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LOI CAM ON

Trudc tién, em xin giri 161 cam on sdu sic dén Thay huéng din: Thay PGS.TS.
Pham Huy Hoang va Thay PGS.TS. Pham Huy Tuan, nho nhiing goi ¥ nghién ctru hét
sttc quy bau, nhitng chi dan cu thé va nhitng v kién phan bién cta cac Thay da giup em
hoan thanh luan an nay. Mot 1an nita xin dugc bay t6 long cam on sdu sic dén céc
Thay.

Em xin gui 1oi cam on dén tat ca Thay C6 Khoa Co Khi Ché Tao May, Pai hoc
Su pham K¥ thuat Tp.HCM di truyén dat cac kién thirc nén tang quy bau tir cac hoc
phan tién si, nho nhitng kién thirc nén tang ndy ma em moi c6 thé thuc hién duoc cong
viéc nghién ctru. Xin giri 101 cam on dén cac Thay C6 trong cac Hoi dong danh gia céc
chuyén dé Tién si, nhitng ¥ kién phan bién va goép y that su di giap em rat nhiéu trong
viéc chinh stra va hoan chinh luan an cua minh.

Xin giri 16i cam on dén lanh dao Trudng Cao Pang Bach Khoa Nam Sai Gon,
Khoa Co Khi vi da c6 nhitng chinh sach hd tro rat tdt cho nghién ctru sinh hoc tap va
1am viéc. Xin cam on TS. Piang Quang Khoa va cic ban bé dong nghiép da dong vién,
gitip do va chia sé kinh nghiém dé em c6 thé thuc hién cong viéc nghién ctru mot cach
thuén loi nhat.

Cubi cung xin chan thanh cam on gia dinh va ngudi than ludn chia sé moi kho
khan va 1a chd dua vitng chic vé vat chat va tinh than trong sudt thoi gian thyc hién va

hoan thanh luan an.



TOM TAT

Tién c6 d6 chinh xac cao nham muc dich thay thé nguyén cong gia cong tinh lan
cudi ciia cac chi tiét hinh tru giup giam dang ké chi phi san xuat va thoi gian lap lai.
Trong lun 4n ndy trinh bay su phat trién cua co ciu dn dao véi bd kich dong PZT dé
tién chinh xac truc. Panh gia vé céc nghién ctru dugc thyuc hién trong céac linh vyc tién
chinh xdac, phat trién thiét bi truyén dong PZT va thiét ké hé théng vi dinh vi duogc trinh
bay. Co cau nay duoc lap vao mdt may tién théng thudng, co cdu an dao chinh xac
khic phuc duoc nhitng han ché cuia cac bo truyén dong trong may tién bang cach diéu
khién chinh x4c chiéu sau cit cia dao. Theo céch nay dung sai kich thude dat duoc
trong mot 1an thiét 1ap trén mot may duy nhat ma khong can thuc hién cac nguyén cong
gia cong tinh trén may mai.

Tém tit nhirng dong gop méi vé 1y luin va hoc thuit cia luin an:

Y nghia khoa hoc:

Lan dau tién, mot hé théng dung cu cat chinh xac va thiét bi cat tha nghiém phu
hop vai diéu kién san xuat trong trong nude dugc xay dung, tao tién dé cho cac nghién
Clru sau nay trong linh vuc nay tai Viét Nam.

Di trién khai nghién ctru dénh gia thuc nghiém nhiing wu diém chinh cia co cau
an dao dung co cdu dan hoi (CCPH) so voi may tién co va may tién CNC thong
thudng céc chi tiéu vé do chinh xac cua co cau an dao, do nham bé mit va nhiét do cit.

Nghién ciu phét trién duoc 2 thiét ké mai va xay dung mé hinh toan mai, méi
quan hé gitra chuyén vi, d6 cing dau vao va dau ra, dong hoc va dong luc hoc cua co
c4u an dao.

V& mat phuong phap tinh toan thiét ké tdi wu, dé xuat ra 2 giai thuat thiét ké toi
wu méi tong quat nhat tir viéc toi vu hoa co cau khau ctng twong duwong dén tdi wu hoa
CCDH va phan tich d9 tin cay:

(1) Giai thuit di truyén ding TOPSIS cho khiu cirng twong dwong va
CCPH két hop. Giai thuat thiét ké t6i uu hoa nay trai qua 5 giai doan: (1) thiét ké tdi



wu co cdu khau ctmg twong duong, (2) chuyén ddi thanh CCPH, (3) dung phwong phap
phan tir hitu han trong phan mém ANSYS dé phan tich tng xtr chuyén vi, (mg suét, tan
sO, (4) thiét ké t6i wu héa da muc tiéu dung NSGA-II hudng tiép can tap nghiém
Pareto, (5) xac dinh cac trong s Entropy va phwong phap TOPSIS (Technique for
Order Preference by Similarity to Ideal Solution) dé liwa chon 10 giai t6t wu tét nhat.

(1) Thiét ké t6i wu héa dwa trén dé tin cdy. Giai thudt ndy trai qua 3 giai
doan: (1) thiét ké t6i uu co cau khau cimg twong duong va chuyén dbi co ciu twong
duong thanh CCPH, (2) thiét ké t6i uu héa da muc tiéu cia CCPH ding NSGA-II
huéng tiép can tdp nghiém Pareto, (3) Phan tich d6 tin cay dung FORM.

Lu4n 4n nay c6 ¥ nghia tham khao rat quan trong ddi véi viéc nghién ctru, phan
tich cac ddi twong twong tu trong linh vuc két cau dan hoi. Pong thoi, cac két qua
nghién ctru cua tai liéu ciing gitp mang lai hiéu biét méi vé cac phuong phap mé hinh
hoa, toi uu hoéa do tin cay va diéu khién vong kin bang GA — PID trong phan mém
LABVIEW.

Y nghia thue tién:

Trong giai doan hién nay, vi¢c nghi€n ctru va phat trién co ciu dinh vi chinh xac
c6 vai tro quan trong trong gia céng, c6 anh huéng quyét dinh dén hiéu suit gia cong,
tudi tho cua dao va do chinh xac cua may tién. Nhiéu bai bao khoa hoc dd dugc xuat
ban quéc té vé cac CCPH dé dinh vi chinh xac va cac ing dung cta chiing. Tuy nhién,
& Viét Nam, linh vyc nghién ctru ndy van con nhiéu han ché. Do d6, tai liéu nay s& bod
sung thém cac két qua méi cho linh vuc nghién ciu co ciu dinh vi trén thé gidi va ¢
Viét Nam.

Dé tai d3 tng dung thanh cong phuong phép tién chinh xéc co tro gilp cua co
cdu an dao dung CCPH dugc dung dé gin trén ban dao cia mdy tién co MAQ
CD6241X100 va méy tién CNC ECOCA SL-8 dé gia cong vat liéu thép C45 khi tién
chinh x4c & chiéu sau cit 5 pm. Két qua cho thy khi sir dung dé gia cong trén may tién

co MAQ CD6241X100 sai s6 vi tri mili dao nho hon 2,5 pm, d6 nham bé mit 0,41 pm.



Khi st dung gia cong trén may tién CNC sai s vi trf miii dao nhé hon 0,4 pum, d6
nham bé mit 0,25 pm. Gia cong véi ca 2 loai may déu cho thdy nhiét do cit giam dang
ké. Két qua nay c6 thé gitip kéo dai tudi tho cho dao. Két qua chimg minh rang co cu
an dao méi c6 kha ning dinh vi chinh x4c va nhanh chong dung cu cit trong qua trinh
gia cong khi duoc 1ap vao may tién thong thudng.

Két qua nghién cau c6 thé tng dung truc tiép vao san xuat va nang cao hiéu qua

kinh té — k¥ thuat cua qua trinh gia cong trén may tién.
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ABSTRACT

Precision turning as an alternative to conventional finish machining operations
of cylindrical components offers significant reductions in manufacturing cost and cycle
time. In this thesis the development of a piezoelectric tool actuator for precision
turning of shafts is presented. A review of research conducted in the areas of precision
turning, piezoelectric actuator development, and micropositioning systems design is
presented. Mounted to a conventional turning machine, the tool actuator overcomes the
limitations of machine tool feed drives by providing precise control of the finishing
depth of cut. In this manner part tolerances are achieved in one setup on a single
machine, without the need for subsequent finishing operations.

Summary of theoretical and academic contribution of the dissertation:
Scientific significance

For the first time, a system of experimental equipment has been developed for

precision tooling and cutting, suitable for domestic production conditions, and creating
a premise for future research of this field in Vietnam.
Research has been carried out to empirically evaluate the advantages of the feed drive
mechanism (FDM) using the compliant mechanisms on traditional universal lathes and
CNC lathes in terms of machining accuracy, cutting temperature, and roughness
surface.

This dissertation has developed two new FDM designs using both analytical
models and FEM verification. The relationships between input/output displacement,
stiffness, kinematics and dynamics of the FDMs have also been thoroughly analyzed.

In terms of optimization design methods, two new optimization algorithms are
proposed in this dissertation:

() The TOPSIS-based genetic algorithm for the PRBM and the compliant
mechanism optimization. This optimization algorithm is deployed for the 1% FDM
design through 5 stages: (1) optimally design the Pseudo-Rigid-Body Model (PRBM)
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mechanism, (2) convert this model into a compliant mechanism, (3) use the finite
element method to analyze displacement, stress, and dynamics behavior, (4) implement
multi-objective optimization using Pareto-front approaching NSGA-II algorithm, and
(5) determine Entropy weights and TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) method to select the best optimal solution.
(11) Reliability-based optimization method. This algorithm is deployed for the 2"
FDM design through 3 stages: (1) optimally design the PRBM and its equivalent
compliant mechanism, (2) implement multi-objective optimization using Pareto-front
approaching NSGA-I11 algorithm, and (3) Reliability analysis using FORM

The dissertation will be a very meaningful reference for the study and analysis
of similar structures in the compliant mechanism field. At the same time, the
dissertation’s results also contribute to the new awareness about analytical modeling
methods, reliability optimization, and closed-loop control by GA - PID in the
LABVIEW environment
Practical significance

In recent years, manufacturing technology is facing increasingly stricter
requirements from the industry. The research and development of high-precision
positioning mechanisms applied in machining play a more important role. It decisively
affects the machining efficiency, tool life as well as the accuracy of the machine tools.
In the world, there have been many published scientific works on the compliant
mechanisms used for precise positioning and their applications. However, in Vietnam,
this field of research is still humble. Therefore, the dissertation will further add new
results to this field in the world and in Vietnam as well.

The dissertation has also successfully integrated the high-precision compliant
FDM to the tool holder for both the conventional universal lathe (MAQ CD6241X100)
and the CNC lathe (ECOCA SL-8). The finish machining with 5-um cutting depth of

high carbon steel material (C45) was tested using these machines to evaluate the
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performance of the FDM. The experimental results show that when it was used on the
universal lathe, the tooltip position error is less than 2,5 um and the surface roughness
is 0,41 um. When it was used on the CNC lathe, the tooltip position error is less than
0,4 pum and the surface roughness is 0.25 pum. Machining with both machines shows
that the cutting temperature is significantly reduced. Therefore the tool life could be
extended. The results demonstrate that the new FDM is capable of accurately and
quickly positioning the cutting tool during machining when mounted on a conventional
machine tool.

The obtained results can be directly applied to production to improve the

economic and technical efficiency of the lathe machining process.



MUC LUC

Trang tua TRANG
LOT CAM DOAN ..ottt sttt sttt i
LOL CAM ON ..ottt iii
TOM TAT coooecte ettt iv
IMIUC LUGC ettt e e eee e s se et e s et et s e s esaessessee e e et eseeseessesses et eeensenneanes X
DANH SACH TU VIET TAT w.oooviviiiiiieieieisissee et xiii
DANH SACH CAC BANG ....cco.oviiiiiiiiicisise e Xiv
DANH SACH CAC HINH ....cooiiieeeee ettt en s XVi
MO DAU ...ttt 1
A O T et (e AP 1
2. Muc dich NZHIEN CUU ....ooiiiiiiiiciiee e 3
3. Nhi€m VU NZIIEN CUU ....eiiiiiiiiiiiiiie e 3
4. Pham Vi DZHIEN CTU ...ooviiiiiiiiie e 4
5. Hudng tiép can va phuong phap nghien CU .......oveevveveevereereeeeieeeeeeses e, 4
6. Y nghia khoa hoc va thuc tién clia dé tai nghin ClU.......o.ceveeveeereeeeeeeee e, 5}
7. CAUIAC CUA TUAN AN..v.voveeeeceeeeeeeeeeeeeee ettt ettt e ettt e et en e eeeeeens 7
Chuong 1: TONG QUAN NGHIEN CUU .......cooviveieeeeeereiessesesesess s, 8
1.1. Tong quan chung vé Iinh vire NEhIBN CUU .......ovvevveveerceeeeeeeeseeeeee s, 8

1.1.1. Co cdu dan hoi 8

1.1.2. Cac vu diém ctia khép ndi dan hdi va co ciu dan hoi 11

1.1.3. M6t s co cdu dan hdi théng dung 12
1.2. Céc két qua nghiln CU trONG NUGC .....e.veveeeceeceeceeseesee e seseesesseeseesee s ses s 19
1.3. Céc két qua nghiln ClU NZOAT NUGC ....e.veveeveeeceeeeereseseesee s 22
Chuong 2: CO SO LY THUYET ....oovuieieieieeteeteeeeeeeeeeseeses s sesaessssseses s sessesssnanns 38



2.1.

2.2.
2.3.

2.4. Thong s6 hinh hoc cua dung cu cat anh huodng dén d6 nham bé mit [89, 90]
Chuong 3: THIET KE VA TOI UU HOA CO CAU AN DAO

3.1.
3.2.
3.3.
3.4.

3.5.

Co 50 1y thuyét va mo hinh toan Khép dan hoi ........c..eevveeeeeeeeeieeeeeeeeeeeee s

2.1.1. Mo hinh toan khép dan hoi [2, 3]
2.1.2. D6 mém va d6 cting ctia khop dan hoi [2]

Phuong phap phan tir hitu han (Finite Element Method -FEM)......................
Co 5O phuong phap t61 Ut hoa [84] .....vveveeeeeeieeeeeee e,

2.3.1. Phén loai céc bai toan tdi wu.

2.3.2. Cac phuong phap téi wu théng dung.

2.3.3. Giai thuat di truyén sap xép khong vuot troi 11 (NSGA — 11).
2.3.4. T6i wu hoa do tin cay

2.3.5. Phuong phap phan tich d6 tin ciy bac nhat FORM [88]

MIUC HHEU EHIEE K.ttt ettt ettt ettt e e eeeeeas
THEU CHI thIBE K& oot e oo e e e e e e e
COSOTRIBLKE oo e ee e

Thiét ké va toi wu hoa co cau an dao KIEU L. covvneeeeeeeieeeeeee e,

3.4.1. Nguyén ly hoat dong

3.4.2. Phan tich d6 khuéch dai chuyén vi giira dau vao va dau ra cia co ciu
3.4.3. Phan tich dong luc hoc cua co cdu

3.4.4. T6i wu hoa co cau an dao kiéu 1

3.4.4.1. T6i uu hoa co cau khau cing twong duong

3.4.4.2. T6i wu héa co cau dan hoi

3.4.4.3. Danh gia thiét ké t6i vu

Thiét ké va to1 vu hoa co cau an dao KIEU 2......eeeeeeeeeeeeeee e

3.5.1. Nguyén ly hoat dong
3.5.2. Phan tich khuéch dai ctua co ciu

3.5.3. Phan tich d6 cting theo phuong phap ma tran

Xi



3.5.4. Phan tich dong luc hoc cua co ciu

3.5.5. T6i uu hoa co cau an dao kiéu 2

3.5.5.1. T6i uu hoa co cau khau cing twong duong
3.5.5.2. Téi wu hoa co ciu dan hoi dung GA
3.5.5.3. T6i uu hoa dua trén d6 tin cay

3.5.5.4. Danh gi4 thiét ké t6i vu

Chuong 4: THU'C NGHIEM VA PIEU KHIEN CO CAU AN DAO
4.1. Thuc nghiém va diéu khién thiét k& Kidu 1 ...c..ccoevvvevrerenienreeererieenen,

4.1.1. Kiém tra tan s6 dao dong tu nhién.
4.1.2. Thyc nghiém diéu khién vong ho
4.1.3. Thuc nghiém diéu khién vong kin bang GA - PID

4.2. Thuc nghiém va diéu khién thiét ké co cAu Kiéu 2 ......cooovvevvvverrreernnnen,

4.2.1. Kiém tra tan s6 dao dong tu nhién
4.2.2. Thyc nghiém diéu khién

4.2.3. Kiém tra d0 cling cua co cau

4.3. Thuc nghi€m 18 CONE ....cccvviiiiiiiiiiiiee s

4.3.1. Thuc nghiém diéu khién chinh x4c trén mdy tién

4.3.2. Thuc nghiém gia cong danh gia do nham va nhiét cat

Chuong 5: KET LUAN VA HUOGNG PHAT TRIEN .....cccocoovvviiirieene.
S0 TR ST T 1 OO
5.2. HUONE PHAL tHHEN ..oovvoveveeceeeeeeeeeesee et
12d 1615 516
DANH MUC CAC CONG TRINH CONG BO ....coovoeeeeeeeeeeeeeeeeees

Xii



DANH SACH TU VIET TAT

CCPH: Co ciu dan hdi

FEM: Finite Element Method: Phan tir hitu han
MEMS: MicroElectroMechanical Systems
PZT: Piezo actuator

BM: Bistable mechanism

CFM: Constant force mechanism

DAM: Displacement amplifiation mechanism
FTS: Fast tool servo

GA : Genetic Algorithm

CCD: Central Composite Design

DE: Differential evolution

RSM: Response Surface Methodology
NSGA-II: Non-Dominated Sorting Genetic Algorithm —II
FORM: First Order Reliability Method

RBDO: Reliability Based Design Optimization
SLDM: Single Loop Deterministic Method

Xiii



DANH SACH CAC BANG

BANG TRANG
Bang 1. 1: Thong s cac co cdu dn dao dung CCDH dd dugc cONg DS ....c.vvcvvveeennn, 31
Bang 3. 1: Bai toan t6i uu hoa co cau PRBM 69
Bang 3. 2: Gi4 tri tdi vu héa co cdu khau cting cua cac bién thiét ké.............cooccovennen. 69
Bang 3. 3: Bai toan t6i wu hoa da muc tiéu CCPDH........ovvveeeeeicseeeee e, 72
Bang 3. 4: Két qua xép hang TOPSIS cia CAC 1ua ChON ..o, 76
BaNG 3. 57 K& QUA TO1 WU .v.vevveeeieeeceeee ettt 77
Bang 3. 6: S0 sanh Két qua Vi C4C NGNIBN COU tIUGC ..., 80
Bang 3. 7: Bai toan t6i wu hoa co cAU PRBM .........ccooevcuiveiieesieeesseseees oo 94
Bang 3. 8: Gia tri toi vu hoa co cau khau cing ctia cac bién thiét Ké...........ooccvvveeeeee. 94
Bang 3. 9: Bai toan t6i wu hoa da muc tiéu co cau dan hoi ...cvvveeveeveveereeeeeeeeeeens 96
Bang 3. 10: K&t QUA t01 Ul OB .....veveceeeeeeecee et 100
Bang 3. 11: Két qua nghién ctru caa luan &n so sanh véi két qua nghién ctru trudc. ..102
Bang 4. 1: Thong s6 caa cam bién 1azer LK — G30........c.cvvvvviveveeeenieeeseesneeneenes 104
Bang 4. 2: Thong s6 cia Card NI myRIO 1900..........cccvveeverererrrieeeeeeeeesssssessesenens 105
Bang 4. 3: Thong s6 cta Cam bién NNt A0 .........cvveveeeeceeeeeee e 105
Bang 4. 4: Thong sé ky thuat ciia may do nham SJ-210.........cccocvveeieeerireeeseeesseens 106
Bang 4. 5: So sanh két qua md phong va thuc NGRIEM ..........ccovevveveeceeceeee s 113
Bang 4. 6: So sanh két qua VGi C4C NGNIBN CUU IUGC ... 114
Bang 4. 7: So sanh két qua mo phong va thuC NGNIEM .........c.covvveveeeeeeeereee e 122
Bang 4. 8: So sanh két qua VGi C4C NGNIBN CUU IUGC ... 122
Bang 4. 9: Céc gia tri 6 nhdam Rmax Vi cac toc do tién dao khac nhau thu dugc tir
PhUONG trINN (2.25) oo e 128
Bang 4. 10: Thong s6 ¢ong nghé Khi tién [90].......ovevveevvrereeeieesiceeeeesveeees e 128

Xiv



Bang 4. 11: Thiét ké va két qUa thuC NGNIBM .........cveeeeeeeeeeeee e 129

Bang 4. 12: Thong s6 ¢ong nghé KNi tién [90].......oveveeevrreeiieeeieeieeesieeees e 130
Bang 4. 13: Cac muc cho yéu t6 dau vao Khi thi Nghiem .........ccc.cevveeeveveceeeeeeeens 131
Bang 4. 14: Thiét ké thi nghiém theo bang chuan cua phuong phap Taguchi............. 131
Bang 4. 15: Thiét ké thi nghiém bang Taguchi va két qua thi nghiém...........ccccevee. 132

XV



DANH SACH CAC HINH

HINH TRANG

Hinh 1. 1: M6t s6 co ciu ciing truyén thng (a) co ciu truc khuyu — thanh truyén, (b)

O CAU KIM CONG TIC [L].vvevveieieeieee ettt 8
Hinh 1. 2: Kim cong lec DANG CCPH........coovvieieeeeeeeseeeeeee s 9
Hinh 1. 3: Dang mat cat caa mot s loai khép ndi dan hoi dang don gian................... 10
Hinh 1.4: So @4 minh hoa dic diém caa khép ban 18 truyén thdng ..........ccceeeeevveevnene. 11
Hinh 1.5: Khép dan hoi vai cau tao nguyn KNS [2] .....eeeeeevereceeeeeeeeeeeseeeseseeiseens 11
Hinh 1.6: Co cAU dan Dol [1]..vucveeeieeieeciieieeeeeee sttt 12
Hinh 1.7: Co ciu dan dong voi do phan giai micro [4] c.eevveveceveeeeeeeeeeeeesseseneee 13
Hinh 1. 8: Co cau Khuéch dai dang CAU .........c.oovvieeeieeeseeeeee e 13
Hinh 1. 9: Co cau khuéch dai dang cau PhC NOP ....ceveveeveceiveciceeeeeeeeeee s 14
Hinh 1. 10: Co cau dan hdi chuyén dong thang...........ccceveveeeveviesreeseesersesssesseeeeeen, 14
Hinh 1. 11: Co cdu dan hdi khuéch dai dang 4 KNAU ..........ccooevevvveeeeeeeeeeeeeeeeeeees 15
Hinh 1. 12: Co ciu an dao dang 2 DAC i A0, .......cv.eeeveevceereieeseeeees st 15
Hinh 1. 13: Co cau khuéch dai dang don bAY KEP ........cceveveveveevesreeieeereeeese s, 16
Hinh 1. 14: Co cau khuéch dai dich chuyén thang ..........co.cceveeveveveeseeeessessseseeenen, 16
Hinh 1. 15: Hé thng mot bac tu do ngan rung GONG...........eeveeveereereeseeeseeeeeeeeneseens 17
Hinh 1. 16: Co c4u dinh vi két hop Kiéu Cau va dOn bAY ........ccccovveveveveerecereeeeeeieens 17
Hinh 1. 17: Co c4u khuéch dai dich chuyén ba giai doan lai..........c.ccceeverevrierenrnnnne, 18
Hinh 1.18: Co cu dan hoi trong cac san pham MEMS [1] ...c.vvvvvvrveeceeersseeernenn, 18
Hinh 1.19: Bo phan chay dao sir dung CCPH va co cau chap hanh piezo [14, 15]......19
Hinh 1. 20: Két qua MO phong co AU [17] ...cevvveererereirireeeeessesesseseesessesnesseesn s 20
Hinh 1. 21: Khdp chén gia st dung CCDH [19]..iiiiiiiiieiiiiee e 21

XVi



Hinh 1. 22: Ban chan gia bang vat liéu POM (a) [20] va dang ky s& hitu tri tué (b) [21]
........................................................................................................................................ 21
Hinh 1. 23: M6 hinh CCPH dung 1am co cAu an dao [35]..ccvveevveirereeseeeeeeeiseens 23
Hinh 1. 24: Két cdu ctiia dung cu Cat kim ctrong [36] .....ccoeveeeeriereeeeeseeseeeseeeensens 24
Hinh 1. 25: Co cdu FTS: (1) piezoelectric actuator, (4) CCPH, (9) dung cu cat kim
(010 (0 01RO 25
Hinh 1. 26: CO CAU FTS 1ottt 25
Hinh 1. 27: Co AU A0 080 [57] evuvvvervirrereeeeeieessesessssesessestssessestes s senessss s snesnennas 26
Hinh 1. 28: M6 hinh co cAu 80 dao [58] ...vvviviieeeieeieieeesieetses et 26
Hinh 1. 29: M6 hinh co cAu 80 da0 [59] ...vvvivieeeieeeeeeseeeeses et 27
Hinh 1. 30: M hinh thiét Ké co cAu [60].......cevrieeieeiieeeecee e, 27
Hinh 1. 31: M6 hinh thu nghiém co cAU [B1].......c.vvrevieeeeeieesiieesesieees s 28
Hinh 1. 32: M@ hinh thuc nghiém gia cong bé mat Vi MO[62] .........ccccovvevevrirerreierenne. 28
Hinh 1. 33: Co cdu 4n dao tao chuyén vi 2 giai doan [63]......ccccccvvevrvernieseriseisinnnns 29
Hinh 1. 34: M6 hinh gia cong thau kinh dung co cau an dao chinh xac [64]............... 30
Hinh 1. 35: Co cu 4n dao c¢6 tich hop do TUC [65].....cvvvrvrveerereeisieeeeieeeeeessssseesenean, 30
Hinh 1. 36: Tong hop cac phuong phéap thiét ké CCDH [74]...uvvuvvevvreeereeeeeeereereninen. 34
Hinh 2. 1: M6 hinh tinh toan cta KNGp dan hoi ...........c.ceveeeveeveeeeeeeeeeeesee e 38
Hinh 2. 2: M6 hinh khao sat chuyén dong caa khop ndi dan hoi [2].....cveveeveevevennnne. 39
Hinh 2. 3: M6 hinh héa khép dan hoi dudi dang to hop CAC 10 X0 .....vevvveveeceereeen, 39
Hinh 2. 4: Tiét dién khop dan hoi trong truong hop toNG QUAL...........ccevveeveeveeeereeeene, 40
Hinh 2. 5: Cau tao ctia mot khép ban 1& dan hdi dang cung tron ddi Xang ................... 42
Hinh 2. 6: S0 d0 cac phuong phap tdi UL ......eveeveeveeveeceeceeceeeeseeeeeeeteeeesee e, 44
Hinh 2. 7: M6 ta két qua caa mot bai toan tdi uu hoa, voi x* 12 16i giai tdi vu [87]. ....47
Hinh 2. 8: M6 ta sy anh huang cua cac yéu td ngau nhién 18n két qua toi uvu hoa [87].48

Xvii



Hinh 2. 9: M6 ta két qua caa mot bai toan tbi vu hoa dya trén do tin cay, véi x* 1 1oi

T E TR (oIt T <37/ TP 49
Hinh 2. 10: Su khac biét ciia nghiém bai toan tdi khi chwa xét dén do tin cay va khi xét
AEN A0 1IN CAY [BT]. ettt ettt 50
Hinh 2. 11: Diém thiét ké MPP u* trong khdng gian vat ly va khéng gian chuan hoa
L] 52
Hinh 2. 12: Hinh dang miii dung Cu Cat ..........c.ovveveeieeeieeeeeeeeees s esess e 53
Hinh 2. 13: Dang hinh hoc d6 nhdm bé Mt (0 < d < dA) .c.vvveeveeeeeeeeeeeeeeeees 54
Hinh 2. 14: Dang hinh hoc d6 nham bé Mt (dA < d < dB) ..cvvevveveeeeeeeeeeesen, 55
Hinh 3. 1: KNGP DAN 18 QAN BOT ...evoeeiececeeeeeee e 59
Hinh 3. 2: Khép tinh tién dan hoi (Flexure prismatic jOiNt)[3]........cccevvvemvreeerererieenenns 60
Hinh 3. 3: Co CAU CACH taY AON ....cvvvicveeeeeeeeecee ettt 60
Hinh 3. 4: Tich hop co cau dn dao chinh X4c trén MAY tiéN.......ocvveveveereeeeeereseereeinens 61
Hinh 3. 5: Co c4u an dao chinh x4c ding CCDH ........oovvvvereeiesieeeeeeersensseseeeeon, 63
Hinh 3. 6: Co cau Khau Cing trong dUONE............c.eveeveereeseeesessseseeseesiesessssssssensenenn, 65
Hinh 3. 7: Luu d thuat todn t6i uu hda da muC tIBU ........ceveveveeeeeeeeeee e 73
Hinh 3. 8: (a) bé rong nho nhat T1, (b) bé rong nho nhat T2, T3, (c) bé rong nho nhat
T5, T6 VOT TAN SO LU NNIBN ....eveeeeeeeeeeeeeeeee e ettt et et et et et et et ee et et et ee e e eeeeeenens 74
Hinh 3. 9: (a) bé rong nho nhat T1, (b) bé rong nho nhat T2, T3, (c) bé rong nho nhét
TS, TOVS 11 18 KNUECH @aT....vvvoeiviicice s 74
Hinh 3. 10: D6 nhay cta cac bién thiét ké vai cac ham muc tiU.........ocoveeeevveeeeeeene. 74
HINh 3. 11: DO thi PArtO t01 WU ..evevveveeeeeeseeeeee ettt et ettt et et en s s es e, 75
Hinh 3. 12: Két qua md phong: (a) chuyén vi theo y, (b) chuyén vi theo x, (c) tng suat,
(8D T LT YOO 78
Hinh 3. 13: Két qua m6 phong ChuyYén Vi, tNg SUAL............cccovevvrerverieresiereeseeseeesenesnens 79
Hinh 3. 14; Kiém tra tin 56 tuw nhien dAU BN .....c.oveveeeeeeeeeeeeeeeeeee e, 79

xviii



Hinh 3. 15: Co c4u dn dao chinh x4c ding CCDH .......cooovoiuivivieeeeeeeeeeeee e 82

Hinh 3. 16: M hinh phan tich khuéch dai dua vao van tc cac diém.........ccccovveeeeeee. 83
Hinh 3. 17: M6 hinh phan tich Ma tran MEM ..........cccovevieeeieeeeseeees e 84
Hinh 3. 18: Hé toa d¢ cua (a) khop ban nguyét va (b) mo hinh tuong dwong cua khép
........................................................................................................................................ 87
Hinh 3. 19: M5 hinh co cu trong duong ctia CCDH ........coovevieeeeeeeeeeeeeeseeenan 88
Hinh 3. 20: Luu d6 thuat toan t6i wu hoa da muc tBU ..o 92

Hinh 3. 21: D6 nhay cua bién thiét ké so voi ham muc tiéu: (a) tan s6; (b) hé sé khuéch

dai chuyén vi; (C) &ng SUAt; (d) dO CUNG INPUL.......ovveeeeeeeeeee s 97
Hinh 3. 22: D4 thi Pareto t6i wt 6 tiN CAY ......c.oveeeeeieeeeeeeeeeee et e, 99
Hinh 3. 23: Két qua md phong: (a) chuyén vi theo y, (b) chuyén vi theo x, (c) ung suat,
(8D IR T LT 100
Hinh 3. 24: Két qua m6 phong Chuyen Vi, TNG SUAL...........ccocevevervrerrniieeeseeisreesenesnens 101
Hinh 3. 25: Kiém tra tan s tu nhién dau tién: (a): M6 phong; (b): Thuc nghiém ......102
Hinh 4. 1: Cam bién lazer LK — G30 do Khoang CACN .........ccvverververeererereeseeieninene 104
Hinh 4. 2: Card NI MYyRIO 1900.........cccciiiiiieiiecie et 105
Hinh 4. 3: CAM DIEN NNHEE A0 ...vveeeeeeeeeeeee ettt ettt ee e eeeeas 105
Hinh 4. 4: May do 6 nham bé mat SJ — 210, Mututoyo, Nhat Ban...............cc.e........ 106
Hinh 4. 5: Ché tao nguyén mau co cu an dao chinh xac Kiéu 1 .......cccooevrrvvrereennnen. 107
Hinh 4. 6: M6 hinh lap dat thi nghiém diéu khién vong ha va vong Kin. ........c........... 108
Hinh 4. 7: Hinh chup m6 hinh thi nghiém thuc té ...........cocovviieeeeeeeeeeee e 109
Hinh 4. 8: Két qua do chuyén Vi PZT KNONG tai ........covvverveereenieieeieeeeeeess s 110
Hinh 4. 9: Két qua do chuyén vi diéu Khién VONG NG ........cvvevvvveeveieeiceeceeneeeiens 111

Hinh 4. 10: Két qua thyc nghiém cua chuyén vi input — output khi diéu khién vong kin

Xix



Hinh 4. 11: Két qua thuc nghiém diéu khién vong kin dap wng dang xung: (a) sin, (b)

tam giac, (c) vudng va (d) 18i khi didU KNIEN ........cccoovveveeeieeeeeeeeeseeeee e, 113
Hinh 4. 12: Ché tao nguy@n mau co ciu an dao chinh X4c KiéU 2 .........cccovevvvvevrnnnnnns 115
Hinh 4. 13: M6 hinh ldp dit thi nghiém diéu khién vong ho va vong Kin. .................. 116
Hinh 4. 14: M hinh thuc nghiém co ciu an dao KiU 2..........cccoeeuveeeeveeeeeeeeeeens 116
Hinh 4. 15: Két qua do chuyén Vi PZT KNONG Tl .....cvceeieeeeeeeeeeeeeeeeeee e 117
Hinh 4. 16: Két qua do chuyén vi diéu Khién VONG NG ......c.ovevvvveeeeiieiceeeeeeenens 118

Hinh 4. 17: Két qua thuc nghiém caa chuyén vi input — output khi diéu khién vong kin

Hinh 4. 18: Két qua thuc nghiém diéu khién vong kin dap @ng dang xung: (a) sin, (b)

tam giac, () vudng va (d) 151 khi didU KNIEN ........coevveeeeeeeeeee e, 120
Hinh 4. 19: M6 hinh thuc nghiém do do cing dAu VA0 CUa €O CAU ...v.vvveeeveeeeeens 121
Hinh 4. 20: Thiét lap thyc nghiém cia co cdu dn dao trén mdy tién CNC. ................. 123

Hinh 4. 21: Vi tri cua dao trong qué trinh gia cong tinh & chiéu sau cat 5um, co sir
dUNE CO CAU AN dA0 MG, w.vovveereeeeseeeeeieeee ettt eneneas 124
Hinh 4. 22: Vi tr caa dao trong qué trinh gia cdng tinh & chiéu sau cat 5um, khéng st
dUNg cO CAU AN dA0 MGH. cv.vvveveeveececeeeeeeee ettt s et 125
Hinh 4. 23: Thiét Iap thuc nghiém cia co ciu dn dao trén may tién co.........cveveene.e. 125
Hinh 4. 24: Vi tri caa dao trong qué trinh gia cong tinh ¢ chiéu sau cat 5pm, co sir
dung co ciu an dao MGi trN MAY TIBN CO. ..vvuvvvrerreiieeseeeeee e es e 126

Hinh 4. 25: Vj tri caa dao trong qué trinh gia cdng tinh & chiéu sau cat 5um, khéng st

dung co ciu an dao MG tréN MAY LIBN CO. ..vvvvvrvereiieeeiceeee e 127
Hinh 4. 26: D6 nham bé mat khi sir dung co cau an dao gan trén may CNC............. 129
Hinh 4. 27: Thuc nghiém do d6 nham Khi gia cong ........ccccevviviiiniiiiieie e 131
Hinh 4. 28: So sanh d6 NNAM DE MAL ........covevieeeieseeeeeeeee e, 132
HINh 4. 29: SO SANN NNIEE CAL +...vveeveeeeeeeeee ettt ettt ettt er e ee e 133

XX



MO DAU

1. Ly do chon dé tai

Ngay nay, véi sy phat trién nhanh chéng cua khoa hoc va cong nghé trén tat ca
cac linh vyc thi nganh co khi ¢6 yéu cau cao hon vé chat luong san pham, mirc do
tur d6ng hoa san xuit va dac biét 1a do chinh xac vé kich thuéc va hinh dang hinh
hoc cua san pham. Vi vay, cac cdng nghé gia cong truyén thdng trén cac may van
nang khé dap tng tét duoc nhu cau ngay cang cao nay va do d6 sy canh tranh cua
san pham trén thi truong bi han ché. Thuc té d6 doi hoi phai phét trién va nghién
ctru cac cdng nghé mai nham nang cao chat lugng san pham ché tao ndi chung va
nang cao do chinh x&c hinh dang hinh hoc nai riéng.

Viéc gia cdng cac chi tiét ¢ hinh dang hinh hoc phirc tap voi do chinh xéac cao
thuong duoc ap dung nhiéu trén cac trung tam gia cong. Tuy nhién trong qué trinh
gia cong khong thé tranh khoi nhitng sai sé ché tao do nhiéu nguyén nhan gay nén.
Mot s& nguyén nhan c6 thé dan dén 1am giam do chinh xéac cua cac may tién nhu:
sai s6 lap réap trong cac khép ndi truyén thdng, khe he do mon trong vit me bi, 6
lan, ... Bé dat duoc d6 chinh xac cao quy trinh gia cdng thudong dwong thuc hién
qua nhiéu budc bao gom: gia cong thd, ban tinh va tinh trén may tién, cudi cing
nguyén cong mai thuong dwoc st dung dé hoan thién chi tiét. Trong nguyén cong
mai cudi ciing nay, dung sai cua chi tiét can gia cong sé duoc quyét dinh. May tién
CNC théng thuong bi can tré bai ma séat va khe ho caa cac bo truyén dong, do do
d6 chinh xac dinh vi cua ting truc nhat dinh bi han ché. B¢ chinh xac dinh vi khac
nhau dbi véi mdi may, nhung théng thuong gia tri tir Sum — 20um duogc gia dinh.
RO rang la cac san pham gia cong trén may tién cé yéu cau dung sai kich thuéc 1én

dén 1/1000 (mm) khong thé duoc san xuat trén may tién thong thuong. Khi do,



nguyén cdng mai (hoic tién bing may c6 do chinh xac cao hon) can phai duoc bd
sung thém vao quy trinh cdng nghé.

Trong gia cong tién chinh xac, cac dung sai kich thudc dudi 1/1000 (mm) déu
c6 thé dat duoc trén may tién. Nhin chung, tién mang lai toc d6 san xuat cao hon, it
chi phi von va dung cu hon, va than thién voi moi trudng hon so véi mai. R rang
bang céch thuc hién toan bd quy trinh gia cong trén cuing mot may, thoi gian chu ky
trén mdi bo phan dugc giam xubng do khdng can thay doi may cong cu. May tién
c6 d6 chinh xac cao gan day da xuat hién dé dap tng cac yéu cau tién chinh xac.
Han ché chinh cua ching 1a chi phi vén cao, diéu nay c6 thé 1am kho cho c4c nha
may san xuat di s¢ hitu may tién thong thudng nén mudn dau tu may moc va ning
cao do chinh x4ac gia cong. Ciing nhu nhiéu may moc c¢6 do chinh xac cao doi hoi
mot mdi trudng dac biét tach rung dong va cach ly nhiét, didu nay lam ting thém
chi phi xay dung nha xuong.

Pé tan dung khdng can mua may mac, thiét bi méi, tan dung dugc cac may moc
thé hé cii ma van co thé ché tao dugc san pham c6 do chinh xé&c cao véi gia thanh
ré, giai phap thay thé 1a sir dung bo truyén dong, céng cu chuyén dong chinh xac
PZT (Piezo actuator) két hop véi CCPH dugc gin vao may tién thong thuong.
Theo cach nay, chuyén dong tho dugc thuc hién bai bo truyén dong cap CNC cua
may tién va viéc dinh vj tinh chi duoc thuc hién bai bo truyén dong co ciu dn dao.
Thong thuong bo truyén dong ap dién PZT duoc sir dung dé cung cap chuyén dong
tt trong cac ung dung gia cong. Trong luian &n ndy, su phat trién cua bo truyén
dong ap dién dé tién chinh xac dugc trinh bay. Bo truyén dong duoc thiét ké nhu
mét phan bé sung cho mot may tién thdng thudng, nhd dé cac bo truyén dong in
dao ciia may tién thyc hién chuyén dong thd va bo truyén dong diéu chinh vi tri
dung cu trong qua trinh gia cong tinh 14 co cu an dao. Hé thong hoan chinh da

duoc phat trién, bao gom thiét ké t6i wu va phan tich, ché tao va lip réap thiét bi



truyén dong, tiép theo 1a nhan dang hé thdng va thiét ké bo diéu khién, va cubi cing

la thuc nghiém trong ca phong thi nghiém va co sé céng nghiép.
2. Muc dich nghién ctru

Muc dich nghién ctu 12 thiét ké tdi wu hoa va ché tao co cdu an dao ding CCBH
dugc gan trén ban dao cia may tién nham nang cao do chinh xac co cdu an dao, giam
d6 nham bé mit khi gia cong. Vé mat cong nghé khi gia cong tinh khong can b sung
thém nguyén cdng ma van c6 thé dat dugc do chinh xac 1én dén 1/1000 (mm).

Dé thuc hién dugc muc dich trén thi cac van dé quan tdm cua dé tai bao gom:

(1). Thiét ké va phan tich dong hoc va dong luc hoc co cau an dao.

(2). Téi vu hoa dua trén do tin cay kich thudc co cau an dao.

(3). Ché tao va thyc nghiém co cau in dao.

(4). Diéu khién co ciu in dao.

(5). Sir dung co cdu an dao gan trén may tién co va may tién CNC dé gia cong
vat liéu thép C45 va so sanh voi may tién co va may tién CNC khi khéng gan co cdu an

dao nay. Tiéu chi so sanh ¢6 nham bén mit va d6 chinh x4ac co cau n dao.
3. Nhiém vu nghién ctru

Nang cao do chinh xac cia co cu dn dao dung CCPH. Trong gia cong tién chinh
xéc, cac dung sai kich thude dudi 1/1000 (mm) déu cé thé dat dugc trén may tién CNC
thong thuong. LAm nang cao do chinh x4c co cdu in dao va giam d6 nham khi gia
cong.

- Xay dung mo hinh toan chuyén vi, dong hoc va dong luc hoc cua co cAu an dao.

- Téi vu hoéa thiét ké co cu an dao.

- Thiét ké, ché tao va kiém nghi¢m co cAu an dao.

- Diéu khién co ciu dn dao bang thuat toan GA - PID.

- Thyc nghiém kiém chimg co cu in dao dé gia cong vat liéu thép C45, theo cac

tiéu chi nhu giam do nham va nang cao d6 chinh xac co ciu an dao khi gia cong.



4. Pham vi nghién ciru

Nghién ciru ndy chi di sau nghién ctru d6 chinh xac co cau an dao, bo qua cac anh
huong khac dén do chinh xéc trong qué trinh gia cong. Co ciu in dao ding CCPH lam
bang vat liéu hop kim nhdm (Al-7075) dugc dung dé gan trén ban dao ciia may tién co
MAQ CD6241X100 va may tién CNC ECOCA SL-8 dé gia cong vat liéu thép C45.

5. Hwong tiép can va phwong phap nghién ciru

Két hop nghién cau Iy thuyét, xay dung mé hinh toan, phuong phap mé phong
s6 va thuc nghiém.

Phuong phap xay dung mé hinh toan giai tich: dwoc thyc hién bang cach phan
tich mo ta toan hoc cua co ciu an dao gilp cho luan &n cé cach tiép can tong quat, khoa
hoc va xac dinh ding hudng nghién cuu.

Phuong phap mé phong sé: cac bai toan tinh toan, toi wu dé xuat déu duoc tinh
toan, kiém tra trén phan mém MATLAB va ANSYS thé hién tinh tryc quan va do tin
cay cao trong mién khao sat mong muén.

Phuong phap thuc nghiém: ding phuong phap Taguchi, phan mém MINITAB
16 dé thiét ké va phan tich thuc nghiém. Thr nghiém thuc trén may tién

Céc chi tiéu ky thuat cua tirng giai phap dé xuat déu da dugc xem xét mot cach

dinh luong dwa vao cac tiéu chuan hién nay.



6. Y nghia khoa hoc va thuc tién cia dé tai nghién ciru

a. Y nghia khoa hoc

— Lan dau tién, mot hé thdng dung cu cit chinh x&c va thiét bi cét the
nghiém phu hop véi diéu kién san xuat trong nude duoc xay dung, tao
tién dé cho céac nghién ciru sau nay trong linh vuc nay tai Viét Nam.

— D4 trién khai nghién cru danh gia thuc nghiém nhimg vu diém chinh cua
co cau 4n dao dung CCPH so0 véi may tién co va may tién CNC thong
thuong cac chi tiéu vé do chinh xac gia cong, do nham bé mat.

~ Nghién cau phat trién duoc hai thiét ké méi va xay dung md hinh toan
méi, mdi quan hé giira chuyén vi, d6 cing dau vao — dau ra, dong hoc va
dong luc hoc co cdu an dao.

~ V& mit phuong phap tinh toan thiét ké toi wu, dé xuat ra hai giai thuét
thiét ké toi wu mdi tong quat nhat tir viéc téi uu hoa co cau khau cing
tuong duong dén t6i wu hoa CCPH va phan tich do tin cay:

(1) Giai thuit di truyén ding TOPSIS cho khau cing twong dwong
va CCPH két hop. Giai thuat thiét ké t6i wu hoa niy trai qua 5 giai
doan: (1) thiét ké t6i uu co cdu khiu cing twong duwong, (2) chuyén do6i
thanh CCPH, (3) dung phuong phap phan tir hitu han trong phan mém
ANSYS dé phan tich Gmg xr chuyén vi, tng sudt, tan sd, (4) thiét ké tbi
vu hoa da myc tiéu ding NSGA-II hudng tiép can tdp nghiém Pareto, (5)
xac dinh cac trong sd Entropy va phuwong phap TOPSIS (Technique for
Order Preference by Similarity to Ideal Solution) dé lwa chon 10i giai t6t
uru tot nhat.

(1) Thiét ké t6i wu héa dwa trén dd tin ciy. Giai thuat nay trai qua 3
giai doan: (1) thiét ké t6i wu co cdu khau cung twong dwong va chuyén

d6i co cau twong duong thanh CCPH, (2) thiét ké t6i vu hoa da muc tiéu



clia co ciu dan hoi dung NSGA-II huédng tiép can tap nghiém Pareto, (3)
Phén tich d¢ tin cdy dung FORM.

Luan an nay cé y nghia tham khao rat quan trong d6i véi viéc nghién
clru, phan tich cac dbi tuong twong ty trong linh vuc két cAu dan hoi.
Pong thoi, cac két qua nghién ciru cua tai liéu cling giup mang lai hiéu
biét méi vé cac phuwong phap mé hinh héa, t6i wu hoa d6 tin cay va diéu
khién vong kin bang GA — PID trong phan mém LABVIEW.

b. Y nghia thyec tién

Trong giai doan hién nay, viéc nghién ctru va phat trién co cau dinh vi
chinh xdc c¢6 vai tro quan trong trong gia céng, c6 anh hudéng quyét dinh
dén hiéu suat gia cong, tudi tho ciia dao va do chinh x4c cua may tién.
Nhiéu bai bao khoa hoc di duoc xuét ban qudc té vé cac CCPH dé dinh
vi chinh x4c va céc ung dung cua ching. Tuy nhién, & Viét Nam, linh
vuc nghién ctru nay van con nhiéu han ché. Do d6, tai liéu nay s€ bod sung
thém cac két qua mdi cho linh vuc nghién ciu co ciu dinh vi trén ¢ Viét
Nam ciing nhur trén thé gidi.

Pé tai di ung dung thanh cong phuong phap tién chinh xac co tro gidp
clia co cdu an dao dung CCPH dugc dung dé gin trén ban dao cua méy
tién co MAQ CD6241X100 va may tién CNC ECOCA SL-8 dé gia cong
vat liéu thép C45 khi tién chinh xdc & chiéu siu cat 5 pm. Két qua cho
thdy khi str dung dé gia cong trén may tién co MAQ CD6241X100 sai s6
vi tri mii dao nhé hon 2,5 pm, do nham bé mit 0,41 pm. Khi str dung gia
cong trén may tién CNC sai sb vi tri miii dao nho hon 0,4 um, do nham
bé mit 0,25 um. Gia cong voi ca 2 loai may déu cho théy nhiét do cét
giam dang ké. Két qua nay co thé gitip kéo dai tudi tho cho dao. Két qua

chimg minh rang co cau an dao mai c6 kha ning dinh vi chinh xac va



nhanh chong dung cu cét trong qué trinh gia cong khi dugc lip vao may
tién CNC thong thuong.
— Két qua nghién ctru cé thé tng dung truc tiép vao san xuat va nang cao

hiéu qua kinh té — k¥ thuat cia qua trinh gia cong trén may tién CNC.
7. Cau truac caa luan an

Lu4n 4n gdm 5 chuong:

Mo dau

Chuong 1: Tong quan nghién ctru

Chuong 2: Co s& 1y thuyét nghién ctru

Chuong 3: Thiét ké va t6i uu hoa co ciu an dao
Chuong 4: Thuc nghiém va diéu khién co ciu an dao

Chuong 5: Két luan va hudng phat trién



Chuong 1

TONG QUAN NGHIEN CUU

1.1. Tong quan chung vé linh vuc nghién ciru

1.1.1. Co ciu dan hdi (CCPH)

a. Khai niém

Co cau 1a mot nhom céc khau (vat cang) lién két bai cac khép dung dé truyén
hay bién dbi chuyén dong, luc hay mé-men. Co cau khau cang truyén thong gom
nhitng khau cang tuyét ddi lién két véi nhau bang céc khop truyén thong nhu khép ban
18, khép tinh tién loai 5, khop cau, khép cac dang, khép loai 4. Mot sb vi du vé co cau
truyén théng co thé thay 1a: co ciu tay quay con trugt dung nhu dong co hay may nén
piston Hinh 1.1(a), co cau kim bam Hinh 1.1(b)

/
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Hinh 1. 1: M6t s co cdu cting truyén théng (a) co cau truc khuyu — thanh truyén, (b)

co cau kim cong luc [1]
Co cau dan hdi (CCPH) ciing cho phép truyén hay bién doi chuyén dong, luc va

moment. Tuy nhién khéng giéng co cdu cing truyén thong, CCPH c6 thé thyc hién it



nhat mot hodc mot vai chuyén dong nhd vao su bién dang cua cac khop dan hoi chu
khong chi dya vao cac khdp dong thuong ding. Mot vi du cho viéc chuyén doi mot co
cau ctng truyén thdng thanh mot CCPH thyc hién ciing mot chirc niang dugc thé hién
nhu & Hinh 1.2 cho co cau kim cong luc ¢ Hinh 1.1(b).

Khép déng

Khép dan hoi

Paura

Hinh 1. 2: Kim céng lyc bang CCPH

Chuyén dong cia CCPH lam cho céac khau caa né bién dang va tich trir nang
luong dan hoi. Phan ning luong nay sau dé sé& duoc giai phong dé gitp co cau thuc
hién mot chirc ning dinh truée. Pay 1a diém khac biét chinh cua dang co cau nay so
Vi co cau cang truyén thong.

b. C4c loai khop dan héi [2, 3]

Khép ndi dan hdi dugc phan thanh nhiéu loai tiy theo tinh chat dan hoi cua
ching. Khép dan hoi vé co ban 1a mot loai 10 xo tong hop c6 kha nang truyén va bién
d6i chuyén dong theo ca phuong tinh tién va xoay. Cu thé hon, mot khép dan hdi co
thé duoc hiéu nhu mot két cau c6 kha ning phan wng voi cac loai ngoai luc nhu: lyc
cat, lec doc truc, moment uén va tham chi 1a moment xoan. Qué trinh khao sét tac
dong cua cac ngoai luc nay dong vai tro quan trong, trong viéc xac dinh kha nang
chuyén dong hay con goi 1a bac ty do cua khép va CCPHH.

Dua trén chic nang va dic diém hinh hoc cua mdi loai khép dan héi cling nhur
kha nang dé gia cong, céac loai khép dan hoéi dang 1 truc dugc tng dung phd bién nhat
(Hinh 1.3).



E
p—

(a) Dang cung tron (b) Dang bo tron goc
(d) Dang két hop cung tron
va bo tron goc

N

© Do e oo e e 0 Dang o 4
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(g) Dang cung Parabolic (h) Dang cung Hyperbolic

X

(c¢) Dang cung Ellipse

.

Hinh 1. 3: Dang mit cat cua mot s loai khép ndi dan hoi
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1.1.2. Cac wu diém ciia khép néi dan hdi va co ciu dan hoi

Su mai mon Luc ma sat

Hinh 1.4: So d6 minh hoa dic diém cua khép ban Ié truyén théng
Viéc sir dung cac CCPH sé gitp giam sai s nho giam s chi tiét trong qua trinh
lip rép, don gian hda qué trinh san xuat nhung van cé kha niang ting hiéu qua st dung
nho ting dugc do chinh xac (loai trir dugc khe ho tai cac khép ndi nhu & cac khép
truyén théng giam mai mon (do khong cé sy trugt twong doi giira cac khau nbi véi

nhau).

Hinh 1.5: Khép dan hoi voi cau tao nguyén khéi [2]
(Trong d6: R: ban kinh; t: chiéu day; b: chiéu rong; 8 : goc xoay)
Cac dang khép ndi dan hoi ciing cho phép tao ra cac lién két twong ty nhu cac

khop néi truyén théng va khac phuc duoc cac nhuoc diém cua cac khép truyén thong.
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Khép ban 1& dan hoi cau tao bai mot khéi vat liéu duoc cit khoét mot phan (Hinh 1.5).
Khép ndi dan hdi dua trén d6 dan hoi trong ban than vat liéu caa khop dé tao ra chuyén
dong. Do khong phai ché tao tir nhiéu chi tiét khac nhau nén khép ndi dan hoi khong
ton tai cac nhugc diém cua khop ndi truyén théng nhu: ma sat, mai mon, phai boi tron
va khe ho. Két cau nguyén khéi cua khop néi dan hoi té ra wu thé khi s dung dé
truyén chuyén dong co do chinh xac & mirc micro va dudi micro trong céc tac vu gia
cdng can d6 chinh xac cao hay trong céc thiét bi y sinh, MEMS. Tuy nhién CCPH van
c6 mot sb nhuge diém: khéng bén néu tai I6n qué, khoang di chuyén nho, nén chi thich

hop véi cac chuyén dong nho yéu cau chinh xac cao.

Co ciu khuéch dai

Khép da truc va co cu
Khop mem khuéch dai
Hinh 1.6: Co c4u dan héi [1]

1.1.3. Mt s6 co cAu dan hdi thdng dung
CCPH duoc tao thanh tir nhiéu khép dan hoi két hop lai véi nhau, CCPH ciing
¢ cac dang dic trung nhu co cAu truyén thong, co thé truyén va bién doi nhiéu loai

chuyén dong khac nhau (Hinh 1.6). V&i nhitng uu diém vén cé caa khép ndi dan hoi,



CCPH véi thiét ké nguyén khdi dong nhat cé kha nang truyén chuyén dong rat chinh
X&c V&i hiéu suat va do bén cao hon céc co cdu co khi truyén théng nhiéu lan.

a. Co cau din dong va dinh vi.

Phan bi dan

Bo khuéch dai vi sai

o Phan dan
Hinh 1.7: Co cau dan dong véi do phan giai micro [4]

Téc gia Pham Huy Hoang [4] va cac cong su di thiét ké hinh dang va md phong
hoat dong cua co ciu dan dong st dung co cau khuéch dai vi sai voi do phan giai
micron. Co cdu c6 do khuéch dai 9,53 va d6 phan giai tir 0,5 — 1um Hinh 1.7.

Nam 1996, Xu va cac cong su thiét ké tong hop toi wu CCPH chuyén dong
thang dung co cau khuéch dai dang cau véi o cang viing va do khuéch dai nho Hinh
1.8. Sau d6 phat trién thanh dang cau phtc hop vao nam 2011 [5] véi hé sé khuéch dai

I6n hon 12, véi do 16n dich chuyén milimet c6 d6 cing khoang 9 N/um Hinh 1.9.

L phrrong ngang D S ‘ ISR EE STy

L %”W% Khép ban nguyét

Hinh 1. 8: Co cu khuéch dai dang cau
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Hinh 1. 9: Co cu khuéch dai dang cau phtc hop
Thang 5 nim 2013 nhom tac gia Meng va cac cong su thiét ké md phong va tong
hop t6i wu CCPH chuyén dong thang c6 két cau va hinh dang nhu Hinh 1.10 [6]. Co

céu c6 do khuéch dai bang 5, sir dung khép dan hoi dang corner-filleted.

¢D§1u ED

Khau cieng
Co 4— PDPaura
dinh
Khap

?Béu VED)

Hinh 1. 10: Co ciu dan hoi chuyén dong thang
Thang 9 nim 2013 nhém tac gia Shin Kang va cac cong su thiét ké CCPH dang
4 khau nhu Hinh 1.11, co ciu c6 hé sé khuéch dai 7, do 1on dich chuyén nho (khoang
10um) va do cing thap [7].
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Hinh 1. 11: Co ciu dan hoi khuéch dai dang 4 khau
Thang 10 ndm 2013 nhém tac gia Zhu [8] va cac cong su thiét ké co cau an dao
cho may tién c6 cau tao va nguyén 1y nhu Hinh 1.12. Co cau cd kha ning di chuyén

theo 2 chiéu. Chiéu z c6 thé di chuyén 27,03um d6 phan giai 14 nm. Chiéu x tir -8,37

um —7,544 um va d6 phan giai 8nm.

Hinh 1. 12: Co c4u an dao dang 2 bac tu do.
Thang 10 nam 2015 Lu [9] va céc cong sy thiét ké tong hop téi wu CCPH di
chuyén thang sir dung co ciu khuéch dai kiéu don bay kép Hinh 1.13 véi hé sé khuéch
dai tir 6,28 — 8,96 1am viéc véi d6 16n dich chuyén khoang 0,88 um — 1,42um.
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Hinh 1. 13: Co cau khuéch dai dang don bay kép
Trong cong trinh [10] Chen (2016) va c4c cong su cua minh da thiét ké mot co
cau khuéch dai chuyén dong sir dung khép dan héi ellipse trong d6 hé sé khuéch dai
Ién ti 40 lan v&i pham vi hoat dong bién dang dau vao cho phép 0,01mm — 0,08mm
nhu (Hinh 1.14). Nhuoc diém 14 tin s6 dao dong riéng khong cao, d6 ciing viing thap.

H,
Input

Actuator

Ry

Hinh 1. 14: Co c4u khuéch dai dich chuyén thang

Sun [11] (2020) da phat trién mot hé théng véi co cau mot bac ty do, dua trén

co cau khuéch dai kiéu don bay dé tao chuyén dong tir tinh, ngan chin rung dong trong
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qua trinh 1am viéc Hinh 1.15. Két qua thiét ké duoc co cau ¢ chuyén vi 220 pum, tan s6
tu nhién 38 Hz.

Hinh 1. 15: Hé thng maot bac tu do ngin rung dong
Shen [12] (2021) nghién ctu nay trinh bay mot CCPH tao chuyén vi thang, st
dung hai kiéu khuéch dai cau va kiéu khuéch dai don bay két hop voi nhau. Két qua

thiét ké duoc co cdu c6 chuyén vi 568 um, wng suat Ién nhét cua co cau 423MPa.

Hinh 1. 16: Co ciu dinh vi két hop kiéu ciu va don bay
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Ling [13] (2022) va cac cong sy di phat trién co cau dinh vi voi khuéch dai
chuyén vi nhiéu tang dua trén co cdu khuéch dai kiéu cau va co ciu don bay tao
chuyén vi dau ra 0,7 mm, tan s6 cong hudng cua co ciu 874 Hz.

Co’ cau don bay D3

. Piezoelectric stacks Lo s
C6 dinh Khuéch dai kiéu cau

Hinh 1. 17: Co cu khuéch dai dich chuyén ba giai doan lai.
b. Ung dung co ciu dan hf“)i‘trong truyén déng chinh xac.
V6i nhitng vu diém vé d6 chinh xac nén CCPH ngay cang dugc sir dung rong
rdi trong truyén dong chinh xac, dic biét 1a khi truyén nhiing chuyén dong nho, c6 thé
dén dudi micromet (Hinh 1.18).

= -

Hinh 1.18: Co cau dan hdi trong c4c san pham MEMS [1]
Do kha ning truyén chuyén dong véi do chinh xac cao nén CCPH con duoc sir
dung trong linh vuc gia cong co khi dé tao ra san pham chinh xac, dap ung yéu cau k¥
thuat nghiém ngat. Ngay nay, nhiéu dé tai nghién cau ung dung CCPH trong thiét ké
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co cau chuyén dong dao cua may tién di va dang duoc trién khai nham st dung wu
diém cua co cau nay dé ra tang do chinh xé&c gia cong, giam gia thanh san pham. Tuy
nhién, do nhimg dic trung vé ciu tao nén CCPH chua yéu duogc sir dung trong viéc
truyén cac chuyén dong nhé véi do chinh xac cao.

Ngoai ra, khi str dung ngudn dan dong chinh xac cao PZT két hop véi CCPH ¢
thé tao ra nhitng chuyén dong nho, cuc ky chinh xac. Tir d6, co cdu an dao trong may
tién ang dung CCPH va PZT d3 va dang diy manh nghién ctu va khic phuc céc
khuyét diém cia may tién co hoic may tién CNC thong thuong tir d6 nang cao do

chinh x4c gia cong va d6 6n dinh cua san pham (Hinh 1.19).

Hinh 1.19: Bo phan chay dao sir dung CCPH va co cau chap hanh piezo [14, 15]

1.2. Céc két qua nghién ciru trong nwéc

Ngay nay, véi su phat trién vuot bac caa khoa hoc cong nghé trén céc linh vuc,
c4c san pham co khi ngay cang yéu cau cao vé chat luong san pham, tinh ning tu dong
hda san xuit va cac tinh ning dic biét 1a @6 chinh xac hinh hoc caa san pham. Do do,
cac cong nghé gia cong truyén thong trén cac may van nang kho cé thé dap tng tt nhu
cau ngdy cang tang nay va su canh tranh ctiia san pham trén thi truong bi han ché. Thuc
té nay doi hoi phai phat trién va nghién ctu cac cdng nghé méi dé nang cao d6 chinh
x&c cua cac dang hinh hoc, cu thé 1a nang cao chat lugng san pham ché tao. Nhung
trong thuc té cd rat nhidu nguyén nhan gay ra sai s6 khi gia cong nhu sai s6 dong hoc
cua vit me bi, sai s6 do nhiét do, bl trir sai s6 truyén dong, .... Dé nang cao chat luong

san pham khi gia cdng, hién nay nhiéu nghién ctru d duoc thuc hién nhiam cai thién va
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nang cao do chinh xac trong gia cong cit got nhu van dé bl sai s6 trén cac may CNC.
Trong cong trinh [16] cua GS. Banh Tién Long da dua ra giai phap nang cao do chinh
xé&c cua may phay CNC bang bo diéu khién. Trong nghién ciu caa nhém nay, tiéu chi
quan trong nhat dé danh gia chat lwong may 1a sai s6 vi tri. Khi gia cong, bo diéu khién
s& diéu khién cac truc X, y, z sao cho dung cu dat duoc toa do theo yéu cau - toa do nay
duoc xac dinh thdng qua Encorder gén ngay sau dong co.

Nhung dic biét trong nhitng nim gan day mot nhom tac gia da budc dau di sau
vao nghién ctu, thiét ké ciing nhu hudng tng dung cia CCBH. Nam 2008 cong trinh
[4] Pham Huy Hoang va cong su da dua ra thiét ké co cau dan dong véi d6 phan giai
micron. Chi di su nghién cru tinh to4n mé phong dé tim ra co cau c6 d6 khuéch dai
I6n. Két qua md phong cho thay co cau co do khuéch dai chuyén vi lon hon 9.

Nam 2013 mot nghién cau [17] caa nhom tac gia Pham Minh Tuin va Pham
Huy Hoang da nghién ctu, thiét ké, méd phong co cau in dao bang CCPH sir dung
trong may CNC, nhung két qua nghién cau chi giéi han & viéc tinh toan, mé phong ma
chua di sau nghién citu thyc nghiém Hinh 1.20. Két qua cho thay do khuéch dai chuyén
vi bang 2, nhung nhugc diém @ng suat 16n 918 MPa. Chua di sau vao thyc nghiém diéu

khién va ang dung gia cong cua co cau.

Hinh 1. 20: Két qua mo phong co cau [17]

Nam 2013 nhom tac gia Pham Huy Tuén va cong su trong cong trinh [18] da
ing dung CCPH vao linh vyc co sinh hoc dé phat trién mot phuong phép thiét ké méi

cling v&i mot cong cu ché tao don gian nham tao ra mot khép mét ca chan gia dya trén
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nén tang cia CCPH va giai thuat di truyén. Uu diém cua khép chan gia nay cé ciu tao
nguyén khdi c6 kha nang tich trir va giai phong ning lugng tao, tao su linh hoat cho
nguoi st dung (Hinh 1.21) [19]

Hinh 1. 21: Khdp chén gia st dung CCBH [19]

Nam 2016 cong trinh [20] nhom tac gia Pham Huy Tuén va cac cong su da cai
tién thanh cdng khop mit cac chan gia dé tao kha nang linh hoat hon thiét ké trude do.
Pic diém cua thiét ké nay 1a su két hop cac thanh dan hoi va cac khop dan hdi nham
muc dich tao chuyén dong linh hoat hon bang cach tao thém bac tu do cua khop va co
kha nang tich trit, giai phong ning luong khi di chuyén Hinh 1.22(a). Thiét ké nay sau
d6 tiép tuc duoc cai tién thanh san pham hoan chinh 1a ban chan gia voi khép mit ca
chan da tryuc da dang ky so hitu tri tué¢ nam 2020 (Hinh 1.22(b)).

Hinh 1. 22: Ban chan gia bang vat liéu POM (a) [20] va dang ky so hitu tri tué (b) [21]
Nhom tac gia Thanh-Phong Dao va cac cong su da thiét ké, ché tao va tbi wu
nhiéu CCPH cho vai tng dung trong hé théng dinh vi chinh xéc [22, 23], co ciu dan
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huéng st dung trong thiét bi do tinh chat co tinh cua vt lidu [24], co cdu dinh vi chinh
xé&c hai truc x va y str dung cho kinh hién vi dién tir va canh bién [25], mé hinh dinh vi
kich thudc micron sir dung nhu mot cam bién do hanh trinh chuyén vi [26]. Cac két
qua nghién ciru caa nhém chu yéu phat trién céac thiét ké mai cd khuéch dai chuyén vi
I6n, nhung nhuoc diém tan sé ty nhién nho, do cimg viing thap, khéng gian thiét ké
I6n. Ngoai ra, nhdm tac gia nay ciing phat trién cac thuat toan khac nhau duya trén thiét
ké thuc nghiém dé tim ham muc tiéu mong muén nhu tan sd, chuyén vi, ang suat. Cac
két qua nghién ctu nay chua di sdu nghién ctu vé mo hinh toan, diéu khién, thuc

nghiém va kha ning tng dung thyc té cua ching.
1.3. C4c két qua nghién ctru ngoai nwéc

a) Cac két qua nghién ciru ngoai nwéc

Hién nay, cac CCPH duya trén bién dang cua cac khop dan hoi da thu hat sy chi y
rong réi trong nhiéu ung dung khoa hoc va cong nghiép [27]. So sanh véi co cau
truyén thong, CCPH ciing truyén luc, md men va chuyén dong nhung nho vao bién
dang dan hoi caa cac khop dan hoi. Tuy nhién CCPH c6 vu diém nhu khong c6 khép
ndi, khong c6 do ho gitra cac khép, khong c6 ma sat, dd chinh xac cao, két cdu nguyén
khdi dan dén giam chi phi gia cong va thoi gian 13p réap [1]. Ngay nay, CCPH di va
dang dugc nghién ctru tng dung rong rai, dong vai tro quan trong trong cac linh vuc,
duoc 4p dung rong rai trong ky thuat chinh xac, co khi chinh xéc, co cau dinh vi [28-
30], chang han nhu kinh hién vi lyc nguyén ti, tay may vi md (micro/nano
manipulator) va gia cdng chinh xac [31-34], co cau chay dao chinh xac [35-37], co cau
can chinh chinh xéc [38] co cau dinh vi nano chinh xac 2-3 bac tu do [39-42], co cau
Kep VAt va co cAu gap vat siéu nho [43-46], co ciu tao va diéu chinh lyc [47, 48], van
servo dé kiém soat chat long [49]. Mot s6 tng dung co cdu dan hoi song 6n dinh nhu:
co cau khoa micro @ng dung trong quang hoc [50], co cau dung dia CD [51], gia téc

ké dang khoa (latching accelerometer) [52], ro le (relay) dién [53].
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Ngay nay, trong linh vuc gia cong co khi cac san pham ngay cang yéu cau do
chinh xéc cao. Vi vay céc cong nghé gia cong truyén théng trén cac may tién kho dap
mg duoc yéu cau nay nén khi gia cong co6 do chinh xéac thap (trén pm). Nguyén nhan
lam giam do chinh xac khi gia cong cd thé do: sai s6 trong cac khép ndi truyén thdng,
khe hg trong vit me bi, 6 1in, sai s6 do nhiét do, bu trir sai s6 truyén dong.

Mot hudng nghién ctru 1a thiét ké cai tién két cAu may hay thiét ké co ciu an dao
dé nang cao d6 chinh xac vi tri cua dung cu cit [35, 54]. Trong nhiing cong trinh nay
cac tac gia chi dé cap dén thiét ké va diéu khién co ciu, md hinh dong luc hoc cua co
ciu (Hinh 1.23) két qua cho thay, co ciu tao chuyén vi khoang 20 pm, tin sb ty nhién
1122 Hz, d6 cimg dau vao cua co cdu 13,1 N/um. Tuy nhién mau thiét ké dua ra chi 1a
ngau nhién, thiét ké tryc tiép CCPH, khong phan tich, thiét ké co ciu khau clng tuong
duong. Chua di sdu vé kiém nghiém thuc té va thiét ké t6i wu, diéu khién tdi wu cho két
cu. Cac nghién ctu nay chi dung lai & viéc ché tao m6 hinh, chua thuc nghiém gia
cong thir, co cAu nay tao chuyén dong nho, d6 cing virng thap rat kho tmg dung trong

gia cong.

ﬁ.‘ = - ; RN : -
Hinh 1. 23: M6 hinh CCPH dung lam co ciu dn dao [35]

Liu va cong su [36] da nghién ctru va thiét ké co ciu an dao véi dung cu cat kim
cuong. Két qua véi tan sb ty nhién 109,6 Hz, chuyén dong mong muén theo tryc z 500

um, chuyén dong khdng mong mudn theo truc y 1a 3,4 um, d6 cing theo truc z cua co
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ciu 74,76 N/mm, d6 cing theo truc y 1a 8,9 N/um. Puogc diéu khién bai bo didu khién
PID sai s6 chuyén vi theo truc z 1a 0,15% va sai s6 chuyén vi theo truc y khoang 0,013
um. Két qua nghién cttu méi chi dung lai trong phong thi nghiém, co cau c6 tan sé tu
nhién thap, d6 ciing vitng cua co ciu thap, chuyén dong khéng mong muén cua co cau
I6n. Nhitng két qua nay cho thiy co cau khé dap tmg duoc wng dung gia cong thuc té,
gia cong c6 do chinh xac thap, d& co hién twong cong huong (Hinh 1.24). Dic diém két
ciu thiét ké cua co ciu la dang khong gian, d6 ctng viing thip, kho diéu khién chinh

xac va khoé gia cong va che tao.

d
Ro 2
tz

ty

dy

Hinh 1. 24: Két cdu cua dung cu cit kim cuong [36]

Cong trinh [55] Li va lbrahim (2011) va c4c cong su di nghién ctu va thiét ké
co ciu dn dao FTS (fast tool servo) tuyén tinh mot bac tu do s dung diéu khién dung
cu cit bang kim cuwong. Két qua nghién cau chi tinh toan va méd phong véi tan sé tu
nhién 1400 Hz, chuyén vi cia co cau 1a 20 pm, d6 cing dau vao 10,3173 N/um, {ng
suat Ién nhat 700 MPa. Ngoai ra, nhuoc diém cua thiét ké nhu Hinh 1.25, PZT bi phan
luc nguoc truc tiép khi o tai cling nhu khi gia cong, diéu nay lam giam hiéu suat hoat

dong cua PZT ciing nhu co cdu, 1am PZT d& bi hu hong.
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Hinh 1. 25: Co ciu FTS: (1) piezoelectric actuator, (4) CCPH, (9) dung cu cit kim
cuong
Cong trinh nghién ciu cia Zhu va Zhou (2011) [56] thiét ké co céu an dao
(Hinh 1.26). FTS duoc thiét ké hanh trinh 10,25 um vai tan s6 1a 2 kHz, 6 cang cua
co cdu 22,434 N/um, ¢ng suat I6n nhat 227 MPa, két qua thyc nghiém do chuyén vi
cho thay d tré vé thoi gian Ion 19,5%. Nhuoc diém cua thiét ké 1 hanh trinh cua co

c4u nho, tng suat cua co cau 16n, cach dat PZT bi tac dung nguoc cua phan luc.

Hinh 1. 26: Co ciu FTS

Wang va cac cong su [57] (2013) da thiét ké va ché tao co cau an dao véi tan sd

tu nhién 321 Hz, chuyén vi cua co cau 1a 540 pm, sai s6 khi diéu khién bang PID 12 6%
Hinh 1.27. Thiét ké cua co cau in dao (Hinh 1.27 va Hinh 1.28) nay sir dung co cau

bdn khau don khong ddi xtng, nén co cau c6 nhuge diém I1a chuyén vi khéng mong
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mudn 16n va khé diéu khién chinh xéc. Viéc thiét ké co ciu ciing bang céch thiét ké
tryc tiép CCPH, khdng thong qua thiét ké co ciu khau ctng turong duong trudc.
pé ga

Khuéch dai chuyén vi
Dung cy cat
Hinh 1. 27: Co ciu an dao [57]
Shalaby va cac cong su [58] (2017) da thiét ké va ché tao co cu an dao, thyc
nghiém cat tht vat liéu bang thép. Két qua cho thiy d6 chinh xac IT5 va d6 nham bé
mat khoang 0,45 um (Ra) Hinh 1.28.

Hinh 1. 28: M6 hinh co c4u an dao [58]
Ding va cac cong su [59] (2017) da thiét ké va tbi uu hoa co cdu an dao véi két
qua nhu tan s6 ty nhién 156,77 Hz, chuyén vi cia co cau 1a 96,75 pum, d6 cting dau vao
6,12 N/um, tng suat Ién nhat 94,634 MPa nhu Hinh 1.29.
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Hinh 1. 29: M6 hinh co c4u an dao [59]
Hao Liang va cac cong su [60] (2017) da thiét ké va téi wu hoa co cdu an dao
Vi két qua nhu tan sb ty nhién 316,84 Hz, chuyén vi cta co cau 1a 114,9 um, ang suat
I6n nhat 260,65 MPa nhu Hinh 1.30. Két qua nghién ctru cua cac cdng trinh [50, 51]
méi chi dirng lai & tinh todn md phong, co ciu co tan sb ty nhién thap, d6 cing viing
ctia co cau nho. Nhung két qua nay cho thdy co cdu khé dap tmg dugc Gng dung gia
cong thyc té, gia cong cd do chinh xéc thap, dé c6 hién twong cong huong, khdng gian

thiét ké 16n.

Hinh 1. 30: M6 hinh thiét ké co cau [60]

Kurniawan va cac cong su [61] (2013) da thiét ké co cau ¢ tan sb tu nhién 480

Hz, chuyén vi cta co cau 12 26 pum, do cing dau vao 50 N/um, tng suat 16n nhat 131,6

MPa nhu Hinh 1.31. Co cdu nay dwoc ung dung gia cong cac bé mat vi mé bang
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phuong phép gia cong hd tro rung dong vai vat liéu gia cong 1a Al 6061-T6 va AlSI
1045. Két qua cho thay, sai s6 16n nhét caa chiéu dai (da) va chiéu rong (ds) cua vét
16m khi miii dao cit tao nén trén phoi 1a déi véi Al 6061- T6 lan luot l1a khoang 5,63%
va 10,14%, vai AISI 1045 lan luot 12 khoang 12,2% va 47,97%.

. e 7
i N Ol 4

—

3 :
R, "
Carbide tool f

Spindle

Hinh 1. 32: M6 hinh thuc nghiém gia céng bé mat vi mo[62]

Yu He va cac cong su [62] (2018) da phat trién va ché tao co ciu an dao co tan
s6 tu nhién 980 Hz, chuyén vi caa co ciu 1a 8 um, d6 cimg dau vao 50 N/um, tng suat
I6n nhat 131,6 MPa nhu Hinh 1.32. Puoc ung dung gia cdng cac bé mat vi md bang
phuong phap gia cong hd tro rung dong voi bién do 8um, tan s6 41 Hz vai vat ligu
nhom.
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Zhao va céc cong sy [63] (2020) da phat trién mot co cau an dao tao chuyén vi
theo 2 giai doan nham lam ting kha nang dich chuyén co cau nhu Hinh 1.33. Két qua
nghién ctiu chi tinh toan va md phong véi chuyén vi cia co cau theo 2 giai doan la 10,4
UM va 0,76 um, do cimg dau vao timg giai doan 1a 16,84 N/um, 6,90 N/um va do cing
dau ra 4,99 N/um, @ng suat Ién nhat 171 MPa. Puoc diéu khién bai bo diéu khién PID

sai s6 chuyén vi + 0,1 pm.

Hinh 1. 33: Co c4u an dao tao chuyén vi 2 giai doan [63]
Wang va cac cong su [64] (2019) phat trién mét co cau an dao chinh xé4c cao dé
ng dung gia cong vi md nhu Hinh 1.34. Puoc ung dung gia cdng cac bé mat vi m, bé
mit duoc gia cdng phl hop véi hinh dang mong doi. Két qua cho thay, sai s6 cua vét

16m khi miii dao cit tao nén trén phoi 1a 0,6pm.
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Hinh 1. 34: M6 hinh gia cong thau kinh dung co cau an dao chinh xac [64]

Zhou va céc cong su [65] (2021) da phat trién mot co cdu an dao, ¢6 thé do Iuc
cit nhu Hinh 1.35. Két qua nghién cizu chi tinh toan, md phong va thuc nghiém véi tan
s6 tu nhién 1,25 kHz, chuyén vi caa co cau 1a 60,18 pm, do cang dau vao 13,47N/um,
g suét 1én nhat 300 MPa. Puoc diéu khién bai bo diéu khién PID sai s6 chuyén vi +

0,5 um.

(a)

Hinh 1. 35: Co c4u n dao c6 tich hop do luc [65]
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Bang 1. 1: Thong s cac co cdu dn dao duing CCPH da duoc cong b

Téc giava TLTK Thong sé

Hanh trinh  Chuyén vi Pocimgdau  Ungsuat  Tansé

(um) khongmong  vao (N/um)  Iénnhat  tu nhién

mudn (um) (MPa) (Hz)

Tian [35] 20 13,1 52 1122
Liu [36] 500 3,4 74,76 N/mm 109,6
Li [55] 20 10,3173 700 1400
Zhu [56] 10,25 22,434 227 2000
Wang [57] 540 321
Ding [59] 96,75 0.98 6,12 94,634 156,77
Liang [60] 114,9 260,65 316,85
Kurniawan [61] 26 50 131,6 480
He [62] 8 50 131,6 980
Zhao [63] 10,4 16,84 171
Zhou [65] 60,18 13,47 300 1250

Nhdgn xét: Cac két qua nghién ctu & trén va tong hop so sanh ¢ Bang 1.1 cho
thiy co cau an dao c6 chuyén vi trong khoang 8 — 540um, tan sb tu nhién 156,77 —
2000Hz, do cing dau vao 6,12 — 50N/um. Cac két qua nghién ctru trude thuong trong
khoang trén, vi vay thiét ké co cau an dao cua luan an ciing dugc chon trong cac ving
gia tri nay. Pé tranh xay ra hién twong cong huong gitta co cdu in dao véi hé thng
cdng nghé ctua may tién (gom mdy, phoi, d6 ga, ...) trong khi gia cong, tan s6 dao dong
tu nhién dau tién cua co cdu dn dao nén duoc thiét ké cang 16n cang tét. Bé dam bao co
c4u an dao hoat dong tot khi gia cong, tng suat I6n nhat caa thiét ké cang nho cang tét
va nho hon gia tri dd bén chay cua vat liéu 1am co cdu an dao. Nhung trong thuc té
thiét ké, khi chuyén vi 16n thi tan s va do ctiing cua thiét ké nho va nguoc lai. Pay 1a
thach thirc thuc day nghién ciu cua luan an dé tim dwoc thiét ké c6 tan sé tu nhién Ion,
chuyén vi 16n, d6 cang 16n va tng suat nho. Ngoai ra, trong Bang 1.1 cho thay céc
nghién ctu c6 chuyén dong khéng mong mudn 16n hay it quan tim dén chuyén dong
khéng mong mudn, trong cac co ciu dinh vi chinh xac hay co cdu an dao, diéu nay thi

rat quan trong né anh huéng truc tiép dén d6 chinh xéac va sai sé dinh vi cia co ciu dn
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dao, day 1a mot ly do tiép theo dé thuc ddy nghién ciru trong luan an nay. Céc nghién
ctru trén c6 d6 cimg dau vao nho, khuéch dai chuyén vi 16n dan dén do ciang dau ra nho
diéu nay lam co cau yéu kho dap tng gia cong. Pay ciing 13 1y do trong luan 4n dé thic
day tim kiém mot thiét ké c6 do cing cao.

Tong hop nhitng diém chung trong cac nghién ctu ¢ trén, ta cé thé thay
(). Vé mat thiét ké:

Trong cac thiét ké trén PZT duoc gan truc tiép vao CCPH nhu Hinh 1.23 dén
Hinh 1.34, khi d6 PZT bi phan luc nguoc tryc tiép khi co tai ciing nhu khi gia cong lam
giam hiéu suat hoat dong caa PZT ciing nhu co cau, lam PZT dé bi hu hong. Pay 1a
han ché va 1a nhugc diém cua cac thiét ké trén, diac biét lam giam hiéu qua khi hoat
dong & hiéu suat cao, va do chinh xac khi dich chuyén. Vay can thiét tim ra mot thiét
ké moi dé khac phuc nhiing han ché trong cac thiét ké co cau an dao nay. Ngoai ra,
viéc tim kiém mot thiét ké c6 chuyén vi, tan sé Ion, ang xuat va chuyén dong khong
mong mudn nho, khdng gian thiét ké nho ludn 1a thach thie duoc céc nha nghién ctu
quan tam. Trong cac két qua nghién ciiu ¢ trén cho thay cac thiét ké cd chuyén vi Ion
thi tan s nho, tng suat tap trung 16n, dé cing nho, chuyén vi khéng mong muén 16n
va nguoc lai. Két qua nay dan dén 1am giam do chinh xac khi truyén chuyén dong, gay
ra cong hudéng, (ng suat tap trung 16n ré xay ra nat gy, hu hong trong qua trinh gia
cong, khé co thé st dung céc thiét ké nay dé gan trén may tién CNC thong thuong (ng
dung cho gia cong cat got. Pay 1a nhiing 1y do thuc day nghién cau luan &n nay tim
mot co cau méi phi hop dé han ché nhitng nhugc diém cua cac thiét ké o trén. Ngoai
ra, c&c nghién ctiu & trén thuong thiét ké CCPH bang cach truc tiép ma khong phan
tich va téi uu hoa co cdu khau cing twong duong. Luin an nay dé xuit phuong phap
thiét ké mot cach tong quét nhat tir viéc thiét ké va phan tich téi uu hoa co cau khau
ctng tuwong duong sau d6 duya trén thiét ké co cau khau cimg twong dwong dé thiét ké

CCPH, cudi cung 1a tdi uu hoa va phan tich dé tin cdy caa CCDH.
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(ii). Vé mat ing dung va diéu khién:

Cac nghién ctu trén chua yéu tinh todn mé phong, ché tao va thuc nghiém chi
thién vé dinh huéng tng dung, rat it cac nghién ciu sir dung cac co cau dé gia cong va
tng dung thuc té. Cac co cdu dn dao nay thuong dugc dinh huéng ung dung trén céc
may CNC chinh x4c cao dé gia cong cac bé mat vi mé co do chinh xéc rat cao. Trén thé
gidi cling nhu & viét Nam rat it nghién ctu tng dung co cdu an dao ndy vao cic may
tién CNC thong thuong.

b) Cac phwong phap nghién ciru CCDH:

CCDH va cac huong ung dung ctia n6 dang ngay cang dugc nghién ctu rong rai
trén thé giéi va timg budc thay thé mot sé co cau khau cing truyén thdng. Tuy nhién
S0 V&i cac co cau khau cimg, cac phuong phap thiét ké va tong hop CCPH phuc tap
hon nhiéu. Do vay trong khoang hon 2 thap ky gan day rat nhiéu cac cong trinh nghién
ctru tap trung tim kiém va dé xuat cac phuong phap tong hop méi cho CCPH.

Vé mit ly thuyét, c6 ba phuwong phép tiép can téng hop thiét ké khac nhau cho
CCDH nhu ¢ Hinh 1.36

(1) Cac phuong phap tiép can dua trén moé hinh toan tinh hoc/dong hoc: chiang
han nhu mé hinh vat thé gia citng (PRBM) [1], phuong phap ma tran [45, 66], the
elastic beam theory [67, 68] va dinh ly thir hai cua Castigliano [69, 70].

(2) Céac céch tiép can cac khdi cau truc [71-73].

(3) Céc phuong phép tiép can dua trén co sé téi wu hoa hinh hoc topology [46] va
t6i wu hoa kich thudc, bao gdm: st dung tbi wu hoa truc tiép ding cac thuat toan nhu di
truyén (genetical gorithm-GA), DE, PSO [47, 48, 74-76] va t6i uu hoa thiét ké bang
thuc nghiém nhu: Dya trén thiét ké thi nghiém Taguchi két hop véi GA [77], phuong
phap dap (ng bé mat (Response Surface Methodology-RSM) [39, 78].
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| cAc PHUONG PHAP TGNG HOP CO CAU DAN HOI |

PP dong hoc

1
PP khdi lp ghép |

Thay thé PP tu do &
khau ctiing

rang budc (FACT)

l— Cac loai khdp mém *

| Flexure joints for lumped
compliance

L__ Flexure joints for distributed
compliance

L Mé hinh gia cting (PRB) *

F— PRB model for lumped
compliance (Small-Length
Flexural pivot)

— PRB model for distributed
compliance (Cantilever
beam fixed-pinned)

— Building blocks
by instant centers

L— Flexible building
blocks and
optimization

Ghi cha:

(*) Nhitng phuong phap sé dugc
st dung trong luan an ctia NCS

| PP t3i wu héa két ciu

Tham s6 hoéa
thiét ké

Xay dung
ham muc tiéu

— Spline, Bezier
and wide curves

— Morphological
representation of topology

| Intrinsic functions

— Load-Path representation
and spanning tree

— Unit truss cell

| Discrete structure

| Full ground structure
L Partial or modular
ground structure

| Continuum structure

L SIMP method
and Artificial Density

L Honeycomb
representation

L— Homogenization
method (Hole-in-cell)

L— Control meshes
and subdivision

— MSE and SE

| — Mechanical and
geometrical
advantage, and
mechanical efficiency

| Characteristic stiffness

Error formulations

— PP Phan ttr hitu han *

— PP Dap ting bé mat *

— Téi uu hda co cau tuong duong,
tuong Ung véi co cau dan héi
két hop vai GA va phéan tich
TOPSIS *

— T&i uu héa theo dé tin cay *

Hinh 1. 36: Tong hop cac phuong phép thiét ké CCDH [74]
c) Céc bai toan [39, 47, 48, 74-78]

Trong rat nhiéu huéng tng dung cia CCPH, co cu dinh vi chinh xac thuong

duoc quan tdm nhiéu nhat. Céac nghién ciru vé thiét ké loai co cau nay thuong sir dung

nhom cac phuong phap vé téi wvu hoa. Do sé lugng céc tham sé thiét ké nhiéu, cac

nghién ctru trude day thuong dua trén kinh nghiém cua nguoi thiét ké dé chon ra mot

vai bién thiét ké cho bai toan t6i wru. Cac thong s6 van dé con lai duoc coi 1a khong doi

trong qua trinh thiét ké. Qua trinh téi wu hoa ciing thuong gia dinh rang kich thudc cua

cac tham s thiét ké ciing nhu diéu kién van hanh cua co cdu sau khi ché tao 1a Iy

tuong. Vi cac ung dung cé yéu cau do chinh xac cao, bat ky thay doi nho nao cua co

c4u so véi thiét ké déu anh huong dang ké toi hidu qua 1am viéc cua thiét bi.

34



Céc co cdu dinh vi chinh xac ung dung trong gia cong cit got thuong cho thiy
nhiéu dix liéu tinh toan cua co cau dau vao s& khdng co gié tri ¢ dinh ma thay doi ngau
nhién theo mot quy luat phan phdi xac suat nhat dinh. Nhiing bién dong nay c6 thé bao
gom: bién dong cua luc cat trong qua trinh gia cdng, sai sé trong qué trinh ché tao va
lip rap co cdu. Piéu nay ciing 1am cho tng Xt dau ra ca co cau bién dong theo. Trong
d6 s& c6 nhitng tinh huéng ma &ng xir dau ra vuot qué gii han cho phép di dinh trudc.
X&c suat ma tng xir dau ra vuot qua gigi han cho phép duoc goi la x4c suat khdng an
toan hoac xéac suat hu hong caa két cau. Viéc xac dinh xac suat hu hong caa két cau khi
cac yéu té dau vao bién dong ngau nhién duoc goi 1 bai toan phan tich do tin cay cua
két cau da thiét ké.

Viéc giai quyét vin dé toi wu hoa da muc tieu RBDO (Reliability-based design
optimization) dwa trén do tin cdy doi hoi hai chu ky tinh toan, chu ky téi vu hoéa va chu
ky danh gia do tin cay, nén chi phi tinh toan dé giai mot bai toan téi uu dya trén do tin
cdy 1a twong ddi Ién. Cho dén nay, nhiéu céch tiép can khac nhau da duoc dé xuat dé
giai quyét cac van dé phan tich do tin cay. Trong sd ndy, cac phuong phap duoc st
dung phd bién nhat bao gém: phuong phap do tin cay bac mot (FORM-First Order
Reliability Method), phuong phap d¢ tin cay bac hai (SORM-Second Order Reliability
Method) [79] phuong phap mo6 phong Monte Carlo (MCS-Monte Carlo Simulation)
[80]. Li va cong su [81] dé xuét ba phuong phap chinh, bao gdm: phuong phap 1ap kép
DLM (Double Loop Method) thuat toan vong lap tach, con dugc goi la thuat toan lap
tuan ty DDLM (Decouple Double Loop Method), va thuat toan lip don thuét todn xéac
dinh vong lap SLDM (Single Loop Deterministic Method). Trong sé ba thuat toan néu
trén, thuat toan chu trinh don duoc coi 1a mét trong nhitng thuat toan hiéu qua nhat cho
dén nay [82], vi n6 dat duoc su can bang tét gitra chi phi tinh toan va do chinh xéac cua
giai phap t6i uu. Nghién ciru nay duoc thyuc hién dé giai quyét bai toan thiét ké co cau
in dao dung CCPH trong d6 c6 tinh dén cac yéu to ngiu nhién phét sinh trong qué

trinh gia cong lam cho tai dau vao va dau ra khéng la hang sé.
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Nghién ctu CCPH ngudi ta con phan loai cu tric cua cac thiét ké CCPH
thuong gom 2 loai:

(1) Pan hoi hoan toan nho cac thanh dam mong. Uu diém cua loai nay la
chuyén vi 16n, tng suat duoc phan bd déu trén cac thanh dan hoi, nhung nhuoc diém
d6 cung thap, tan sé tu nhién nho, chuyén dong khéng mong muédn I6n, co cau cé thé
bi trueot hoan toan; loai

(2) Pan hoi cuc bd nho cac khép dan hoi két hop vai cac khau cing lién két
chang lai v&i nhau. Uu diém cia co cau loai 2 1a: cac khp dan hoi chuyén vi theo quy
luat, co do ctng cao, chuyén dong khdng mong mudn rat nho, tan s tu nhién I6n,
nhung nhuoc diém chuyén vi mong mudn nho ciing nhu (ng suat tap trung cuc bo tai
cac khop dan hoi.

V6i cac co ciu dinh vi chinh xéac, ciu trac CCDH loai 2 13 lya chon phu hop
nhat. Trong nghién cau cia CCPH, ngoai kich thuéc cua khdp dan hoi [10] con co
kich thudc cua cac thanh cang 1am anh hudng dén chuyén vi va do ciing cua co ciu.
Dé bai toan ti wu hoa hiéu qua hon kich thudc cua thanh cing ciing nén dugc ti wu
hoa trude. Néu ta sir dung thém cac bién chiéu dai va chiéu rong cua thanh cang lam
bién thiét ké ctia CCPH thi sb bién rat I6n 1am hiéu suit md phong va str dung luong
bd nhé may tinh nhiéu va mét thoi gian trong viéc ti vu.

V& thuat toan tbi uu dung dé tong hop CCPH, thuong cac nghién ctru trudc tach
roi giira nghién ctiru khau ctiring va téi wu héa CCPH. Luan an nay dé suat phuong phap
t6i wu hoa dya trén do tin cady cho CCDH méi két hop giita tdi uu hoéa co cau khau
ctng twong duong trude bang phuong phap giai tich roi sau d6 két hop véi ngon ngir
ADPL trong ANSYS dé xay dyng mé hinh 2D caa CCPH va phan tich ¢&ng xir cua
thiét ké bang phuong phap phan tir hitu han. Tiép theo giai quyét bai toan da muc tiéu
bang thuat toan giai thuat di truyén NSGA — 11 sir dung ngon ngit MATLAB. Sau khi
c4c giai phap t6i vu Pareto ciia bai todn téi wu hoa da muc tiéu duoc tim thiy, cac bai

toan phan tich do tin cay dung FORM dugc xay dung bang cach tinh dén do khong
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dam bao cua dir liéu dau vao cua bai toan nhu luc cat khi gia cong, bién thiét ké va
chuyén vi khdng mong mudn, (rng suat chay cua vat liéu. Trong cac bai toan nay, cac
rang budc cua bai toan téi wu hoa da myc tiéu thudng duoc coi la cac ham trang thai
giéi han dé danh gia do tin cay cua cac giai phép tdi vu thu duoc. Phuong phép thiét ké
két hop trén duoc ap dung dé thiét ké CCPH c6 d6 phan giai micron. Ngoai ra thiét ké
con duoc tinh toan d6 cimg dau vao/dau ra bang phuwong phap ma tran va phan tich xay
dung md hinh toan vé tan s ciing nhu diéu khién cua co cau bang phuong phap gia
cing vai viéc gia sir khop dan hoi 6 3 DOF bién dang theo phuong doc truc, uén va
quay xung quanh truc. Cudi cung thiét ké téi wu dugc chon va dugc ché tao bang
phuong phap cit diy EDM. Co cau nay con thuc nghiém va diéu khién vong kin vé
chuyén vi dau ra mong mudn cua co cau dung thuat toan GA trong MATLAB nham
tim ra bo PID va két hop véi phan mém LabVIEW.

Vi nhiing ly do trén, tac gia dé xuat husng nghién cau cia minh 1a **Nghién
Cteu ndng cao dé chinh xdc co céu an dao diing co cdu dan héi".

bé thuc hién dugc muc dich trén NCS dé xuét cac nhiém vu sau:

— Xay dyng mé hinh khuéch dai chuyén vi cia co ciu khau cimg twong duong.

— Tinh toan d6 cing dau vao/dau ra bang phuong phip ma tran va phan tich xdy
dung mo hinh toan vé tan sb ciing nhu diéu khién cua co cau bang phuong phap
gia cung.

—  Thiét ké t6i wu, thiét ké, ché tao va thir nghiém co cu an dao

— Thuc nghiém va diéu khién vong kin vé chuyén vi dau ra mong mudn cia co
ciu dung thuat toan GA — PID va két hop voi phan mém LabVIEW.

— Tién hanh thyc nghiém dé xac dinh d¢ chinh xac dat dugc ciia co ciu an dao

— Thuyc nghiém kiém ching co cau in dao dé gia cong vat liéu: thép C45, theo cac

tiéu chi nhu giam do nham va nang cao d6 chinh xac co ciu an dao khi gia cong.
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Chuong 2

COSOLY THUYET

2.1. Co sé ly thuyét va mé hinh toan khép dan hdi

Phan nay cung cip cac cong thic tinh toan cua khép dan hdi cho co ciu dn dao
& cac chuong tiép theo. Cac cong thuc toan hoc cua cac khap sé duoc ding cho cac md
hinh gia ctiing cua thiét ké co ciu an dao, tir d6 tinh toan duoc do cimg dau vao va do
ciing dau ra cua co ciu in dao, cling nhu xay dung md hinh tinh va dong luc hoc cua
thiét ké, cu thé mé hinh toan cua khép nhu phan trinh bay dudi day.
2.1.1. M6 hinh toan khép dan héi [2, 3]

Khép dan hoi

/

Khau di dong

Khéu ¢6 dinh

DPau tu do DPau ¢é dinh

e

Hinh 2. 1: M6 hinh tinh toan cua khép dan hoi
Mot gia thiét co ban duoc &p dung chung khi khao sat tat ca cac loai khop ndi
dan hoi 1a diéu Kién bién dé tao nén kha ning truyén va bién doi chuyén dong cua
khép. Gia thiét nay cho rang khép ndi dan hoi c6 thé duge moé hinh héa dudi dang mot

dam console mot dau gan véi gia cé dinh va mot dau chuyén dong tu do (Hinh 2.1).
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Gia su khép ndi dan hoi chiu tac dong cua cac ngoai lec (luc cat, luc doc truc,
moment udn, moment xoan) tai dau tu do. Trong trudng hop tong quat, co cau ¢ 6 bac
tw do gom 3 bac tw do tinh tién uyy, uyy, uy, Va 3 bac tu do xoay 6, 61,, 6;,. Trong
Hinh 2.2, diém 1 1a dic trung trong qua trinh khao sat do 16n cua chuyén dong, diém 2

1a ddc trung trong qua trinh khao sat do chinh xac caa chuyén dong.

Hinh 2. 2: M6 hinh khao sat chuyén dong ctua khép ndi dan hdi [2]

Khép dan héi
\ Khau ¢ dinh

Khau did@ng//ﬂ:I

\kx

|Lx

)

"
éag@ﬁ S

QL

K,

Hinh 2. 3: M6 hinh héa khép dan hoi duéi dang té hop cac 10 xo

Nhu di gii thiéu, khép ndi dan hoi duge xem nhu mot t6 hop cac 10 xo ¢6 kha

nang bién dang theo cac chuyén dong kha di twong ang véi cac bac tu do xac dinh.

Trong Hinh 2.2, kha ning chuyén dong theo phwong x va y cua khép ndi duoc dic

trung bai cac 10 xo theo cac phuong nay. Pic diém chuyén dong cia khép ndi theo
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mdi phuong duoc thé hién qua tinh chit dan hdi cua 16 xo twong tng. Trong co cu
phang, mot khop ndi dan hoi 6 3 bac tw do gdm hai bac tu do tinh tién (u,, u,) va mot
bac ty do xoay (6,). Céc bac tu do ndy c6 thé dugc thé hién bang 3 10 xo (tinh tién: k.,
k,, va xoay: k;) c0 tinh cht x4c dinh theo dic diém cta ting chuyén dong twong tng.
2.1.2. P6 mém va dé cirng caa khép dan hoi [2]
a. Truwong hop tong quat

Trong truong hop téng quat khép dan hoéi ¢6 hinh dang thay doi bat ky nhu
Hinh 2.4, c4c bé day t, (x) va t,(x) thay doi theo chiéu dai caa khop.

-

X

Hinh 2. 4: Tiét dién khop dan hoi trong truong hop tong quét

Bé day tdi thiéu caa khap t duoc tinh dua trén ¢, (x) va t,(x):

ti(x) +t
t,(x) = 1T (2.1)
Ma tran ¢6 mém ciia khop dan hoi c6 dang [1], [5 - 6]
Cor, O 0
c=| 0 G-p Cyn, (2.2)

0 Co-r, Cop-m,
Trong do: Cy_y, = ng_py

Cy—r,: 12 40 mém cua khép theo phuong x duéi tac dung cua F,
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c 1 jl dx
BT Ew ), t(x)

Cy—r,: 14 d6 mém cua khop theo phuong y dudi téc dung cua F,

C

12 Lx2dx
vy = B |

t()?

Cy—m,: 12 40 mém cua khép theo phuong y dudi tac dung cua M,

c 12 jl xdx
Mz T Ew ), t(x)3

Co,—m,: 1a 40 mém ctia khép theo phuong 6; dusi tac dung cua M,

c 12 L xdx
O2=Mz ~ Ew o t(x)3

Vi - E : module dan hoi caa vat lidu ché tao khép dan hoi
- w : bé day cua khép dan hoi

- 1 : chiéu dai cua khép dan hoi

Ma tran d6 ctng ctia khdp dan hoi ¢ thé suy ra tir ma tran 6 mém nhu sau:

Kep, O 0
[K] = [C]_l = 0 Ky_Fy Ky_Mz
0 Ky_Mz ng_Mz
Trong do:
K _ 1
x—F, — Kx—Fx
_ Co,-m,
A —
0,—Mz N y—Fy y—M;
Cy-u
K _ — Yy Z
Y Cez_Msz_Fy - CJE_MZ
c Cory
92_ z =
" Cez_MzKy_Fy - CL)%_MZ

Hiéu suat caa khop ndi dan hi c6 thé duoc tinh theo cong thic:
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(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)



Co,—m,
Cora ¥ Cyry 7 C,

n= (2.12)

20w,

b. Truong hep khép dan hdi dang cung tron di xing
Loai khop dan hoi dugc tap trung khao sat trong luan &n nay 1a loai khép dang
cung tron déi xing. Thdng s6 hinh hoc cua loai khdp nay dugc thé hién trong Hinh 2.5.
Ma tran d6 mém cua loai khép ban 1€ nay twong tu nhu trong treong hop tong

quat, cac thanh phan d¢6 mém cuaa khdp cé thé duoc viét gan dang theo [83].

1

¢ 107 (R)E 257 (m) 2.13
X—Fx —_— EW T[ t ) ( " )

N

Hinh 2. 5: Cau tao cia mot khép ban 1é dan hoi dang cung tron d6i xirng

5
. 97'[10_3 R\2 m (214)
v = e (7))
3
t \? 9R2 m
Cymy = ’1 _ (2—> - () (2.15)
W7 2Ewtz m

1
31
9110°R2 (rad) (2.16)

CGZ_MZ - 5
2Ewtz M
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Ma tran d6 cing va hiéu suét cua khép dan hoi dang cung tron déi ximg dugc tinh nhu
2.7) - (2.12).

Céc thanh phan d6 mém va d6 cang cia khép dan hdi dong vai tro quan trong
trong viéc khao sat dap tung dong luc hoc cua co ciu dn dao chinh xac. Van dé nay s&
dugc trinh bay trong chuong tiép theo.

2.2.  Phuwong phap phin tir hitu han (Finite Element Method -FEM)

Phuong phap giai tich trén chi hiéu qua voi cac thiét ké hinh hoc don gian.
Trong truong hop két cau hinh hoc phirc tap, sy phan tich toan hoc tré nén rat kho
khan. Chinh vi vy, CCPH phuc tap trén thuc té thuong duoc giai bang FEM. Trong
luan &n nay, CCPH s& dugc giai bang FEM tich hop trong phan mém ANSYS thuong
mai. Cac kich thudc cua thiét ké s& duoc tham s6 hoa va duoc viét bang ngon ngir
ADPL trong ANSYS. Céc ké cua phan tich (ng xir cua thiét ké nhu tan sé tu nhién,
chuyén vi va (ing suét cuaa thiét ké 1a cac ham muc tiéu hay diéu kién rang budc caa bai
toan t6i vu hoa da muc tiéu. M hinh phan tir dang mat duoc st dung dé kiém tra diéu
kién rang budc va cac ham muc tiéu. O day phan tir dang mat PLANES?2 duoc chon dé
phan tich va mé phong bai toan thiét ké. Can luu ¥ 1a kich thudc hinh hoc cia CCBH
thay doi lién tuc trong qua trinh t6i wu hoa, vi vay kich thude ludi duoc xac dinh bai s6
phan tir trén duong thang sé phi hop hon 14 bai kich thudc phan ti.

2.3.  Co sé phwong phap toi wu hoa [84]

T6i wu hoa 1a bai toan quan trong trong cac linh vuc nhu k¥ thuat co khi, xay
dung, dan dung, dién, hoa hoc dé nang cao hiéu qua, giam chi phi ... Mt sb céch tiép
can chung dé toi wu hoa nhu sau: Phuong phap phan tich, phuong phap do hoa, phuong
phap sd, phuong phéap thuc nghiém.

2.3.1. Phan loai cac bai toan tdi wu.
— Theo ham muyc tiéu va ham rang budc: Toi uu hoa tuyén tinh, t6i uu hoa phi

tuyén
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— Theo sb bién thiét ké t6i uu: Tdi uu hoa ham mot bién, téi wu héa ham nhiéu
bién

— Theo tinh lién tyc cta bién thiét ké: Bién thiét ké lién tuc, bién thiét ké roi rac

— Theo tinh twong minh ciia ham rang budc: (1) Ham rang budc twong minh: 1ap
dugc phuong trinh cta ham rang budc voi cac bién dau vao; (2) Ham rang budc
khong tuong minh: khong 1ap duge ham rang budc tudng minh véi cac bién dau

Vao.

2.3.2. Céac phwong phap toi wu thong dung.

Hién nay c6 rat nhiéu thuat toan téi wu dwoc ap dung, tuy vao diéu kién ban dau,
ham muc tiéu va yéu cau dap tng ciia muc dich téi wu hoa thi s& ¢6 mot phuwong phap
t6i uu thich hop nhat. Piéu nay c6 nghia rang mot phuong phap t6i uu ¢ thé thich hop
cho truong hop nay nhung khong thich hop cho trudng hop khac. Hinh 2.6 cho thay su
phét trién cac phuwong phap t6i wu c6 hai nhanh rd rang d6 1a toi cuc b va téi uu toan
cuc. Phuwong phap nao ciing ¢ loi thé khac nhau tiy vao diéu kién cua bai toan dit ra

ma st dung cho phu hgp bai toan.

Ky thuét
toi wu hod
I
] 1
Phwrong phap Phurong phap
xac dinh khéng xdc dinh
I [
_i | | }
| Téiwuhoi Téi wu hoa Giai thudt Thuat todn bay |
rang bugc khéng rang bude tien hod dan théng minh
I
Quy hoach ) 1 ——
] bac2 Téi wu hod Téi wru hod Giai thuat || |Phwong phap toi |,
don bién da bién di truyén uu hod bay dan
Phwong phap - —
ham phat Phwong phap Phuong phap téi|, | | Phwong phap toi |
dao ham ru NSGA-II uu dan kién
Phurong phap - > -
giam do doc Phwong phap Tien ]{oa -
Newton’s vi phin

Hinh 2. 6: So d6 cac phuong phap toi wu.[84]
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2.3.3. Giai thuat di truyén sap xép khong vwot troi 11 (NSGA — I1).

Chung ta da biét phuong phap NSGA (Non — Dominated Sorting Genetic
Algorithm) duoc phét trién dua trén phuong phap GA. Phuong phap nay chi khéc
phuong phap GA & buéc lva chon nén NSGA ké thura duoc nhitng wu diém cua
phuong phap GA. Tuy nhién, phuong phap NSGA van ton tai nhitng han ché nhu: thoi
gian tinh toan cham, phu thudc tham s diéu khién... Bé khic phuc nhirng han ché cua
NSGA, Deb va cong su da dé xuat giai thuat sap xép khong vuot troi 2 (NSGA — 1)
vao nam 2002 [85]. Phuong phap nay khong nhitng khac phuc dugc nhitng han ché cua
NSGA ma con dam bao su da dang va duy tri dugc cc cé thé tot qua cac thé hé.

Giai thuat NSGA-II 1a mot giai thuat tét dugc ding rat phd bién 13 mot phuong
phap t6i wu hoéa co ban. Tap tat ca cac phuong an chap nhan duoc khong bi vuot troi
trong mién khao sat duoc goi 1a tap téi wu Pareto. Muc tiéu cua cac giai thuat toi vu da
muc tiéu 1a xac dinh cac 10i giai trong tap t6i vu Pareto. Thuc té, viéc ching minh mot
loi giai 1a tdi wu thuong khong kha thi vé mat tinh toan. Vi vay, mot tiép can thuc té
v6i bai todn téi vu da muc tiéu 1a tim kiém tap cac 10 giai 1a thé hién tt nhat c6 thé
cua tap t6i wu Pareto, mot tap céac 10i giai nhu vay duoc goi 1a tap Pareto (tap cd gia tri
t6t nhat) [86].

Kho khin chinh trong tdi wu hoa da muc tiéu la khdng tén tai mot phuong an toi
vu duy nhét va rat kho so sanh phwong 4n nay véi phuong an khac. Cac bai toan
thuong chap nhan nhiéu phuong 4n ma mdi phuong an 1a chap nhan duoc dbi véi moi
ham muc tiéu déng thoi dat duoc su can ddi gitra cac muc tiéu.

Thuat toan NSGA — Il gém cac budc chinh:

1. Begin

2.t=0;

3. Khai tao P(t);

4. Sap xép khong vuot troi va tinh mat d6 cho P(t);

5. While (t > gen) do
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6 Begin

7 t=1t+1,

8. chon Q(t) tr P(t-1);

9. Q(t)= lai ghép tir Q(t);

10. Q(t) = ddt bién tir Q(b);

11. Bién thé = P(t-1) + Q(t);

12. Sip xép khong vuot troi va tinh mat do cho bién thé;
13. P(t) = chon N cé thé tét nhat;
14. End;

15. Loi giai;

16. End

2.3.4. T6i wu héa dd tin cay

Tong quat, mot bai toan téi wu hoa thong thuong c6 thé duoc dinh nghia boi mo

hinh toan hoc nhu sau:

Min/Max frmn (X) m=1,2,..,M;
Chiurangbuoc  g;(x) <0 ji=12,..]; (2.17)
h(x) = 0 k=12 .. K;

XM < x; < xM9F(=1,2,..,n.
trong d6 X 1 véc-to chira céc bién thiét ké, vi du nhu: kich thudc, tiét dién caa két cau,
cc thong sb vat lieu, v.v.; g;(x)<0, h,(x)=0lan lugt la cac ham rang bugc dang bat
dang thire va dang thire lién quan dén tng xt cua két cdu hay cac rang budc thiét ké; J,
K lan luot 1 sb lugng rang budc bat dang thirc va rang budce dang thic; Ximm X 13 can
dudi va can trén cua bién thiét ké xi; f(x) 1a ham muc tiéu, c6 thé 13 ham chi phi, ning

lugng bién dang, tan sé tu nhién hay trong lwong cua két cau.
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Muc tiéu cua bai toan la tim kiém céc gia tri cua bién thiét ké trong khong gian
thiét ké sao cho cuc tiéu hoac cuc dai hda cac ham muc tiéu fm(X) nhung van thoa man
cac diéu kién rang budc g;(x) va hy (x). Mot diéu can luu y ddi véi loai bai toan nay la
c4c gia tri thiét ké ciing nhu cac tham sé cua md hinh bai toan 13 nhitng gié tri cé dinh
va khong thay doi trong qué trinh thiét ké hay sir dung. Két qua mot nghiém tdi wu bat
ky trén duong Pareto cua bai toan téi uu hoa da muc tiéu thong thuong (2.17) c6 thé
duoc biéu dién béi nhu Hinh 2.7.

R.'{x:!' =0

Ry |

Hinh 2. 7: M0 ta két qua caa mot bai toan ti uu hoa, vai x* 1a 16i giai ti uu [87].
Két qua bai toan tdi wu hoa da muc tiéu thong thuong I tap hop mot chudi
nghiém, trong d6 tat ca cac nghiém nay déu phai dam bao an toan cho két cau hay thoa
min céac diéu kién rang budc khi cac thdng sé ciing nhu cac gia tri két qua tbi uu cia
mo hinh bai toan 1a cé dinh. Vi vay, khi cd su thay d6i ngau nhién cua cac thong sb
trong mé hinh bai toan, kha ning xay ra pha huy cua két cau cé thé xap xi gan 50%

nhu dugc m6 ta & Hinh 2.8.
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N Hy

Hinh 2. 8: M0 ta sy anh huang cua cac yéu to ngau nhién 18n két qua toi uu hoa [87].
Bai toan t6i wu hoa da muc tiéu dua trén do tin cay: Khéc véi bai toan téi wu hoa
da muc tiéu thong thuong (bai todn téi wu khong xét dén anh huong cua cac yéu to
ngau nhién), bai toan tdi wu hoa da muc tiéu dwa trén do tin cay RBDO (Reliability
Based Design Optimization) c6 ké dén su anh hudng cua cac yéu té ngau nhién trong
mé hinh bai toan va duoc biéu dién nhu sau:

Min/Max fm(d,x, p) m=12,..,M;
Biénthiétké DV = {d, p} (2.18)
Chiurang buoc Prob{g;(d,x,p) <0} =>r’, i=12,..,L;

trong d6 f,,(d,x, p) 12 ham muc tiéu cua bai toan; M 1a s6 legng ham muc tiéu cua bai
toan; L 1a s6 lugng ham rang budc ca bai toan; d 1a véc-to chira cac bién thiét ké khong
phai 12 bién ngiu nhién; x 1a véc-to chtra cac gia tri vira la bién thiét ké vira 1a bién
ngdu nhién; p la véc-to chta cac tham s6 ngau nhién cia mo hinh bai toan;
Prob{g;(d,x, p) < 0 }1a c4c rang budc do tin cay hay xé&c suat an toan cua két cau khi
chiu anh huéng cia cac yéu to ngau nhién; r;* = @(B;) 1a phan trim do tin cay yéu cau
va B¢ la chi sb do tin cay yéu cau. Twong ty nhu bai toan ti wu hoa da muc tiéu théng

thuong, muc tiéu cia bai toan tdi uvu héa da muc tiéu dua trén do tin cay cing di im
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c4c gia tri cua bién thiét ké trong khong gian thiét ké sao cho cyc tiéu hoic cuc dai cac
ham muc tiéu £,,(d, x, p) dong thoi van phai théa mén cac diéu kién rang budc cua cac
bét dang thic g;(x) va hy (x). Két qua tbi wu ctia bai toan ti wu héa da muc tiéu dua
trén do tin cdy (2.18) ciing 1a mot hop cac nghiém nam trén duong Pareto. C6 thé biéu
dién mot nghiém bat ky trén duong Pareto nhu Hinh 2.9.

Két qua Hinh 2.9 cho thiy rang budc xac suat s& giup dua gia tri thiét ké vao
viing an toan véi phan traim do tin ciy cho trudc ang véi phan dién tich mau xanh bén
trén ham rang buoc g;(d,x, p) = 0 va phan dién tich mau tim bén dudi rang budc
g;(d,x, p) = 0 la x&c suat pha huy cua két cau khi chiu anh huéng ngau nhién cua hai

bién thé ké x1 va xo.

/1\'2_

P

Hinh 2. 9: M6 ta két qua ctia mot bai todn téi wu hoa dya trén d6 tin cay, véi x* 1a
Toi wu héa duwa trén dp tin cdy: Sau khi giai quyét van dé ti wu hoa cé rang budc, giai
phap t6i wru thuong nhan duoc trén cac ranh gidi rang budc hoic ranh gisi cia cac mién
an toan va khong an toan. Theo céch nay, néu ching ta tinh dén céac bién dong ngau
nhién cua cac bién dau vao, két qua giai phéap tdi vu s& dao dong va trong nhiéu trudng

hop, giai phap téi wu sé& roi vao ving khong an toan. Trong mét s6 truong hop, kha
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ning giai phap tdi wu roi vao ving khéng an toan 1a rat cao, ¢ thé trén 50%. Vi vay,
viéc két hop thuat toan tdi wu véi cac phuong phap phan tich do tin cay trén dé giai bai
toan toi wu 1a hét sc can thiét giup ta tim ra phuong an t6i wu véi do tin cay mong
mubn. Bai toan sau d6 duoc goi 1a bai toan téi wu hoa dua trén do tin cay. Theo nghia
hinh hoc, giai mot bai toan tdi wu hoa dua trén d6 tin ciy c6 nghia 1a chuyén giai phéap
t6i wu ndm & ranh gidi cua cac rang budc vao sau trong mién an toan (mién thoéa man
cac rang budc). Do do, néu ching ta xem xét cac bién dong ngau nhién cua cac bién
dau vao, thi giai phap t6i wu két qua s& chi dao dong trong viing an toan ciia Xac suat an
toan duoc xac dinh trude. Hinh 2.10 cho thy su khac biét trong cac giai phap bai toan

t6i wu khi cac yéu té dau vao thay d6i ngau nhién c6 va khong co do tin cay.

90

7 Mién an toan
\ f
50

Rang bugc bai toan

oA A <
Mién khong an toan

€@ Nghiém bai toan t6i wu khi chua xét dén do tin cay
Y Nghiém bai toan t6i uu khi xét dén d¢ tin cay
@® Su dao dong cua nghiém téi wu khi ¢o su thay doi cua yéu té dau vao
Hinh 2. 10: Su khac biét caa nghiém bai toan téi khi chua xét dén do tin cay va khi xét
dén 46 tin cay [87].
2.3.5. Phwong phap phén tich dd tin ciy bac nhat FORM [88]
Str dung phuong phap phan tich d tin ciy bac nhat FORM, khoang céch ngan
nhét tr diém O trong khdng gian chuan héa u dén ham trang thai gigi han dugc xac

dinh thong qua cac diém thiét ké nam trén ham trang thai gi¢i han. Bé thuc hién cach
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tiép can nay, ham trang thai gi¢i han s& duoc tinh gan ding tuyén tinh véi diém lya
chon ban dau va cac diém trung gian cho dén khi x4c dinh dugc diém thiét ké. Qua
trinh xac dinh diém thiét ké s& dugc thuc hién qua cac budc lap di 13p lai cta phuong
phap. Phuong thirc FORM c6 thé dugc md ta ngian gon nhu sau:
Trong khong gian chuan hda u, ham trang thai gidi han g(u) sé& dugc gan dung
nhu mot ham tuyén tinh dya trén khai trién chudi Taylor bac mét nhu sau:
gu) = g(u”) + vg(u)(u—u")’ (2.19)

trong d6 u* = (Us", U2",..., un") 13 vecto chtra cac gia tri hién tai cua bién chuan hoa
khdng thtr nguyén ui c6 gia tri trung binh 14 0 va do léch chuan 1a 1, va né duoc lién hé
V6i cac bién that xi boi bieu thuc w; = (x; — py,) /0y, VOI [y, 0y, lan luot 12 gid tri
trung binh va d6 léch chuan caa bién ngau nhién xi; Vg(u*) la gradient cua g(u) tai u*,
va duoc xac dinh bai cong thac

dg 0Jg Jg
du; du,” " Ayl .

Vg(u') = (2.20)

FORM sé& tim diém thiét ké MPP u* (Most Probable Point) 1a diém c6 mat do
X&c suat hu hong cao nhat trén ham trang thai gisi han g(u) = 0, nhu trong Hinh 2.11.

Do d6, diém thiét ké MPP u* s& duoc xac dinh bang viéc giai bai toan téi wu sau

ming (u) = /u? + u2 + --- + u2 chiu rang budc g(u) = 0 (2.21)
Qua trinh xac dinh diém thiét ké MPP u* va chi s6 d¢ tin cay g duoc thuc hién
bang cach giai bai toan t6i wu hoa (2.21). Tir chi s6 dd tin cay B, Xac suat hu hong Ps

cua két cau s& duoc xac dinh dé dang bang ham tich lily Gaussian tiéu chuan nhu sau:

z B
Pr ~ ®(—B) V6i () = f—n [7 e zdt (2.22)
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Khéng gian bién x Khéng gian bién u
A
A

filx) Jo(w)

Maximum PDF

u;

u;

Hinh 2. 11: Biém thiét ké MPP u* trong khdng gian vat ly va khong gian chuan hoa
[88]
2.4. Théng sé hinh hoc cia dung cu cit dnh hwéng dén dd nham bé mit [89, 90]
Nhiéu mé hinh d duogc phét trién dé xac dinh d6 nham bé mat theo céc théng sb
anh huong. Theo quan diém gia cong, can thiét 1ap moi quan hé giita ¢6 nham bé mat
va nhiéu bién sb cua qua trinh dé c6 thé lya chon cac diéu kién cit thich hop nham thoa
man cac yéu cau vé do hoan thién bé mat cua chi tiét duoc gia cong. Tir dong hoc cua
dung cu cat va phdi, c6 thé thu duwoc mé hinh hinh hoc cua do nham bé mit.
Hinh 2.12 cho thay dang hinh hoc ciia dau dao véi ban kinh miii . Cac théng s trén

hinh duoc xac dinh nhu sau:
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K,: Goc cat phy, K',: Goc cét chinh, ¥, : Goc tiép xic, d,,dp: chiéu sau cit,

fOAJ fAJ fABJ fB: Luqng Chay dao

Hinh 2. 12: Hinh dang miii dung cu cét
dsva dg la giGgi han cung cua ban kinh mii dao. Ngoai d, va dg, viéc phan tich mé
hinh d6 nham duoc tiép can theo cach khac. Tuong tu, tly thudc vao do sau cua vét
Cit, R4, duoc phan tich khac nhau dya trén cac gidi han cua fou, fa, fag VA f5. Tir
dang hinh hoc cua bién dang dao, d, va dg dugc xac dinh nhu sau:
dy =r(1—cosK',)
dg =r(1+siny,) =r(1 — coskK,)

(2.23)

va gidi han lugng chay dao dugc xac dinh nhu sau:

fou = 2+/2rd — d? (224)

fa = 2rsink;.
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fap = 24/ 2rd — d? + rsinK; + cotK;[d — r(1 — cosK;)]

_ r[1 =sin(y, — K)]
sinkK;

fs
Hinh 2.13 va 2.14 cho thiy nam trudng hop khi gia cong tién cho mdi lan cat. Trong d6
bdn truedng hop c6 chiéu sau cit 16n hon d; tuy nhién, trong gia cong tién chinh xac,

chiéu sau cit rat nho va ngudi ta cho rang chiéu sau cit nho hon dj.

' ,

Rl N

Truong hop I: Chiéu sau cat: 0 < d < d,, luong chay dao: f < fya

- SN

-~

0,

d

Truong hop I1: Chiéu sau cat: 0 < d < d,,, lugng chay dao: f > fou
Hinh 2. 13: Dang hinh hoc d6 nham bé mit (0 < d < d,)
Dé don gian, chiéu cao tir diém thap nhit dén diém dinh cia do nham duoc xem Xét.

Sau day 1a mo6 hinh d¢ nhdm cua cac truong hgp dugc chi ra trong Hinh 2.13 va 2.14
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Rmax=R0A f

77/

f EZ
dgﬂﬂ:}gM/ / / - ds
L AT / / 4 AR B

NN

Truong hop V: Chiéu siu cit: d, < d < dg, luong chay dao: f > fyp
Hinh 2. 14: Dang hinh hoc 6 nham bé mat (d, < d < dj)

[472 — 2

2
Ryax = Rap = (1 — cosK/) + fcosK,sinK,

Rpax = Roa =7 —

— \/2fsin3K/ — f2sinK]

2
R, = 0,0321%
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trong d6 f 1a lwgng chay dao va r 13 ban kinh miii cua dao. Khi chiéu sau cua vét cat
nho hon dy, tuc 1a truong hop I, lwong chay dao bi gigi han boi f,, va m6é hinh d6
nham bé mit duoc dua ra boi Ry, trong (2.25). Néud < d, va f > f, 4, trudng hop |1
Xay ra, trong d6 téc do tién dao quéa nhanh va mot sé bé mat khong dugc cat. Bi Vo
truong hop NI, d, < d < dg, néu tdc do tién dao nho hon £, va mo hinh d6 nham bé
mit giéng nhu trong trudng hop |: Rygy = Roa. NéU d, < d < dg va f > f,, 46 nham
bé mat duoc dwa ra boi phuong trinh R, trong (2.25), va tée do tién dao bi gii han
boi f45. Twong tu nhu truong hop 11, néu téc do tién dao I6n hon f,z Mot phan bé mat

khong bi cat s& dan dén két qua nhu truong hop V trong Hinh 2.14.
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Chuong 3

THIET KE VA TOI UU HOA CO CAU AN DAO

3.1. Muc tiéu thiét ké

Thiét ké t6i wu hoa va ché tao co cau an dao dung CCPH duoc gan trén ban dao
ciia may tién véi muc dich 1 nang cao do chinh xé4c co cdu 4n dao va giam do nham bé
mat khi gia cdng. V& mat céng nghé khi gia cong tinh khéng can bé sung thém nguyén
cdng ma van c6 thé dat dugc do chinh xac 1én dén 1/1000 (mm).

Co cau an dao du kién s& dugc phét trién trong luan an nay s& dugc dan dong
bang co cau chap hanh PZT (P-225 PICA Power Piezo Actuators - Physik Instrumente,
German) c¢6 chuyén dong voi do phan giai 1én dén 0,3nm va chuyén vi I6n nhat l1a
15um. Néu mudn tao chuyén dong Ién, thi can mot CCPH c6 thé khuéch dai chuyén
vi. Co ciu sir dung khuéch dai chuyén vi la dua theo nguyén 1y co cau cach tay don.

Do khuéch dai caa cac co cdu dinh vi chinh xac ding CCPH s& 1a ham muc tiéu
dau tién trong céac bai toan thiét ké toi uu. Tuy nhién ham muyc tiéu nay khdng nén chon
Maximization (cang lén cang tét) vi cing véi viéc khuéch dai chuyén vi caa PZT, do
phan giai cua co cdu ciing s& bi ting 1én tudng tng. Mot gia tri khuéch dai phu hop tiy
theo thuc té 1a can thiét va s& duoc trinh bay k¥ trong chuong vé thiét ké toi wu trong
luan an nay 1a ti 1& khuéch dai chuyén vi bang 3.

Pé tranh xay ra hién tuong cong huong gitta co cau an dao voi hé thdng cong
nghé cia may tién (gdm may, phdi, 6 g, ...) trong khi gia cong, tan sé dao dong tu
nhién dau tién cua co ciu an dao nén duogc thiét ké cang 16n cang tét. Trong viéc
nghién cau vé linh vuc CCPH, nha thiét ké ludn mong muén thiét ké duoc CCPH c6
tan sb ty nhién cao va chuyén vi dau ra mong muédn I6n. Tuy nhién hai tiéu chi nay lai
mau thuan véi nhau. Do d6 viéc chon tan sé dau tién tly theo mong mudn va ang dung

Clia co cAu Va tan sé cong huong cua PZT 14kHz. Khi tién tan sé cua phoi duogc tinh
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theo cbng thuc f, = 6"—0 ,n 86 vong quay cua truc chinh. Gia st n = 5000 v/phut thi

fo = 88,3 Hz. Vay chon ham muyc tiéu tha 2 1a tan sé tu nhién 16n hon gia tri f, nhiéu
lan luén dam bao dugc co ciu hoat dong & hiéu suat cao ma khong bi cong hudng.

Mot sb chi tiéu dé danh gia thiét ké néu khong can dat gia tri cuc dai hoic cuc
tiéu ma chi can nam trong pham vi cho phép thi s& dugc dinh nghia trong cdc ham rang
budc. Bé dam bao trong qué trinh gia céng khong xay ra hién tuong giy, dit co cau
hodc co cau bi day dén trang thai vuot qua gisi han dan hoi va khéng trg vé vi tri ban
dau dugc hay con goi la mat kha nang dan hoi thi ham rang bugc vé tng suat cua co
cau duoc thiét 1ap 1a Gng suat 16n nhat cia co ciu o, < 0,/SF, Véi gy, 1a d6 bén
chay va SF 1a hé s6 an toan. Dé dam bao co ciu c6 do chinh xac cao khi dinh vi thi
chuyén vi khdng mong mudn cé gia tri nho nhat cé thé, nén rang budc chuyén dong

khéng mong mudn cia co cau chon nho hon 0,01pum (dua trén thiét bi do hién co).

3.2. Tiéu chi thiét ké

Pon gian, dé ché tao.

— Trong luong nhe, kich thudc nho gon.

— Loai bo dugc ma sat va mai mon do khong cé su chuyén dong tuong ddi giita
cac khau.

— (6 d6 chinh xé4c cao do loai bo duoc cac sai s6 khi lap rap giita cac khau.

—  Giam duoc chi phi lip rap va bao dudng do co ciu cé cdu tao nguyén khoi.

— Dac biét co cau co thé gia cong dugc ¢ kich thudc micromet.
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3.3. Co sé thiét ké

Dura vio wu diém ciia khép dan héi:

Céc dang khdp ndi dan hoi ciing cho phép tao ra cac lién két twong ty nhu céc
khép nbi truyén théng. Ngoai ra, chiing con c6 thé khic phuc duoc cac nhuoce diém cua
cac khdp truyén théng. Khop ban 18 dan hodi cdu tao boi mot khdi vat liéu duge cét
khoét mot phan (Hinh 3.1). Khép ndi dan hoi dua trén do dan hdi trong ban than vat
lidu cta khdp dé tao ra chuyén dong. Do khong phai ché tao tir nhiéu chi tiét khac nhau
nén khop nbi dan hoi khong ton tai cac nhuge diém trong khép ndi truyén thong nhur:
ma sat, mai mon, phai boi tron va khe hd. Két cdu nguyén khéi cua khép ndi dan hdi to
ra vu thé khi st dung dé truyén chuyén dong c6 do chinh xac & mirc micro va dudi
micro trong cac tic vu gia cong can do chinh xac cao hay trong céc thiét bi y sinh, hoic

cac thiét bi vi co dién tir (Micro Electro-Mechanical System, MEMS).
y = f(x): ham parabolic/hyperbolic/
elliptical

r
L\ A
Vong tron Hinh 3. 1: Khép ban I8 dan hdi Bo tron goc
Viéc két hop cac khop ban 1€ dan hoi trong mot s6 két cau dic biét cho phép tao

ra cac khdp tinh tién dan hoi (Hinh 3.2(a)). Cac két cdu dan hoi cling c6 thé duoc két
hop tao ra cac nhom khau dan hdi ¢6 mot sb bac tu do va cé thé duge st dung nhu
nhirng chudi dong dé cau thanh nén co cdu dan hdi Hinh 3.2(b). CCPH nay ciing cho

phép truyén hay bién d6i chuyén dong, luc va mo-men.
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Chuyén déng = = Co céu chuyén déng thang 2 Cor C_E‘)Ll(':h'-"}r‘é” ddng thang 1

. I
Khép mém ' I
! :
I Li : :
H 4 I I
I R | 1
Chuyén | :
g dong | | :
theo I :
I

) ) ) FTTTTTIT7777
Co cau tao chuyén ding thang  Co céu 2 chuyén déng thang kép
(a) (b)

Hinh 3. 2: Khép tinh tién dan hoi (Flexure prismatic joint)[3]
Bé khuéch dai cdnh tay don ciia co cdu:
Néu mudn tao chuyén dong Ién, thi can mot CCPH c6 thé khuéch dai chuyén
vi. Co cau sir dung khuéch dai chuyén vi la dua theo nguyén 1y co ciu cach tay don

(Hinh 3.3) va duoc tinh toan cho chuyén vi dau ra:

=2 3.1
O—ml (3.1

trong d6 o la khoang dich chuyén dau ra, i la khoang dich chuyén dau vao, m, n 1a do

dai cach tay don.

Hinh 3. 3: Co ciu cach tay don

Dwa vao PZT c6 chuyén dgng nhé va dé chinh xac cao.
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3.4. Thiét ké va t6i wu héa co ciu in dao kiéu 1

3.4.1. Nguyén ly hoat dong

Truc chinh may tién Cam bién Laser
/ LK-G§5
(1) )
Phoi Y
\ — 4 TrucZ
- R I L -

Chip dao
Candao

Cocau
dan hoi

]:I::I
N\

PZT actuator
=

- -

TN

Hinh 3. 4: Tich hop co cau 4n dao chinh x4c trén may tién
Co c4u an dao chinh xac 1a thiét bi dinh vi c6 d6 chinh xac cao thuong duoc tich
hop vao cac may tién giup diéu khién dung cu cat khi thuc hién cac budc gia cong tinh
va siéu tinh nhu ¢ Hinh 3.4. Dich chuyén cua dau dao khi nay chi nam trong pham vi
micromet hozc tham chi dudi micromet. Khi phai thuc hién cac yéu cau khat khe nay,
hé théng truyén dong truyén thong bang cac khau cing va cac bo truyén thong thuong

khong thé ¢am nhan dugc do lubn ton tai khe ho va do ro giita cac khap truyén dong.
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Thiét k¢ CCPH dung 1am bo khuéch dai chuyén dong thuong sir dung cac bo
khuéch dai nhu khuéch dai kiéu cau (bridge type amplifier) [38], khuéch dai kiéu don
bay (lever amplifier) [91]. Uu diém cta bo khuéch dai don bay la két cau don gian, d&
tao mdi quan hé chuyén vi dau vao va dau ra Ia tuyén tinh. Nhung nhuoc diém 12 tao
chuyén dong khéng mong muén 16n. Khuéch dai kiéu cau vu diém kich thudc nho gon
hon kiéu don bay nhung nhuoc diém do cing viing thap, PZT bi anh huéng truc tiép
boi moment udn, lyc cat va giam hiéu suat, PZT di chuyén cung co cau kiéu cau [92].
Ngoai ra, cac bo khuéch dai kiéu cau va don bay nay ciing c6 thé két hop véi nhau dé
tao thanh cac bo khuéch dai méi nhu (the homothetic bridge and leverage mechanisms)
[93], L-shape levers and half-bridge (LSLHB) [92] di duoc phét trién cling nham muc
dich dam bao d6 khuéch dai 16n va tang tan so riéng dau tién, giam khéng gian thiét ké.
Tuy nhién, viéc sir dung két hop nhiéu loai co ciu khuéch dai c6 thé lam tang sé khép,
tang khong gian thiét ké, dan dén kho ché tao, lam giam do chinh xéac khi gia cong va
viéc phén tich ban dau mé hinh toan cua co cau khau cing twong duong gap nhiéu kho
khan. Cac bo khuéch dai trén, mdi loai déu c6 wu nhuoc diém riéng, tdy theo muyc dich
str dung ctia nguoi thiét ké, loai co cdu dan dong (PZT, voice coil motor, ...) va cach
bd tri cac co cau dan dong nay. Dya vao nhitng wu diém caa co cdu don bay, tac gia sé
chon loai nay lam co cau khuéch dai cho thiét ké, dé khiac phuc nhugc diém caa bo
khuéch dai don bay nay va ting do cing virng, triét tiéu chuyén vi theo caa co ciu in
dao, thiét ké dau ra ciia co ciu 4n dao str dung cac mo hinh co cau ddi xtng nhu Hinh
3.4. Mong mudn cua thiét ké nay 1a do khuéch dai bang 3, nén viéc chon bd khuéch dai
don bay nay van dam bao thiét ké nho gon.

Co c4u chap hanh PZT Ia thiét bi c6 thé tao ngudn din dong vo cuing chinh Xac.
Tuy nhién, hanh trinh téi da cua loai co cdu nay cling bi han ché ¢ pham vi nho. Y
tuong thiét ké cta co cau an dao chinh x4c trong nghién ciru nay la sir dung CCBH dé
khuéch dai ngudn din dong tir PZT. Hinh 3.5 m6 ta két cau tong thé caa co cau. Co

cau nay két hop ca co cdu don bay va co cau bn khau ban I& d&& dam nhan nhiém vu
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dit ra. Trong thiét ké nay co cdu don bay dugc sir dung hai 1an véi muc dich khuéch
dai chuyén vi. Co cau bbn khau ban 1& vira 1am nhiém vu gia ting d6 ciing viing, giam
chuyén dong theo cua co cdu va ciing duge dung dé khuéch dai mot phan cho chuyén
d6ng dau vao. Trong nghién ciru nay khép dan hoi dang ban nguyét dugc chon dé téng
hop co cau. Loai khdp nay ¢ cac uu diém nhu Gng suét tap trung nho, tm quay cua

khép ban nguyét gan nhu khong chuyén vi, 6 kha ning truyén chuyén dong chinh xac,

don gian dé ché tao hon nhiéu so véi cac loai khép khac nhu ellipse, parabolic hay
hyperbolic [2, 3, 10].

(g ciu don bay 1

Yout v
X

Cd cdu & khau
ban 1&

Hinh 3. 5: Co c4u an dao chinh xac ding co cau dan hoi
3.4.2. Phan tich d9 khuéch dai chuyén vi giira dau vao va dau ra ciia co cau

Hinh 3.6 1a so @6 nguyén ly khau cing twong dwong dwgc mé hinh hoa tir thiét

ké cta co ciu an dao tai Hinh 3.5. Trong Hinh 3.6, V;,,, V1, V2, Vouclan luot 13 céc
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khoang chuyén vi cua co cau PZT, co cau don bay 1, co cau bon khau ban 18 1, co cu
don bay 2 va co cau bén khau ban 18 2 theo phuong y. Trong d6 chuyén vi dau ra cia
co cAu canh tay don 1 lai 12 chuyén vi dau vao cua co cau bon khau ban 18 1 va cé gia
tri 1a y;. Tir so do dong hoc nay, méi quan hé giira cac chuyén vi c6 thé d& dang duoc

mo ta boi hé phwong trinh tuyén tinh thuan nhét (3.2):

( Lz
Y1 L_lyin =0
L+ L,
L y1—Y.=0 (3.2)
3
Le
L L_Syz — Yout = 0

Giai tim nghiém cua hé phuong trinh (3.2) ta c6 dugc moi quan hé gitra y,,,, va

Yin-
Ly(Ls + Ly )Lg
= . 3.3

Goi hé sd khuéch dai cta co cau an dao nay la Agmp, NE s6 nay duoc tinh theo

cong thuc (3.4).
L,(L; +L,)L
Amp = Yout _ 2(L3 4)Lg (3.4)
Yin LyL3Ls
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Hinh 3. 6: Co cu khau ctng tuong duong

3.4.3. Phin tich dong luc hoc ciia co cau

Trong mé hinh hoa co cau nhu Hinh 3.6: (mp, Kp) lan luot 12 khéi luong va do
cing cua PZT, (m;,L;,6;) (i=1,2..6,7), G =1,2,3,4) lan luot la khdi luong,
chiéu dai va géc quay cua cac thanh cung twong tng. Cac thong sé dong luc hoc cua
mé hinh nay bao gém doé cung xoan cua cac khop dan hdi dang ban nguyét (K;) va
moment quan tinh caa cac thanh cting (I;) dugc tinh nhu & [83] va dugc biéu dién cu
thé nhu ¢ phwong trinh (3.5a) va (3.5b).

2ED,T 2
Ki = 9—Rll/2, (l, = 1,2 6, 7) (35a)
TR,
i
[ o Mk (3.5b)
' 12

trong 46 E, b;, T;, R; 1an lugt 1a modun dan hoi cua vat lidu, chiéu day, bé rong nho
nhat va béan kinh cia cac khép dan hoi;

Tong quat hoa, dong niang cua CCHH nhu ¢ Hinh 3.6 duoc xac dinh theo cdng thic:
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7 S 1
i=1

=1
Trién khai cy thé cdng thuec tinh dong ning cho timg khau, trong d6 TE; va RE;
lan luot 13 dong ning cta cac chuyén dong tinh tién va cac chuyén dong quay. Ta cd

dugc phuong trinh (3.7)

1 Ly+L, . \* 1 . 1 Ly+Ly  \> 1_ .
TO = Eml (T 91) + 51161 + Ezmz (T 92) + 521292
1 : 1 (Lg+Lg.\* 1 .

1 L, \V* 1 .1 .2
+§4‘m6 <?94) +§4I6942- +Em7(L794)

Tong thé niang cua hé dugc tinh theo cong thuc:

1 1 1 1
= E(Kl + K,)0% + 541(3022 + §K4932 + > (Ks + K,)0% + §8K649£ (3.8)

trong d6 (6;,6;) la goc quay va van toc goc cia cac khau. Moi quan hé giita cac tham

s6 nay dugc mo ta nhu tai hé phuong trinh (3.9).

( YVin
01 == L_1
6, = 26?1
L;
< 0. = Ly(Lz + Ly) 0 (3.9)
3 —L3L6 1
_ LyLe(Ls + Ly)
Ut LoLgl, !

Gia st Fy, 1a luc day can thiét do PZT tao ra khi cung cap chuyén vi dau vao

(¥,) cho co cau. Néu co cau dang 1am viéc trong pham vi thiét ké, gia tri luc day nay
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s& thay ddi tuyén tinh theo chuyén vi dau vao tao ra. Khi d6, cong W do F;, tao ra duoc
xac dinh nhu cong thic (3.10).

1
W= EFinyin (3.10)

Viy bo qua cac 10 xo khéng bi bién dang, tong niang luong V (tdng thé ning dan
hoi) caa cac 10 xo bi chuyén vi gay ra boi luc F;, theo phuong y ciia co cdu an dao
dugc tinh nhu cong thic (3.10). Theo nguyén ly cong ao W =V, vay ta cd cong thuc
(3.11)

1 1 1 L, \? L,(Ls + L]
—F v, = =1(K; + K. —+4(—) K + |—————

(3.11)

[LZ(L3 +Ly)

2
LyLe(Ly + Ly) )
LyLsLg ¢

2
K-+ K;)+8 :
] ( 5 7) [ L1L3L5L7 ym

Néu d6 cing dau vao cia co cau duge xac dinh 1a K;,, = F;,,/y:n, chia ca hai vé

ctia phuong trinh (3.11) cho y2, dé c6 duoc d6 cing nay trong phuong trinh (3.12).

2
1 L,
Kin - (Kl + KZ)L_% + 4 (E) K3
[Lz(Lg +L,)

2
K K K 3.12
LiLL. ] (Ky + K5 + K7) ( )

LLg(Ly + Ly)]°
LyLsLsL, ¥

Theo Lagrangiantaco I' =T, — V

n

Z d (0dr or

A ACT N T (3.13)

j=1 J
Thay cac phuong trinh tir (3.7) — (3.9) vao phuong trinh (3.13) ta tim dugc phuong
trinh chuyén dong téng quét cia co cau c6 dang:

16, + K6, =0 (3.14a)
Voi:
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2

_ Ly + Ly (Ls + Ly) L7 L,

2
[(Ls + Ly)LyT 2 [(LS + Lg) L,(Ls+L,)
+ [———— mz +

L, 2 L, |
] . " (3.14b)
+ Ly(Ls + Ly) | LyLe(Ls + Ly)
LyLy > 2L,Lc 6
2 2
LyLe(Ls + L4) LyLe(Ls + La)
4 6 my
L3Ls L3Ls
- L\?  [Las + L)
K=K, +K 4 (—) K —_—
( 1 + 2) + L3 3 + [ L3L6 4
) ; (3.14¢)
Ly(Ls + Ly) LyLe(Ls + Ly)
+ |22 (Ks +K,) + 8
e I e,
Tir phuong trinh (3.14a) ta d& dang xac dinh duoc tan sé ty nhién w, cta hé:
1 X (3.15)
21| I

3.4.4. T6i wu héa co ciu in dao kiéu 1
3.4.4.1. T6i wu hoéa co cau khau cirng twong dwong

Ti uu hoa co cau khau ctng twong duong (Pseudo-Rigid-Body Model, PRBM)
dé xac dinh kich thudc so bo cua thiét ké nham myc dinh giam sé bién, x4c dinh céc
bién c6 tam anh huong 16n va cac bién it anh huong dé stir dung vao budc téi vu hoa
tiép theo sir dung cho CCBH. Muc tiéu dau tién cua bai toan thiét ké nay 1a khuéch dai
chuyén vi dau vao duoc cung cap tir co cau dan dong PZT dé ting hanh trinh lam viéc.
Tuy nhién, chuyén vi dau vao nay ciing khong nén khuéch dai qua 16n vi cling vai né 1a
d6 phan giai cia chuyén dong ciing bi tang theo. Piéu nay hoan toan khong can thiét

cho céc co cau dinh vi chinh xac. Do khuéch dai dugc chon & day 1a Ay, = 3.
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Hé sb khuéch dai cua toan bo co cau chiu anh huong 16n nhat bai chiéu dai cua
cac canh tay don trong co cdu don bay nhu & Hinh 3.5 va Hinh 3.6. Do vay bién thiét
ké chinh dwoc chon ¢ budc nay 1a cac kich thuéc L;(i = 1 - 6). Kich thudc cua cac
khép dan hdi (R;, T;) khong c6 anh huéng nhiéu trong bai toan ti wu hoa do khuéch
dai nén chua duoc khao sat & day. Gigi han cua cac bién thiét ké, diéu kién rang budc,
ham muc tiéu mong mudn caa bai toan téi vu hoa nay dugc thé hién chi tiét tai Bang
3.1. Trong nghién ciru ndy, bai toan tdi vu hoa co cdu PRBM sir dung ham FMINCON
trong MATLAB dé t6i wu hoa phuong trinh (3.16).

Bang 3. 1: Bai toan t6i wu hoa co cau PRBM

1. Ham muc tiéu: Min|A gy — 3| (3.16)
2. Bién thiét ké: L, —L,
3. Piéu kién bién:
(1)Gidi han cac bién thiét ké (mm)
15< Ly, Ls<25 (3.17)
35<1,<50 (3.18)
10 < L, Le <30 (3.19)
30< Le< 50 (3.20)
(i))Piéu kién rang budc :
Khong gian thiét ké: L*H
L =150 (mm); H =90 (mm)
Li+L,=60 (3.21)
LatLs = 40 (3.22)
L5+L6 - 70 (323)

Bang 3. 2: Gi4 tri tdi vu héa co cau khau ciing cua cac bién thiét ké

Céc bién Giatri (mm) | Cac bién Gié tri (mm)
L, 20 Ls 20
L, 40 Ls 28
Ls 20 Le 42
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3.4.4.2. T6i wu héa co cAu dan hoi

Co ciu dan hdi tuong Gmg co cau khau cang da dugc tdi wu hoa co6 dang nhu & Hinh
3.5. Khong gian thiét ké cua co cau an dao duoc giéi han trong pham vi (90 x 150 x
10) mm, dam bao nhé gon va phi hop cho qué trinh Idp rdp sau nay vao may tién.
Nguyén ly 1am viéc chinh cia CCPH 1a nho vao qua trinh bién dang cua co cAu dé
truyén chuyén dong. Tuy nhién, bién dang nay phai ¢am bao ludn nam trong gigi han
dan hoi cua vat lidu va cho phép co ciu chiu dugc d6 bén moi cao. Theo ly thuyét vé
co cau dan hoi [3, 80], ung suat Ion nhét cua cac khép dan hoi duge xac dinh theo cong
thuac:

oM, K (3.24)
Omax = —5— :
max Ti2 bi

Trong d6 0,4, & Gng suat 16n nhat, M, momen xoan theo truc z, K; 1a d6 cung cua
khép mém thtr i, T; 13 bé rong nho nhat caa khép mém, b = 10 mm 14 chiéu day cua
khop mém.

Tir phuong trinh (3.24) cho thiy d6 day T ¢6 anh huéng quan trong dén tng suat 16n
nhit cua co ciu. Dé tao duoc chuyén vi 16n cho CCPH, can phai giam d¢ day T cua
khép dan hoi, twong (ng vai viéc lam giam do cang ciia nd nhu & phuong trinh (3.5a).
Ngoai ra, dé tao duoc chuyén vi Ién caa CCPH ta c6 thé ting chiéu dai cua cac canh
tay don cta co cdu. Khac véi cac nghién ciru trude ddy, nghién ctru ndy ngoai viéc
quan tam téi d6 day cua khop dan hoi con quan tam dén kich thude co cau khau cing.
Vi vay, viéc tdi wu hoa thiét ké tap trung vao viéc tim do day ti wu ctia khép dan hoi
va kich thuéc tdi wu ctia co cau khau ctng trén co cau. Toi vu héa CCPH dya trén viéc
t6i wu hoa co cau khau cing duoc st dung trude d6 dé tim kich thude so bd cia co cau
khau cimg. Cac kich thudc nay s& duoc giit nguyén trong cac budc t6i wu héa tiép theo.

Hinh 3.7 1a luu d6 giai thuat ciia phuong phap t6i wu hoa da myc tiéu ding su két
hop gitra phuong phap t6i wu hoa co cdu khau cing, téi wu hoa CCPDH c6 két hop gitra
ANSYS ADPL va MATLAB duoc xay dung theo cac budc sau:

70



1. Thiét ké co cau: xac dinh van dé thiét ké, thiét ké co ciu, xac dinh bién thiét ké ban
dau.

2. Xay dung phwong trinh méi quan h¢ giga: cac bién thiét ké va ham muc tiéu mong
muén cua co ciu khau ctng roi téi wu hoa bang ham FMINCON trong MATLAB.

3. Toi wu hod tinh todn: Muyc tiéu tinh toan t6i uvu hoa da muc tiéu, st dung thuét toan
NSGA — II hudng tiép can tap nghiém Pareto trong phan mém MATLAB. Dé dam bao
kha nang 1am viéc va ang dung thyc té trong gia cong ciia co cau an dao, phai tao dugc
chuyén vi dau ra 16n theo phuong y va tan sé dao dong tu nhién cao. Tan sb dao dong
tu nhién cao c6 thé cho phép ting toc do cit got cua co cdu dn dao. Do vay trong budc
t6i wu hoa CCPH, hai ham muc tiéu tiép tuc duoc chon 1a ty 18 khuéch dai chuyén vi
I6n va tan sb tu nhién cao. Két hop véi diéu kién rang budc vé yéu cau ang suat tap
trung tai cac khdp dan hdi phai nho nhu & phuong trinh (3.32), cac bién thiét ké tai
budéc tinh toan nay 1a bé rong nho nhat cua cac khop (T;). Ngoai ra, dé dam bao co cau
c6 d6 phan giai micron, d6 cang vitng va giam thiéu tdi da sai sb khi chuyén vi thi
chuyén dong ky sinh theo phuwong x phai thoéa méan phuong trinh (3.31). Céc bién thiét
ké chinh duoc thé hién trén Hinh 3.5. Gigi han cua cac bién thiét ké, diéu kién rang
budc, ham muc tiéu cua bai todn téi wu hoa nay dugc thé hién chi tiét nhu Bang 3.3.

4. Lwa chon thiét ké toi wu ding phwong phdp TOPSIS: St dung thuat toan NSGA —
IT huéng tiép can tap nghiém Pareto, tiép theo sir dung phuong phap TOPSIS dé lya
hang d6i trong duoc gigi thiéu boi tai liéu [94-96] voi ¥ tudong nhu sau: mot lya chon
goi 1a tét nhat néu lya chon nay c6 gia tri gan nhat so vai loi giai 1y tudng tich cuc
(Positive ideal solution). Lién két mo TOPSIS duoc xay dung trén trong s6 Entropy,
trong s nay dua trén Iy thuyét xac suat dé danh gia xac suat xay ra cua bién cé, diéu
nay han ché nhitng anh huéng chi quan ma nhiing phuong phap khac gap phai, vi du
nhu phuong phap Delphi va phan tich thir bac AHP (Analytical Hierarchical Process)
[97].

71



Théng qua giai thuat di truyén ta s dung phan mém MATLAB va ANSYS dé
t61 uu hoa kich thudc cua co cau. Str dung phan mém ANSY'S d¢é md phong ¢ng xir cua
co cau. M6 hinh phan tir dang mat duoc sir dung dé kiém tra diéu kién rang budc va
cac ham muc tiéu. O day phan tir dang miat PLANES2 duoc chon dé phan tich va md
phong bai toan thiét ké. Vat liéu caa co cau 1a hop kim nhém (7075 — T6) véi cac
thong sé cua vat liéu nhu sau: modul dan héi E = 71,7 GPa, hé s Poisson 14 0,33 gi6i
han dan hoi 14 503 MPa va khéi lugng riéng p = 2810 kg/m?3. Tong sé phan tir dang mat
dugc chia ludi trong FEM cho thiét ké cua bai toan 1a 22373 phan ti.

Trong qué trinh t6i vu hoa theo kinh nghiém sé lugng thé hé duoc thiét 1ap 1a 50
thé he va dan s6 ciia mdi thé hé 1a 20. Cac thiét ké t6i wu ctia CCPH la cac bién thiét
ké, s6 luong bién thiét ké duoc st dung trong co cau nay la 7 bién. Thir ty caa cac bién
duoc thé hién cu thé qua Bang 3.3.

Bang 3. 3: Bai toan tdi wu hoa da muc tiéu CCPH

1. Ham muc tiéu:

fi = Max(f,) (3.25)
fo = Max (B2) (3.26)

2. Biénthiét ké: T, — Ts, Ts, T
3. Diéu kién bién:

i. Gioi han bién thiét ké& (mm)

1,5<T, <28 (3.27)
1<T,T;<17 (3.28)
04<T5Ts <09 (3.29)
ii. Do cing dau vao:
Kin < 0,5K,, (Kpze = 60N/pum) (3.30)
iii. Chuyén dong khong mong mudn theo tryc x:
u, < 0,01pm (3.31)
Iv. Ung suat 1on nhét: g, < :—;’ (3.32)

72



[ xacdinhvanagé |
Y
[Thiét ké co cadu khau cing]
|
i |

| Bién thiét ké& |

T8i wu héa
bing GA

|

|

|

|

|

|

| T&8i wu héa co
| cidu khau cirng
: | X ham muc tiéu | twong duong
|

|

|

|

|

|

|

|

S dung thuat toan GA cho
thé hé thr/ dé tao ra thé hé con

Y

Nhap tirng ca thé con vao ANSYS
dé tinh cadc ham muc tiéu

|
+ |
|

[Téi wu héa bang fmincon]

Ké&t hop cac dan sb

Y

Thuat toan

TAO DAN SO PAU TIEN
YesS| cHO THUAT TOAN NSGA-II

Xac dinh khéng gian lam viéc, ham rang budc,
kich thuwdc dan sé (N) & s6 thé hé (n)

Y

Chon loc dan sb6 tdt nhéat
cho thé hé tiép theo (JF+1)

Thiét lap thé he dau tién I No

i -€— 1 Yes

—>| Nhap thé hé thu’ ivao ANSYS ADPL |<-|

Pat lai ~ -
| Phan tich tinh & dong lwc hoc| cac bién CHOQN NGHIEM TOI uu
thidt ké BANG PHUO'NG PHAP
v PHAN TiCH TOPSIS
A

tan s6 tw nhién dau tién

Xac dinh cac trong sb& Entropy

Y

!

L&i gidi tdi wu

|
|
|
|
|
|
|
|
|
|
|
|
|
|
- , Ey— Fr— |
Loc két qua chuyén vi, irng suat va [ i A
|
|
|
|
|
|
|
|
|
|
|
|
|
.
T
|

|
|
|
|
|
|
Thue hién phan tich TOPSIS :
|
|
|
|
|
|
|
|

Hinh 3. 7: Luu dd thuat toan ti wvu hoa da muc tiéu
Phén tich do nhay cua céc bién thiét ké cho phép loai bo céc bién it anh huong
dén thiét ké va ma rong vung hoat dong (gigi han) cua bién thiét ké anh huong 16n nhat
dén ham muc tiéu mong mudn cua thiét ké. Ngoai ra, phan tich do nhay cua cac bién
thiét ké, 1am ting kha ning hoi tu caa ham muc tiéu va 1am giam tiéu hao dung luong

bo nhd may tinh, giam thoi gian xir ly bai toan.
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Hinh 3. 10: Pd nhay cua cac bién thiét ké vai cac ham muc tiéu
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Anh huong cua su thay d6i d6 day T,, T,, T,, T, va T, d6i véi cac dac tinh cua co
c4u an dao duoc trinh bay trong Hinh 3.8 dén Hinh 3.10. Tan sé ty nhién cia co cau
tang dan khi cac théng sé thiét ké tang, chang han nhu T}, T,, T, T, va T,. Nhung trong
d6 T,, T, va T, ting manh luc dau sau d6 c6 xu huéng giam dan nhu trong Hinh 3.8.
Hinh 3.9 cho thay ring ty 1& khuéch dai dich chuyén cua co cau giam xudng khi ting
T,, T, T, va T,. Nguoc lai, ty & nay lai ting 1én khi ta ting T,. Panh gia mot céch tong
thé hon, Hinh 3.10 cho thay do nhay cuc b cua tirng théng sé thiét ké chinh anh huong
dén ting ham muc tiéu dau ra coa co cdu an dao. Ty s6 khuéch dai dich chuyén chiju
anh huong cua bé day T, nhiéu hon céac thong sd thiét ké khac. Sau d6 1an lugt dén céc
thong sé thiét ké sau T, T,, T, con T, anh hudng it nhat. Tan s6 tu nhién dau tién chiu
anh huong cua bé day T, 16n nhat va sau d6 1an luot 1a cac thong sb thiét ké T, T, T,.
Hinh 3.10 ciing chi ra rang do day T; (i = 1- 6) caa cac khdp dan hdi trong mat phang
ctia co cdu an dao ty Ié thuan vai tan sé ty nhién va ty I& nghich vai ty sé khuéch dai

dich chuyén.

3.20
315 | Oo f1=261.9

= %% f2=3.114

o

® o ¢

£ 3.10 - /0 0

=1

§; f1=259.9 %
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~ 2357 f2=3.000 Op

o O

2.90 . s | 6 o

256 258 260 262 264 266 268 270
fl (First natural frequency), Hz

Hinh 3. 11: D6 thi Pareto tdi wu
Hinh 3.11 biéu dién do thi Pareto toi wu. Muc tiéu cta bai toan 1a cuc dai hoa

ham f1 (tan sb tu nhién) va ddng thoi cuc dai ham f, (ty 16 khuéch dai chuyén vi). Tuy
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nhién trén Hinh 3.11, khi ting tan s6 tu nhién thi ty 16 khuéch dai chuyén vi lai giam.
Nhu vay ¢6 su xung dot gitra hai ham muc tiéu nay. Do vay khong ton tai mot nghiém
Iy twdng vira cuc dai tan s6 ty nhién, vira ddng thoi cyu dai ty 16 khuéch dai chuyén vi
clia co cau. C6 rat nhiéu sy lva chon cac diém thiét ké t6i uvu nam trén tap nghiém
Pareto front nhu trong Hinh 3.11. Vi vay & day sir dung phuong phap TOPSIS dé hd
trg viéc ra quyét dinh chon diém nao la nghiém tbi wu tét nhat. Céc trong sé (Weight
factors) duoc tinh toan bang phwong phap Entropy dua trén gi4 tri caa cac ham muc
tiéu. Trong nghién ctiru nay, trong sé va cac wu tién caa hai ham muc tiéu cua thiét ké
duoc diéu chinh dya trén tam quan trong cua méi muc tiéu mong mudn cuaa nha thiét
ké. Sau khi phan tich tinh toan, mot s tng vién tiém ning duoc tao ra. Cac ung cu
vién duoc so sanh va udc tinh tim ra ang cir vién tot nhat caa bai toan nhu trong Bang
3.4.
Bang 3. 4: Két qua xép hang TOPSIS cia cac lya chon

No f1 (Hz) fa Score Ranking
343 265,52 3,0001 0,9247 1
387 265,51 3,0064 0,9245 2
435 265,01 3,0089 0,9243 3
365 265,04 3,0132 0,9242 4
420 263,76 3,0143 0,9236 5

Két qua tng véi diém co s6 343 (Piém co duong doc va duong ngang trén Hinh
3.11 va dong dau tién ¢ Bang 3.4) la nghiém tét nhat. Bang xép hang ciia cac tng vién
c6 diém sd cao duogc trinh by ¢ trong Bang 3.4. Sau khi giai bai toan t6i uu, tan sb tu
nhién dau tién ting 16% va ty 1é khuéch dai chuyén vi ting 1én 57% so véi gia tri cac
thong sé thiét ké duoc lya chon ngau nhién ban dau. Trong k§y thuat va trong san xuat,
nhiéu trudng hop chi can ting hiéu suat tir 1% dén 2% ciing mang lai ¥ nghia kinh té
va k¥ thuat. DBiéu nay mot lan nita chiing to tdi wu hoa c6 nhiéu loi ich vé mat kinh té

va ky thuat.
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Bang 3. 5: Két qua téi uu

Bién thiét ké Gia trj (mm) Bién muc tiéu Gia tri

T 2,49 fi 265,52 Hz
T, 1,07 f 3,0001

Ty 1,35 Omax 43,9 MPa
Ts 0,43 Doy (Dy) 52,78 um
T 0,42 Oy 0 pm

3.4.4.3. Panh gia thiét ké t6i uu

Str dung phan mém ANSYS d& mo phong chuyén vi, ang suat caa co cau. Thong
qua két qua md phong ta c6 thé kiém tra va danh gia kha niang lam viéc cua co cau.
Thiét ké t6i uu duoc tim ra trong Bang 3.2 va Bang 3.5 duoc dyng lai md hinh 3D
bang phan mém INVENTOR va dugc md phong lai trén phan mém ANSYS
Worbench. Muc dich cua budc nay 1a dé kiém tra lai két qua caa ung suat, chuyén vi
va tan s cho thiét ké toi uu. Cac két qua md phong duoc thé hién qua Hinh 3.12 va
Hinh 3.13.

Qua Hinh 3.12 va Hinh 3.13 ta thdy, véi chuyén vi dau vao cua co ciu Dy, =
17,5 um thi chuyén vi dau ra cua co cau D,,; = 52,78 pm tuwong tng véi dd khuéch
dai clia co cau 1a Ay, = 3,016 va chuyén vi ki sinh theo phuong x ciia dau ga dung
cu cit 8, = 0 um. Ung suat 16n nhét cta co ciu 0,4, = 43,9 MPa thoa man diéu kién
rang budc vé do bén vat lidu cia co cau. Sir dung phuong phap FEA trong phan mém
ANSYS ADPL d¢é tinh toan d6 cang ciia co cau. Khi ta cho lyc dau vao F, tac dung
vao dau vao cua co cau in dao, thu duoc chuyén vi dau vao cua co cau la y;,= 17,5
um. Ta tinh duoc d6 cimg dau vao cia co cdu in dao K;;, = 28,5714 N/um (F;,=500N).
Tuong tu khi ta tac dung luc F,,,, vao dau ra cia co cau, thu duoc chuyén vi dau ra
Vour=34um. Ta tinh dugc d6 cing dau ra cua co cdu dn dao K, = 0,3055 N/um (F,,,;
=16,5N).
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C: Static Structural
Directional Deformation 2

Type: Directional Deformation(Y Axis)
Unit: mm
Global Coordinate Sys|
Time: 1

0.052784 Max
0.044401
0.036017
0.027634
0.01925
0.010867
0.0024831
-0.0059004
-0.014284
-0.022667 Min

0.00 50.00 100.00 (mm)

(a)

C: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

43.97 Max
39.084
34.199
29.313
24.428
19.542
14.657
9.7711
4.8855

2.435e-6 Min I
L]

100.00 (mm)

25.00 75.00

(©)

C: Static Structural
Directional Deformation
Type: Directional Deformation(X Axis)
Unit: mm
Global Coordinate Syste
Time: 1

0.0091069 Max
0.0071992
0.0052915
0.0033837
0.001476
-0.00043179
-0.0023395
-0.0042473
-0.006155
-0.0080628 Min

&

0.00 50.00 100.00 (mm)
= ]

(b)

B: Modal

Total Deformation
Type: Total Deformation
Frequency: 265.52 Hz
Unit: mm

102.65 Max
91.249
79.843
68.437
57.031
45.624
34.218
22.812
11.406
0 Min

L

0.00 50.00

100.00 (mm)

25.00 75.00

(d)

Hinh 3. 12: Két qua mé phong: (a) chuyén vi theo y, (b) chuyén vj theo x, (c) tng suat,
(d) tan sb
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60 T T T T T 90

——Simulated displacement
—0—Stress

Output displacement (um)
Stress (MPa)

0 2 4 6 8 10 12 14 16 18
Input displacement (um)

Hinh 3. 13: Két qua md phong chuyén vi, ttng suat

103 ¢ . . . . :

M phong 260.9 Hz — [€—265.5 Hz
— — = Thuc nghiém i

—_
o
[hS]

Magnitude (dB)
84\

109

-1 1 I 1 1 1 1 1
10
0 50 100 150 200 250 300 350 400

Tan s6 tu nhién (Hz)
Hinh 3. 14: Kiém tra tan sb ty nhién dau tién
Db thi méi quan hé giira chuyén vi dau vao — chuyén vi dau ra cua co ciu dugc
thé hién qua Hinh 3.13. Theo db thi, két qua mé phong nhu Hinh 3.13 1a mot ham
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tuyén tinh rat 6n dinh trong pham vi hoat doéng cta chuyén vi dau vao trong giai tir 0
um dén 17,5 um va khoang chuyén vi dau ra twong ng véi ty 1é khuéch dai chuyén vi
la 3. Hinh 3.12(d) va Hinh 3.14 cho thay tan sb tu nhién dau tién f, = 265,5 Hz phu
hop véi muc tidu cua bai toan. Sai sb giira két qua mo phong véi két qua tdi wu 1a do
cac bién thiét ké da duoc 1am tron sb, dé thuan tién cho viéc gia cong.

Bang 3. 6: So sanh két qua véi cac nghién ciru trude

‘ Tansétunhién Ty lé khuéch  Ung suat max
Céc nghién ctru

(Hz) dai (MPa)
Wang [98] 398,8 1,21 53
Ding [59] 156,77 unknow 94,636
Kurniawan [61] 480 3 unknown
Li [91], Linga[60] 200 2,8725 260,65
Luan an (thiétké 1) 2655 3,0001 43,9

Ty 1é khuéch dai, tan s6, tng suat va chuyén vi theo cia co cdu 4n dao trong
nghién ciru nay cling duoc so sanh vai cac nghién ciu trude d6. Két qua so sanh dugc
thé hién trong Bang 3.6.

Tan sb tu nhién, ty 1é khuéch dai va ang suat tap trung téi da ciia co cau dan
d6ng ngudn cap hién tai ciing duoc so sanh vai cac nghién ciru trude day trong Bang
3.6. Két qua so sanh cho thay rang voi ty & khuéch dai bang 3.0, co cau cé tan sé tu
nhién dau tién trung binh nhung ¢ng suat tap trung twong déi nho. Pic tinh nay cuc ky
hitu ich cho khong chi co ciu dan dong tién dao co6 d6 chinh xéac cao ma con c6 kha
ning ung dung trong gia céng hd tro rung dong.

Nhan xét, két luan thiét ké va toi wu héa co cdu in dao kiéu 1:

Uu diém: Thiét ké, tdi uu hoa va md phong duge co cau dn dao c6 do khuéch
dai vé chuyén vi bing 3, tan sb tu nhién trung binh f, = 265,5 Hz, ang suat nho 43,9
MPa, chuyén dong khong mong mudn cua co cau khong dang ké. Ung suét va chuyén

dong khong mong mudng rat nho so véi cac nghién ciru trude, 1a do trong thiét ké tac
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gia dd chon co cAu bdn khau kép trong mé hinh thiét ké va day 1a vu diém cta thiét ké
so v&i cac thiét ké trude. Ung suét tap trung nho diéu nay dam bao trong qué trinh gia
cong khéng xay ra hién tuong gy, diit co cau hoic co ciu bi day dén trang thai vuot
qua gi6i han dan hoi va khong tro vé vi tri ban dau duoc hay con goi 1a mat kha ning
dan hoi. Chuyén dong khong mong muén khong dang ké gitip cho co cau hoat dong
luén c¢6 d6 chinh xac cao vé vi tri dinh vi miii dao khi gia cong.

Két cdu ctia co cau két hop cac thanh cimg va khdp dan hoi dua trén co céu
khau cing tuong duong. Str dung bd khuéch dai chuyén vi 1a co cau don bay, co ciu 4
khau ban 1&, co cau bn khau ban 18 kép 1a giam chuyén dong khong mong mudn.

Thiét ké duoc t6i wru hdéa mot cach tong quat tir tdi wu hoéa co cau khau ctng, toi
uu héa co cau dan hoi.

Dinh hudng tng dung ctia co ciu rat phu hop cho gia cong tinh, cling nhu dugc
gan trén cac may chinh xac khi tién hanh tién chinh x4c ¢ micron/nano.

Nhwoe diém: Thiét ké co cau kiéu 1 c6 d6 cing dau ra khong cao va tan sé tu
nhién ciia co cau trung binh.

Nham ké thira va phat trién cac vu diém va khic phuc nhitng nhuoc diém cia

thiét ké trén, mot thiét ké kiéu 2 duoc phat trién & cac muc tiép theo trong luan 4n nay.
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3.5. Thiét ké va t6i wu héa co ciu in dao kiéu 2
3.5.1. Nguyén ly hoat dong

Yout

FLL_rc chay dao

g
Dung cu cat Fi it hung kinh y

(¢ cdu & khau
ban L&

Co cdu

Hinh 3. 15: Co c4u an dao chinh xac dung CCDH

Co cau chap hanh PZT Ia thiét bi c6 thé tao ngudn dan dong vo cling chinh xac.
Tuy nhién, hanh trinh ti da cua loai co cdu nay ciing bi han ché & pham vi nho. Y
tuang thiét ké cia co cdu an dao chinh xéac trong nghién ctiru nay la sir dung CCPH dé
khuéch dai nguon dan dong tir PZT. Hinh 3.15 md ta két ciu tong thé cua co cau. Co
cau nay két hop ca co cau don bay va co cdu bdn khau ban 18 @& ¢am nhan nhiém vu
dit ra. Trong thiét ké nay co cAu don bay dugc st dung hai lan véi muc dich khuéch
dai chuyén vi. Co cau bon khau ban 18 vira 1am nhiém vy gia ting 6 cang viing, giam
chuyén dong khdng mong mudi cia co ciu va cling dugc dung dé khuéch dai mot phan

cho chuyén dong dau vao.
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3.5.2. Phan tich khuéch dai ciia co ciu

Hinh 3. 16: M hinh phan tich khuéch dai dua vao van téc cac diém
T Hinh 3.16 ta c6 thé viét van toc dai cua cac diém M, N va P dua trén van téc goc

cua cac khau twong ing nhu sau:

VN = szolN = wlLON (334)
Vp = w2L01P (335)

trong d6 w,, w, lan luot 1a van téc goc cua cac thanh OM va 0, P
Goi Agmyp lati I€ khuéch dai chuyén vi dau ra y,,,, /dau vao y;,, cia co cau

_ Yout _ Vp _ wy Lo, p _ LonLo,p

A = = = = 3.36
amp YVin Vu  wilom  Lo,nLom ( )
trong do: Z—i = LL;’:'V
1
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3.5.3. Phan tich d¢ cirng theo phwong phap ma tran

Trong phuong phap ma tran tong quét, mdi khép dan hoi duoc coi nhu c6 6 bac
tu do (DOF) trong toa d6 dia phuong cua chung, do d6 khép dan hoi duoc biéu dién
bing mot ma tran day du [6x6] [99]. Trong luan an nay, dé don gian hda md hinh cua
khép dan hoi, cac khép dan hdi duge coi 1a ¢ 3 DOF, nhu duoc biéu dién trong Hinh
3.18(b). Gia thiét nay la phd hop do dic diém thyc té cua cac thiét ké co cdu an dao 1a
co ciu co do day 16n dé dam bao 1a co ciu phing. Céac bién dang khac coi nhu khong
anh huong dén co cu. Viéc md hinh hoa khép dan hoi voi 3 DOF van c6 thé dam bao
dugce do chinh xac vé bién dang ciing nhu mé ta day du dac tinh caa thiét ké. Ma tran
mém day du [6x6] cho khép dan hodi duoc thay thé bang ma tran [3x3] dugc don gian
hoa, trong d6 mdi khdp dan hoi chi chiu bién dang doc truc, uén va quay xung quanh
truc.

in
CAEC ABC IR
§—W m vav\-§
W

—— e ———— ———— ——

(a) (b)
Hinh 3. 17: M6 hinh phan tich ma tran mém
Ma tran mém C ciia mot khép dan hdi dugc dinh nghia [2] bang ti s6 ciia chuyén
Vi U = [uy uy 6,] khi khép chiu mot tai nhét dinh F = [F, E, M,]". Do dé vector
chuyén vi {u;} theo dinh luat Hooke [100] ta cd,
{w;} = [GI{F} (3.37)
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Uy €y O 07(F
ha.y [uy} = [ 0 CZZ ng“ Fy
0, 0 GCi Gl M,
trong d6 C; 1a ma tran mém cua khop dan hoi thi i
Ma tran co ban cua khdp dan hoi thu dugc bang mé hinh tinh toan truyén thong
do Paros va Weisbord phat trién [2, 83]. Ma tran mém hoan chinh can thuc hién
chuyén ddi toa do tir mdi hé toa d6 dja phuwong sang mot hé toa do toan cuc [99]. Méi
quan hé chuyén dbi cua ma tran mém tir hé toa do dia phuong 0; sang hé toa d6 toan

cuc 0;¢0 thé duoc bicu dién nhu sau:

. . . T
¢/ =1/¢(1)) (3.38)
Ma tran Tij chuyén dbi dugc biéu dién trong phuong trinh (3.39):
Tij _ R{ Pij (3.39)

trong d6 R, va P/ 1a ma tran bién doi xoay va ma tran chuyén cua toa do 0; ddi véi 0;.

Ma tran Pij c6 thé nhan duoc bang phuong trinh sau.

1o P
p/ =Io 1 —Px] (3.40)
00 1

Ma tran R c6 thé duoc viét dudi dang phuong trinh (3.41):

. cosf —sinf 0]
R/ =

l

sind cosf 0 (3.41)

0 0 1
trong d6 6 la géc quay quanh truc z

Trong Hinh 3.17(a), cac khép dan hoi H;(i = 1 —7) ciing nhu cic thanh cing
G;(j = 1 — 4) duoc lién két song song hoic néi tiép véi nhau tao thanh két cau tong
thé cia CCPH. Viéc tinh toan do cung tuong duong cia cac khop hoic céac thanh dya
trén md hinh gia cang trong tai liéu [101, 102]. Vay ma tran mém cua cac nhéanh
(A), (B), (C) phan I nhu Hinh 3.17(a) dugc tinh toan nhur:

85



O =TQ Cu (T2) +T2Cs(T2) +TECu, (TS (3.42)
€8 = TQ Cu (T2) +T2C6,(TE) +TE,C, (TS (3.43)
& =78 Cs,(TE) (3.44)
trong d6, Cy; Va Cg; 1a 4o mém cua cac khop dan hoi va cac thanh cung; T, va T, 1a
ma tran chuyén doi ciia khép dan hoi H; hogc thanh cing G; tir hé toa d6 dia phuong vé
hé toa d¢ toan cuc xOy.
Ma tran mém téng cua cum (ABC) phan I:
Cape = C& +[(CHT+(CHH™ (3.45)

Ma tran mém cua cac nhanh (D), (E) phan I:

€8 = TQ.Cu(T2) +T2C6,(TE) +TE.Cu, (T (3.46)

2 =TQ Cy (T2) +T2Ce,(TC) (3.47)
Ma tran mém tong cua cum (DE) phan I:

€9y = € +C2 (3.48)
Ma tran mém tong cong ciia phan I

CP =Co%:+ CY% (3.49)

Co cau dugc thiét ké véi 2 phan déi xang nhau. Do vy ma tran mém cua phan Il co

thé dé dang duoc xac dinh tir CP:

¢ = RO(m)CP (RY(m)" (3.50)
Ma tran mém dau ra cta co cau la
Coue = €A+ (DT (3.51)

Tt Hinh 3.17(b) ta tinh duwoc ma tran mém dau vao caa co cau:

-1 1171 -1 \-1171
ch = [(ca) ™ + (el +e + ()7 05)

Vay ma tran d6 cing dau vao K, va dau ra K,,,; clia co cau la
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Kin = (Ci?,l)_l (353)
Kout = (Coout)_1 (354)

3.5.4. Phan tich dong luc hoc ciia co cau

Phan tich mé hinh todn cua co cau gilp danh gid nhanh cho giai doan thiét ké
ban déu, cling nhu kha ning du doan diéu khién cua co cau. Viéc st dung phuwong phap
gia cung [1] coi khép mém nhu cac khép quay cing truyén thdng véi 10 xo xodn va
cac phan con lai cua khép dan hoi hoat dong nhu cac lién két ciing ciing di thong tin
ban dau cho nha thiét ké. Tuy nhién dé tong quat hon nghién ctitu nay gia sir mdi khép
dan hoi cd 3 DOF bién dang theo phwong doc truc, uén va xoan dugc sir dung dé xay
dung mo hinh toan vé tan sé ciing nhu diéu khién.

kZ
\
N\
AN
AN
Lo | =
T \\
P RN
// kx
K
Y (b

Hinh 3. 18: H¢ toa do cua (a) khap ban nguyét va (b) mo hinh twong duong cua khop

Khép dan hoi ban nguyét trong Hinh 3.18(a) dugc mé hinh héa voi 3 DOF nhu &
Hinh 3.18(b). Trong d6 kha ning chuyén dong theo phuong x va y cia khép ndi duoc
dic trung boi cac 10 xo theo cac phuong nay. Pic diém chuyén dong cua khép ndi theo
mdi phuong duoc thé hién qua tinh chat dan hdi cua 16 xo twong tng. Trong co cu
phang, mot khép ndi dan hoi c6 3 bac tu do gom 2 bac tu do tinh tién (u,, u,) va 1 bac
tu do xoay (,). Cac bac tu do nay c6 thé duoc thé hién bang 3 10 xo (tinh tién:
ky, kyva xoay: k,) c6 tinh chat xac dinh theo ddc diém cua ting chuyén dong twong
ung.
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J\\L\+
%L, Y,

Y,

Hinh 3. 19: Mo hinh co c4u twong duong cia CCBH
Trong mé hinh héa co cdu nhu Hinh 3.19: (mi,Li, 9]-) (i=1,2..5,(G=1,2)
lan luot 1a khéi lwong, chiéu dai va goc quay caa cac thanh cing twong tng. Céc thdng
s6 dong luc hoc cia mo hinh nay bao gém do cing (Ky,), (K, ) va do cing xoan cua
cac khép dan hoi dang ban nguyét (K;,) vd moment quan tinh cua cac thanh cing (I;)
dugc tinh nhu ¢ [83] va duoc biéu dién cu thé nhu ¢ phuong trinh (3.55a dén 3.550)
Theo tai ligu [2, 103] ta tinh dwoc d6 cang (Ky,), (K, ) va (Ki,)

1

KiZ:C_g

(3.55a)

trong do:
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M,
T(4R + T)(6R? + 4RT +T?%) + ] (3.55h)
24R
= f 4R
ERT3(2R+T)(4R +T)3 l6R(2R + T)%T(4R + T)arctan |1+ TJ
K, =~ (3.55¢)
ix — Cx .
trong do:
Ax 1| 2(2R+T) 4R m
Cy =—=—|————=arctan |1 +——= (3.55d)
* E. ER|JTA4R+T) T 2
1
Ky, = — (3.55¢)
Cy
trong do:
= Ay _ 3
Y F, 4ERT(2R+T)
IR(2 4 70) 4 7T + 8R3(44R? + 28RT + 5T? N 1
o (4R + T)2T? TSGR 1 1)5
24R3T + (T — 80)R* + 8(3 + 2m)R2T? +]} (3.551)
2R+ T)JT(4R +T
{( FYTER+T) [ 4(1+ 2m)T?R
/ 4R
—|8(2R + T)*(—6R? + 4RT + T%)arctan |1+ -
miL%
| = 3.55
=5 (3.550)

trong d6 E, T;, R; h 1an luot 1 modun dan hdi caa vat lidu, bé rong nho nhat, ban kinh
va chiéu cao cua cac khop dan hoi;

Tong quat hoa, dong niang cua CCHH nhu ¢ Hinh 3.19 duoc xac dinh theo cong thic:

5 5 2
1 1 .
T, = Z(TEL + REi) = zzmiviz + ZE]L.QJ.Z (3.56)
=1 i=1 i=1
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Trién khai cu thé cong thtc tinh déng ning cho timg khéu, ta c6 dwgc phuong trinh
(3.57)

1 . )
To = My (Vin)? + My (Vo0)? + .07 + 2ms(y3.)? + 215,65

2
1
+Em4(}75)2
1 V2 + V3\° Vs — Y2\ (3.57)
=§m1(yin)2+m2( : 2 3) +IZC(L:+L2)

. . 2 . . 2
Vst Vs Vs — Ya 1 .
+2ms ( 2 ) 215 (L3 n L4) +5ma(s)*

Tong thé niang cua hé dugc tinh theo cong thuc:

> %1
V= Z EKiyAyiz + 2 EKiZGiZ
i=1 i=1

= Kly(yl - yin)z + Klzel2 + K22912 + K32922 + KnyZ2

+ Kz, (V2c — ¥3)* + 2K4, Y7 + 2Ksy (V3. — ¥5)?

2

Li(ys —¥2) ) (J’3 - J’Z)z (3’3 - 3’2)2
=K — 2 R . K, |—/—— K
1y (yz + L, +1L, Yin) + Kz L, +1L, TR L+ 1L, (3.58)

Vs — Va
L;+ L,

Y2 —Y3
2

2 2
4Ky (P0) 4 Kyuyh o+ Koy (Z22) 4 26002

Ya — y5)2
2
trong d6 (y;, ;) 1a chuyén vi va van téc ciia cac khau. Méi quan h¢ giira cac tham sé

+K5y(

nay dugc mo ta nhu tai hé phuong trinh (3.59).
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( Y1=Y2+L.6, ( Yy =y, + L6,
Yac = Y2 EL er = 61 Voe = 2+ 0,
J ¥a=y2+ (L +L2)0, = Vs - V2 * Ly + .Lz)él (3.59)
Y3 = Y4+ L30; V3 = Y4+ L30,
Ve = Va (L?’Z;L“)gz V3e =Ya t (L3:L4) éz
Cys = v, + (Ls + L,)0, \Vs = Vs + (L3 + L4)0;
Theo Lagrangiantaco I’ =T, —V
d (0T or
E<W) “5 =& i=1Z.m (3.60)

Thay cac phuong trinh (3.57) — (3.59) vao phuong trinh (3.60) ta tim dugc phuong
trinh chuyén dong téng quét cia co cau c6 dang:

My + Ky = 0 (3.61)
trong d6: M, K 1 ma tran khéi luong, ma tran do cang.

Céc phan tir trong ma tran M va K duoc tinh nhu phuong trinh (3.62):

92T, 1
ij aylayj' ] y by e, I
(3.62)
0%V 1
5] aylay] ) l_] ] ) n
Tir phuong trinh (3.63) ta dé dang xac dinh dugc tan so ty nhién w, cua hé [104]
Det(K — w?M) =0 (3.63)
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3.5.5. T6i wu héa co cdu in dao kiéu 2

| xac ginh van g& |

|Thiét ké co cau khau CL'.rngI
.|
i |

| Bién thiét ké | 1.

T8i wu héa co
| cau khau cirng
tuwong duong

[Téi vu hoéa bing fmincon]

|
|
|
|
|
|
|
|
: I XD ham muc tiéu
|
|
|
|
|
|
|
|

TAO DAN sO PAU TIEN
Yes| cHO THUAT TOAN NSGA-II

Xac dinh khéng gian lam viéc, ham rang bubc,
kich thudc dan sb {N) & sb6 thé hé (M)

Thiét lap thé he dau tién I

i -—1

—>| Nhap thé hé thu’ 7vao ANSYS ADPL |<.|

Pat lai

cac bién
thiét ké
Y A

[ Phan tich tinh & dgng luc hoc |

tan s tu nhién dau tién

2.
TS8i wu héa
bing GA

S dung thuat toan GA cho
thé& hé th&J dé tao ra thé hé con

Y

Nhap tirng ca thé con vao ANSYS
dé tinh cac ham muc tiéu

+ i
:

Két hop cac dan sb |

Y

Thuat toan

Y

Chon loc dan sb6 tot nhat
cho thé hé tiép theo (J+1)

+ No
<=M

Yes

[ Tap nghiém téi wu Pareto |

PHAN TicH
PO TIN CAY FORM

Xay dung bai toan
phan tich dé tin cay

Y

Panh gia dé tin cay cho tit ca céc

|

Xac dugce thiét ké tdi vu vai
dé tin cay nhat dinh

|
|
|
|
|
|
|
|
|
|
|
|
|
|
. - Ey——— — |
Loc két qua chuyén vi, rng suat va |
|
|
|
|
|
|
|
|
|
|
|
|
|
)
T
|

\ |
\ |
\ |
\ |
\ |
\ |
\ 5 |
| | gidi phap tHi wru Pareto bang FORM |
\ |
\ |
\ |
| |
\ |
\ |
\ |

|

Hinh 3. 20: Luu db thuat toan tdi vu hoa da muc tiéu dua trén do tin cay

Mo hinh CCBH dinh vi chinh xac 1 DOF nhu ¢ Hinh 3.15 sé dugc ung dung
1am co cu an dao trong gia cong tién. Trong phan thiét ké co cau an dao nay, tic gia
dé xuat mot thuat toan mai dugc phét trién gom ba budc chinh caa sy két hop giira tdi

wu co cau khau cing tuong duong, tdi vu hda da muc tiéu va phén tich do tin cay duoc
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dé xuat nhu giai thuat trong Hinh 3.20. Toan b su két hop trén tao thanh bai toan tdi
vu hoa dya trén d6 tin cay RBDO (Reliability-Based Design Optimization) cho thiét ké
CCPH cua phan nay. Ba budc trién khai cua giai thuat duoc cu thé héa nhu sau:

1. Téi wu héa co céu kKhau cieng twong dwong: xac dinh van dé thiét ké, thiét ké co
cau, xac dinh bién thiét ké ban dau. Xay dung phuong trinh méi quan hé gitra: cac bién
thiét ké va ham muc tiéu mong mudn cua co cdu khau cing roi téi wu hoa bang ham
“FMINCON” trong MATLAB.

2. Téi wu héa da muc tiéu ciia CCPH:: dé t6i wu hoa thiét ké CCPH, muc tiéu dau tién
thuong 1a co cdu c6 d6 khuéch dai chuyén vi 1a I6n, néu con cac muc tiéu khéc thi s&
phu thudc vao tng dung cu thé cua co cau. Pé dam bao kha ning 1am viéc va ang dung
thuc té trong gia céng cia co cdu in dao, phai tao dwoc chuyén vi dau ra Ion theo
phuong y va thich hop cho gia cong téc do cao khi can thiét. Co ciu c6 tan s dao dong
tu nhién cao co thé cho phép ting toc do cit got. Do vay trong budc téi wu hoa CCPH,
hai ham muc tiéu tiép tuc duoc chon Ia ty 18 khuéch dai chuyén vi 16n va tan sé tu
nhién cao. Bai toan t6i wu hoa da muyc tiéu nay (Multi-objective design optimization
(MODO)) s& str dung thuat toan NSGA — II hudng tiép can tap nghiém Pareto bang
ngdn ngtr 1ap trinh MATLAB.

3. Phan tich d¢ tin cdy: sau khi cac giai phéap téi wu Pareto cua bai toan MODO duoc
tim thiy, bai toan phan tich do tin cay dugc xay dung bang cach tinh dén d6 khdng
dam bao cua dir liéu dau vao cua bai toan nhu lyc cat khi gia cong thay d6i do sy
khong dong nhat caa vat liéu, gia tri that cua ting bién thiét ké cua co cau sau gia cong
va chuyén vi khdng mong mudn do dung sai lap ghép, tng suat chay cua vat liéu cac
yéu té nay phu thudc vao dic diém k§y thuat cua yéu ciu caa ¢ng dung thuc té. Trong
cac bai toan nay, cac rang bugc cua bai toan MODO thuong duoc coi la cAc ham trang

thai gidi han dé danh gia do tin cay cia cac giai phap tdi vu thu duoc.
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3.5.5.1. Tdi wu hoéa co cau khau cirng twong dwong

Co ciu khau cung tuong duong (PRBM) cia CCPH nhu ¢ Hinh 3.16 va do
khuyéch dai chuyén vi duoc tinh & phuong trinh (3.36) dugc dung dé thiét 1ap bai toan
toi wu héa & phan ndy. Trong d6, muc tiéu toi uu la do khuéch dai chuyén vi Agp, = 3
dé dung hoa gitra hanh trinh 16n nhat caa PZT thudong khong 16n so véi do phan giai
chuyén dong cua PZT ciing bi gia ting néu d6 khuéch dai qua 16n. Céc bién thiét ké va
gidi han caa chiing, ham muc tiéu cling nhu cac ham rang budc can thiét duoc tong hop
nhu tai Bang 3.7. Trong nghién ctu nay, bai todn t6i wu hoa co cau PRBM st dung
ham “FMINCON” trong MATLAB dé t6i wu héa phuong trinh (3.64). Két qua téi uu
cho cac bién thiét ké duoc trinh bay tai Bang 3.8.

Bang 3. 7: Bai toan t6i wu hoa co cau PRBM

1. Ham muc tiéu: Min|Agm, — 3| (3.64)

2. Bién thiét ké: Low, Loy, Lo, n» Lo, p

3. Piéu kién bién:

(i)  Gi6i han cac bién thiét ké (mm)

10 < Loy <20 (3.65)

15 < Loy <30 (3.66)

10 < Lo,y <20 (3.67)

25<Lpp <40 (3.68)
(ii)Piéu kién rang budc :

Loy + Lo,y =40 (3.69)

Lo,p — Lo,y = 20 (3.70)

Bang 3. 8: Gi4 tri toi vu hoa co cau khau ciing cua cac bién thiét ké

Céc bién Gia tri (mm) Céc bién Gid tri (mm)
Lo 15 Lox 15
Lox 25 Lo,p 35
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3.5.5.2. Toi wu hoa co chu dan hoi dung GA

CCPH tuong ung co ciu khau ctmg di duoc toi wu hoa c6 dang nhu ¢ Hinh
3.15. Khong gian thiét ké cua co cdu an dao dwgc gisi han trong pham vi (100 x 50 x
30) mm3, dam bao nhé gon va phu hop cho qué trinh 13p rap sau nay vao may tién.
Nguyén ly 1am viéc chinh cia CCPH 1a nho vao qua trinh bién dang cua co cAu dé
truyén chuyén dong. Tuy nhién, bién dang nay phai ¢am bao ludn nam trong gigi han
dan hoi cua vat liéu va cho phép co cau chiu dugce do bén mai cao.

Dé dam bao rang co cau hoat dong trong ving bién dang dan hdi, tng suat Ion nhat
cua két cau phai thap hon (g suat cho phép cua vat liéu, khi chuyén vi Ién nhat duoc
tao ra. D4 voi thiét ké, tng suat 16n nhét ,,,, Xay ra khi dat dén goc quay 16n nhat
0,4, C1A MOt trong cac khép dan hoéi ban nguyét. Ung suat I6n nhat phai thip hon
nhiéu so véi tng suat chay cua vat liéu o, [105, 106], cu thé la:

E(1 + )20 o,
Omax = 2Fa) max < SF
trong d6 7 = T/2R 1a hé sb khong tha nguyén; T va R lan luot 1a d6 day va ban

(3.71)

kinh cua khép dan hdi ban nguyét: £() 12 ham cua 7 [105, 106], va SF 1a hé sé an
toan.

Pé tao dugc chuyén vi 16n cho CCPH, can phai giam do day T cua khép dan
hoi. Do vay, cac bién thiét ké tai budc tinh toan nay la bé rong nho nhét cua céc khép
(T;) nhu trén Hinh 3.17. Giéi han cua céc bién thiét ké, diéu kién rang budc, ham muc
tiéu ctia bai toan toi vu hoa nay dugc thé hién chi tiét nhu Bang 3.9. Dé loai bdt cac
thiét ké khong kha thi trong qua trinh giai bai toan MODO, cac diéu kién rang budc vé
yéu cu ing sudt tip trung tai cac khép dan hoi phai nho nhu & phuong trinh (3.81).
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Bang 3. 9: Bai toan t6i wu hoa da muc tiéu co ciu dan hoi

1. Ham muc tiéu:

f1 = Max(f,) (3.72)
f, = Max (%) (3.73)
2. Ham trang thai gigi han (*):

{G(F,uy,0m) —Dy <0} > D(B),i=xy,2 (3.74)

botincay R = 98%
3. Bién thiét ké: Ty, T,, T3

4.Dicu kign bien:
(i)GiGi han bién thiét ké (mm)

04<T,T,,T3<15 (3.75)
(ii)Po clrng dau vao cua co cau:

Kin < 0,15K,,; (Kpze = 480 N/pm) (3.76)
(iii)Lyc khi cat (N) (*):

g1 =>50— Foptwcest =0 (3.77)

F,_Lwe cse~Normal(50, 10)
92 = 50 = Fy_pyc chay dao < 0 (3.78)
Fy—Lyc chay dao~Normal(50, 10)
93 = 200 = Fy_1yc huomg kinh (3.79)

Fy_Lyc huéng kinn~Normal(200,50)
(iv)Chuyén dong khdng mong mudn theo truc x (um) (*):
9sa=001—-u,<0 (3.80)
u,~Normal(0,01,0,005)
(v)Ung suat Ion nhat:
gs =0 <2 (3.81)

F

Note: (*) Cac ham nay duogc bo sung thém khi phén tich do tin
cay cua két cau.

Giai thuat di truyén tai budc 2 nay dugce trién khai trong moi truong MATLAB
c6 tich hop véi ANSYS ADPL dé téi wu héa kich thude cua co céu. Str dung phan
mém ANSYS dé mo phong Gmg xir ciia co cau. M6 hinh phan tir dang mit dugc st
dung dé kiém tra diéu kién rang budc va cac ham muyc tiéu. O day phﬁn tor dang mat
PLANES2 duoc chon dé phan tich va mo phong bai toan thiét ké. Vat liéu ciia co cau
13 hop kim nhdm (7075 — T6) véi cac thong sd cua vat liéu nhu sau: modul dan hoi E =

71,7 GPa, hé sb Poisson 14 0,33 gidi han dan hoi 1a 503 MPa va khéi lugng riéng p =
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2810 kg/m3. Tong sé phan tir dang mit duoc chia ludi trong FEM cho thiét ké cua bai
toan 12 22638 phan tir. Trong qua trinh t6i wu hoa sd luong thé hé dugc thiét 1ap 1a 100

thé hé va dan s6 cia moi thé hé 1a 20.

2400 w T T w — 3.6
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z g
- :
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£ 1800} ©26
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2 1600; 222
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0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Thickness T,, T, T;(mm) Thickness Ty, T,,T;(mm)
(c) (d)

Hinh 3. 21: D6 nhay cua bién thiét ké so voi ham muc tiéu: (a) tan so; (b) hé s6 khuéch
dai chuyén vi; (c) &ng suét; (d) do cang input

Phén tich do nhay cua céc bién thiét ké cho phép loai bo céc bién it anh huong

dén thiét ké va ma rong vung hoat dong (gigi han) cua bién thiét ké anh huong 16n nhat

dén ham muc tiéu mong mudn cua thiét ké. Ngoai ra, phan tich do nhay cua cac bién

97



thiét ké, 1am ting kha ning hoi tu cia ham muc tiéu va 1am giam tiéu hao dung luong
bo nhd may tinh, giam thoi gian xir Iy bai toan. Anh huong cua sy thay doi do day T;,
T, va T, ddi véi cac dic tinh cua co cdu an dao duoc trinh bay trong Hinh 3.21. Tan sé
tu nhién cua co cau ting dan khi cac thong sé thiét ké ting, chang han nhu Ty, T, va T;
Hinh 3.21(a). Hinh 3.21(b) cho thiy ring ti 1& khuéch dai dich chuyén cta co cau giam
xudng khi ting T, va Ts. Nguoc lai, ti 1& nay lai ting 1én khi ta ting T,. Khi ta ting T,
T, va T, nhu trong Hinh 3.21(c) va Hinh 3.21(d) thi ¢ng suat giam, do cing dau vao
Clia co ciu tang, diéu nay hién nhién va da duoc du béo trén co s¢ ly thuyét CCBH
cling nhu trong phuong trinh (3.71). Tir viéc phan tich d6 nhay cua bién thiét ké voi
ham muc tiéu va ham rang budc ta dé rang chon duoc can trén va can dudi cua bién
thiét ké va du bao so bd vé ham muc tiéu c6 thé hoi tu, diéu kién rang budc va gidp giai
bai toan nhanh hon, tiét kiém thoi gian.

3.5.5.3. T6i wu héa dwa trén dd tin cay

Sau khi giai quyét van dé tdi uvu hoa cé rang budc, giai phap téi wu thuong nhan
duogc trén cac ranh gigi rang budc hoic ranh gigi cia cac mién an toan va khong an
toan. Theo cach nay, néu chung ta tinh dén céac bién dong ngau nhién cua cac bién dau
vao, két qua giai phap téi wu sé dao dong va trong nhiéu trudng hop, giai phap téi uu s&
roi vao ving khong an toan. Theo nghia hinh hoc, giai mot bai toan téi wu hoa dya trén
d6 tin cay c6 nghia 1a chuyén giai phap t6i vu nim & ranh gigi cua céc rang budc vao
sau trong mién an toan (mién thoa man cac rang buc).

M6 hinh bai toan t6i uvu héa da muc tiéu & Bang 3.9 duoc bd sung thém céc
phuong trinh (*) cho bai toan phan tich do tin cay. Trong thiét ké nay rang budc dé
dam bao co cdu c6 do phan giai micron, dd cing vitng va giam thiéu tbi da sai sé khi
chuyén vi thi chuyén dong ky sinh theo phwong x phai théa man phuong trinh (3.80)
coi 1a ham trang thai gidi han. Ngoai ra, dé dam bao co cdu an dao gia cong dugc, mot
ham trang thai giéi han vé luc cit duoc thiét 1ap théa man cac phuwong trinh (3.77) —

(3.79). Dya vao bai toan thiét ké ham muyc tiéu 12 ham an va uu diém cua phuong phap
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phan tich d¢ tin cay bac nhat (FORM) xu |y bai toan thiét ké cac ham muc tiéu 1a ham
an va giam thoi gian tinh todn so véi phuong phap moé phong Monte Carlo va phan tich
do tin cay bac hai (SORM) nhu da phan tich tai chuong 1, phuong phap FORM duogc
chon cho budc thiét ké thir 3 nay. Trong budc ndy, gia tri caa cac bién thiét ké da duoc
biét trudc. Do d6, cac bai toan phan tich d tin cay chi lién quan dén cac tham sb ngau

nhién va do d6 duoc giai quyét nhu cic bai toan phan tich do tin cay thong thuong.

3.12
3.11 F B=3.048 4
R=99.88%
f= 1500 \)
f=3.104 o
317 ? A
. o]
i p=2219
5 R =9868%
> 3.09 - fi=1486 o
£ f=3.081
=
- p=2161
< 3.08 - R =9847% \O 1
2 f=1461 o
§ [} =2020 J,=3085
= R=97.83% o
q__:\l3-07 r f1=1434 7
£,=3058 o
3.06
(o]

3.05 1 1 1 1 | 1 L
1420 1430 1440 1450 1460 1470 1480 1490 1500
f1 (Tan s6 tu nhién), Hz

Hinh 3. 22: D6 thi Pareto t6i wu do tin cay

Hinh 3.22 biéu dién d6 thi Pareto t6i wu d6 tin cay. Muc tiéu cua bai toan 1a cuc
dai hoa ham £, (tan s6 tu nhién) va déng thoi cuc dai ham £, (ty 1é khuéch dai chuyén
vi). Nghiém thiét ké Pareto trong Hinh 3.22 ¢6 rat nhiéu su lya chon cac diém thiét ké
t61 wu do tin cdy, day 1a mot vu diém cua phuong phap tdi vu do tin cay nay. Trong
Hinh 3.22 thiét ké duoc chon cd chi sb do tin cay B = 3,048, d6 tin cdy R = 99,88 %,
ham muc tiéu f;, = 1500 Hz, f, = 3,104, théa man yéu ciu cia bai toan dit ra nhu
diéu kién rang budc, ham muc tiéu va do tin cay. Két qua cua bai toan tbi wu thiét ké

dwa trén do tin cay duoc tong hop tai Bang 3.10.
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Bang 3. 10: Két qua téi vu hoa

Bién thiét ké Gia trj (mm) | Bién thiét ké Gia tri

Ty 1.2 f2 3,104

T, 0,61 Omax 73,2 MPa
T; 0,6 Doyt (D) 40,0 um
fi 1500 Hz Sy 0 pm

R 99,88 % B 3,048

3.5.5.4. Panh gia thiét ké téi wu

C: Static Structural

Directional Deformation 2

Type: Directional Deformation(Y
Unit: mm

Global Coordinate
Time: 1

0.039348 Ma
0.034974
0.0306
0.026225
0.021851
0.017477
0.013102
0.0087278
0.0043534
-2.0934e-5 M
0.00

1250 37.50
(a)

C: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Str
Unit: MPa
Time: 1
. 73.705 Max
65.516
57.326
49137
40.947
‘ 32.758
24.568
16.379
8.1895
7.2688e-8 Mi

12.50

(©)

3750

(d)

C: Static Structural
Directional Deformation

Type: Directional Deformation(X

Unit: mm

Global Coordinate §

Time: 1

0.0052413
0.003744
0.0022468
0.00074957

-0.00074767

-0.0022449
-0.0037421
-0.0052394

-0.0067366

B: Modal

Total Defarmation
Type: Total Deformation
Frequency: 1527.1 Hz

Unit: mm

133.59 Max]
118.75
103.9

89.059
74216
59.373
44,529
29.686
14.843
0 Min

tan sb

100

12.50

(d)
Hinh 3. 23: Két qua m6 phong: (a) chuyén vi theo y, (b) chuyén vi theo x, (c) tng suat,

37.50



Str dung phan mém ANSYS dé md phong chuyén vi, tng suit cua co ciu.
Thong qua két qua md phong ta c6 thé kiém tra va danh gia kha nang 1am viéc cua co
cau. Thiét ké tdi wu duoc tim ra trong Bang 3.8 va Bang 3.10 duoc dung lai md hinh
3D bing phan mém INVENTOR va dwgc md phong lai trén phan mém ANSYS
Worbench. Muc dich cua bude nay 1a dé kiém tra lai két qua caa ung suét, chuyén vi
va tan sb cho thiét ké téi wu. Cac két qua md phong duoc thé hién qua Hinh 3.23 va
Hinh 3.24.

40 . . . . . : 80
Chuyén vi (M6 phong)
35+ = = =Ung suat _ #7110
307 L7 60
€ d ©
=1 7~ o
= 25 — 5 =
% e 3
s % . 40 7
> e c
%% 15 B ' 30 =
> 7
S 10t Ak 2
2
5t z 10
0 : : : : : : 0

0 2 4 6 8 10 12 14
Chuyén vi dau vao (um)

Hinh 3. 24: Két qua m6 phong chuyén vi, tng sut

Qua Hinh 3.23 va Hinh 3.24 ta thdy, vé&i chuyén vi dau vao cta co ciu D;, =
13,5 um thi chuyén vi dau ra ciaa co cau D,,, = 39,65 pm tuong ung véi do khuéch
dai cta co cau 13 Aamp= 2,937 va chuyén vi ki sinh theo phuong x cia dau ga dung cu
cit 8, = 0 um. Ung suét 16n nhat caa co ciu 0,4, = 73,705 MPa théa man diéu kién
rang buoc vé do bén vat liéu cia co cau. St dung phuong phap FEA trong phan mém
ANSYS ADPL dé tinh doan d6 cang cua co cau. Khi ta cho luc dau vao F,tac dung
vao dau vao cia co ciu an dao, thu duoc chuyén vi dau vao cua co cau la y;, = 13,5
um. Ta tinh dugc d6 climg dau vao cua co cdu an dao K;,, = 59,26 N/um (F;,,= 800 N).
Tuong tu khi ta tac dung luc F,,,, vao dau ra cia co cau, thu duoc chuyén vi dau ra
Your= 39,65um. Ta tinh dwgc dd cimg dau ra cia co cAu an dao K,,; = 5,2 N/um
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(F,,,: = 50N). D6 thi mbi quan hé giita chuyén vi dau vao — chuyén vi dau ra cua co
céu dugc thé hién qua Hinh 3.24. Theo d6 thi, két qua md phong nhu Hinh 3.24 13 mét
ham tuyén tinh rat 6n dinh trong pham vi hoat dong cua chuyén vi dau vao trong giai tir
0 — 13,5 um va khoang chuyén vi dau ra twong &ng vai ty 18 khuéch dai chuyén vi la 3.

102: .......... TEIEEEILEL 8’103.
— 1500Hz.
101 e e e e e S e 7t
— 0 6
%10 Bt i fra =
: :
2 f 3
27" b 24
g LI g
=107 L .
E 2
il
10 0
500 1000 1500 2000 1.5 151 152 153 154 155 156 157
Frequency (Hz) Frequency (kHz)
(a) (b)

Hinh 3. 25: Kiém tra tan s6 tu nhién dau tién: (a): M6 phong; (b): Thuc nghiém
Hinh 3.25 cho thay tan s6 tu nhién dau tién f, = 1500 Hz phu hop vai myc tiéu
cua bai toan. Sai s6 giira két qua md phong véi két qua téi wu 13 do cac bién thiét ké da
duoc 1am tron sb, dé thuan tién cho viéc gia cong.

Bang 3. 11: Két qua nghién ctru caa luan an so sanh véi két qua nghién ctru trudc.

Céc nghién ciu Tan s6 ty nhién (Hz) Ti 1¢ khuéch dai Ung suat max (MPa)
Wang [98] 398,8 1,21 53

Ding [59] 156,77 unknown 94,636
Kurniawan[61] 480 3 unknown

Li [91]& Liang [60] 200 2,8725 260,65

Luan &n (thiét ké 1) 265,5 3,0001 43,9

Luan an (thiét ké 2) 1527,4 3,0001 73,7

Tan sb ty nhién, ty 16 khuéch dai va tng suat tap trung 16n nhat cia co cau duoc

so sanh vai cac nghién ctru trude day trong Bang 3.11. Két qua so sanh cho thay rang
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Véi ty 16 khuéch dai bing 3,0, co cau c6 tan sé tu nhién dau tién Ién hon rat nhiéu so
Vé6i cac nghién ctu trude do, wng suat tap trung twong ddi nho. Cac dic tinh nay cuc ky
hitu ich cho khéng chi co cau dan dong tién dao co6 d6 chinh xac cao ma con cé kha
ning tng dung trong gia cong hd tro rung lam viéc & téc do cao.

Nhan xét, két luan:

Thiét ké, t6i vu hoa dya trén do tin cdy va mé phong duoc co cu dn dao co do
khuéch dai vé chuyén vi bang 3, tan sé tu nhién Ion f = 1527,4 Hz, (ing suat nho 73,7
MPa, chuyén dong khong mong mudn cua co cau khong déang ké. Ung suat va chuyén
dong khong mong mudng rat nho so vdi cac nghién ctru trude, 13 do thiét ké 2 nay
duogc thiét ké doi xang cing v6i viée st dung co cau bon khau ban 18 kép dé dan hudng
cho dung cu cat, ddy 1a wu diém cia thiét ké nay so véi thiét ké truéc. Chuyén dong
khong mong mudn khong dang ké gitp cho co cdu hoat dong ludn c6 do chinh xac cao
vé vi tri dinh vi mili dao khi gia cong. Tan s6 tu nhién 16n nho co cau co d6 cing ving
va d6i xirng cao, khéi lwgng nhe, nho gon, dic biét tét cho viéc gia cong o tée do cao.

Ciing tuong tu nhu thiét ké kiéu 1, két cdu cta co cdu nay la su két hop céc
thanh cimg va khdp dan hoéi dua trén co cdu khau ctng twong duong. Str dung bd
khuéch dai chuyén vi 1a co cau don bay, co cdu bon khau ban 1& kép lam giam chuyén
dong khong mong mudn va ting do cing viing.

Thiét ké duoc t6i wu hda mot cach tong quat tir tdi uu hoéa co ciu khau cung, tdi
uu hoa CCPH, phan tich do tin cay cd anh hudng cua luc cat, chuyén vi dau vao cua
PZT va tng suit chay cta vt liéu.

Ung dung ciia co cau rat phi hop cho gia cong tinh, ciing nhu dugc gan trén cac
may tién co, may tién CNC thong thudng hay mdy chinh xac khi tién hanh tién chinh

Xac ¢ micron/nano.
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Chuong 4
THUC NGHIEM VA PIEU KHIEN CO CAU AN DAO

Dé kiém chirng su chinh xac cua viéc xay dung mé hinh toan va ti vu hoa thiét
ké & cac chuong trude. Cac kich thude thiét ké ti wu dugc chon 1a kich thuéc thiét ké
dé gia cong va duoc do kiém bang thyc té. Cac thuc nghiém nham kiém tra kha ning
hoat dong cua thiét ké nhu tan sé ty nhién, chuyén vi, chuyén vi khéng mong muébn va
d6 ciing cua thiét ké. Cac théng sé nay duoc so sanh véi ly thuyét va mé phong. Ngoai
ra, dé danh gia kha nang (ng dung cuia co ciu thi co cau con duogc lap trén may tién dé
gia cdng vat liéu thép C45 nham danh gia do chinh xé&c vi tri caa miii dao tién, d6 nham
va nhiét cit khi gia cong.

CA4c thiét bi do dwoc sir dung trong luan an

% Cam bién lazer khong tiép xtic do khoang cach dich chuyén

Hinh 4. 1: Cam bién laser LK — G30 do khoang cach
Bang 4. 1: Théng sé caa cam bién laser LK — G30

Ki hiéu Keyence LK-G30 Tan sb lay mau 50 kHz
Pham vi do +5mm Nguon cap 24V DC
Do chinh xac 0,01 pm Tinhigudaura 0+10V
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<% Thiét bi thu thap dir li¢u Card NI myRIO 1900

Hinh 4. 2: Card NI myRIO 1900
Bang 4. 2: Théng sé caa Card NI myRIO 1900

Ki higu NI myRIO 1900 Tan s6 lay mau 500 kHz
Do phan giai 12 bits Ngudn cip 15V DC
Do chinh xac +50 mV Tinhiéuddura 0+5V

+» Cam bién nhiét do

KEYENCE 172-02 gt
Hinh 4. 3: Cam bién nhiét do
Bang 4. 3: Thong sé caa cam bién nhiét o
Ki hiéu Keyence 1T2-02/IT-50 Tan sb lay mau 500 Hz
Pham vi do 0+500°C Ngudn cap 24V DC
Do chinh xéac + 1% Tinhiéudaura 0+10V
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< May do d9 nham bé mit

SJ-210

Hinh 4. 4: May do d6 nham bé mat SJ — 210, Mututoyo, Nhat Ban

Bang 4. 4: Théng s Ky thuat ciia may do nham SJ-210

Truc X : 17,5mm (chiéu dai mau kiém tra lon nhat)

Khoang do Truc Z (dau do): 360um ( -200pm téi 160pum) (Chiéu cao d6 nham
I6n nhat)
Toc do do 0,25mm/s, 0,5mm/s, 0,75mm/s

Tiéu chuan do  J1S1982/ J1S1994/ J1S2001/ 1SO1997/ ANSI/ VDA
Ra, Rq, Rz, Ry, Rv, Rt, R3z, Rsk, Rku, Rc, RPc, RSm, Rmax*1
Rzlmax, S, HSC, RzJIS*2...

Thang do

4.1. Thuc nghiém va diéu khién thiét ké kiéu 1

Thiét ké t6i vu ctia co cdu an dao theo thiét ké 1 véi cac thdng s kich thuéc cu
thé nhu tai Bang 3.2 va Bang 3.5 dugc gia cong bang phuwong phap cit ddy EDM tir vat
lieu AL — 7075. Hinh anh co cdu sau khi gia cong nhu tai Hinh 4.5. Trong phan thyc
nghiém nay NCS s& tién hanh kiém tra tan sé tu nhién, chuyén vi va chuyén vi khong
mong mudn cua thiét ké. Ngoan ra, co cau con duoc diéu khién vong ho va vong kin

chuyén vi dau ra mong muén cua thiét ké.
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Hinh 4. 5: Ché tao nguyén mau co cu an dao chinh xéc kiéu 1
4.1.1. Kiém tra tan sé dao déng tw nhién.

Pé dam bao co ciu an dao khi tién khdng bi cong huong va su chinh xéac cua
tinh toan ly thuyét, mo phong va téi uu hoa thi viéc kiém tra tan s tu nhién rat quan
trong.

Dbi véi thiét ké 1, NCS st dung co ciu chap hanh PZT PSA015 cua héng
THORLABS, Inc. (USA) dé kich hoat co cau an dao. PZT nay co thé tao chuyén vi
khong tai 16n nhat 100 pm va d6 ciing cia mot miéng PZT 1a 60 N/um.

Pé xac dinh tan sé ty nhién cia co ciu an dao, mot tin hiéu séng hinh sin voi
tan s thay ddi lién tuc duoc sir dung dé kich thich PZT theo hudng truc y. Phan tng
dich chuyén theo huéng y cua co cdu an dao duoc ghi lai bang mét cam bién laser do
khong tiép xic va phan tich bang phép bién dbi Fourier (FFT). Két qua do duoc thé
hién trong Hinh 3.14. Trong d6 tan s6 tai dinh tha nhét twong (ng véi tan sé cong
huong thi nhat 1a 260,9 Hz. Két qua do nay nho hon mot chit so véi két qua mé phong
bang FEA. Sai léch nady mot phan do sai s6 gia cong va sy chua hoan hao cua qué trinh

lip dat két cau.
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4.1.2. Thuc nghiém diéu khién vong hé

Piéu khién vong kin

i
I
i
I
° Oo Q ° @;Z:,b I
L
(1 L
Controller LK-3001P L
i:’ Cam bién laser : I

Co c4u dan héi Lo -G35 ey !
| ||| USB Cable 1 .
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s ODooooao |i
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'C:CO oOoooooao
May vi tinh

Hinh 4. 6: M6 hinh lap dat thi nghiém diéu khién vong ha va vong kin.

Pé kiém tra hiéu qua cta qua trinh diéu khién vi tri co cau an dao theo phuong
phap diéu khién vong ha, NCS d3 bd tri mé hinh thuc nghiém Hinh 4.6. Trong d6, mot
bo diéu khién MDT694A (Piezo System, THORLABS, Inc.) duoc sir dung dé tao séng
va dong thoi khuéch dai dién 4p dau vao cho PZT. Pé do chuyén vi dau vao, dau ra,
chuyén vi ky sinh ciia co cau, hai cam bién dich chuyén laser khong tiép xic LK — G35
(Keyence Corporation, Japan) dugc sir dung véi d6 chinh xac 0,01 um va c6 dai do + 5
mm. Hai ban dich chuyén micro dwgc dung dé diéu chinh tiéu cu cho cac cam bién
laser. Ngoai ra, mot card diéu khién NI myRIO 1900 (National Instruments, USA)
dugc st dung dé tao ra tin hiéu twong ty va thu duoc cac sé doc cua cam bién do
chuyén vi twong (ng. Phan mém Labview duoc sir dung dé thuc hién kiém soat thoi

gian thuc x4c dinh cua hé théng co céu an dao. Cac thiét bi nay dwoc gan trén mot ban
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chéng rung giup cach ly cac rung dong tir bén ngoai cd kha ning anh huong dén do
chinh xac cua cac két qua do. Mo hinh thi nghiém that dé diéu khién co cdu an dao
duogc biéu dién tai Hinh 4.7,

ittt
i
11111011

Hinh 4. 7: Hinh chup mé hinh thi nghiém thuc té
(1) CCBH; (2) PZT; (3) NI MyRio 1900, (4) Laser sensor LK — G35; (5) Ban dich
chuyén micro; (6) Controller LK — 3001P; (7) Driver MDT694A; (8) May tinh; (9) Ban
cach ly rung dong.

Pé kiém tra kha ning tao chuyén vi cua PZT khi khong co tai, PZT duoc cip
dién ap trong dai tir 0 — 70 VDC twong Gng véi lwong dich chuyén Iy thuyét cua nha
cung cap la 0 — 100 pm. Cam bién do dich chuyén khdng tiép xic LK — 35 duoc st
dung dé do chuyén vi dau ra ciia PZT. Két qua do thu duoc nhu Hinh 4.8. Két qua do
nay cho thiy d6 thi chuyén vi khdng tuyén tinh va c6 do tré vé thoi gian. Bac tinh nay

1a dic trung cho tat ca co cau chap hanh PZT dang hién cd trén thi truong.
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Hinh 4. 8: Két qua do chuyén vi PZT khong tai

Dé kiém tra kha niang hoat dong cua co cu, md hinh thuc nghiém diéu khién
vong ho nhu Hinh 4.6 dugc thuc hién. Chuyén vi dau ra va chuyén vi ky sinh caa co
c4u an dao duogc hai cam bién do khong tiép xuc (1) va (2) ghi lai. Két qua do duoc
truyén qua controller LK — 3001P va duoc két ndi véi may tinh théng qua cong USB.
Két qua do nay duoc luu lai va hién thi trén may tinh nho phan mém LK — Navigator
(Keyence, Japan). Két qua do chuyén vi dugc thé hién trén Hinh 4.9. Két qua do nay
cho thdy duong dic tinh khuéch dai chuyén vi caa co cau that bam tuong ddi sat voi
két qua md phong. Tuy nhién van con ton tai mot lwong sai 1éch nho giira hai két qua

do cach diéu khién dang sir dung 1a diéu khién vong hé.
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Hinh 4. 9: Két qua do chuyén vi diéu khién vong ho
4.1.3. Thuc nghiém diéu khién vong kin bang GA - PID

Mo hinh diéu khién vong kin diy du nhu ¢ Hinh 4.7 st dung thém card NI
MyRio 1900 dé diéu khién hoi tiép tin hiéu do duoc cua chuyén vi dau ra. Nghién ctu
nay st dung thuat todn GA-PID trén phan mém MATLAB va LABVIEW d¢ diéu
khién vong kin. Nho thuat toan GA ta dé dang tim duoc bo thong sé PID t6i wu: Kp =
45,3166, K; = 0,00854278, Kp = 0,0021357. Két qua diéu khién vong kin bing thuat
toan GA — PID trén Hinh 4.10 va Hinh 4.11 cho thay gi4 tri dat, gié tri thuc va dap ung
dang xung: sin, tam giac va vudng c6 sai sé nho hon 0,02 um. Diéu nay cho thiy viéc

diéu khién co cau c6 do chinh xéc rat cao va kha ning dap ng tét.

111



60 T T T T T T T T 1
Daura (Ly thuyét) 0.9
50 = = = Daura (Mo phong) 7,
----- Pau ra (Thuc nghiém) 4" 7108
% Chuyén vi theo (Thuc nghiém) Z,. 07
E 40 R
= £
— 106 =
m N—
3 :
«c 30 | 105 <=
o] —
— =
Z 104 <
“Q <g\
%‘ 20 i | _zcs
5 0.3 S
10.2
10 |
0.1
0 : . = ; . 0
0 2 4 6 8 10 12 14 16 18

Chuyén vi dau vao (um)

Hinh 4. 10: Két qua thuc nghiém cta chuyén vi input — output khi diéu khién vong kin
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Hinh 4. 11: Két qua thuc nghiém diéu khién vong kin dap wng dang xung: (a) sin, (b)
tam giac, (c) vudng va (d) 131 khi diéu khién

Tan s6 cong huong, ty 1& khuéch dai chuyén vi va 2 loai chuyén vi dugc tinh
bang cic phuong phap khac nhau cing vai két qua do thuc nghiém duoc trinh bay
trong Bang 4.5. Gia thiét lay két qua thuc nghiém 1am chuan, sai s6 cua cac md hinh ly
thuyét va mo phong ciing dugc xac dinh tai Bang 4.5. Tat ca cac sai léch tan sé cong
huong, ty 1é khuéch dai va chuyén vi chinh déu nho hon 3,7%. Nguyén nhan c6 sai s6
nay la do sai s6 vé ché tao va ga dat khi 1am thuc nghiém. Do su khac biét nay 13 twong
d6i nho, ta c6 thé két luan raing mé hinh ly thuyét, md phong va cac md hinh thuc
nghiém twong tng dugc dé xuat 1a dang tin cay.

Bang 4. 5: So sanh két qua mé phong va thuc nghiém

Bién muc tiéu Ly thuyét/ sai s6 (%) Két qua md phong/ sai s6 (%) Thuc nghiém
Ty 1é khuéch dai 3 3,66% 3,0001 3,67% 2,89

Tan s6 tu nhién (Hz) 2713  3,83% 265,5 1,73% 260,9
Chuyén vi (um) 54 3,89% 52,78 1,67% 51,9
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Ty 1& khuéch dai, tin s6, tng suat va chuyén vi theo cua co cdu 4n dao trong
nghién ctru nay ciing dugc so sanh voi cac nghién ciru trude do. Két qua so sanh dugc
thé hién trong Bang 4.6.

Bang 4. 6: So sanh két qua véi cac nghién ciru trude

Cac nghién ctu Tan s6 tu nhién (Hz) Ty Ié khuéch dai Ung suit max (Mpa)
Wang [98] 398,8 1,21 53

Ding [59] 156,77 unknow 94,636

Kurniawan [61] 480 3 unknown

Li [91],Liang [60] 200 2,8725 260,65

Tac gia 265,5 3,0001 43,9

Tan sb tu nhién, ty 1¢ khuéch dai va ang suat tap trung tdi da ctia co cau dan
dong nguon cap hién tai ciing duoc so sanh vai cac nghién ciru trude day trong Bang
4.6. Két qua so sanh cho thay rang vai ty 1é khuéch dai bang 3,0, co ciu c6 tan s tu
nhién dau tién trung binh nhung (g suat tap trung twong d6i nho. Pac tinh nay cuc ky
hitu ich cho khéng chi co cau dan dong tién dao co6 d6 chinh xac cao ma con cé kha
ning ung dung trong gia cong hd tro rung.

Nhan xét, két luan:

Co cdu 3n dao da duoc ché tao, thuc nghiém va diéu khién bang thuat todn GA-
PID. Két qua thuc nghiém cho thay sai s6 Iy thuyét vai md phong va thuc nghiém 1a rat
nho nhu: Ty & khuéch dai chuyén vi 3,67%; tan s6 ty nhién dau tién 1,73%; chuyén vi
ky sinh khong dang ké. Ngoai ra, sai s6 vé diéu khién dap (ng vong kin 1a 0,02 um.
Viéc so sanh két qua ly thuyét véi mé phong FEA va két qua tha nghiém thuc té duoc

liét ké & trén, di xac minh tinh hop 1& va hiéu qua cua phuong phap tbi wu hoa.
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4.2. Thuc nghiém va diéu khién thiét ké co cau kiéu 2

Hinh 4. 12: Ché tao nguy&n méu co c4u in dao chinh xac kiéu 2

Thiét ké cua co cu an dao kiéu 2 nhu di duoc t6i uvu héa & phan 3.5.5 duoc gia
cdng bang phuong phap cit ddy EDM tir vat liéu Al 7075 — T6 nhu ¢ Hinh 4.12 Mb
hinh thi nghiém dé diéu khién co cu an dao duoc biéu dién tai Hinh 4.13.

Trong thi nghiém 2 nay, NCS str dung mot co cau chap hanh PZT khac cua
hang Physik Instrumente (PI), German (P — 225.10) dé cung cap chuyén vi dau vao cho
co ciu dn dao. PZT nay c6 thé tao chuyén vi khong tai 16n nhat 15 um va do cang cua
mot miéng PZT 13 480 N/um. Mot bo khuéch dai dién ap E — 470.20 (Piezo System,
PL Inc.) duoc sir dung dé khuéch dai dién 4p déu vao cho PZT. Bé do chuyén vi dau
vao, dau ra, chuyén vi ky sinh ciia co cau, hai cam bién dich chuyén laser khong tiép
xuc LK — G30 (Keyence Corporation, Japan) dugc st dung véi do chinh xac 0,01 pum
va c6 dai do + 5 mm. Mét ban dich chinh micro duoc dung dé diéu chinh tiéu cu cho
cac laser sensors. Ngoai ra, mot card diéu khién NI myRIO 1900 (National
Instruments, USA) duoc sir dung dé tao ra tin hiéu twong tu va thu duoc céc s6 doc cua
cam bién do chuyén vi, twong ung. Phan mém Labview dugc sir dung dé thuc hién
kiém soat thoi gian thuc xac dinh cua hé thdng co cdu dn dao. Cac thiét bi nay duoc

gan trén mot ban chéng rung gitp cach ly cac rung dong tir ben ngodi c6 kha ning anh
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huong dén do chinh xac cua cac két qua do. B4 tri thi nghiém duoc trién khai thyc té
nhu ¢ Hinh 4.14.

Piéu khién vong kin
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Hinh 4. 14: M6 hinh thuc nghiém co ciu an dao kiéu 2
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(1) CCPH; (2) PZT: (3) Cam bién laser LK-G30; (4) Ban dich chinh micro (5) NI
MyRio 1900; (6) Ban chéng rung dong; (7) Controller LK-3001P; (8) Driver Pl E-
470.20; (9) May tinh

4.2.1. Kiém tra tan sé6 dao dong tw nhién

Dé xac dinh tan sé tu nhién cua co cdu an dao, mot tin hiéu soéng hinh sin véi
tan sb thay ddi lién tuc duoc st dung dé kich thich PZT theo hudng truc y. Dich
chuyén theo huéng y cia co cau an dao duoc ghi lai bang mot cam bién laser do khong
tiép xuc. Dir liéu do chuyén vi dugc phan tich bang phép bién doi Fourier (FFT) va két
qua do duoc thé hién trong (Hinh 3.25(b)). Trong d6 tan sé tai dinh tha nhat twong (ng
Vi tan s6 cong huong thir nhat 1a 1529,4 Hz. Két qua do nay 16n hon mét chit so Véi
két qua md phong bang FEA. Sai léch nay mot phan do sai s6 gia cong va sy chua hoan

hao cua qué trinh lap dat két cau.

4.2.2. Thuc nghiém diéu khién

45 —o—bilén
—o— Bi xuéng

(=]

(=]

Chuyén vi dau ra (um)
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Dau vao dién ap (V)

Hinh 4. 15: Két qua do chuyén vi PZT khéng tai
Pé kiém tra kha ning tao chuyén vi cua PZT khi khong c6 tai, PZT duoc cip
dién &p trong dai tir 0 — 450 VDC theo hudng dan caa nha cung cap. Cam bién do dich
chuyén khéng tiép xtc LK — G30 duogc st dung dé do chuyén vi dau ra cua PZT. Két
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qua do thu dugce nhu Hinh 4.15. Két qua do nay cho thay db thi chuyén vi khéng tuyén
tinh va c6 do tré vé thoi gian. Piac tinh nay 13 dic trung cho tit ca co cau chap hanh
PZT dang hién c0 trén thi truong.

Dé kiém tra kha niang hoat dong cua co cdu, md hinh thuc nghiém diéu khién
vong hé nhu hinh 4.14 duoc thyc hién. Chuyén vi dau ra va chuyén vi dau vao cua co
c4u an dao dugc hai cam bién do khong tiép xuc (1) va (2) ghi lai. Két qua do duoc
truyén qua controller LK — 3001P va duoc két néi voi may tinh nho céng USB. Két
qua do nay dugc luu lai va hién thi trén may tinh nho phan mém LK — Navigator

(Keyence, Japan).
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Hinh 4. 16: Két qua do chuyén vi diéu khién vong ho
Mo hinh diéu khién vong kin day da nhu ¢ Hinh 4.14 sir dung thém card NI
MyRio 1900 dé diéu khién hoi tiép tin hiéu do duoc cua chuyén vi dau ra. Nghién ctu
nay sir dung thuat toan GA — PID trén phan mém MATLAB va LABVIEW dé diéu
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khién vong kin. Nho thuat toan GA ta d& dang tim duoc bd thong sb PID ti wu: Kp =
13,0166, K; = 0,00753268, K, = 0,0019387. Két qua diéu khién vong kin bang
thuat todn GA — PID trén Hinh 4.17 va Hinh 4.18 cho thiy gia tri dat, gia tri thuc va
dap ng dang xung: sin, tam giac va vudng c6 sai s6 nho hon 0,025 pm. Biéu nay cho

thiy viéc diéu khién co cdu c6 do chinh xéc rat cao va kha ning dap ung tét.
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Hinh 4. 17: Két qua thuc nghiém cua chuyén vi input — output khi diéu khién vong kin
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Hinh 4. 18: Két qua thuc nghiém diéu khién vong kin dap ung dang xung: (a) sin, (b)

tam giac, (c) vudng va (d) 18i khi diéu khién

4.2.3. Kiém tra d¢ cieng caia co’ cau

Hinh 4.19 1a2 mé hinh thyc nghiém do luc dau ra va chuyén vi dau vao/ra cua co

cau. Luc tac dung duoc kiém tra bang thiét bi do luc (NK — 500) va d6 dich chuyén

tuong tng duoc do bang cam bién dich chuyén laser (LK — G30, Keyence Corp.), gia

tri dugc ghi lai. Dya trén dinh luat Hooke, @9 ctrng thuc nghiém dugc liét ké trong
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Bang 4.7. So sanh do cung giira tinh toan phan tich, FEA va kiém tra thuc nghiém
duoc trinh bay trong Bang 4.7. C6 thé thay ring c6 su khéc biét nho giita cac két qua
thu duogc. Sai s gitta phuong phép phén tich va kiém tra thuc nghiém 1a 4,93% va gitta
FEA va kiém tra thuc nghiém 1a 4,95%. Cac sai s6 chu yéu la do cac gia dinh cua ly
thuyét vé khép dan hoi va I8i gia cong caa WEDM ddi véi ché tao mau thar nghiém,

cling nhu d6 khong dam bao do cua hé théng do thuc nghiém.

RN

Hinh 4. 19: M6 hinh thuc nghiém do d6 cimg dau vao cia co cau

Tong hop hét tat ca cac két qua do tan sé cong huong, ty 1é khuéch dai chuyén
vi va 2 loai chuyén vi dugc tinh bang cac phuong phéap khac nhau cing véi két qua do
thuc nghiém duoc trinh bay trong Bang 4.7. Gia thiét lay két qua thuc nghiém lam
chuan, sai sb ciia cac md hinh ly thuyét va md phong ciing duge xac dinh tai Bang 4.7.
Tat ca cac sai léch tan sb cong huong, ty 16 khuéch dai va chuyén vi chinh déu nho hon
5%. Nguyén nhan cé sai sé nay la do sai s6 vé ché tao va ga dat khi lam thuc nghiém.
Do su khac biét nay 1a twong ddi nho, ta ¢d thé két luan rang mo hinh ly thuyét, mo

phong va cac mo hinh thuc nghiém twong tng dugc dé xuat 1a dang tin cay.
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Bang 4. 7: So sanh két qua md phong va thuc nghiém

Bién muc tiéu Ly thuyét/ sai s6 (%) Ké qua mo phong/ sai sb (%) Thuc nghiém
Ti 1& khuéch dai 3 2,33% 3,0001 2,34% 2,93

Tan sb tu nhién (Hz) 1519,2 0,66% 1500,1 1,95% 1529,4
Chuyén vi (um) 40 2,15% 39,65 1,25% 39,16

Do clng dau vao K, (N/um) 65,43 4,93% 59,26 4,95% 62,35

Do clng du ra K, (N/um) 5,21 3,87% 5,23 3,50% 5,42

Cac két qua da dat duoc véi thiét ké co cAu an dao trong nghién ciru nay duoc

so sanh voi mot sé cong trinh da cong bd trude day nhu tai Bang 4.8. Két qua so sanh

cho thay rang vai ty 1é khuéch dai bang 3,0, co cau 6 tan s ty nhién dau tién 1én hon

rat nhiéu so véi cac nghién ciru trude do, tng suat tap trung twong d6i nho. Cac dac

tinh nay cuc ky hitu ich cho khong chi co cau dan dong tién dao c6 do chinh xéc cao

ma con cd kha ning &ng dung trong gia céng hd tro rung lam viéc & toc do cao.

Bang 4. 8: So sanh két qua vai cac nghién ctru trude

Céc nghién cau Tan sb tu nhién (Hz) Ti Ié khuéch dai Ung suat max (MPa)
Wang [98] 398,8 1,21 53

Ding [59] 156,77 unknown 94,636

Kurniawan [61] 480 3 unknown

Li [91], Liang [60] 200 2,8725 260,65

Luan an (thiétké 1)  265,5 3,0001 43,9

Luan an (thiétké2)  1500,1 3,0001 73,7

Nhan xét, két luan:

Co cdu an dao theo thiét ké 2 da dugc ché tao, thuc nghiém va diéu khién bang

thuat toan GA — PID. Két qua thuc nghiém cho thiy sai s6 Iy thuyét véi md phong va

thuc nghiém 1a rat nho nhu: Ty 18 khuéch dai chuyén vi 2,34%, tan s6 tu nhién dau tién

1,95%, d6 cung dau vao va dau ra cia co cau nho hon 5%, chuyén vi ky sinh khong

dang ké. Ngoai ra, sai s vé diéu khién dap wng vong kin 12 0,025 pm. Viéc so sanh két
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qua ly thuyét véi md phong FEA va két qua thir nghiém thuc té duoc liét ké & trén, da

x&c minh tinh hop 1¢ va hiéu qua ctia phuong phép ti uu hoa.
4.3. Thuwc nghiém gia cong
4.3.1. Thue nghiém diéu khién chinh xac trén may tién
4.3.1.1. Phan tich va lwa chen cac thong sé thuc nghiém

— Phan tich va Iya chon cac thong s6 thue nghi¢m
— Céac thong s thuc nghiém: Toc d6 quay: 500 v/ph, chiéu sau cat: Sum,
lwong chay dao: 0,05 mm/v.
4.3.1.2. Thiét bi va vat li¢u thi nghiém

(00005

FFFFFF

Hinh 4. 20: Thiét Iap thuc nghiém cua co cdu dn dao trén may tién CNC.
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(1) Co cau dan hoi; (2) va (6) laser LK-G30; (3) dung cu cit; (4) phéi; (5) truc
chinh; (7) d6 ga; (8) dai dao; (9) may CNC; (10) Controller LK-3001P; (11)
Function generator (12) Driver PI E - 470.20; (13) May tinh.
M@0 ta thuc nghiém: Cho miii dao tién cham vao phoi va gia cong tinh, sau khi gia cong
bé mit phoi dat d6 nham trong khoang 1,25 — 0,63 pm [89, 90]. Sau d6 thuc hién tién
chinh xac véi chiéu sau cat 5pm, vt liéu thép C45 co d6 cing 23HRC, duong kinh
phdi 45mm, dung cu cat dao hop kim (Thuong hiéu: KYOCERA, 16p phu CA510 —
CVD Coated Carbide, ban kinh mii dao 0,4 mm) va dugc do do chinh xac gia céng
bang thiét bi cam bién laser LK-G30 khdng tiép xtic nhu Hinh 4.20 va Hinh 4.23.
Bé tri thuc nghiém nhu Hinh 4.20 qua qué trinh thyc nghiém két qua do dugc nhu
Hinh 4.21 va Hinh 4.22. Trong Hinh 4.21 1a md hinh thuc té diéu khién vong ho gia
cdng chinh xac trén may tién CNC c¢6 sir dung co cu an dao dung CCPH thi két qua
c6 d6 chinh xéc rét cao, sai s6 nho hon 0,4 pm. Hinh 4.22 khi tién CNC khdng sir dung
co cau an dao thi két qua cho thay sai sé khoang 3,5um diéu nay hoan toan dung so véi

thuc té dua trén tai liéu cua nha san xuat.

5.00- |

o
o
(=]

5.03

Vi tri cha dao (um)

=2
o

497

4.94

5 10 15 20 25 30
Time (s)

Hinh 4. 21: Vi tri cua dao trong qué trinh gia cong tinh & chiéu sau cat 5pm, co sir
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dung co cau an dao mai.

Vi tri ctia dao (um)

2
! ! !
25 30 35

J 10 L Time (s)

Hinh 4. 22: Vj tri cua dao trong qué trinh gia cdng tinh & chiéu sau cit 5pm, khong st

dung co cau an dao mdi.

Hinh 4. 23: Thiét Iap thuc nghiém cua co cdu 4n dao trén may tién co.
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(1) Phéi; (2) dung cu cét; (3) CCPH; (4) va (8) 1a laser LK-G30; (5) db gé; (6) dai
dao; (7) cam bién do nhiét d6; (8) Truc chinh.

B4 tri thuc nghiém nhu Hinh 4.23 cho gia cdng trén may tién co sir dung diéu
khién vong ho, két qua do dugc nhu Hinh 4.24 va Hinh 4.25. Hinh 4.24 13 két qua khi
gia céng chinh xac trén may tién c6 sir dung co cdu an dao ding CCPH, két qua nay
cho thiy c6 d6 chinh xac cao sai s6 nhé hon 2,5 um. Khi tién khdng st dung co cu dn
dao dung CCPH dé gia cong, dugc két qua nhu Hinh 4.25, thi két qua cho thay sai s6

khoang 8,5um.
75
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Hinh 4. 24: Vi tri cua dao trong qué trinh gia cong tinh & chiéu sau cat 5pm, co sir

dung co c4u an dao m&i trén may tién co.
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Hinh 4. 25: Vi tri cua dao trong qué trinh gia cdng tinh & chiéu sau cit 5pm, khong st

dung co c4u an dao m&i trén may tién co.
4.3.2. Thuc nghiém gia cong danh gia d nham va nhiét cit

4.3.2.1. Gia cbng trén may tién CNC

M6 hinh hinh hoc ctia d6 nhdam bé mat duoc thao luan trong chuong 2 dai dién
cho gia tri @ nham bé mat 16n nhat (R4, ), do d6 gia tri R,,4, thuc té s& ludn 16n hon.
Tuy nhién, day 1a mot chi sb tét vé cac gia tri do nham & diéu kién cit tét nhat, tuc 1a
khi anh huong cua cac yéu té khac 1am suy giam do hoan thién bé mat dugc giam
thiéu. Vi chiéu sau cuia vét cit lubn rat nho (5 — 10pm) nén gia tri hinh hoc R 4, duoc
cho boi phuong trinh (2.25)[89] sau:

2 (2.25)

2
R, = 0,0321]%

Rpax =1 —
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trong d6 r 1 ban kinh mii va f tdc d6 tién dao voi ban kinh mii dugc sir dung 12 0,4
mm. Bang 4.9 sau ddy cho thay céc gia tri cua R,,,, twong ng Véi cac tdc do tién dao
khac nhau:
Bang 4. 9: C4c gié tri d6 nhdm R,,,,, VGi céc toc do tién dao khac nhau thu duoc tir
phuong trinh (2.25)

Luogng chay dao f (mm/v) Roax (UM)
0,01 0,0313
0,02 0,1250
0,03 0,2813
0,04 0,5003
0,05 0,7820

Nhu trong Bang 4.9 toc do tién dao khong dugc I6n hon 0,05 mm/v vi & muc
0,06 mm/v, gié tri R4, vuot qué gié tri téi da duoc yéu cau 1,25um [89, 90] trong gia
cdng tién chinh xac. Do dé, toc do tién dao tir 0,01 — 0,05 mm/v s& dan dén gia tri do
nham bé mit R,,,, nho hon 1,25 um ¢ diéu kién cat 1y tuong.

Thuc nghiém gia cong trén may tién CNC ECOCA SL-8, théng sb gia cong dua
vao [90] trong Bang 4.10, vat li¢u gia cong: Thép C45; Buong kinh phdi: 50 mm. Cac
budéc tién hanh thuc nghiém nhu sau: Cho miii dao cham vao phoi va gia cong cat phoi
sao cho do nham bé mit phéi dat trong khoang tir 1,25 — 0,63um [89, 90]. Sau d6 thuc
hién tién véi cac thong sé cong nghé nhu trong Bang 4.10.

Bang 4. 10: Thong sé cong nghé khi tién [90]

; % . ‘ 3 . DPuwdng
Dang gia Dung cu Vit li¢u gia Toc dd truc Toc d tien  Chiéu sau Kinh oho:
. inh phoi
cbng cat cbng chinh s (m/ph) dao f (mm/v) catt (um)
(mm)
Gia cong tinh Hop kim Thép C45 200 — 300 0,03-0,05 10 50
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Bang 4. 11: Thiét ké va két qua thuc nghiém

Chiéu siu Nham khi ti¢n

STT Téc do quay n  Lwong chay dao v cit ¢6 co céu in dao
(m/ph) (mm/iv) t Ra Cip
(um) (um) do
1 200 0,03 10 0,27 9
2 300 0,03 10 0,25 9
3 200 0,04 10 0,29 9
4 300 0,04 10 0,32 9
5 200 0,05 10 0,31 9
6 300 0,05 10 0,34 8
0.7
H R_,200m/ph
o R 40300 m/ph
0.6 A R _,200m/ph
B A R_,300m/ph
=205 @ R_,200m/ph _ 4r? — f?
= (o} R, 300 m/ph max =1 =7
T +300 m/pl
g 04
-ig 0
£ A
5 03} A L] |
f o -
8 .7
0.2 —e"
Le="" 2
0.1+ L i Ra=0,0321f?-

Hinh 4. 26: D6 nham bé mat khi str dung co cu an dao gan trén may CNC
Hinh 4.26 1a két qua thuc nghiém khi st dung co cu dn dao dung CCPH, duoc gan
trén dai dao ctia may tién CNC céc thong s thuc nghiém va két qua nhu Bang 4.11.
San pham khi gia cong xong st dung may do do nham Mitutoyo Surftest SJ — 210
(Japan) dé do d6 nhdm bé mit cua phoi thi két qua dat dugc c6 do nham nho nhét
0,25um va 16n nhat 0,34 pm. D6 nhdm R, R,,4, ¢ diéu kién cat 1y tuong chi dua trén

téc do tién dao va ban kinh miii dao (cong thirc 2.25) trong Hinh 4.26. Két qua Hinh

Lwong chay dao (mm/v)
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4.26 cho thiy do nham bé mit 16n nhit dya trén Iy thuyét & chwong 2 va phuong trinh
(2.25) la hinh mau xanh nam trén cac két qua tién thyc té. Po nham R, 1a dudng gach
gach bac 2 mau do nam dudi két qua d§ nham cua thyc nghiém. Két qua thuc nghiém
c6 d6 nham bé mit ludn 1am trong khoang R, dén R,,,,, diéu nay cho thiy viéc b tri
thi nghiém va chon ché doé cong nghé trong nghién ctru 1a hop 1y. Cac két qua thuc
nghiém déu c6 d6 nham R, nho hon gia tri R, & diéu kién cat 1y twong. Két qua thuc
nghiém d6 nham c6 thé dat 0,25um 13 do vat liéu gia coéng c6 do cung trung binh 23
HRC nén khi gia cong bi bién dang dan hdi va bién dang déo dinh vao miii dao lam do
nham bé mat tang. Ddi vai tée do tién dao di cho, toc do cit khong anh hudng dén do
nham. Nhung néu ta giam lugng chay dao tir 0,05 xudng 0,03 rd rang do nham bé mit
giam xudng tir 0,34 um xudng 0,25 pm.

4.3.2.2. Gia c6ng trén may tién co

Thuc nghiém gia cong tién co MAQ CD6241X100, trén may co trang bi thudc
quang c6 d6 phan giai Spm dé do va hién thi théng sé vi tri ban dao. Cac thdng so gia

cbng dua vao [90] trong Bang 4.12, vat liéu gia cong: Thép C45; Buong kinh phéi: 60

mm
Bang 4. 12: Thong s6 cong nghé khi tién [90]
. . . ) Chiéusau  Pwong
Dang gia Dung cu Vit liéu gia Toc do truc Toc do tien ] ]
. catt kinh phoi
cdng cat cdng chinh s (m/ph) dao f (mm/v)
(mm) (mm)
Gia cbng tinh Hop kim Thép C45 120 - 200 0,05-0,65 01-0,3 60

Thiét ké thi nghiém bang phuong phap Taguchi [107, 108] duoc tinh toan va
kiém tra bang phan mém Minitab 16 [109], két qua thiét ké thi nghiém nhu trong Bang
4.13, Bang 4.14. Thiét ké thi nghiém theo bang chuan cua phuong phap Taguchi, mdi
bién dau vao cd 3 muc. Cac thdng sé cong nghé dua theo tiéu chuan gia cong tinh va

c4c thdng sb n, v hién co caa may.
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Bang 4. 13: Cac muc cho yéu t6 dau vao khi thi nghiém

Mirc 1 2 3
n (v/ph) 900 1170 1800
v (MmAv) 0,05 0,055 0,065
t (mm) 0.1 0.2 03

Bang 4. 14: Thiét ké thi nghiém theo bang chuan ciia phuong phép Taguchi

S6 thi nghiém n (v/ph) v (mm/v) t (mm)
1 900 0,050 0,1
2 900 0,055 0,2
3 900 0,065 0,3
4 1170 0,050 0,2
5 1170 0,055 0,3
6 1170 0,065 0,1
7 1800 0,050 0,3
8 1800 0,055 0,1
9 1800 0,065 0,2

Hinh 4. 27: Thyc nghiém do ¢ nham khi gia cong
Két qua thyc nghiém duoc tién hanh gia cong va két qua do do nham Mitutoyo
Surftest SJ — 210 (Japan), mdi thi nghiém lip 7 1an do sau d6 két qua duoc nghi lai
trong Bang 4.15.
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Bang 4. 15: Thiét ké thi nghiém bang Taguchi va két qua thi nghiém

) . Nham khi Sb cAp dd
. Nham khi Nhiét do N Nhiét do Mitc do
. Luwong Chiéu tién nham ting
Toc do , tién khi tién c khi tién giam
chay sdu cat c6 co cau an . (Tién rung N
STT quayn thwong thwong c6 co cau nham be
daov t dao -
(v/ph) (°C) an dao mit
(mm/v) (mm) Ra Cap Ra Cap ) Tién %)
(s]
(Hm)  dd (Hm)  do thwdng)
1 900 0,050 01 071 7 446 041 8 43,3 1 42,25
2 900 0,055 02 073 7 468 065 7 45,0 0 10,95
3 900 0,065 03 074 7 530 0,62 8 48,2 1 16,22
4 1170 0,050 0,2 0,70 7 52,3 065 7 42,0 0 7,14
5 1170 0,055 0,3 098 7 52 062 8 44 1 36,73
6 1170 0,065 0,1 0,72 7 46,4 052 8 42,2 1 27,78
7 1800 0,050 03 066 7 572 063 7 47,1 0 4,55
8 1800 0,055 01 063 7 480 061 8 45,6 1 3,17
9 1800 0,065 02 069 7 541 064 7 46,0 0 7.25
1 T T T T . -
B Tién thudng
I Co cau én dao mdi
0.8 1
g
‘n‘:’m 0.6
=
@
=
Q- 04
(]
0.2

1 2 3 4 5 6 7 8 9
S6 thi nghiém

Hinh 4. 28: So sanh d6 nham bé mat

132



B Tién thudng
B CG c3u 3n dao mdi
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S6 thi nghiém
Hinh 4. 29: So sanh nhiét cit

Khi sir dung co cau dn dao dé gia cong trén may tién CNC va so sanh véi may

tién thong thuong, két qua thuc nghiém nhu Hinh 4.28, Hinh 4.29 va Bang 4.15 cho
thiy d6 nham bé mat va nhiét d6 khi cit giam xudng dang ké. Cac cip do nham cua cac
thi nghiém phan Ién ting mot cap so vai tién thudng. Pong gop ndy ciing 1a tién dé dé
phét trién nhitng co cu an dao dang nay dugc gan trén cac may cong cu khac nhau khi
gia cong cat got, d6 nham bé mit va nhiét d6 giam xudng déng ké so véi phuong phap

gia cong thong thuong.
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Chuong 5
KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan

Dé tai da nghién ciru phat trién duoc 2 thiét ké méi va xay mé hinh todn méi,
mbi quan hé giita chuyén vi, d6 cing dau vao va dau ra, dong hoc va dong luc hoc cua
hai thiét ké méi va ting dung cho co ciu dn dao chinh x4c trén may tién.

Vé mat phuong phap tinh toan thiét ké tdi wu, dé xuat ra 2 giai thuat thiét ké toi
wu méi tong quat nhat tir viec toi vu hoa co cau khau cing tuong duong dén toi vu hoa
CCDH va phan tich d6 tin cay:

(1) Giai thuat di truyén dung TOPSIS cho khau cirng twong dwong va co
cau dan hoi két hop. Giai thuat thiét ké toi vu hoa nay trai qua 5 giai doan: (1) thiét ké
t6i wu co cau khau cing twong dwong, (2) chuyén doi thanh CCPH, (3) dung phuong
phap phan tr hitu han trong phan mém ANSYS dé phan tich ung xi chuyén vi, (ng
Suat, tan so, (4) thiét ké t6i uvu hoa da muc tieu dung NSGA-II hudng tiép can tap
nghiém Pareto, (5) xac dinh céc trong sd Entropy va phwong phap TOPSIS (Technique
for Order Preference by Similarity to Ideal Solution) dé lwa chon loi giai tot wu tét
nhat.

(1) Thiét ké t6i wu héa da muc tiéu dwa trén do tin cay méi véi 3 buéc: toi
ru héa co cdu khau cing twong duong, tdi wu héa da muc tiéu cho CCPH bing giai
thuat NSGA-I1, cudi clng tap nghiém Pareto duoc phan tich d6 tin cay dung FORM.
Phuong phap t6i uvu héa nay da duoc tng dung dé thiét ké mot CCPH dung 1am co ciu
an dao méi voi @6 tin cay R = 99,88 % cho hai ham muc tiéu vé tan s tu nhién va do
khuéch dai chuyén vi dudi cac diéu kién khdng chac chan cua céc dit liéu dau vao/dau
ra cua bai toan nhu luc cat khi gia cong, bién thiét ké va chuyén vi khdng mong mudn,
g suat chay cua vat liéu, tai dau vao tir PZT tac dung vao co cdu. Co cau an dao niy

da duoc ché tao, thuc nghiém va diéu khién bang thuat toan GA — PID.
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Két qua thuc nghiém cua 2 thiét ké cho thay sai s giira ly thuyét véi mé phong
va thuc nghiém nho hon 2,34% cho ty 1& khuéch dai chuyén vi va tan s6 tu nhién dau
tién, sai s6 cho do cimg dau vao va dau ra caa co cau nho hon 5%, chuyén vi ky sinh
khong dang ké. Ngoai ra, sai s6 vé diéu khién dap (ng vong kin 1a 0,025 pm.

Co ciu dn dao co thé tao chuyén vi Ién nhat ddi véi co cau an dao kiéu 1 Ia
D,y = 200 um va do cimg dau ra co cu an dao K,,,; = 0,3055 N/um. Co c4u n dao
kiéu 2 1a D,,,; = 39,65 pm va do cing dau ra co cau in dao K, = 5,2 N/um.

Co céu an dao nay ciing dang duoc str dung dé khao sat hiéu qua gia cong trong
linh vyc microfabrication. Ung dung thanh cong phuong phap tién chinh xac cé tro
gilp cta co cdu in dao dung CCPH duogc dung dé gan trén ban dao cua may tién co
MAQ CD6241X100 va may tién CNC ECOCA SL-8 d¢ gia cong vat liéu thép C45 khi
tién chinh xac & chiéu sau cat 5um. Két qua cho thay khi sir dung dé gia céng trén may
tién co MAQ CD6241X100 sai s6 Vi tri mili dao nho hon 2,5 um, do nham bé mat
0,41um. Khi st dung gia cong trén may tién CNC sai s6 Vi tri mili dao nhé hon 0,4
um, d6 nhdm bé mat 0,25 um. Gia cong véi ca 2 loai may déu cho thay nhiét do cat
giam dang ké. Két qua nay co thé gilp kéo dai tuoi tho cho dao. Két qua ching minh
ring co cdu an dao méi c6 kha nang dinh vi chinh x&c va nhanh chong dung cu cit
trong qué trinh gia cong khi dugc lap vao may cong cu thong thuong.

Han ché cia nghién ciu:

- St dung thiét bi do nhiét, chi do dugc vung nhié¢t cit trén dao.

~ Piéu khién vong kin qua trinh cit cta co cdu dn dao chua dugc thyc nghiém
trong gia cong.

— Thiéu thiét bi do lyc cat nén chua do dugc lyc cit trong qua trinh gia cong.
a. Y nghia khoa hoc

— Lan dau tién, mot hé thong dung cu cat chinh xac va thiét bi cat thir nghiém phu
hop véi diéu kién san xuit trong trong nuée dugc xay dung, tao tién dé cho céc

nghién ctru sau nay trong linh vyc nay tai Viét Nam.
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D3 trién khai nghién ciru danh gia thue nghiém nhitng wu diém chinh cua co ciu

an dao dung CCPH so véi may tién co va may tién CNC thong thuong cac chi

tieu vé do chinh xéc cua co ciu an dao, @6 nham bé mat va nhiét do cit.

Nghién cau phat trién duoc 2 thiét ké méi va xdy md hinh todn méi, mdi quan

hé gitra chuyén vi, do ctg dau vao va dau ra, dong hoc va dong luc hoc co cau

an dao.

Vé mat phuong phap tinh toan thiét ké t6i wu, dé xut ra 2 giai thuat thiét ké t6i

wu moéi tong quat nhat tir viéc toi wu hoa co cau khau cing tuong duong dén t6i

uu hdéa CCPH va phan tich do tin cdy:

() Giai thuat di truyén dung TOPSIS cho khiu cing twong dwong va
CCPH két hop.

(1) Thiét ké t6i wu héa dwa trén do tin cay.

Luan &n nay c6 y nghia tham khao rat quan trong d6i véi viéc nghién ciru, phan

tich cac ddi twong twong tu trong linh vuc két cau dan hdi. Pong thoi, cac két

qua nghién ctru cua tai lidu cling gitip mang lai hiéu biét méi vé cac phuong

phap md hinh hda, t6i uvu hoa do tin ciy va diéu khién vong kin bang GA — PID

trong phan mém LABVIEW.

b. Y nghia thyec tién

Trong giai doan hién nay, vi¢c nghi€n ctru va phat trién co ciu dinh vi chinh xac

6 vai trd quan trong trong gia cong, c6 anh hudng quyét dinh dén hiéu suit gia

cong, tudi tho ctia dao va d6 chinh xac cua may tién. Nhiéu bai bao khoa hoc da

dugc xuat ban quéc té vé cac CCPH dé dinh vi chinh x4c va cac img dung ciia

chiing. Tuy nhién, & Viét Nam, linh vuc nghién ciru ndy van con nhiéu han ché.

Do d6, tai liéu nay s& b6 sung thém cac két qua mdi cho linh vuc nghién ctu co

céu dinh vi trén thé giéi va & Viét Nam.

Dé tai d3 tng dung thanh cong phuong phép tién chinh xéc c6 tro gilp cua co

c4u 4n dao dung CCPH duoc dung dé gin trén ban dao ciia may tién co MAQ
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CD6241X100 va may tién CNC ECOCA SL-8 dé gia cong vit liéu thép C45
khi tién chinh x4c & chiéu sau cat 5 pm. Két qua cho thay khi st dung dé gia
cong trén may tién co MAQ CD6241X100 sai s6 vi tri miii dao nho hon 2,5 pm,
d6 nham bé mit 0,41 pm. Khi sir dung gia cong trén may tién CNC sai sd vi tri
miii dao nho hon 0,4 pm, do nham bé mat 0,25 um. Gia cong voi ca 2 loai may
déu cho thay nhiét d6 cit giam dang ké. Két qua nay c6 thé giup kéo dai tudi tho
cho dao. Két qua chimg minh rang co cdu dn dao m&i c¢6 kha niang dinh vi chinh
xac va nhanh chong dung cu cit trong qua trinh gia cong khi duoc lap vao may
cong cu thong thuong.

— Két qua nghién ctru c6 thé ing dung truc tiép vao san xuat va nang cao hiéu qua

kinh té — k¥ thuat ciia qua trinh gia cong may tién.
5.2. Hwéng phat trién

~ Tiép tuc nghién ctru hudng ung dung co cau an dao dé gia cong cac vat licu
khac nhau theo tiéu chi danh gia giam d6 nham, luc cét va nhiét ct.

~ Phat trién co cau tmg dung theo hudng dinh vi chinh xac cho cac thiét bi.

— Ung dung co céu in dao dé gia cong ¢ hd tro rung dong theo nguyén Iy tién.

— Ung dung phuong phap téi vu méi ca luan an cho cac bai toan k¥ thuat phirc
tap.

~ V& diéu khién: phat trién bai toan diéu khién vong kin trong qué trinh gia cong

va ing dung cac thuat toan diéu khién khac nhau dé nang cao do chinh xac.
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