét dut mau do. Dé dang
nhan théy, ca chuyén dong tién va chuyén dong lui cta co h¢ dugc phan biét rat rd
rang. Toc d6 chuyén dong 16n nhét theo chiéu tién nhan dwoc khi két hop giita
cuong d6 luc ma sat 16n va ti sé o nho (ving mau do trén do thi contour). Toc do di
chuyén nhan duoc béng thuyc nghiém khoang +6.392mm/s, img véi cuong do luc
ma sat F, = 13.6 N va ti sb a = 0.59. Bén gia tri toc d6 chuyén dong theo chiéu tién
nhan duogc béng thuc nghiém, dugc danh dau béng vung hinh chit nhat trén dd thi,
cling nhan trong hodc gan ngay so véi khu vire mé phong c6 toe d6 di chuyén 16n
nhit. Pay 1a nhitng minh ching tiép theo cho thay su phu hop giita mé hinh thuc

nghiém va mo hinh 1y thuyét da duoc xac lap. Do vdy, c6 thé sir dung mé hinh toan



80

dé nghién ctru chi tiét hon vé tmg xtr ciia hé théng dudi diéu kién cudong d6 luc ma
sat va cuong do luc kich thich thay d6i. Tir dudng cong phan biét giira hai khu vuc
tién va 1ui cua thiét bi (dugc biéu dién bang nét dut, mau do), co thé két lusn rang
co hé s& chuyén dong theo chiéu lui khi déng thoi a > 1 va Fy < 10 N, va/hodc khi
dong thoi o< 1 va Fs> 10 N.

Hinh 5.5 biéu dién dd thi contour tbc do di chuyén trung binh cua co hé theo
gia tri cuong do ma sat thuc Fi va cuong do luc kich thich thuc 4. RS rang, van tde
chuyén dong trung binh cua co hé co thé chia thanh ba khu vuc 16n: khu vuc co hé
chuyén dong theo chiéu lui (mau xam), khu vuc co hé chuyén dong theo chiéu tién
(mau xanh) va khu vic chuyén dong nhanh theo chiéu tién (mau tim). Hai dudng
bao gifta cac khu vuc nay duoc trich va hdi quy, nhu thé hién trén do thi Hinh 5.6.

Céc duong cong hodi quy bac hai nay c6 R? 16n hon 0.99.

(a) (b)
20 ’ 15
¢ Forward-Backward boundary ¢ Fast forward boundary
—— Fitted | ——Fitted
...... A Tineric sefetene S35 ------ A linear reference
15 4 10 4
Backward motion
Z 104 S s
. K Equatin =
Bl*x
Weight NoWeightmg
Resdual Sum 141913
4 0 of Squares
Adj R-Square 0.99707
Intercept
AT Bl
Bl
0 r - . r . 1 : 5 - T . v . - .
0 5 [[i] 15 20 0 5 10 15 20
F (N) F (N)

Hinh 5.6. Puong cong héi quy cho cdc dwong bién phdn biét cdc khu viee
co hé chuyén dong tién-lii (a) va tién-tién nhanh (b)
Hinh 5.6(a) thé hién dudng bién gitta hai khu vuc co hé chuyén dong tién - lui,
phuong trinh dudng cong hdi quy c6 dang:
A=0.71085+1.10532F, —0.0168FS2 (5.10)
Pé tham chiéu, mot duong théng thé hién ham 4 = 1.10532.F, duoc v& trén

hinh (dudong mau xanh, nét dat). Cha y rang, d6i véi mdi gia tri ctia cuong do luc
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ma sat tinh F, khi bién d¢ luc kich thich 4 16n hon gia tri tinh duoc trong phuong
trinh (5.10), hé thong s& chuyén dong theo chiéu lui va nguoc lai.

Tuong tu nhu vay, dudng bién thé hién ngin cach giita hai khu vuc tién va
tién nhanh (P > 10 mm/s) cta co hé ¢ thé dugc biéu dién boi dudng cong hdi quy

nhu trén Hinh 5.6(b). Phuong trinh hdi quy ¢6 dang:
Ay = —2.4351+0.872F, = 0.0076 F; (5.11)

béi véi mbi gia tri truong do luc ma sat Fis, co h¢ sé& chuyén dong tién nhanh
khi bién do cua luc kich thich nho hon so voi gia tri nhan duoc cta biéu thic (5.11).

Str dung cac phuong trinh (5.10) va (5.11) c6 thé kiém chung co hé chuyén
dong theo chiéu tién hodc theo chiéu lui, hodc chuyén dong tién nhanh. So vdi cac
cong bd trude day [10, 23], co hé duge kiém nghiém chi v6i mot mie duy nhit cia
cuong do lyc ma sat. Két qua cua dé tai da co nhitng nghién ctru chi tiét hon nhiéu.
5.3. Phan tich wng xir ddng lwe hoc thiét bi tw di chuyén nho rung dong va va
dap méi

bé nghién ctu, phan tich chi tiét ung xu dong lyc cua thiét bi tu di chuyén
nho rung dong - va dap, trude tién mo hinh khong thir nguyén duoc phat trién trén
co so hé phuong trinh mé ta chuyén dong (5.4) dd duoc kiém chimg. Chuyén doi tir
phuong trinh thir nguyén sang dang khong thit nguyén dugc thyuc hién bang cach
d6i bién nhu sau:

Q
T =Qt; xlzﬁXl;xzzﬂXz;QO: ﬁ;a):—;
F, F, m Q

2
m

C _0.
k' kUK

- 2mQ,

A
; :—;O‘:
¢ )

trong do, F 1a gia tri lyc tham chiéu. Trong thyc nghiém, gia tri luc tham chiéu nay
c6 thé xac dinh bang cuong d6 luc ma sat tinh 16n nhat tac dung 1én co cdu chap
hanh. Mot ti I¢ luc mé1i, ky hi¢u 1a y, dugc st dung thay thé cho ti 18 lvc a duge mo
ta trudc day, cho phép thay doi cuong do luc kich thich doc lap voi cuong do luc

ma sat. Do vay, h¢ phuong trinh khong thtr nguyén cta hé (5.4) c6 dang nhu sau:
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X =v
v = ysin(wr) —(x; —x2)—[)’(x1 —x2)3 —ZJ(dxl—dxz)—hO'(xl —X, —}/)
dr dr
P (5.13)
v, :{—;(cos(a)r)-i-(x1 -x,)+ B(x —x2)3 +2€,(a’x1_dxzj+ ha()cl -X, —7/)—f, sgn(dxzﬂl
dr dr dr )| u

trong d6, ham Heaviside /4 dugc dinh nghia twong tu nhu phuong trinh (5.8).

Dé ¢6 hiéu biét sau hon vé ung xu dong lyc hoc cua thiét bi tu di chuyén nho
rung dong - va dap méi, trude tién nhom dé tai phan tich d6 thi ré nhanh. Trong bao
c4o ndy, van toc twong ddi gitra hai khdi lugng khong thir nguyén v, - vz, duge ky
hiéu 1a V* Khdo sat img xur dong luc hoc cua co hé khi luc ma sat, dic trung boi
dai lugng khong thir nguyén f;, thay d6i. Do d6, cuong d6 luc ma sat khong thu
nguyén s& dugc lya chon la tham s6 r& nhanh. D6 thi r& nhanh, trong truong hop
nay, 1a do thi thé hién van toc twong dbi V* véi tham sb ;.

Qua trinh v& d6 thi r& nhanh dugc thuc hién nhu mé ta sau day. DPdi véi mdi
gia tri cia tham s6 r& nhanh fr, mOt van tbe tuong ddi V* duge tinh toan tur gia tri
ctia van tdc tuong ddi v;-vs, theo tan s6 cua luc kich thich. Viée tinh toan V* duge
thuc hién cho ba tram chu ky kich thich. Mot tram chu ky kich thich dau tién duge
xem nhu co cdu hoat dong chua on dinh s& bi bo qua. Hai tram chu ky kich thich
tiép theo dugc xem nhu 6n dinh, dugc tinh toan dé xay dung dd thi r& nhanh. Dé
thuan tién theo doi va tham chiéu, téc d6 dich chuyén khong thtr nguyén cia co hé¢
khi cuong do luc ma sat £ thay doi ciing dugc vé ngay bén canh do thi & nhanh.
Téc d6 di chuyén khong thir nguyén ciia co hé, duge coi nhu luong dich chuyén
khong thr nguyén cua co h¢, ky hi¢u l1a x2, nhadn dugc sau thoi gian kich thich
khong thtr nguyén 7= 100.

Hinh 5.7a 1a dd thi r& nhanh cua V* theo tham sé cuong do lyc ma sat khong
thir nguyén, £ €[0, 2]. Co thé nhan théy, dd thi r& nhanh c6 dang gﬁn nhu mot
duodng cong tron cho moi gia tri cua cudong do luc ma sat. Hi¢n tuong nay chung td,
co hé ludn hoat dong & ché d6 chuyén dong chu ky don (period-one motion). Dé

tham chiéu, van toc dich chuyén khong thtr nguyén cua co hé twong tng dugc thé
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hién trén hinh Hinh 5.7b. C6 thé nhan théy, voi cuong do luc kich thich khong thur
nguyén y = 0.5 va tan sb kich thich khong thir nguyén @ = 1.56, co hé ludn c6
chuyén dong tién vé phia trudc. Co hé c6 tdc d6 chuyén dong 16n nhat khi cuong do

ma sat khong thtr nguyén c6 gia tri f, = 1.2.

(a) (b)
0.10 4
e 3
0.05 - \
\\\
b
"
\““\“ pom———LLy
‘£ 0.00 - e et ;
14
-0.05 -
04
T T T T T T 7 AT T T 7T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 20 0.0 0.2 0.4 0.6 0.8 Lo 1.2 14 L6 1.8 20
£, f,

Hinh 5.7. D6 thi ré nhanh ciia vin téc twong doi V* (a) lwong dich chuyén
khéng thir nguyén x2 (b) khi thay doi cuong d luc ma sdt, fir € [0, 2].
Cdc théng sé tinh todn khéc khéng doi: y = 0.5; w = 1.56.
(a) (b)

0.40

w7777 77— -1 Tt

Hinh 5.8. D6 thi ré nhanh ciia vin téc twong doi V* (a) lwong dich chuyén
khong thir nguyén xz (b) khi thay doi cieong do lwec ma sat, fr € [0, 2].
Cdc théng so tinh todan khdc khong doi: y = 0.5; @ = 1.0.
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Van giit nguyén tham sb khao sat 1a cudng do luc ma sat khong thir nguyén
trong khoang 7. €[0, 2] va cudong do luc kich thich khong thir nguyén y = 0.5, giam
tan s kich thich khong thir nguyén xuéng @ = 1.0 thi nhan dugc dd thi r& nhanh
nhu trén Hinh 5.8a va do thi thé hién téc do dich chuyén khong thtr nguyén x; nhu
trén Hinh 5.8b. R& rang, d6 thi r& nhanh van la mot duong cong tron voi moi gia tri
ctia tham sb cuong do luc ma sat khong thir nguyén ;. Diéu nay chimg t6 rang, co
hé van lam viéc ¢ ché d6 dao dong tudn hoan chu ky don (period-1 motion). Tuy
nhién, co hé s& chuyén dong theo chiéu lui trong khoang f; €[0, 0.175]. Khi cudng
dd lyc ma sat khong thtr nguyén tdng Ién, trong khoang f- €[0.175, 2], co hé luon
chuyén dong theo chiéu tién vé phia trude. Tbc dd cuc dai ¢ thé nhan duoc trong
truong hop nay tai f- = 0.9.

Khi ting cudng do lyc kich thich khong thtr nguyén, y = 1, d6 thi 1& nhanh va
tuong Ung la dd thi thé hién téc do chuyén dong cua co cdu dugce thé hién trén Hinh
5.9. Xu hudng chuyén dong ctia co hé chia thanh hai khu vuc: chuyén dong theo
chiéu Iui khi cuong do luc ma sat khong thir nguyén nho (f€(0, 1.18]) va chuyén
dong theo chiéu tién khi cuong do lyc ma sat khong thir nguyén 16n (f.e(1.18, 2]).

(a) (b)
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% 1
Hinh 5.9. D6 thi ré nhanh ciia vin téc twong doi V* (a) lwong dich chuyén
khong thir nguyén xz (b) khi thay doi cieong do e ma sat, fr € [0, 2].
Cdc théng so tinh todan khdc khong doi: y = 1.0; @ = 1.0.
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Tiép tuc ting cudng do luc kich thich khong thtr nguyén, y = 1.5, d6 thi 1&
nhéanh va tuong ung la dd thi thé hién tbc do chuyén dong cua co cu duoc thé hién
trén Hinh 5.10. D& dang nhan théy, khi cuong d6 luc ma sat nho (f,€(0, 1)), dd thi
r& nhanh Hinh 5.10a xuét hién dang mot dai hep, giéng nhu co hé chuyén dong tuan
hoan v&i chu ky don (period-/ motion) va chu ky déi (period-2 motion). Tuong tng
v6i khoang cuong do luc kich thich nhé, hau nhu co ciu chi chuyén dong theo
chiéu 1ui. Trong khi d6, v6i khoang cuong do luc kich thich 16n hon (f,e(1, 2]), co
hé ludn chuyén dong tién vé phia trudc. Tuy vay, hé thong thé hién ca ing xir dong
luc hoc hdn loan (chaotic motion) trong mot sd khoang f 1an chuyén dong tuin
hoan v&i chu ky don (period-/ motion) trong mot sé khoang f; con lai. Ung xtr dong
luc hoc cua co hé¢ s€ dugc phan tich sau hon bﬁng k¥ thuat "basin of attraction".

(a) (b)
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A S,
Hinh 5.10. D6 thi ré nhanh cia vin toc twong doi V* (a) lwong dich chuyén
khéng thir nguyén x2 (b) khi thay doi cuong dé lwc ma sdt, fi € [0, 2].
Cdc théng sé tinh todn khdc khéng doi: y = 1.5; @ = 1.0.

bé phan tich sau hon ban chét cua ung xu dong luc hoc cua thiét bi tu di
chuyén nho rung dong - va dap méi, dd thi "vang hoi tu" dugc xdy dung véi tap hop
cac thong sd van hanh hé thong. Diéu kién thiét 1ap ban dadu gdm: chuyén dong
tuong d6i khong thr nguyén trong khoang tir —0.4 dén 0.1 va vén tdc tuong ddi

khong thir nguyén duoc gitt nguyén cho tat ca cac db thi.
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(2) (b) (©)

Color of Basin

Color of Attractor *
Hinh 5.11. Basin of attraction (a) va quy dao pha kém bdan dé Poincaré (b,c)

cia co hé. Cdc théng sé tinh todn khdc khéng doi: y = 1.0; @ = 1.0; f, = 0.1.

Hinh 5.11a 1a dd thi attractor va Hinh 5.11b,c la quy dao pha kém ban dd
Poincaré (diém chim mau do) twong ung v&i hai xu hudng hoi tu chuyén dong cia
co hé. Cac thong sé dugc str dung dé tinh toan (dudi dang khong thir nguyén) gom:
cuong do luc kich thich y =1, tan sb kich thich @ =1, cuong do luc ma sat nhd, 1. =
0.1. D& dang nhan thy, co hé c6 chuyén dong tuan hoan theo chu ky don voi moi
diéu kién ban dau.

Khi tang cuong do luc ma sat khong thu nguyén (f = 0.95), co hé c6 mdt xu
huéng hoi tu vé chuyén dong chu ky don (period-/ motion), va hai xu huéng hoi tu
vé chuyén dong chu ky doi (period-2 motion), nhu thé hién trén Hinh 5.12. Trén
Hinh 5.12a, hai dai quy dao chinh chuyén dong véi chu ky déi (period-2 motion)
duoc thé hién béng cac vung hdi tu mau xanh va mau do, co nén la mau xanh nhat
va mau tim. Déi quy dao thé hién chuyén dong tuan hoan véi chu ky don (period-2
motion) dugc thé hién bang mau vang, c6 nén mau xam. Hinh 5.12b-d 1an luot thé
hién quy dao pha va ban dd Poincaré cho cac xu hudng hoi tu nay. Mot tram chu ky
chuyén dong dau tién duoc thuc hién & ché do khong 6n dinh va khong dugc vé
trong cac do thi nay.

Khi chiu tdc dung cua cuong do luc ma sat tuong ddi 16m, co hé ¢6 thé hién ca

chuyén dong hdn loan va chuyén dong binh 6n chu ky don, nhu duoc mé ta trén
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Hinh 5.10. Xu hudéng hoi tu thé hién chuyén dong hon loan khi cuong do luc ma sat
khong thtr nguyén 1a ;= 1.8, nhu trén Hinh 5.13a. Trong d6, xu hudng chuyén dong
hdn loan dugc mé ta boi khu vuce ¢ mau dé, véi nén 1a mau tim. Mot xu hudng hoi
tu khac, chuyén dong theo chu ky don (period-/ motion), dudi dang mot chdm mau
xanh trén nén mau xanh nhat. Hinh 5.13b,c lan luot thé hién quy dao pha va ban dd
Poincaré cta hai xu huéng hoi tu ndy. Tuong ty, mot trim chu ky chuyén dong dau
tién duoc thuc hién & ché do khong on dinh va khong dugc ve trong céac dd thi nay.

(a) (b)
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Hinh 5.12. Basin of attraction (a) va quy dao pha kém ban d6 Poincaré (b,c)
ciia co hé. Cdc théng sé tinh todn khdc khéng doi: y = 1.5; w = 1.0; f, = 0.95.
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(2) (b) (c)

Color of Basin
Color of Attractor
Hinh 5.13. Basin of attraction (a) va quy dao pha kém bdan dé Poincaré (b,c)
ciia co hé. Cdc théng sé tinh todn khdc khéng doi: y = 1.5; w = 1.0; f, =1.8.
Qua céc phan tich trén, c6 thé nhan thiy, xu huéng hoi tu va ban do Poincaré
da chtng to anh huong rat 16n cua cuong do luc ma sat dén tng xir dong luc hoc
cua thiét bi tu di chuyén nho rung dong - va dap moi dé xuét. Ung xtr dong luc hoc
ctia hé thong thay doi, tir trang thai chuyén dong tuan hoan theo chu ky don, chu ky
doi dén chuyén dong hon loan, phu thudce vao cudng d6 lyc ma sat tac dung 1én hé
thdng. Can luu ¥ rang, tmg xtr dong luc cia thiét bi ty di chuyén nho rung dong - va
dap da duogc thuc hién trong mot ) nghién ctu trude day, chéng han nhu [39, 42].
Tuy nhién, anh hudng cua cuong do luc ma sat dén ung xir dong luc hoc thi chua
dugc quan tam. Ciling chi c6 mot cong bd thuc hién viéc nghién ctru ung xur dong
lwc hoc v6i cac md hinh ma sat khac nhau [40]. Cong bd d6 ciling méi chi dung ¢
viéc khao sat rng xur dong luc hoc khi thay ddi ti 1 cac khoi luong m; va m> véi
bén mo hinh ma sat khac ma chua quan tdm dén anh huong cta cuong do lyc ma
sat tac dung 1én hé thong.
5.4. Két luan Chwong 5
Chuong nay di trinh bay két qua nghién ctru tmg xtr dong luc hoc chi tiét cua
thiét bi tu di chuyén nho rung dong - va dap. Trong d6, md hinh toan hoc mo ta
dong luc hoc co h¢ da dugc xdy dung va kiém chung béng thuc nghi¢m. Ung XU

dong luc hoc cta co hé dugc phan tich thong qua hé phuong trinh khong thi
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nguyén. Lan dau tién cudng d6 ma sat dugc xem xét nhu mot tham sé anh huong
dén ung xur dong luc hoc cia co hé. Cac muc cuong do luc ma sat da dugc khao sat,
thong qua dai luong khong thir nguyén f;, két qua cho thdy co hé c6 chuyén dong
theo chu ky don, chu ky déi hoac chuyén dong hon loan, phu thudc vao cuong do
luc ma sat. DO thi "basin of attraction”, dd thi pha va ban dd Poincaré da chung
minh xu hudng héi tu trong ing xtir dong lyc hoc khi co cau duoc kich thich va chiu

tac dung cta cuong do luc ma sat thay d6i mot cach ngau nhién.
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KET LUAN CHUNG
Pé tai d3 hoan thanh cac muc tiéu nghién ctru chinh dét ra, do la:

- D3 phat trién duoc mot mé hinh thiét bi tu di chuyén mai trén co s¢ rung
dong - va dap, cAu tao don gian, hoat dong on dinh, c6 kha nang di chuyén
theo ca hai chiéu, khong can giai thuat diéu khién phtc tap nhu cac hé théng
tuong tu trudce day.

- Nghién ctru dénh gia cac yéu té ngu nhién dudi su tuong tac voi moi truong
(luc ma sat, twong tac gitta cac khéi luong va lyc kich thich thiét bi tu di
chuyén). Trong d6, 1an dau tién yéu t6 cuong do ma sat duoc khao sat cho
théy anh huong lon dén ung xu dong luc hoc cia co hé. Khi thay doi cuong
dd lyc ma sat, xu hudng hdi tu cho théy thiét bi co ung xu dong luc hoc theo

chu ky don, chu ky d6i hodc hon loan.
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-Hoan chinh dé tai, viét bao céo
téng két.

Ngb Québc Huy

Truong
DPHKTCN, Co
khi

-Tha nghiém mot s6 md hinh thi
nghiém co cdu ty di chuyén co
kha niang thay do6i diéu kién ma
sat, can, thay d6i huéng chuyén
dong va tai trong;

-Phét trién cac md hinh toan, mo




phong phéan tich dong luc hoc co
hé trong cac diéu kién lam viéc
khac nhau duéi dang tién dinh
hoic ngau nhién;

-Phén tich, xur ly d liéu phan tich
dong luc hoc, céng bd qubc té;
-Kiém chang két qua diéu khién,
cong bé qudc té;

-Phat trién thiét ké, lva chon théng
s6 t6i wu, cong bd két qua.

8 | Mac Duy Hung | Truong
DHKTCN, Moi
truong

-Phét trién cac md hinh toan, md
phong phan tich dong luc hoc co
hé trong cac diéu kién lam viéc
khac nhau dudi dang tién dinh
hoic ngau nhién;

-Phan tich, xu ly dir li¢u phén tich
dong luc hoc, cong bé quéc té;
-Phét trién giai thuat diéu khién,
trién khai thir nghiém;

-Kiém chting két qua diéu khién,
cong bé qudc té;

-Phat trién thiét ké, lya chon théng
s6 t6i wu, cong bd két qua.

9 | Nguyén Thanh | Truong
Cong PHKTCN, Co
khi

-Tha nghiém mot s6 md hinh thi
nghiém co cdu ty di chuyén co
kha niang thay do6i diéu kién ma
sat, can, thay d6i hudng chuyén
dong va tai trong;

-Phét trién cac mo hinh toan, md
phéong phan tich dong luc hoc co
hé trong cac diéu kién lam viéc
khac nhau dudi dang tién dinh
hoic ngau nhién;

-Phét trién giai thuat diéu khién,
trién khai thir nghiém.

9. PON VI PHOI HQP CHINH




Téndonvi Noi dung phdi hop nghién cau Ho vaten
trong va ngoai nudc nguoi dai dién
don vi
Doanh nghiép tu nhan |e Phdi hop nghién cuu:; Ly Thi Lién
Théi Long

e Dau tu ngudn von thyc hién dé tai c6 gia tri
tuong duwong 50% téng kinh phi thuc hién
dé tai;

e Don vi thu huong két qua nghién ciru va san
pham, thiét bi, may méc cua dé tai;




10. TONG QUAN TINH HINH NGHIEN CcUU THUQC LINH VUC CUA
PE TAI G TRONG VA NGOAI NUGC

10.1. Trong nudcC (phdn tich, ddnh gid tinh hinh nghién ciru thuge linh vuc cia dé tai ¢
Viét Nam, liét k& danh muc cac cong trinh nghién ciu, tai liéu cé lién quan dén dé tai
ot trich ddn khi danh gia téng quan)

- Theo théng tin ma nhém tac gia da tim cac nghién ctru trong nudc, nhom tac gia chua
nhan dugc cac két qua nghién ciru veé linh vuce co cau ty di chuyén cta cac tac gia khac.

- Puoc sy tai trg cua Quy Phat trién khoa hoc va cong nghé Quéc gia Nafosted, nhém tac
gia dé tai nay di va dang thuc hién 02 dé tai vé hudng nghién ctu thiét bi tu di chuyén.
Pé tai thi nhat 1a “Dong luc hoc phi tuyén cta co cau rung va dap nam ngang”, ma sd
107.01-2012.33. Pé tai dd phat trién ba mo hinh co cau rung-va dap theo phuong ngang
hira hen tng dung khong chi trong céng nghiép (May dao ngam ngang) ma con trong cac
linh vuc khac nhu vién nang ndi soi (Capsule robots) trong Co y sinh va céc thiét bi tu di
chuyén yéu cau nho gon khéac. Két qua nghién cau ciia dé tai nay di duoc cong bé trén 04
bai bao ISI/Scopus, trong d6 c6 01 bai trén tap chi ISI c6 uy tin (SCI), 02 bai SCIE va 01
bai Scopus [13-16].

- Pé tai the hai ma nhom nghién cau da thuc hién 12 “Pong huc hoc thiét bi tu di chuyén
nho rung dong”, ma sé 107.01-2017.318. Muc tiéu cua dé tai nay la tiép tuc nghién cau
dong luc hoc phi tuyén cua co ciu ty di chuyén theo phuong ngang, tir d6 xac dinh bo
thong sb 1am viéc va diéu khién hop 1y dé dap ung yéu cau 1am viéc trong cac moi trudng
khac nhau, mo rong cho cac phuong, chiéu chuyén dong khac nhau. Két qua cua dé tai
nay da cong bd 01 bai bao trén tap chi 1SI ¢6 uy tin (SCI) [17]. Mot huéng méi ma nhém
nghién ciu chlng tdi nhan thay dang con boé ngo 1a phan tich va dé xuat co cau tu di
chuyén khi ké dén yéu t6 ngau nhién dudi su twong tic voi méi truong (luc ma sat, tac
dong gitra cac khdi luong va luc kich dong thiét bi ty di chuyén).

10.2. Ngoai nudc (phdn tich, ddnh gid tinh hinh nghién civu thude linh vuc Ciia dé tai trén
thé gidi, liét ké danh muc cac cong trinh nghién citu, tai lidu 6 lién quan dén dé tai dwroc
trich dan khi danh gid tong quan)

- Céc hé théng ty hanh duoc quan tdm nghién ciru & nhiéu khia canh khac nhau, chang
han nhu mé hinh hoa, phan tich va diéu khién [5], thiét ké va kiém chung thuc nghiém [6-
8]. C6 thé coi mo hinh do Chernous'ko dé xuat [5] 1a khoi thay cua cac thiét bi tu hanh
nho dao dong tuan hoan cua khéi luong quén tinh. Trong md hinh nay, luc twong tac phat
sinh nhd chuyén dong tuan hoan (dao dong) cia mot khdi lwong quén tinh bén trong hé
théng duoc khai thac nham tao ra chuyén dong thang (rectilinear) cua toan bo hé théng.
Mo hinh co ciu ty hanh khai thac nguyén ly rung dong két hop va dap duoc Liu va cong
su dé xuat (2012) va trién khai nghién ctu (2015-2017) [4,8-10] d3 phan nao khic phuc
nhitng ton tai nay. Tuy vay, dé nhan duoc chuyén dong theo chiéu tuy ¥, ciing doi hoi
phai diéu chinh thong s6 1am viéc rat chinh xé&c [19], do hé phi tuyén rat nhay véi gié tri
c4c tham s6 hé thong. Thém nira, md hinh todn hoc md ta co hé cia Liu ciing nhu trong
nhiéu nghién cau trude day thudng md hinh héa luc kich thich don thuan tac dung I1én

7




khéi luong quan tinh. V& ban chat, md hinh robot ty hanh dya trén nguyén 1y rung dong-
va dap cua Liu va cong su [4,8-10].

- Trong [11,12] cac tac gia da phan tich dong luc hoc cia hé Capsule vi md hinh tiép
xuc Hertzian ké dén tac dong ngau nhién. Cac tac gia da nhan dugc két qua chuyén dong
hé théng tu di chuyén, tuy nhién chua di sau phan tich sy anh hudng tuong tac cua tham
s6 hé thdng va tac dong ngau nhién dé dam bao hé thdng tu di chuyén cé chuyén dong
tién hoac 10i tot nhat. Két qua thu duoc tir [11,12] méi chi ding lai @ mé hinh héa vai giai
thiét luc kich dong ngau nhién tinh theo Iy thuyét ma chwa c6 sb liéu thuc nghiém dé
kiém chtng.
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11. TINH CAP THIET CUA PE TAI

- Céc thiét bi tu di chuyén, hay con goi la thiét bi ty hanh (autogenous mobile systems
hodc locomotion systems) 1a loai thiét bi c6 thé di chuyén chi nho luc tac dong tuong tac
gitta than thiét bi v6i chuyén dong tuan hoan cua mot khéi lwong bén trong hé thdng.
Nhiéu vu viét caa dang thiét bi nay da duoc khang dinh, bao gdom tinh don gian trong
thiét ké, khong can cac két ciu dan dong bén ngoai (external driving mechanisms) nhu
banh xe, xich, chan hay mai chéo... Két cau khong c6 thiét bi din dong ngoai cho phép
tao ra hé tu hanh c6 thé d& dang dong goi trong hinh dang tron nhén, kich thudc nho gon,
c6 thé di chuyén trén nhiéu dang bé mit hoic trong cac moi truong c6 mat dd can khac
nhau [4]. Hinh 1 mé ta co cau tu di chuyén, trong d6 khdi lugng my dat trén (hoic dat bén
trong) khéi lwgng my, ca hai khéi luong tu di chuyén trén mat phang do thiét bi tao rung
dong duoc gan bén trong co hé.

y X2 4 XT
= F 1 X
[ —— — "{" 3% m
. . my k;
_ E " Fy : . ki Asin(Q¥) |’W\l\f XzE
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¢
F; g | ] (iJ
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< Cal
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Hinh 1. Mé hinh co cau ty di chuyén (a) va di chuyén do rung-va ddp (b)

- Céc thiét bi ty hanh dwoc st dung rong réi trong cong nghiép nham dap (ng yéu cau
hoat dong trong méi truong khoé khin cho viéc can thiép tryuc tiép caa con nguoi, hoic
trong cac diéu kién khac nghiét, chang han trong cong tac cau hg, kiém tra ham 19, chan
doan cac duong 6ng ngam [1,2] hay dao duong dng ngam trong xay dung. Trong co y
sinh (Biomechanics), céc hé théng tu hanh hira hen cai thién kha ning diéu khién vién
nang noi soi (capsule endoscopy) dap tng yéu cau di chuyén, tién/ lui hay tranh ket trong
mao mach [3].

- Trong qué trinh thyc hién dé tai trudc, nhdm nghién cau nhan thay mot huéng nghién
ctru méi vé phan tich va danh gia mo hinh thiét bi tu di chuyén la van dé tac dong cua
moi truong (luc ma sat, twong tac giita cac khéi luong va luc kich dong) dong vai trd
quan trong khi co ciu di chuyén téi wu. Viéc ké dén yéu té ngau nhién cua luc ma sat va
lyc kich dong dong vai trd quan trong va phai duoc mé hinh héa vao co cau ty di chuyén
— day 1a van dé moi ma dé tai ndy mong mudn giai quyét. Viéc mé hinh héa mét co cu
tu di chuyén c6 ké dén yéu té ngau nhién dudi su tic dong cia méi trudong (luc ma sét,
tuong tac gitra cac khdi luong va luc kich dong thiét bi ty di chuyén) phan anh sy 1am
viéc sét voi thuc té hon.

- Chinh vi vay, dé tai nay s& 1a huéng nghién ctitu méi cua nhom tac gia, vi day 1a huéng
vira ké thira két qua cua cac dé tai trude dong thoi trién khai theo hwéng méi nghién
Ciru co' cdu tw di chuyén theo mé hinh ngiu nhién. Linh vyc nghién ctu nay dang duoc
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quan tdm giai quyét ¢ trong va ngoai nude, khi d6 sé giai quyét van dé méi 1a phan tich
va @@ xuit co ciu tw di chuyén khi ké dén yéu té ngiu nhién duwéi su twong tac véi
moi trwong (luc ma sat, tac dong gitra cac khoi lwong va luc kich dong thiét bi tu di
chuyén).

12. MUC TIEU DE TAI

-Dé xuat co cau ty di chuyén méi hoac ké thira co cau c6 san dé nhan duogc co ciu c6 cau
tao don gian hon, hoac va lam viéc c6 hi¢u qua hon cac mo hinh hién thoi;

- Nghién ctru dénh gia cac yéu t6 ngau nhién dudi su tuong tac véi moi truong (luc ma
sat, twong tac gitra cac khéi luong va luc kich dong thiét bi tu di chuyén), phan tich dong
luc hoc nham cai thién két cau, nang cao hiéu qua hoat dong cua co cau tu di chuyén.

13. POI TUQNG, PHAM VI NGHIEN CUU

13.1. Béi twgng nghién ciu

- Phat trién, hoan thién thiét ké, phan tich dong luc hoc cac mé hinh co hoc nho rung
dong da dugc cong bd tir dé tai trudc.

- Phén tich dong luc hoc, co ché &ng Xt cia co hé trong cac diéu kién khac nhau &
dang bai toan tién dinh hoic ngau nhién.

- Xac dinh céc giai phap hiru ich hon, nang cao hiéu qua vai ting dung cong nghiép,
nang cao do chinh xac cua chuyén dong cho céc tng dung co y sinh;

- Xac dinh giai thuat va bo thong sé diéu khién co hé nham nhéan dwoc chuyén dong
theo y mudn;

13.2. Pham vi nghién cuu

- Nghién ctru mé hinh co cau tu di chuyén cé ciu tao don gian va di chuyén hiéu qua;
Pay 13 nghién ciru budc dau trong giai doan thiét ké, ché tao thiét bi ty di chuyén duogc
ing dung vao trong thuc té nhu may moc trong linh vuc Co khi, Xay dung, Y sinh,...

14. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU

14.1. Cach tiép can
- Nghién ctu ly thuyét tir cac cong trinh da cong bd Vé co cau ty di chuyén;
- Nghién ctru thuc nghiém, st dung cac phuong phap thiét ké thi nghiém, quy hoach va
xtr Iy sé liéu thuc nghiém. Xac dinh cac tham sé thuc nghiém can thiét. Tién hanh
kiém ching, danh gia va hoan chinh md hinh ly thuyét.

14.2. Phuong phap nghién ctru
- Phét trién cac md hinh toan hoc mé ta dong luc hoc co hé, st dung cac nguyén 1y co
ban cia co hoc, toan hoc va vat ly hoc;
- Nghién cuiu so sanh, quy nap;
- Nghién citu md phong: M6 phong tinh toan trén phan mém may tinh;
- Nghién ciu thuc nghiém: 13y két qua do cac dir liéu tir thuc nghiém;

15. NOI DUNG NGHIEN CUU VA TIEN PO THUC HIEN

15.1. Noi dung nghién ciru (M8 td chi tiét nhiing ngi dung nghién citu ciia dé tai)
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Noi dung chinh caa dé tai 1a nghién ciru dong luc hoc cho co cau tu di chuyén ¢ dang
md hinh tién dinh va/hoac mé hinh ngau nhién. Pé dat dugc muc dich do thi nhom tac
gia hudng dén viéc ké thira nhirng két qua da c6, dong thoi trién khai cac van dé chua
duoc thyuc hién ¢ dé tai truéc, phat trién moé hinh phi tuyén méi va/hoic phuong phap
tiép can moi (phuong phap tinh toan ngau nhién);

Noi dung chi tiét gom

- Tong quan mot s6 mé hinh co cau tu di chuyén, nhitng uu nhuoc diém cua md hinh
co cau tu di chuyén da co;

- Thir nghiém mot sé md hinh thi nghiém co cau tu di chuyén c6 kha niang thay doi
diéu kién ma sat, can, thay d6i huéng chuyén dong va tai trong

- Phét trién cac mo hinh toan, md phong phan tich dong luc hoc co hé trong cac diéu
kién 1am viéc khac nhau dudi dang tién dinh hoic ngau nhién;

- Phan tich, xt ly dir liéu phan tich dong luc hoc;

- Phét trién giai thuat diéu khién, trién khai thur nghiém:;

- Kiém chung két qua diéu khién;

- Phat trién thiét ké, lwa chon thdng s6 tdi uu

15.2. Tién do thuc hién

Céc ndi dung, cong San phim Thoi gian
STT viac P (bét diu-két |  Nguoi thyc hién
thuc hién thuc)

1 | Viét thuyét minh nhiém | Thuyét minh dé tai | 01/2019- | Nguyén Khac Tuan,
vu KHCN va xay dung | rd rang, Logic, kém |  03/2019 | Nguyén Vin Du, Lai
du toan theo du toan va cac Ngoc Hung

van ban can thiét

2 | Tong quan vé md hinh | Bao céo tong quan 03/2019- | Nguyén Khac Tuan,

co cau ty di chuyén, 04/2019 | Nguyén Vian Duy,
nhitng wu nhuoc diém Duong Thé Hung,
ctia mo hinh co cau tu di Lai Ngoc Hung
chuyén;

3 | Th nghiém mot s6 md | Mo hinh thay doi | 05/2019- | Nguyén Vin Dy, Lai
hinh thi nghiém co cau | dugc cac théng so 06/2019 Ngoc Hung, La Ngoc

ty di chuyén c6 kha |theo cha dich, thu Tudn, Nguyén Thé
ning thay doi diéu kién | thap dit liéu tin cay Thinh, Nguyén Vin
ma sat, can, thay doi Luan, Ngd Qudc
huéng chuyén dong va Huy, Nguyén Thanh
tai trong Cong

4 | Phat trien cac mo hinh | M6 hinh toan, phan | 07/2019- | Duong Thé Hung,
toan, md phong phén | tich dong luc hoc 9/2019 Lai Ngoc Hung,

tich dong luc hoc co hé | dugc kiém ching Nguyén Vin Luan,
trong cac diéu kién lam | thuc nghiém Ngb Quéc Huy, Mac
viec khac nhau duéi Duy Hung, Nguyén
dang tién dinh hoic Thanh Cong

ngau nhién
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Phan tich, xtr ly dir liéu
phéan tich dong luc hoc,
cong bb quéc té

Bai bao quéc té co
uy tin

10/2019-
6/2020

Nguyén Khic Tuan,
Nguyén Vin Dy,
Duong Thé Hung,
Lai Ngoc Hung, La
Ngoc Tuén, Nguyén
Thé Thinh, Nguyén
Van Luan, Ngo6
Quéc Huy, Mac Duy
Hung

Phat trién giai thuat
diéu khién, trién khai
thir nghiém

Hé thong diéu
khién cac théng
sd, van hanh 6n
dinh

9/2019-
9/2020

Nguyén Khac Tuan,
Lai Ngoc Hung, La
Ngoc Tuan, Nguyén
Thé Thinh, Mac
Duy Hung, Nguyén
Thanh Coéng

Kiém ching két qua
diéu khién, cong bd
qudc té

Bai bao quéoc té,
qudc gia c6 uy tin

9/2019-
9/2020

Nguyén Khac Tuan,
Nguyén Vin Dy,
Duong Thé Hung,
Lai Ngoc Hung, La
Ngoc Tuén, Nguyén
Thé Thinh, Nguyén
Vian Luan, Ngo
Quéc Huy, Mac Duy
Hung

Phét trién thiét ke, lua
chon théng s6 téi wu,
cong bé két qua

Bai bao qudc teé,
qudc gia c6 uy tin

6/2020-
12/2020

Nguyén Khic Tuan,
Nguyén Vin Dy,
Duong Thé Hung,
Lai Ngoc Hung, La
Ngoc Tuén, Nguyén
Thé Thinh, Nguyén
Vién Luan, Ngo
Quéc Huy, Mac Duy
Hung.

Hoan thién bao cao
tong két dé tai

Bao cao

10/2020-
01/2021

Nguyén Khac Tuan,
Lai Ngoc Hung,
Nguyén Vin Dy
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16. SAN PHAM

Y&u cau chat lugng san
pham

(M ta chi tiét char hrong

Stt Tén san pham S6 luong san pham

dat dwoc nhw néi dung, hinh

thizc, cac chi tiéu, théng so

kj thudt,...)
;| San pham khoa hoc (Cac cdng trinh khoa hoc s& dugc cong bd: séch, bai béo khoa
hoc...)
11 Bai bao khoa h'(_)C dang trén tap o1
chi ISl
Bai bao khoa hoc c6 chi muc
12 SCOPUS 02
- o Puoc hdi déng chuc danh
1.3 | Barbaokhoahoc dang trén tap 02 Gido su Nha nuéc cong
chi trong nuéc .
nhan
Bai bao ding trén ky yéu Hoi C6 phan bién, ky yéu c6
1.4 S 01
nghi quoc gia ISSN

Il | San pham dao tao (Cir nhan, Thac sy, Tién sy,...)

chuyén d& NCS vé co cau ty

2.1 | Hb trg dao tao Tién si 01 ) 2
di chuyen

Il | San pham Gng dung

bap ung nghién cau han
lam, phuc vu dao tao Sau
01 dai hoc cho hudng nghién
ctu khai thac rung dong
trong k¥ thuat.

M6 hinh thi nghiém co cau tu di

31 chuyén.

17. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI
UNG DUNG

17.1. Phuong thirc chuyén giao

Chuyén giao cho cac thanh vién trong nhom dé tai, hoc nhitng nguoi quan tim dén
noi dung cua dé tai dé dao tao dai hoc va sau dai hoc.

17.2. bia chi tng dung

Céc co s& dao tao dai hoc va sau dai hoc khéi k¥ thuat;
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18. TAC PONG VA LQI ICH MANG LAI CUA KET QUA NGHIEN CUU
18.1. Bdi véi linh vuc gido duc va dao tao
Két qua nghién ciru cia dé tai gép phan hoan thién thém co sé ly thuyét va eng dung
thuc té trong nghién ctu thiét ké ché tao co cau tu di chuyén va céc két cau tuong ty. Do
do6, dé tai nay co thé sir dung phuc vu cho cong tac dao tao dai hoc, sau dai hoc tai cac
truong dai hoc khdi k¥ thuat;
18.2. B4i véi linh vyuc khoa hoc va céng nghé ¢ lién quan
Nhém nghién ctru thu dugc két qua do ¢ nhiéu hiéu biét lién nganh nhu linh vuc co
cau ty di chuyén duoc tng dung trong linh vuc co khi, xay dung, y sinh;
18.3. Ddi vai phat trién kinh té-xa hoi
C6 thé trien khai cac két qua cua dé tai trong viéc (ing dung vao ché tao cac thiét bi
tu di chuyén trong thuc té nhu linh vuc co khi, xay dung, y sinh;
18.4. B4i vai t6 chac chu tri va cac co s tng dung két qua nghién ciu
Ting budc hinh thanh nhém nghién ctu manh vé nguyén 1y co cau tu di chuyén tai
Truong PH K5 thuat Cong nghiép — Pai hoc Thai Nguyén; Tung budc trién khai vao tng
dung va ché tao co cau tu di chuyén;

19. KINH PHI THUC HIEN PE TAI VA NGUON KINH PHI
Kinh phi thyc hién dé tai: 700.000.000d (Bang chi: Bdy tram triéu dong chdn)
Trong do:

Ngan sach Nha nugc: 350.000.000d (Bang chiz: Ba tram ndam muwoi triéu dong chan)
Cac nguon khéc: 350.000.000d (Bang chaz: Ba trdm ndm muoi triéu dong chan)

Stt | Khoan chi, noi Thoi Tong kinh Nguén kinh phi Ghi
dung chi gian phi Kinh phi tir | Céc ngudén | chd
thuc NSNN khac
hién

1 |Cong lao dong 2019-
truc tiep tham gia 293.623.600 | 146.811.800 | 146.811.800

A aX ae 2020
thuc hién dé tai

2 |Chi mua Vat tu, | 5qq.
nguyén, nhién, vat 2020
ligu 15.000.000 0| 15.000.000

3 thsfrachfra, mua
sam tai san co 2019

dinh 350.000.000 | 162.000.000 | 188.000.000
4 | Chi hoi thao, cong
tac phi 0 0 0

5 | Chi tra dich vu
thué ngoai phuc
vu nghién cuu 0 0 0
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6 | Chi diéu tra khao
sat thu thap so
ligu 0 0 0

7 Ch} Vél’lA phor}g 2019-
pham, thong tin 2020
lién lac, in an 1.776.400 1.588.200 188.200

8 | Chi hop hoi dong
danh gia, nghiém 2020

thu Cép CO SO 4.600.000 4.600.000 0

9 | Chiquanlychung | 2019-
2020 35.000.000 | 35.000.000 0
10 | Chi khéac 0 0 0
Tong cong 700.000.000 | 350.000.000 | 350.000.000

(Dir todn chi tiét cac muc chi kém theo va xac nhdn ciia co quan chi tr).

Ngay _ thang 6 nam 2019 Ngay thang 6 nam 2019
To chirc cha tri Chu nhiém de tai
(ky, ho va tén, dong dau)

Nguyén Khic Tuan

Ngay thang nam 2019
Co quan chu quan duyét
TL. BQ TRUONG BOQ GIAO DUC VA PAO TAO
VU TRUONG VU KHOA HQC, CONG NGHE VA MOI TRUONG
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