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CHUONG 1: GIOI THIEU

1.1. Béi canh va dong co nghién ciru

Hién nay, khoa hoc va cong nghé¢ da ap dung thanh cdng phuong phap danh béng
hd tro rung (VAP), mot ki thut gia cong dan thay thé cac phuong phap truyén thong,
nh¢ vao nhiéu uu diém ciia n6. Vi du, rung dong tao ra cho phép gitp luc cit nhé hon
giita dung cu va phéi, giup d& dang loai bo cac g nhip nho nho trén bé mit, tir d6 tao
ra bé mit c6 do bong tot hon. Ngay nay, v6i sy phét trién nhanh chong ciia cac san pham
cong nghé cao, chét luwong bé miat duge yéu clu tr dd chinh xac dudi micromet. Dic
biét hon, d6i v6i cac san pham c¢6 hinh dang phirc tap (vi du: linh kién y té, khuén mau,
hang khong vil try, san pham y sinh, xuong/khdp nhan tao), k¥ thuat VAP da duoc
chtng minh ¢6 hiéu qua hon so vi phuong phép danh bong truyén thong.

1.2. Muc tiéu nghién ctru

Muc tiéu chinh ctia luan an nay 1a phat trién cac thiét ké méi va mo hinh hoéa tinh
toan cac hé thong co khi nhim tao ra rung dong phdi trong VAP.

Céc muc tiéu cu thé nhu sau:

- Phat trién céc thiét ké mai cho co cdu mém 2 béc tu do dé tao ra rung dong cho
phoi trong VAP.

- Phat trién c4c md hinh toan hoc dé phéan tich tmg x1r ctia cac co cAu mém 2 bac tu
do da phat trién. Vi dy: bién do khuéch dai rung dong, khong gian lam viée, tmg suat,
tan s6 cong huong va quy dao rung dong.

- Nghién ctru cac yéu té anh huong dén hiéu qua gia cong trong qua trinh danh bong
nhu didu kién gia cong va toc do loai bo vat liu (MRR) trén toan bo bé mit phoi cua
céc co cdu mém dugce thiét ké.

- Tién hanh cac thi nghiém danh bong phoi trén cac miu co ciu dan hdi duoc thiét
ké.

1.3. Poi twgng nghién ciru

— Céc co cau mém ddi xung 2 béc tu do duoc thiét ké dé tao ra céac quy dao rung
phut hop cho céc chi tiét gia cong can danh bong.

— Céc md hinh toan hoc dugc phat trién dé phén tich cac tmg xir nhu tinh hoc, tinh
dong hoc, dong lyuc hoc, khéng gian 1am viéc va quy dao rung dong cua cac co cAu mém
duoc thiét ké.

— Céc thyc nghiém trén co ciu mém duoc thuc hién dé kiém chiing céac tinh toan
phan tich.

— Hinh anh va d6 nham bé mit ctia cac chi tiét gia cong dugc danh gia trude va
sau qua trinh VAP.

1.4. Pham vi nghién ciru

— Céc co cAu mém rung dong hoat dong voi tan sb tu nhién ban dau trong khoang

tir 100 Hz dén 1000 Hz va khong gian 1am viéc tir 200 pm t&i 2000 pm.
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— Quy dao rung dong tap trung ¢ ban trung tam cho cac chi tiét gia cong.

— P06 nham bé mit ctia san pham phai ndm trong khoang Ra tir 0.08 pm dén 0.32
pm va dat mic 9-11 theo tiéu chuan TCVN 2511: 1995.

— Vit lidu thép SKD11 duoc sir dung dé danh bong.

1.5. Phwong phap nghién ciru

Dudi day la cac phuong phap nghién ctru dugc st dung trong luan &n nay:

— Phuong phép ké thira.

— Phuong phap md phong phan tir hitu han.

— Phuong phép phan tich.

— Phuong phép t6i uu hoa.

— Phuong phap nghién ctru thuc nghiém.

1.6. Y nghia khoa hoc

Luén &n nay c6 y nghia khoa hoc vi nhiing Iy do sau:

—  Pé xuit céc thiét ké mai cho co cdu mém 2 béc tu do dung cho VAP.

— Phat trién céc 1y thuyét phéan tich va phuong phéap tinh toan cho cic ban rung
dugc ché tao cho VAP.

1.7. Y nghia thye tién

Dudi day la mot ) tmg dung thyc tién cta luan an:

— Céc thiét bi VAP c¢6 tiém ning trong cac quy trinh gia cong tién tién nham cai
thién chét luong bé mat va hiéu qua san XUAt.

—  Céc thiét bi VAP duoc phat trién nham xay dyung co so hitu ich cho ddnh bong
bé mat.

— Cac ky thuat thiét ké, phéan tich va mé hinh hoa cé thé duoc st dung cho cac thiét
bi gia cong hd tro rung dong khac va cac linh vuc ky thuat lién quan.

—  Céc thiét bi VAP c¢6 thé dugc coi la phuong phap danh bong thay thé phuong
phap truyén théng nham tiét kiém chi phi.

— €6 thé 1am tai liéu tham khao cho sinh vién, hoc vién cao hoc.

1.8. Nhitng dong gop méi

Nhitng dong goép chinh cuia luan an nhu sau:

- Luén an di dé xuét hai thiét k& méi cho ban rung dong hai phwong sir dung co cdu
mém hd trg rung phéi trong gia cong danh bong. Bén canh do, cac thiét ké dya trén mo
phong co y sinh con chau chiu nhdm néng cao kha ning tao rung dong hiéu qua. Hon
nira, dong gdp ndi bat nam & viéc thiét ké céu tric co kha niang khuéch dai bién do dao
dong 16n va tan sb 1am viéc cao so véi nghién ciru trude.

- Luan an da phat trién cac co s¢ ly thuyét tinh toan cho cac co ciu duge dé xuét
nhu tinh hoc, tinh dong hoc va dong lyc hoc dé tinh toan bién do khéch dai rung dong,
khong gian lam viéc, tan sb cong huong, anh hudng cua luc taic dong dau vao - dau ra,
quy dao rung dong dugc so sanh vdi cac nghién trudc day.
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- Luén 4n d4 phat trién cac co s& 1y thuyét tinh toan quy dao rung két hop v6i chién
lugc chay dao dugc phén tich va danh gia trén cac bé mit duoc danh bong. Dic biét
duoc str dung trén bé mat cong duogc so sanh vdi cac nghién cuu trude. Két qué thuc
nghiém trong nghién ctru nay di chimg minh hai co céu duoc dé xuét gitp cai thién chat
luong bé mit so v&i phuong phap danh bong thong thudng.

1.9. CAu triic ciia ludn 4n

Chuong 1: Gi6i thiéu

Chuong 2: Téng quan va co s& 1y thuyét

Chwong 3: Thiét ké va mé hinh héa cic co cdu mém cho rung phéi trong qué trinh

danh bong bé mit

Chuong 4: Tién hanh céc thi nghiém va kiém ching vat 1y vé danh bong hd tro rung

dong

Chuong 5: Két luan va hudng nghién ciru trong tuong lai
1.10. Két luan

Hién nay, VAP 1a mét cong nghé tién tién mang lai Kkét qua vuot tri so voi ca cac
phuong phép truyén théng va phi truyén thong. Rung dong 1am giam luc cat va phan bd
luc déu hon, tao ra bé mat min hon véi it khuyét diém hon. B& mit san phém c6 d6 bong
cao hon, giam kha nang bj trdy xudc hodc hu hong.

CHUONG 2: TONG QUAN VA CO SOLY THUYET

2.1. Téng quan vé cac phwong phép dianh béng

Panh bong 1a mot quy trinh xir Iy bé mit giup ting d6 min, dd bong va tinh thdm
my cua vat liéu.
2.1.1. Phwong phap danh béng truyén théng

Theo kiéu truyén théng, mot sé phwong phap danh bong co hoc dwoc phén loai nhu
sau: danh bong bang gidy nham, danh bong bang dung cu va danh bong bang may.
2.1.2. Cac phwong phap dianh béng phi truyén thong

Gén day, cac phuong phap phi truyén théng da dugc dé xuit dé giai quyét nhiing
nhwoc diém cia cac quy trinh danh bong théng thuong da duge mé ta trude d6 nhu:
Danh bong biang héa cht va dién phan, danh bong dong chat 16ng, danh bong tir tinh,
danh boéng siéu 4m va danh bong bang rung dong khong cong hudng.
2.2. Téng quan vé cic phwong phap gia cong hd trg rung dong

Trong diéu kién tan so thap (thuong dudi 10 kHz), céc hé thong khong cong huong
d& dang thyc hién diéu khién vong kin quy dao rung dong va c6 xu huéng dat dwoc do
chinh x4c rung dong cao hon so véi cac hé thong cong huong.



2.3. Téng quan vé cac nghién ciru trong nwée va qudc té

Céc quy dao theo hai hudng dé danh bong bé mit cac vat liéu cimg va gion cia VAP
trong cac nghién ctru quoc t€. Do d6, cac md hinh nay da dugc ap dung rong rii gan day
va cho thay sy cai thién dang ké vé chat lugng bé mit.

Bén canh d6, nhidu nhom nghién ctru trong nudc da tap trung vao thiét bi danh bong
duogc thiet ké riéng cho cac hinh dang phoi khac nhau; tuy nhién, chua c6 nhém nghién
clru nao xem x¢ét viéc tng dung cac co cau mém trong phat trién VAP d¢ danh bong bé
mat.

2.4. Cac phuwong phap mé hinh héa cho thiét ké va tinh toan
2.4.1. M6 hinh héa tinh hoc va tinh dgng hoc

Mb hinh vat thé gia ctig duoc thiét ké nhiam cung cp mot phuwong phap don gian
de phan tich cac hé thong chiu bién dang phi tuyén.
2.4.2. M6 hinh dong luc hoc

Phuong trinh Lagrange 1a mt cong cu hi¢u qua trong co hoc dé mo ta dong luc hoc
cua cac h¢ thong, bao gom ca viéc tinh toan tan so ty nhién.
2.4.3. M6 hinh héa quy dao rung djng

Nhu da dé cap trong phan gidi thiéu, cac nghién ctru trude day vé co cdu mém 2 bac
tu do cho VAM da chting thyc tinh hi¢u qua cta cac quy dao hinh elip hoac hinh xoan
0c cua cau truc nay.

2.5. Ly thuyét ciia qua trinh danh béng hd tro rung dong
2.5.1. Quy dao rung djng

Ban dinh vi danh bong phai tuan theo quy dao chuyén dong khép kin dé nang cao

hi€u qua loai bé vét liéu danh bong nhu minh hoa trong Hinh 2.25.
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Hinh 2.25. Quy dao chuyén dong & cac tan s6 khac nhau (F,=F)). (a) f; =f,, 0=
90%; (b) fx = fy, 0=90% (¢) fr =f;, = 45°
Quy dao rung dong vai tro quan trong trong gia cong co khi véi sy hd trg rung khong
cong huong. Cac quy dao nay thé hién nhitng vu diém nhu dat dugc do bong vat liéu,
giam mai mon dung cu va giam nhiét khi cit.



2.5.2. Luc

Ly thuyét tiép xtic Hertz lién quan dén viéc tinh toan lyc tiép xtc va ap suét tiép xuc
trong qua trinh danh bong; cac yéu td quan trong nay dugc s dung dé phan tich tng
suat va tde do loai bo vat liéu.
2.5.3. Bin chit co hoc ciia qua trinh dianh béng hd tro rung dong

Su tiép xuc khong lién tuc giita phoi va dung cu khi ¢6 rung dong, 14 co s co hoc
ctia VAM hoic danh bong, dugc tao ra boi quy dao rung dong. Su rung dong nay bién
d6i qua trinh gia cong tir cit lién tuc sang cit gian doan. Sy tach roi dinh ky nay mang
lai hai loi thé co hoc chinh: Thir nhét, né lam giam déang ké ma sat bam dinh va ma sat
nén, dan dén giam ma sat tiép xtic va nhiét do cit so voi cac phuong phap danh bong
truyén thong. Thtr hai, khi tiép xuc lai, tic dong t6i thiéu lam pha v& cac dinh nhap nho
nho, tao didu kién cho viéc loai bo vat liéu hiéu qua hon.
2.6. Tong két

Céc ndi dung sau da dugc nghién ctru va téng hop trong chuong nay.

Thir nhat, cac nghién ctru qudc té vé thiét bi VAP sir dung co cdu mém da chimg
minh hi€u qua cua quy trinh VAP trong gia cong.

Thir hai, chién luoc gia cong trén toan bd bé mat phoi dua trén 1y thuyét tiép xtc
Hertz va lyc nén tiép xtic theo phuong trinh Preston két hop véi quy dao rung dé tac
dong dén kha nang loai bd vét licu s€ duogc phan tich ¢ chuong sau.

CHUONG 3: THIET KE VA MO HINH HOA CAC CO CAU MEM CHO
RUNG PHOI TRONG QUA TRiINH PANH BONG BE MAT

3.1. Gi6i thiéu

Nhu d3 phan tich trong Chuong 2, qua trinh VAP khong cong huéng thuong dé
dang kiém soat quy dao rung khi cung cép luc dau vao va tan sb dao dong.
3.1.1. Tuyén b6 vin dé nghién ciru

Nghién ciru trong chwong nay nham muc dich phat trién hai co cau méi dugc thiét
ké dé hoat dong v6i VAP khong cong hudng. Thiét ké nay tao ra kha ning khuéch dai
bién d0 dao dong mot cach hi€u qua, khong gian lam viée rong va tan sb tu nhién cao.
Ngoai ra, kha ning mo ta tmg xur ciia quy dao rung dong ciing duoc phat trién.
3.1.2. Nguyén ly danh béng hd tre rung dong khong cong huéng

Hinh 3.1 mo ta nguyén 1y ctia phuong phap VAP khong cdng hudng dugce thuc hién
trong nghién ctru nay. Phéi dugc siét chat vao ban rung, sau do ban rung dugc dat trén
ban may gia cong. Bo truyén dong PZT lam cho thiét bi rung tao ra su rung dong trén
ban rung.
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Hinh 3.1. Nguyén ly VAP
3.1.3. Tiéu chi thiét ké va yéu ciu ctia co cAu mém 2 béc ty do
Can thiét ké va phat trién cac co cdu moi c6 kha nang hd trg qua trinh danh bong
rung, dugc thuc hién theo cac budc sau:
e Budc 1: Thiét ké cdu truc cua co cdu mém 2 bac tu do.
e Budc 2: Phat trién céac phuong trinh toan hoc dé mé hinh héa cac dic tinh co hoc
clia co cau da duoc phat trién.
e Budc 3: M6 hinh hoéa tinh hoc, tinh ddng hoc, dong luc hoc va quy dao rung dong
cua ban rung.
e Budc 4: Kiém ching két qua du doan bang mo phong va thye nghiém.
e Budc 5: Thuc hién quy trinh ddnh bong thyc té.
e Budc 6: Banh gia hiéu qua cua qua trinh danh bong.
3.2. Thiét ké dau tién cho co cAu mém rung dong hai chiéu
Duya trén dé xuét thiét ké dd néu & trén, phin nay trinh bay thiét ké diu tién cua co
céu rung.
3.2.1. Mé-dun khuéch dai dich chuyén ba cin
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Hinh 3.2. B6 khuéch dai dich chuyén ba can



3.2.2. Thiét ké cac by phan két ciu cho hé 1 bac tu do
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Hinh 3.5. So d6 co cdu ddi xtng 1 bac ty do

3.2.3. M ta nguyén ly hoat dong ciia hé théng 2 bac tw do
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Hinh 3.6. Kich thudc va so dd 2 bac tu do duoc dé xuét
3.2.4. M6 hinh héa tinh, tinh dong hoc va dong lwc hoc
3.2.4.1. Ty 1¢ khuéch dai dich chuyén
Mot phuong phép hoa dd vi tri duoc str dung dé tinh toan ty 1& khuéch dai (ARs) cua
co chu nay.



Hinh 3.8. (a) Mot phan tu caa bo khuéch dai, (b) so d6 hinh hoc
DPon by sb 3 c6 goc quay ¢s.

P+(S +85+8,) -
P(5,+5+5,) J 56

L
=6 —y =arcsin| — |—arccos
e (SJ ( 2, (S, +5+85,)

Phwong trinh (3.7) x4c dinh d dich chuyén d4u ra ciia co ciu:

duut = Z6 Sin @3 : (3 .7)
Cubi cing, phuong trinh (3.8) duoc st dung dé xac dinh ARs.
d t
ARy == (3.8)

3.2.4.2. Phan tich tng suit va khong gian lam viéc

Ung suét t6i da cho phép tai cac khép ndi khi cé su dich chuyén dau vao (di) c6 thé
dugc sir dung dé tinh toan khong gian lam viéc cua co ciu.

d;™ < 40.197 pm. (3.17)

Tém lai, ¢6 thé xac dinh 401.977 pm la do dich chuyén dau ra ciia co clu bﬁng cach
tinh dén ty 16 khuéch dai. Khoéng gian lam viéc kha dung ctia ban co thé dugc xac dinh
14 401.97 pum x 401.97 um.

3.2.4.3. Phan tich tinh dong hgc va dong lwc hoc

So dd phén tich luc (don bay 1, 2 va 3) dugc thé hién trong Hinh 3.11-3.13.
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Hinh 3.11. So d thé hién phan tich luc ciia don bay s6 3
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Hinh 3.12. So d thé hién phén tich luc cia don bay sb 2
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Hinh 3.13. So dd thé hién phan tich lyc ctia don bay sb 1
Cong thire tinh ty 18 khuéch dai d6i v6i don bay sb 3.
L (K, ~K)) =K K, ~ K+ K~ Kl + K]l |
I (K, —K)) =KLl + K, + K =K, + K]l = KL,

(3.32)

Tuong tu, bang cach xem xét mdi quan hé can bang lyc-mdmen trong diéu kién can
bang cuia don bay so 2.
(L, +1,) (LK, +0.5K,)+2K,

T PK, +0.5LK, + 2K, + 1L.5LK, —LLK,
Mot phuong phap tuong tu dugc st dung dé xac dinh ty 1€ cia bd khuéch dai cho
don bay so 1.

IL(K,~K,)+K,+K,~KlL

A= N — — 3.52
(K -K)-KLL-K,-K, - K3 + KL, (3:52)

(3.41)

2

Do d6, phan tich tinh dong hoc cuia ty 1¢ khuéch dai tong thé ciia co cdu dich chuyén
don bay dugc xac dinh bai:
ARy = ARy + ARy =2, (4+4,). (3.55)

myARe  omy AT mARE L
2 2 4 4 s

| my , Tmy,  Tm AL Tmg  TmAy )
i R T N TR PR kia (3.74)
N Tmy AR}, N Tmy AR}, . Tm, AR}

12 12 3

+4m,, AR},




A7 AR’ 2
M =myAR: +m, + 240 M8y o AR + 2 4R, LY
3
2 2 2 2 2 (3'79)
N Tmy A, N Tmy N TmgA; N Tmg AR N Tmy AR N 14m, AR +8m,, AR’
6 6 6 6 6 3
beé xac dinh tan so tu nhién cia co cau, chung ta giai phuong trinh (3.11).
1 K 0.5
=——| 3.81
! ZH[MJ ( )

3.2.4.4. Xac minh mo hinh phan tich dua trén FEA
Do chinh x4c cua cac mo hinh toan hoc da duge thiét lap trude d6 dugce chiing minh
thong qua phan tich phan tir hitu han (FEA) trong ANSYS R2022.
Bang 3.8. So sanh két qua mé phong va tinh toan (4Rs va ™)

Ki hiéu Tinh toin FEA Loi
o 33533 MPa  372.25MPa  9.92%
ARs 10 9.127 8.73 %

Bang 3.9. So sanh tan sb cong huong
Tén s6 Tinh toan FEA L&i
f 465.74Hz  426.43 Hz 8.44 %

3.2.5. M6 hinh héa quy dao rung dong

Nghién ciru nay két hop phwong phap FBD va nguyén 1y D'Alembert dé phat trién
cac phép tinh dong hoc cho cAu tric. Hinh 3.22 hién thi so dd dong hoc cua cAu tric
theo huéng Y.

D
Ya
Fos Lever3 k ly"}“ m:[m

0y

L@, s

Lever 2

M2 S92
Hinh 3.22. So dd vat thé tur do cua co chu
Céc phuong trinh (3.86-3.89) 14 cac phuong trinh bién trang thai cho y,, y2, y3, va yy

theo huéng Y.
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» :Mil(fy(t)fé"kﬂ’l)’ (3.86)

W klLy —ky, kvl
y2:112y1 }yz 1y22, (3.87)
1
j}}:k113(13+14)y1—k,Jy3—k,(13+14)_y3’ (3.88)
2
Kl (1 KL (1 LY
1 i 68
= ,
J3

Hinh 3.29 thé hién toan by quy dao dao dong ctia ban trung tam.
Comparison between the FEA and the mathematical model

— — — - Spiral vibration trajectory by FEA simulation
Spiral vibration trajectory by analytical theory

0.01 -

0.005 |-

Y Axis (mm)
o

-0.005

-0.01 [

-0.015 -0.01 -0.005 0 0.005 0.01 0.015
X Axis (mm)

Hinh 3.29. So sanh giita toan hoc va FEA
3.2.6. T6i wu héa hinh hoc

3.2.6.1. Van dé t6i wu héa
Bang 3.11. Cac thong s6 toi uu [Pon vi: mm]

Théng sb Tén goi Gia tri

t Right-circular hinge thickness X

r Right-circular hinge radius X2

a Leaf hinge thickness X3

L The leaf hinge joins levers #1 and #3 X4
Téi da (f(X)), (3.93)
£(X)>465.74 Hz , (3.94)
Ham muc tiéu:

1 K, -K (K +K +KL)+KL

, (K~ K)(K K+ KE) K2 o6

2aM N\ (K, - K,)-2K L, + K, + K, + K [

1
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Xéc dinh vecto thiét ké: X = [x,, x2, x3, x4]". (3.98)
Céc bién s6 trong thiét ké (don vi: mm):
05<¢<0.7
1<r<2
0.5<a<0.6
9<L<I11

(3.99)

Phuong trinh rang budc dua trén mdi quan hé hinh hoc ciia cdu tric phai tuan theo
phuong trinh nay.
2t<r. (3.100)
3.2.6.2. Két qua tdi wu

Bang 3.12. So sanh cac két qua tbi uu

Théng sb Bién Thiét ké ban ddu = WCA
t X1 0.6 mm 0.5 mm
r X2 1.5 mm 1 mm
a X3 0.55 mm 0.6 mm
L X4 10 mm 9 mm
f 1(X) 465.74 Hz 515.1 Hz
520 T T T T T T T
s10l

Function Values
~ o
© =
o o

=
@
S

470 |

4] 2 4 6 8 10 12 14 16 18 20
Number of Iterations

Hinh 3.30. Quy trinh hdi tu cuia WCA

Béng 3.13. So sanh két qua m6 phong véi két qua tdi wu

Tén s WCA FEA Sai s6
f 515.1Hz 4604Hz 10.6 %

3.2.6.3. Panh gia két qua tdi uvu
So v6i thiét ké ban dau, tn s6 tu nhién ban ddu da duoc cai thién 1én dén 7.37%.
Gia tri t8i uu va gia tri FEA chénh Iéch nhau 10.6%, nhu thé hién trong Bang 3.13.
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3.2.7. Ché tao va thi nghiém
3.2.7.1. Thiét 1ap thi nghiém

Hinh 3.33. So d b6 tri thi nghiém. (1) LK-G30, (2) P-225, (3) PI E-470.20, (4)
AFG1022, (5) may tinh, (6) 2-DOF, (7) LK3001P, (8) ban cach ly rung dong
3.2.7.2. Két qua thi nghiém

Frequency response

008+

X: 486
0.061 i Y:0.05158

|
0.02 )

!
A

=)
g

Amplitude Spectrum

L P S

=]

-0.02 1

ZEIPD BEIPD 460 51:.PD 560 760 BL:NJ 960 ‘iDIDD ‘l‘l‘DD ‘IE’IDD
Frequency (Hz)
Hinh 3.34. D6 thi dap tng tan s6 tu nhién ban dau
3.2.8. Phan tich va ban luian
Tan s6 cong hudong khoang 515.1 Hz thu dwoc thong qua WCA kha tuong dong véi
dir liéu thuc nghiém 1a 486 Hz, véi d6 1éch tuong déi khoang 5.64%.
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3.3. Thiét ké thir hai cho co' ciu mém rung dong hai chiéu
3.3.1. Thiét ké 1y cam hirng tir chan sau con chau chéiu

------- Loading statc

Initial state

a b
Hinh 3.36. So dd dong hc_)c(: 21’1\a b6 khuéch dai: (a) So d6 dbi xtng hai(cl)lén, (b) so
d0 phan tich véi mot chan
3.3.2. Ty 1¢ khuéch dai dich chuyén
Ty 1é khuéch dai rung dong cua co cdu dugce tinh nhu sau:
dy,=Yer—yp—D'D"

out

' 3.106
=1/ cos(;/—a)—lstan/l—\/lf—(15—lzsin(;/—a))2 ( )

3.3.3. Thiét ké hoan chinh ciia co cAu c6 2 béc tu do

T'medj

Sil) ey

Fixed é

§A;
Hinh 3.38. Co cdu 2 béc tu do dua trén y sinh
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3.3.4. Nguyén ly hoat dong ciia co' cAu mém cho VAP

Hinh 3.39. Minh hoa cho VAP
3.3.5. Phan tich tinh dong hoc va dong lwc hoc
3.3.5.1. Anh huéng cia cac lye diu vao va dau ra Ién ciu tric

Lever 3

FBD’ Lever 1

0.5F,

Hinh 3.40. Phan tich luc mot nira cta co ciu
Pon bay so 1:

d. O.SF;W .
0.5F, —F,, =0,M,, =k, arcsin [Tj’ d, = - (3.113)
1 cl
Pon by s6 2:

0.5F,

k[_kcb i -
i :( ; )arcsm[ i ]cosy ) (.117)

cx l

2
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DPon by s6 3:
ky, + 2k, + 2k, )tan (90° — (@ —
2( 1/ Ib 1/;) ( ((P }’))
leII
3.3.5.2. Tan s6 ty nhién ctia co' cau mém 2 béc tw do

F =
out

x(k, —k(,b)arcsin(ol'jll:’” Jcosy ’ (3.123)

M. i M, /\":,,

Fixed ' S — N
M
0

Hinh 3.41. Hé thong mo ta do cimg doc theo truc y
Phuong trinh (3.142) 1a phuong trinh Lagrange cho toa d6 tong quat theo phuong y.
My+Ky=0. (3.142)
Tong khoi luvgng tuong duwong M duge tim thay trong phuong trinh (3.143).
ML (K L) Mdl, 2Mdl, 2 Mdl, AMdD, 4 M

M — M out out out out out .
R R A A R R R
Kiorar 12 0 ctmg tdng clia toan bo hé thong.
kcbkcl
k,+k, " ,
K =2 — 2ky, +2ky, | (3.144)
kcbkcl
——t k,
kcb + kcl
Phuong trinh (3.145) tinh toan tan sd tu nhién.
1 K 0.5
- total . 3 145
£ g K ) (3.145)

Tén sé duge tim thiy 13 f= 548 Hz bang cach st dung phwong trinh (3.145).
3.3.5.3. Khong gian 1am viéc va (g suit

Khong gian lam viéc kha dung cua co cdu c6 thé dat duge kich thudc 736.6 pm x
736.6 um nho co ché ddi ximg.
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3.3.6. M6 hinh héa quy dao dao djng cho h¢ 2 bac tu do

i kyla

kplec0s(90- @)cos(g—y)
h

f M2 g
/
=
{ vz S M2
! T My
/ )L
ik ! kgyeosg
-— oy
o 1e ) 1Y eV
// §- /".."bj ¥y X v I J
4 / 1 L,
~& /[ M2 NL M2 [R]
. :I r»"ifr»’k‘rb’.:‘: M2
02 M2 f02

Hinh 3.42. So d6 FBD cua hé thong
Céc phuong trinh (3.155 - 3.157) biéu thi bién trang thai cho y;, a, va y».

L1

= (L 0=2km ) (3.155)
1

L1

G :Jf[k‘,,ylz1 cosp—a(k, +k,,z§)]» (3.156)
M,

L1 :

Y2 :Mi[Zk,,&dCOS(9°_(/7)(:05((0_}/)_(4ka +4 zh)y2:| i (3157)

3
3.3.7. Kiém chirng cic md hinh phan tich b:“u}g FEA
Bang 3.19. Phan tich so sanh giira két qua tinh todn va md phong
Ty 1& khuéch dai Tinhtoan FEA  Sais

AR 4.53 4.14 8.6 %
Bang 3.20. Sy khéc biét giira mdé phong va tinh toan
Tinh toin FEA Sai s6
f 548 Hz 510.09 Hz 6.93 %
Fi/Fou 8.51 8.41 1.17 %

Comparison of between the FEA and the mathematical model

- Spriral vibration trajectory by FEA simulation
Spriral vibration trajectory by analytical theory

Hinh 3.57. So sénh gitta m6 hinh toan hoc va phan tich FEA
17



Hinh 3.58. Qua trinh van hanh thi nghiém
3.3.8.1. Két qua thi nghiém

Frequency response

12 :
¥ 506.592
Y1
1t ‘ i
0B
=
]
k5]
N
= 06
£
[=]
=z
04t
1
I.lJ
Fy;l 1 i
s
o o ; ; ! | L

0 100 200 300 400 500 GOD 700 BOD 900 1000
Frequency (Hz)

Hinh 3.59. D4 thi dap tmg tin sb

3.3.8.2. Phan tich va thao ludn
Bang 3.21. Két qua so sanh céc tan s ty nhién

Tansd Thinghiém Sai s6

FEA 51009 Hz 0.68%
f 506.592 Hz

Tinh toan 548 Hz 7.55 %
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3.4. So sanh giira hai co ciu

Comparison of two designs

[ Amplification ratio
[ Workspace (m)
[ I Natural frequency (Hz)

First design
Natural frequency (Hz)

Workspace (;:m)
Second design
Amplification ratio

) Hinh 3.60. So sanh cac co cdu dugce dé xuit
3.5. Két ludn
MO hinh toan hoc tinh hoc va dong hoc dé xac dinh tan s6 ty nhién da duoc kiém
ching béng thyc nghiém, quy dao rung dugc dy doan béng cac md hinh toan hoc va mod
phong.

CHUONG 4: TIEN HANH CAC THi NGHIEM VA KIEM CHUNG VAT LY
VE PANH BONG HO TRQ RUNG PONG

4.1. Gi6i thiéu

Muc tiéu cua chuong nay la sir dung hé théng VAP dé cai thién chat luong bé mit
cho thép SKD11.
4.2. Nguyén ly danh béng bing rung dong

Thiét bi VAP duoc diéu khién truc tiép boi cac PZT dé tao ra quy dao chuyén dong
bang cach thay dbi tan sé va bién do rung.
4.3. M hinh héa anh hwéng ciia sy tiép xtc bé mit vat liu

Ly thuyét tiép xtic Hertz dugc sir dung dé tinh toan Iuc tiép xtc trong qué trinh danh
bong. Phuong trinh (4.10) biéu thi sy phan bd ap suat.

2

3F \/( 3F R Jg 2 2

p= — | = (x(0) = (»®)

(3FRT 4E (4.10)
27[ Z—n
4E"
4.4. M6 hinh hoéa do siu loai bé vit liéu
Cong thirc (4.12) 1a phuong trinh dé wdce tinh MRD tai mot diém khi co rung dong.

3F,

; 3F R % 2 2 2 2
H(xuy,)=k~3FR;~J{[4E*j ~(x®) - (»®) }(Vx(f)JrVy(f))'T (4.12)
2| —2—
(%)
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4.5. Panh bong hd tro rung véi bé mit phdi phing
4.5.1. Chién lwogc phén tich dwong di chuyén ciia dung cu

Oscillating orbit

of platform Tool Points| x |y | z Pollgts x|yl|z

20|14 10 -20| 0 |10
-20(14]10) 17 |20 |-2]10
20]12/10| 18 [-20]|-2]10
-20(12]10] 19 |20 |-4]10
20|10| 10| 20 [-20|-4 |10
-20(10]10] 21 |20 |-6]10

2

© (oo v |+ [w o |—

208 10| 22 [-20]-6|10
-20| 8 | 10| 23 [20]|-8]|10
20| 6 |10| 24 |-20|-8 |10
10 |-20( 6 | 10| 25 | 20 |-10] 10
11 [20] 4 [10] 26 [-20]|-10]| 10
12 [-20] 4 | 10| 27 |20 |-12] 10
13 1202 10| 28 |-20|-12] 10
14 [-20] 2 | 10| 29 |20 |-14]|10
15 {20 0 | 10| 30 [-20]-14]| 10

Hinh ’4.6. Chién luoc chay 30 diém cho dung cy
Hinh 4.8 minh hoa két qua so sanh ctia ba truong hop rung dong khac nhau.

- Gomparison of Maxi Material Removal Depth
E 20 i T
z
R0
[=]
ES
T
z 0
Case D CaseE Case F
Comparison of Total Volume Removed
~ 10 T T
& 825
E
E
©
E
E}
c]
=
Case D Case E Case F
Comparison of Material Mass Removed
0.06 T T
C]
~ 004
&
S 0.02
0

Case D CaseE Case F
Vibration Cases

Hinh 4.8. So sanh ba truong hop (D, E va F)
4.5.2. Thuc nghiém vé qua trinh dianh béng
4.5.2.1. Thiét 1ap thwe nghiém
-

Hinh 4.10. So d b tri dé thyc nghiém
20



4.5.2.2. Két qua va thao luan
Hinh 4.12 hién thi tit ca cic san phdm dugc chup bang SEM.

Initial appearance

Case D (4 = 10 pm, /=100 Hz)

Seratch

THAC00 G030 SV B XIDN BE M

W 5 2
Case £ (4= 10 pm, /=200 Hz) Case F (4= 20 um, /=200 H7)
Pit—-

Hinh 4.12. Anh SEM bé mit san pham
Dit liéu vé do nham bé mit dugc tom tit trong Hinh 4.14.

Evaluation of surface roughness

=
o
!

0.65

=
o
!

Surface roughness Ra (zzm)
= =3
(= 4=
L i

Vibration
No vibration
Initial

Hinh 4.14. Panh gia d6 nham bé mat

ase D
Case &

Case F
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4.6. Panh bong bang rung dong véi bé mit phdi cong
4.6.1. Chién lwgc danh béng cho bé mit cong

Tool path with curved workpiece top surface

—6— Tool path
Curved Top Surface;

Tool clamp
head

Polishing head ——
R50.5

ll= =

Workpicce

Hinh 4.15. Phuong phép di chuyén dung cu
Hinh 4.18 so sanh ba tinh huong danh bong.

10 Comparison of Maximum Material Removal Depth

5736
51 2.868 1
0

Case 1 Case 2 Case 3
Comparison of Total Volume Removed

12.333

Volume (mma) Max Depth (;zm)

10
0
Case 1 Case 2 Case 3
Comparison of Total Mass Removed
% 01 i 3 l 0.096 ‘
) 0.048
@ 005 - - |
= P I
0 oy n L
Case 1 Case 2 Case 3

Hinh 4.18. Biéu d6 so sanh ba truong hop vé khoi lugng, thé tich va d¢ sau
4.6.2. Két qua tir cac thue nghiém
4.6.2.1. Cai dat thuc nghiém

Hinh 4.19. C4u hinh thyc nghiém d4nh bong
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4.6.2.2. Két qua va thao luan
Hinh anh kiém tra bang kinh hién vi SEM

Qrignal dppearance

Pit

Pit

FM3000 0A30 3Ky 7 3mm X100 BSE M

Case H (No vibration support)

— Seratclr =

5030 5KV 6.0mm X100 BSE M

Case J (4 =10 um, /= 300 Hz) Case K (4 =20 pm, /= 100 Hz)

Scratch
Scratch

TMA4000 0030 5KV 5.5mm X100 BSE M 500pm TM4000 0030 SKV 5.3mm X100 BSE M 500pm

(d) ) ) ) (e)
i Hinh 4.21. Anh SEM bé mat san pham .
Hinh 4.23 thé hién d6 nham trung binh Ra (um) thu dugc tir cAc mau bé mat.
1.2 —

0.95

1 -

0.8 —

0.6

0.4

0.2

Surface roughness Ra (zm)

Vibration

ase H No vibration
Case |
Case ]

Case K Initial

Hinh 4.23. So sanh d6 nham cua cac bé mit cong
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4.7. Két luén
Trong nghién ctru néu trén, di chi ra rang hai thiét bi dugc phan tich bang mé hinh
ly thuyét va thuc nghiém hoat dong tbt trong linh vyc VAP.

CHUONG 5: KET LUAN VA HUONG NGHIEN CUU TRONG
TUONG LAI

5.1. Két luan

Trong dé tai nghién ciru nay, tong quan vé cac nghién ciru trong va ngoai nude dugce
phan tich, va cac giai phap dugc dé xuét dé giai quyét cac van dé hién co. Tir nén tang
ly thuyét ctia cac mo hinh tinh hoc, tinh dong hoc va dong luc hoc dé phan tich va du
doan hiéu suét cua két cau.

Nghién ciru nay trinh bay hai thiét ké co cAu mém 2 bac tw do mai. Thiét ké ban dau
dat duoc hé s6 khuéch dai 1a 10, tao diéu kién cho khong gian lam viéc 401.97 x 401.97
um véi tan sé ty nhién 1a 465.74 Hz. Nguoc lai, thiét ké thtr hai thé hién hé sé khuéch
dai giam xuéng con 4.53, mac du lam tang dang ké dién tich hoat dong 1én 736.6 x
736.6 um, d@)ng thoi dat duoc tan sé dao dong tu nhién vuot trdi 1a 548 Hz. Hon nira,
ca hai mé hinh déu dat duoc quy dao rung pht hop trong qué trinh danh bong hd tro
rung hai chiéu khong cong hudng.

Trong trudng hop danh bong phéi co bé mit phing, véi bién do 20 um va tan s6 200
Hz, 6 nham trong Truong hop F (VAP) dugc cai thién dang ké, dat Ra = 0.05 pm,
tuong (mg v&i mic cai thién 77.27% so v6i Truong hop T (danh bong truyén thong).
Khi dénh bong cac phoi c6 bé mat phirc tap, Trudng hop J (VAP) cho thay su cai thién
lén dén 43.9% vé do nham bé mat (Ra = 0.23 um) so véi Truong hop H (danh bong
truyén thong) khi tan sd dwoc nang 1én 300 Hz va bién d6 1a 10 pm. Dya trén nhiing
phat hién trén, c6 thé thay rang VAP khi ap dung cho nhiéu loai bé mat gitp cai thién
chét lwong bé mat t6t hon so v6i phuong phap danh bong thong thuong.

5.2. Huéng nghién ciru twong lai

Viéc kiém tra 4o bén moi cua khép ndi s& duogc thuc hién trong twong lai. Tinh chinh
xac cuia thé tich va khdi luong dugc loai bo tir phan tich 1y thuyét va thuc nghiém vén
chua duoc danh gia ciing s€ dugc nghién ctru.

C6 thé b6 sung thém canh tay robot dé t6i wu hoa kha nang di chuyén trén bé mat
da chidu. Viéc thém nhiéu hat mai hodc dung dich mai mon ciing c6 thé nang cao chét
luwong bé mit hoan thién.

Nghién ctru s€ dugc md rong trén cac vat licu khac nhau nhu sapphire, kim cuong
nhan tao, gém SiC, v.v. Hon nira, viéc khao sat nang suit danh bong va cAu triic vi mod
cia vat ligu ciing s& dugc thuc hién véi thiét bi dau tu 16n hon.
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