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BO GIAO DUC VA PAO TAO
PAI HOC THAI NGUYEN

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Nghién ctru Ung dung cong nghé gia cong bién dang déo theo budc
(Incremental sheet forming - ISF) c6 su trg gitip cua rung dong si€éu am trong gia
cong chi tiét dang tdm vo trong san xudt 6 to.

- M s6: B2022-TNA-26

- Cha nhiém: TS. H6 Ky Thanh

- Co quan thuc hién: Pai hoc Thai Nguyén

- Thoi gian thyc hién: T thang 01/2022 dén thang 6/2024

2. Muc tiéu nghién ciru:

- Muyc ti€u chung cua dé tai: Lam cha cong nghé, thiét ké ché tao hé théng thiét
bi va thyc nghiém tng dung cong nghé gia cong bién dang déo theo budc
(Incremental Sheet Forming - ISF) ¢ su tro gitp cta rung dong siéu am dé trién khai
san xuét thyc nghiém nham danh gid va hoan thién quy trinh gia cong ddi véi
phuong phép gia cong nay.

- Muc tiéu cu thé:

+ Thiét ké, ché tao dugc mot hé thong thiét bi tng dung cong nghé gia cong bién
dang déo theo budc cac san pham dang tim vo khong dung khuon. Hé théng nay
dong thoi tich hop rung dong siéu am tro gitp nham Gng dung cong nghé gia cong
m&i nhit hién nay.

+ Nghién ctru thuc nghiém danh gid anh hudng cia cac thong sé cong nghé dén kha
nang bién dang, luc tao hinh can thiét va do chinh xac tao hinh cua san phém tdm vo
duoc gia cong bang hé thong thiét bi duoc thiét ké, ché tao boi dé tai. Trén co so do,
giai quyét bai toan tdi uvu da muc tiéu: luc bién dang - chit luong tao hinh.

+ Thir nghiém gia cong mot vai dang san pham dién hinh cta céc chi tiét dang tAm
v trong 6 t6 bang hé thong thiét bi ing dung cong nghé gia cong bién dang déo theo
bude duge ché tao bai dé tai. Tir d6 hoan thién 01 quy trinh cong nghé gia cong bién
dang déo theo budc co su tro gitip ctia rung dong siéu 4m cho 01 san pham dién hinh.
3. Két qua dat dwoc:

Pé tai di thuc hién thanh céng cac myc tiéu da dat ra. Cu thé la:
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- Pé tai da thuc hién danh gia thuc trang va phan tich dugc céc tdn tai cua
phuong phép gia cong tAm vo hién nay, ca trén thé gidi va & Viét Nam, trén co sé do,
lam rd muc ti€u va dinh hudéng nghién ctru.

- Hoan thanh viéc thiét ké, ché tao 01 hé théng thi nghiém gia cong bién dang
déo theo budc co trg giup cua rung dong si€u am (ISM).

- D3 thyc hién khdo sat, danh gia anh hudng cua rung dong siéu am dén cac
thanh phan lyc bién dang va luong giam cac thanh phan luc bién dang déo. Trong do,
luong giam luc bién dang déo c6 thé dat dén 70% khi c6 rung dong siéu am trg giup
qua trinh ISF.

- Pi x4y dung duoc bai toan t6i wu héa lugng giam luc bién dang déo theo cac
thong s6 dau vao cho cac chiéu day tim khac nhau.

- Trén co sé két qua bai toan tdi wu hoa, dd danh gia chat luong bé mat va do
chinh xac tao hinh cho céc chiéu day tam vat liéu khac nhau.

4. San pham dat dwoc:
4.1. San pham khoa hoc:

Pat yéu cau so v4i ding ky. Cu thé la:

+ 01 bai bao trong danh muc ISI-Q2: Ngoc-Tuan La, Quoc-Huy Ngo, Van-Dam
Vu, Thu-Ha Mai, and Ky-Thanh Ho; Optimization of ultrasonic assisted incremental
sheet forming; Materials, 2024;

+ 01 bai bao trong danh muc Scopus: Ho Ky-Thanh, Ngoc-Tuan La, Ngoc-
Hung Chu, Nhu-Huynh Vu, and Tat-Loi Mai; Applying Ultrasonic-Assisted
Incremental Sheet Forming to Al 5052 Aluminum Alloy; Engineering Proceedings,
2023, 45(1), 8; https://doi.org/10.3390/engproc2023045008;

+ 01 bai bao trong danh muc Scopus-Q4: Ky-Thanh Ho, Quoc-Huy Ngo, Ngoc-

Hung Chu, Van-Dam Vu, Ngoc-Tuan La; An Experimental Study on Incremental
Sheet Forming of 5052 Aluminum Alloy; Lecture Notes in Mechanical Engineering,
2024.
4.2. San pham dao tao:
Pat yéu cau so v6i dang ky. Cu thé la:
+ Ho trg dao tao 01 thac si bao vé thanh cong theo hudng nghién ciu cua dé tai.
Ho va tén hoc vién: Hoang Van Bang

Tén luan van cao hoc: Anh hudng cua chiéu day tam va chiéu sau tao hinh dén
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Irc tao hinh chinh Fz trong gia céng bién dang déo theo budc cé tro gitp cia rung
dong siéu am.

Nguoi huéng dan khoa hoc: TS. H6 Ky Thanh

+ Ho tro 01 nghién ctru sinh thuc hién 01 chuyén dé tién si.

Ho va tén hoc vién: Mai Tt Loi

Tén chuyén dé: Nghién ciru Gng dung rung dong siéu 4m trong gia cong co khi.

Nguoi huéng dan: TS. La Ngoc Tuin
4.3. San pham wng dung:

Dat yéu cau so v6i ding ky. Cu thé 1a:

- Ché tao hoan thién 01 hé théng thiét bj gia cong bang ISM (gdm may CNC 3
truc, dung cu bién dang va hé thong rung siéu am) c6 hd tro cta rung dong siéu am,
phuc vu tét cho nghién ctru va dao tao. Céc dic trung chinh ctia may:

+ 01 may CNC 3 tryc, cong suat tong khoang 4.0 kW, chiéu dai bang may
1100mm, may tich hop d4u rung siéu 4m c6 cong suat tir 1000W trd 1én.

+ C6 kha nang gia cong dugc da dang ching loai chi tiét dang tim, vo (thép,
nhom...) dédc trung ctia nganh 6 t6, c6 quy dao, do rong va do sau gan, go dugc lap
trinh diéu khién tir dong.

+ Hé thong thiét bi thi nghiém sir dung may CNC cai tién, bo dicu khién X809D
c6 kha ning 1ap trinh hodc import file di 1ap trinh trén may tinh qua con USB, may co
kha ning hién thi day du cac thong tin vé chuyén dong.

+ M4y c6 thé tich hop véi bo thu thap thong tin hién thi thong sé rung dong siéu
am, cac thanh phﬁn luc, Iuu trir trén may tinh dé phuc vu nghién ctru.

- 01 bd tham sb t6i wu thé hién moi quan hé cia cac thong sd cong nghé voi mire
d6 giam thanh phan luc bién dang.

- Pi hoan thién gia cong mot sé san pham dic trung (dang ranh, dang noén cut,
dang kim tu thap cut...). Chat luong san pham sau khi gia cong:

+ P9 nham bé mat san pham duoc tao hinh bang UISF thap (Rz dudi 1.25um),
bé mit khong xuét hién cac vét nit so v4i bé mit duoc tao tao hinh bﬁng ISF thong
thuong, ké kha khi lugng tién dung cu bién dang dugc lya chon 16n dén 1.5mm (céc
nghién ctru vé UISF hién nay thuong chi khao sat & muc luong tién dung cu theo
phuong doc truc khoang 0.5mm).

+ Sai I¢ch hinh dang hinh hoc va kich thudc cua san phrflm chop cut dién hinh sau
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khi tao hinh theo bé tham sé téi wu cho thiy: sai léch duong kinh theo cac phuong do
dat duge dudi 1.0mm; sai léch vé g6c tao hinh/goc thanh tuong dat dugc dudi 1°, voi
c4 hai chiéu day tAm nghién ctru; bién mong thanh dudi 40%.

+ Kha nang tao hinh nh¢ rung dong si€u am dugc cai thién dang ké, co thé tao
hinh vé6i goc thanh tudng 16n dén 70° (trong khi cic hop kim nhém cing nhém duoc
gia cong bang ISF chi dat khoang 60°).

4.4, San phim khac:
Khong
5. Hiéu qua:

- Vé gido duc, dao tao: Bb sung thém 01 h¢ théng thi nghiém...cho don vi,
phuc vu tot cong tac dao tao va nghién ctu khoa hoc; hd trg cho nghién ctru sinh, hoc
vién cao hoc va sinh vién tham gia thuc hién cac ndi dung cuia dé tai va co thé su
dung trién khai nghién ctru cac dé tai khac cung dinh hudng; Nang cao ning luc
nghién ciru ctia nhirng nguoi tham gia thyuc hién dé tai;...

- Vé kinh té - xa hoi: Két qua nghién ctru gép phan bd sung co s 1y luan, thuc
tién tao hinh cac san phém dang tAm, vo; giam chi phi dau tu thiét bi ban diu dé san
Xuat cac san pham dang tim vo.

6. Kha niing 4p dung va phwong thirc chuyén giao két qua nghién ctru:

- Két qua va noi dung nghién ciru co thé ap dung t6t trong linh vuc tao hinh san
pham dang tim vo.

- Chuyén giao truc tiép két qua dé tai cho don vi dé phuc vu dao tao, nghién
ctru khoa hoc, nang cao chat lugng doi ngi.

Thai Nguyén, ngay 29 thang 5 nam 2024

Co quan chii tri dé tai Chi nhiém dé tai

TS. H6 Ky Thanh
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VIETNAM MINISTRY OF EDUCATION AND TRAINING
THAI NGUYEN UNIVERSITY

INFORMATION ABOUT RESEARCH RESULTS
1. General information:
- Project title: Research on the application of Incremental sheet forming (ISF)
process with the assistance of ultrasonic vibrations in the forming of plate
workpieces in automobile production.
- Grant number: B2022-TNA-26
- Coordinator: Dr. Ho Ky-Thanh
- Implementing Institution: Thai Nguyen University of Technology
- Duration: from 01/2022 to 6/2024
2. Objectives:

- General objectives of the project: Ownning the technology, design and
manufacture equipment systems and experiment with applying Incremental Sheet
Forming (ISF) process with the assistance of ultrasonic vibrations to conducted
experiments to evaluate and complete this forming process.

- Specific objectives:
+ Designing and manufacturing an equipment system that applies ISF proces
technology to shell plate products without using molds. This system also integrates
assisted ultrasonic vibration to apply the latest machining technology today.
+ Experimental research to evaluate the effects of technological parameters on the
deformability, required forming force and forming accuracy of shell plate products
processed using designed and manufactured equipment systems by this project. On
that basis, solve the optimization problem: deformation force - shaping quality.
+ Testing of machining some typical product types of shell parts using the equipment
system applying ISF with the assistance of ultrasonic vibrations manufactured by the
project. From that a step-by-step ISF process with the assistance of ultrasonic
vibrations has been completed for a typical product.
3. Obtained results:

The project has successfully achieved the setup objectives. Details:

- The project has evaluated the current problems and analyzed the shortcomings

of current shell plate processing methods, both in the world and in Vietnam, and on
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that basis, determined the research objectives and directions.

- Completed the design and fabrication of the ISF process experimental system
with the assistance of ultrasonic vibrations.

- Conducted and evaluated the effects of input parameters on the deformation
force components and the reduction in deformation force components during ISF
process with the assistance of ultrasonic vibrations. In particular, the deformation force
reduction can reach 70% when ultrasonic vibration assists the ISF process compared
with that in conventional ISF process.

- The problem of optimizing the deformation force reduction according to input
parameters for different plate thicknesses has been developed.

- Based on the results of the optimization problem, the surface quality and
shaping accuracy for different material sheet thicknesses were evaluated.

4. Products of the project:
4.1. Scientific products:

+ 01 1S1-Q2 paper: Ngoc-Tuan La, Quoc-Huy Ngo, Van-Dam Vu, Thu-Ha Mai,
and Ky-Thanh Ho; Optimization of ultrasonic assisted incremental sheet forming;
Materials, 2024;

+ 01 Scopus paper: Ho Ky-Thanh, Ngoc-Tuan La, Ngoc-Hung Chu, Nhu-
Huynh Vu, and Tat-Loi Mai; Applying Ultrasonic-Assisted Incremental Sheet
Forming to Al 5052 Aluminum Alloy; Engineering Proceedings, 2023, 45(1), 8.
DOI: https://doi.org/10.3390/engproc2023045008;

+ 01 Scopus-Q4 paper: Ky-Thanh Ho, Quoc-Huy Ngo, Ngoc-Hung Chu, Van-

Dam Vu, Ngoc-Tuan La; An Experimental Study on Incremental Sheet Forming of
5052 Aluminum Alloy; Lecture Notes in Mechanical Engineering, 2024.
4.2. Training products:

- Support the training of 01 master's degree holder to successfully defend the
research direction of the project.

Name of student master: Hoang VVan Bang

Thesis: The effects of sheet thickness and forming depth on the main forming
force Fz in incremental sheet forming with the assistance of ultrasonic vibration.

Science advisor: Dr. Ho Ky-Thanh

- Support 01 graduate student to conduct 01 doctoral topic
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- XiX -

Name of doctoral student: Mai Tat-Loi

Doctoral topic: Research on the application of ultrasonic vibration in
mechanical processing.

Advisor: Dr. La Ngoc-Tuan
4.3. Application products:

- Complete fabrication of 01 ISM machining equipment system (including 3-axis
CNC machine, deforming tools and ultrasonic vibration system) with assistance from
ultrasonic vibration, serving well for research and training. Main features of the
system:

+ A 3-axis CNC machine, total capacity of about 4.0 kW, machine table length of
1100mm, machine with integrated ultrasonic vibration transducer with capacity of
1000W or more.

+ The system is capable of processing a variety of sheet and shell parts (steel,
aluminum...) typical of the automotive industry, with orbits, widths and depths of ribs
and edges programmed for automatic control.

+ The experimental equipment system uses an improved CNC machine, the
X809D controller has the ability to program or import programmed files on a
computer via USB, the machine is capable of displaying full motion information.

+ The system can be integrated with an information collector that displays
ultrasonic vibration parameters and force components and can be stored on a computer
for research purposes..

- 01 set of optimal parameters showing the relationship of technological
parameters with the degree of reduction in deformation force components for two
types of thickness: 0.5mm and 1.0mm.

- Completed the processing of a number of typical products (groove shape,
truncated cone shape, truncated pyramid shape...). Product quality after forming:

+ The surface roughness of products shaped with UISF is low (Rz below
1.25um), the surface does not appear cracks compared to the surface shaped with
conventional ISF process, including the possibility of deformation when the step-down
sizes selected up to 1.5mm (current UISF studies usually only investigate the axial tool
feed of about 0.5mm).

+ The error in geometric shape and size of the truncated cone products after



- XX -

fomring according to the optimal set of parameters shows: the diameter error
according to the measurement directions is less than 1.0mm; The error in forming
angle/wall angle achieved is less than 1°, with both studied plate thicknesses; thinning
to less than 40%.

+ The forming ability with ultrasonic vibration assistance is significantly
improved, it is possible to form walls with wall angles as large as 70° (whereas other
aluminum alloys in the same group processed with conventional ISF process only
reach about 60°).

4.4. Other products:
None
5. Effectives:

- Education and training effectives: Adding 01 experimental system to the
faculty, serving well the work of training and scientific research; Support for
graduate students, graduate students and students participating in implementing the
content of the topic and can be used to conduct research on other topics with the
same orientation; Improve the research capacity of those participating in the project...

- Socio-economic effectives: Research results contribute to supplementing the
theoretical basis and practice of shaping sheet and shell products; Reduce initial
equipment investment costs to produce shell-shaped products.

6. Applicability and methods of transferring research results:

- The research results and content can be well applied in the field of forming
shell products.

- Directly transfer project results to units to serve training, scientific research,

and improve team quality.
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MO DAU
1. Tinh cép thiét ciia d@ tai

Gia cong bién dang déo theo budc (tiéng Anh 1a Incremental Sheet Forming, viét
tat 1a ISF) 1a mot phuong phap gia céng voi nhiéu tiém ning tng dung thay thé cho
cong nghé dap ngudi, cong nghé ché tao mo thay thé ing dung trong linh vyc vat liéu
y sinh... nén di thu hat rit nhiéu nha khoa hoc trén thé gidi nghién ctru. Nghién ctru vé
cong nghé ISF di va dang duogc trién khai theo nhiéu dinh hudng, bao gdbm ca mod
phong va nghién ctru thue nghiém. Chang han: nghién ctru vé co ché bién dang déo, co
ché pha huy va cai thién kha ning bién dang déo hay nghién ctru xac dinh va tbi wu luc
can thiét dé tao hinh; nghién ctru danh gia cht luong tao hinh thong qua d6 chinh xéac
hinh dang hinh hoc ciia san phiam hoic nang cao hiéu suat tao hinh va giam ning
lugng tiéu hao, tang Ao nham bé mit cla san phém cd & dang vi mo va vi mo; nghién
ctru su pht hop céc vat liéu tam kim loai khac nhau nham da dang ung dung cta cong
nghe, ch'fmg han cac loai thép cac bon théip dang tAm, céc loai tAm hop kim nhom bién
dang...; nghién ctru ing dung rung dong siéu am tro gitp gia cong bién dang déo theo
budc nham giam luc bién dang déo, tang d0 chinh xéc tao hinh, cai thién diéu kién
bién dang déo hoic nang cao chét lwong san pham....

Trong khi do, rung dong si€éu am da va dang duoc khai thac, ing dung ngay cang
phé bién trong nhiéu linh vuc san xuat cong nghiép, chang han: trg gitip qua trinh gia
cong cat got, tay rira siéu Am, han siéu 4m, cong nghé ché bién thyc pham, hoat dong
kiém tra khuyét tat ctia san pham, k¥ thut chan doan hinh anh - siéu 4m trong y té....
Trong linh vuc gia cong co khi, cac nghién ctru vé qua trinh cat got c6 rung dong siéu
am trg giup cho thiy nhiéu wu diém ndi bat, chang han: giam lyc cat va nhiét cit do do
g6p phan ting tudi bén dung cy; hién tuwong leo dao giam; chat lwong bé mat san pham
sau gia cong duoc cai thién; dong thoi cho phép dé dang cat got duoc nhiéu loai vat
lidu kho gia cong nhu thép sau nhiét luyén, thép khong gi, hop kim dd bén cao, giam
thiéu str dung dung dich tron nguéi.... Bén canh tro gitp gia cong cat got, rung dong
siéu 4m con dugce trién khai nghién ctru ng dung kha phd bién trong linh vuc gia cong
ap luc, chrflng han hd trg qua trinh dat ngudi va dap vudt kim loai tim; hd tro qué trinh
rén ndng va ngudi vat liéu kim loai; hd trg qud trinh ép chdy, ca & trang thai nong va

trang thai ngudi. Nho co6 sy trg giap cua rung dong si€u am, luc can thiét dé bién dang
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déo vat liéu giam, kha nang bién dang déo cua vat li€u tang, chét luong bé mit san
pham duogc cai thién... Nhitng vu diém nay duoc 1y giai do hién twrong giam ma sat tiép
xuc giita dung cu gia cong va phdi (con goi ma st ngoai), dong thoi ma sat giita cac hat
tinh thé cling giam (con goi 1a ma sat trong). Nho nhimg vu diém ndi troi ndy ma thoi
gian gan day, nhiéu nhém nghién ctru trén thé gidi da budc dau thir nghiém ung dung
rung dong siéu 4m tro gitip qua trinh gia cong bién dang déo theo budc vt liéu tim
(tiéng Anh 13 Ultrasonic assisted Incremental Sheet Forming, viét tit 13 UISF).

O Viét Nam, thoi gian gin day di c6 mot sé cong bd vé nghién ctru Gmg dung rung
dong siéu 4m trg gitp gia cong co khi. Ching han, nhém nghién ctru ciia Truong Dai
hoc Ky thuat Cong nghié¢p - Pai hoc Thai Nguyén Uing dung rung dong si€u am khi
khoan 13 va khoan 15 sau; nghién ctru tng xtr co - dién cta thiét bi rung siéu 4m, nghién
ctru ng dung rung dong si€u am trong gia cong xung di¢n. Hoac nhom nghién ctru cua
Pai hoc Bach Khoa Ha No6i tng dung rung dong siéu am trong gia cong ap luc... Tuy
vay, cac nghién ctru vé tmg dung rung dong siéu am trg giup qua trinh gia cong bién
dang déo hau nhu kha hiém. Céac nghién ctru trién khai cong nghé gia cong bién dang
déo theo budc mdi dang ¢ dang tiém nang. Vi vay, viéc Bo Giao duc va Dao tao lya
chon, cho phép trién khai dé tai KHCN cip Bo “Nghién ciru ing dung cong nghé gia
cong bién dang déo theo budc (Incremental sheet forming - ISF) ¢6 su tro gitp cta rung
dong siéu 4m trong gia cong chi tiét dang tAm vo trong san xuit 6 t6” khong chi khai
thac thé manh vé tng dung rung dong siéu 4m hién cé & trong nudc, ma con mé ra mot
hudng nghién ctru méi véi tiém ning cao, c6 nhiéu trién vong thuc té.

2. Muc tiéu nghién ciru

- Muc ti€u chung: Lam chu cong nghé, thiét ké ché tao hé théng thiét bj va thuc
nghiém tng dung cong nghé gia cong bién dang déo theo budc (Incremental Sheet
Forming - ISF) ¢6 sy tro gitip cia rung dong siéu am dé trién khai san xuét thuc nghiém
nham danh gi4 va hoan thién quy trinh gia céng ddi voi phuong phéap gia cong nay.

- Muc tiéu cu thé:

+ Thiét ké, ché tao dugc mot hé théng thiét bi ung dung cong nghé gia cong bién
dang déo theo budc cac san pham dang tim vo khong dung khudn. Hé thong nay
dong thoi tich hop rung dong siéu am tro giup nham tng dung cong nghé gia cong
m&i nhit hién nay.

+ Nghién ciru thyc nghiém danh gid anh hudng cua cac thong sd cong nghé dén kha
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nang bién dang, luc tao hinh can thiét va do chinh x4c tao hinh cua san phém tAm vo
duoc gia cong bang hé thong thiét bi duogc thiét ké, ché tao bai dé tai. Trén co s do,
giai quyét bai toan tdi wu da muc tiéu: luc bién dang - chit lugng tao hinh.

+ Thir nghiém gia cong mot vai dang san phdm dién hinh cua cac chi tiét dang tim
vo trong 0 to bang hé thong thiét bi tng dung cong nghé gia cong bién dang déo theo
budc duogc ché tao bai dé tai. Tir d6 hoan thién 01 quy trinh cong nghé gia cong bién
dang déo theo budc co su tro gitip cta rung dong siéu 4m cho 01 san pham dién hinh.
3. Poi twong, pham vi nghién ciru:

- Poi twong nghién citu: Anh hudng cia cac thong sb cong nghé dén cac thanh
phan lyc bién dang va chit lugng san pham sau khi tao hinh bang phuong phap ISF ¢6
su tro giup cua rung dong si€u am.

- Pham vi nghién ciru: Nghién ctru chi yéu duoc bang thuc nghiém trong phong
thi nghiém véi doi tuong thuc.

4. Cach tiép cin va phwong phap nghién ciru:

- Cdch tiép cdn: Van dé nghién ctru duoc dy kién giai quyét bang cac cach tiép
can sau:

+ Tham khao, ké thira va phét trién cac mo hinh thuc nghiém tir cac két qua
nghién ctru da cong bod;

+ Thiét ké ché tao thiét bj thuc nghiém; Thiét 1ap hé thng thi nghiém; Thu thap
va phan tich s6 liéu; Khai quat hoa két qua; Cong bd khoa hoc.

+ Ap dung kién thirc co hoc bién dang, k¥ thuat phan tich théng ké dé xir Iy s6
liéu thuc nghiém.

- Phuong phdp nghién ciru:

+ Phuong phap tong quan tai liéu sir dung dé nghién ciru 1y thuyét vé bién dang
déo cuc bd dé xac dinh mbi quan h¢ gitra tbc d6 bién dang va muc do bién dang véi
luc can thiét dé bién dang déo va dd chinh xac tao hinh (muc do dan hoi nguoc) trong
gia cong chi tiét dang tam, vo.

+ Phuong phéap nghién ctru thuc nghiém va cac phuong phap xu 1y s liéu thi
nghiém dugc sir dung dé danh gia anh hudng cua cac thong sé cong nghé dén luc tao
hinh chinh va d¢ chinh x4c tao hinh (chét lugng tao hinh). Pong thoi, phwong phap
nghién ctru thue nghiém duoc st dung dé xay dung va hoan thién quy trinh céng nghé

gia cong san pham tam, vo dién hinh trong céc chi tiét 6 t6.Trén co s& phan tich cac
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nghién ctru vé tao hinh san phim dang tAm vo bang cong nghé ISF va UISF d3 cong
bd, trién khai nghién ctru thuc nghiém khdo sat danh gia anh huéng cua cac thong sb
va xay dung, giai bai toan tdi vu.

5. Noi dung va két qua nghién ciru:

- Ngi dung nghién ciru:

+ Nghién ctru tong quan cac cong bd gan déy trong cac linh vic lién quan, trén
co s& d6 danh gia thuc trang, ton tai ciia cong nghé gia cong bién dang déo tdm trong
thuc té;

+ Thiét ké chi tiét hé théng thi nghiém phuc vu nghién ctru gia cong bién dang
déo theo budc ¢o su tro gitip cua rung dong siéu 4m trong tao hinh cac san pham dang
tAm vo;

+ Ché tao, lap dat hé thong thi nghiém gia cong bién dang déo theo budc co su
trg gip cta rung dong siéu Am gia cong cac san pham dang tim vo;

+ Tién hanh thi nghiém gia cong bién dang déo theo budc c6 sy tro gitp cia rung
dong siéu am khi gia cong cac chi tiét dang tdm vo, thu thap, xt 1y sb liéu thi nghiém
phuc vu nghién ctru.

+ Hoan thién quy trinh cong nghé gia cong san pham tim vo dién hinh.

- Két qud nghién ciru:

- Pi thuc hién danh gia thuc trang va phan tich duoc cac ton tai ciia phuong phap
gia cong tAm vo hién nay, ca trén thé gidi va o Viét Nam, trén co sé d6, 1am rd muyc
ti€u va dinh hudng nghién ctru.

- Hoan thanh viéc thiét ké, ché tao hé thong thi nghiém gia cong ISF co tro gitp
cua rung dong siéu am.

- Pa thyc hién khdo sat, danh gia anh hudng cua rung dong siéu am dén cac
thanh phan lyc bién dang va luong giam cac thanh phan luc bién dang déo. Trong do,
luong giam lyc bién dang déo co thé dat dén 70% khi c6 rung dong siéu am tro gitp
qué trinh ISF.

- Pi x4y dung duoc bai toan t6i wu héa lugng giam luc bién dang déo theo cac
thong s6 dau vao cho céc chiéu day tim khac nhau.

- Trén co s& két qua bai toan tdi wu hoa, d3 danh gia chat luong bé mat va do

chinh x4c tao hinh cho cac chiéu day tAm vat liéu khéac nhau.



-5-

CHUONG 1. TONG QUAN VE LINH VU'C NGHIEN CUU

1.1. Gia cong bién dang déo theo bwéc (Incremental Sheet Forming - ISF)

Cong nghé gia cong tao hinh san phiam kim loai tim, vo bang bién dang déo theo
buéc (Incremental Sheet Forming, viét tit 1a ISF), con duoc goi 1 bién dang déo cuc
b lién tuc, duoc cong bd 1an dau tién boi Leszak Edward vao nim 1967 boi patent
US3342051 [1],[2]. Trong qué trinh tao hinh, chi mét phan kim loai tai vi tri tiép xtic
v61 dung cu bi bién dang déo cuc bd va vung bién dang déo nay di chuyén trén toan bo
khu vuc cin gia cong cho dén khi hoan thién san pham. Pay dugc xem 13 mot phuong
phép gia cong 1y tudng dé tao hinh san phim dang chiu 16m, rinh, go tir phdi tim ma
khong can dén khuén hodc co thé sir dung céac loai khuén don gian (xem minh hoa trén

Hinh 1.1 va Hinh 1.2) [1],[3].[4].

a- ISF sur dung mot dung cu b- ISF su dung hai dung cu

C- ISF sir dung khudn ban phan d- ISF sir dung khuén toan phan

(6)

1- Chan trén; 2- San phcfm; 3- Dung cu bién dang déo; 4- Chan duoi;
5- Chay doi dp (phwong én hai dung cu); 6- Khudn ban phan; 7- Khuén toan phan
Hinh 1.1. Cdc phwong phdp tao hinh bang céng nghé |SF
Qua trinh bién dang dugc thyuc hién theo tung phén nén lyc tao hinh can thiét nho
hon rat nhiéu so véi qua trinh dap vudt hodc dap ndi, do vy phuong phap ISF c¢6
nhiéu trién vong tng dung dé thay thé cho coéng nghé dap vudt truyén thong. Cac

thong s6 hinh hoc dién hinh cta cong nghé ISF st dung mot dung cu bién dang duoc
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thé hién trén Hinh 1.3 [5]. Trong Hinh 1.3, t; 1a chiéu day phéi ban dau; t; 13 chiéu day
san pham; R 13 ban kinh & dinh dung cu; ¢ 1a goc tao hinh (gbc thanh tudng). Trong
qua trinh tao hinh, dung cu bién dang c6 thé quay quanh truc (twong tir qué trinh phay
trong gia cong cit got) hodc khong quay. Hinh 1.4 gidi thiéu mot s dang san pham

dién hinh duoc tao hinh boi cong nghé ISF [3],[6],[71.[8],[9].

g
a- Kiéu céng tua b- Kiéu budc c- Kiéu xodn éc
Hinh 1.2. Cdc kiéu quy dao dung cu bién dang déo

-

As A . [T 1 Dung cu
Phoi tam IDl_l.ng cu quay i | ——=—
i Phoi1 dang gia cong |
Phan phoi dugc kep | Chan phdi
fr. | \
! | |
_ R 7
- =
‘ 4" | /
BN |
San pham ¢~  Chén pho1 B¢ do

Hinh 1.3. Cdc théng s6 hinh hoc ciia qud trinh gia céng ISF
Trong khi phwong phap tién miét (spinning) thuong chi ing dung dé tao hinh cac
san pham tam vo dang dbi ximg truc, phuong phap ISF c6 pham vi san phdm da dang
hon, profile ctia san pham phirc tap hon (xem Hinh 1.4).

So v6i cong nghé dap vudt va dap ndi truyén théng, phuong phap ISF thé hién
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nhirng vu diém vuot trdi & cac khia canh sau:

(i) Luc can thiét dé bién dang déo bang phuong phap ISF nho hon nhiéu so véi
phuong phap dap vudt hodc dap gan ndi truyén thong.

(b)
[31.[9]

4: Body, acoustic shielding | [Sect. 3.3 1: Exhaust piping| Sect, 3.2.1. Drive chain, joining|
| | tube forming) of dissimilar materials
9)

(Hybrid

1. Seat adjuster, starter/transmission gears}
(Incremental sheet-bulk metal forming)

(f) [8]
Hinh 1.4. M{t s6 san phdam dién hinh gia céng bang phirong phép ISF

(ii) Vi phuong phap tao hinh bang cong nghé ISF thuong khong ding khudn nén
chi phi khuén giam [10], hodc trong mot s truong hop c6 thé dung khuén bang gd,
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bang nhua [4],[9], bang kim loai x6p [11] hodc c6 thé ting chiéu day tAm gia cong
[12]. Nho sy da dang nay ma cong nghé ISF déc biét linh hoat hon so véi cac phuong
phap dép truyén thong trong san xuat thyc té [10].

(iii) Cai thién kha nang bién dang déo [10], nghia 1a ting chiéu sdu tao hinh cua
san pham tir tim phéi phang ban dau [13].

(iv) Thiét bi sir dung dé tao hinh bang cong nghé ISF (xem minh hoa trén Hinh
1.5) co thé duoc lya chon linh hoat hon, tir nho dén 1on tuy thudc vao kich thudc va
bién dang cia san phdm can tao hinh, ching han: may tién [14]; may phay
[3].[4],[15],[16],[17],[18],[19]; cac trung tdm gia cong hodc may chuyén dung [20],;
robot [21] hodc cac may tu ché [3],[22]...

L A N -Vas——

[3] () [18]
Hinh 1.5. Céc thiét bi thuong dwoc sie dung trong phirong phdp gia cong ISF

Bén canh nhitng uu diém, cong nghé gia cong ISF ciing thé hién nhiing nhugc
diém can phai tiép tuc nghién ciru nhu sau:

(i) Do chinh x4c vé hinh dang va kich thudc chua thuc sy cao do bién dang dan
hoi ngugc cua vt li¢u sau khi tao hinh; do viéc udn rat manh tai vung chuyén tiép gitra
khu vuc gia cong va khu vuc méat bich khong dugc gia cong (xem minh hoa trén Hinh
1.6 [23]). Pay 1a mét trong nhitng nhuoc diém chinh ngin can sy phat trién va thuong

mai héa cong ngh¢ ISF.



Un-clamped position

- Tool/machine compliance

Target profile Target profile

a- Sai léch hinh dang tong thé b- Sai léch hinh dang tai thanh san phdm
Hinh 1.6. Cac sai léch hinh dang thuwong gap trong cong nghé ISF
(ii) Chét lwong bé mit san phdm chua cao ciing 1a ton tai 16n cua cong nghé ISF.
Bé mit san pham c6 thé xuét hién cic song nhap nhé do qua trinh di chuyén cta dung

cu bién dang theo budc (xem minh hoa trén Hinh 1.7 [24]) tao nén.

Az =1.27mm Az = 0.76mm

Az =1.02mm Az =0.51Tmm

a- M6 hinh tién dung cu b- Song bé mdt san pham
Hinh 1.7. M6 hinh tién dung cu bién dang va anh huong dén chat luong bé mat

(iii) Hiéu suit gia cong: Do dic trung c¢d hitu cta bién dang déo theo budc, thoi
gian gia cong can thiét dé hoan thién san pham thudng 16n hon thoi gian gia cong bang
phuong phap dap vudt. Do vay, phuong phap ISF thudong duoc danh gia 1a phu hop
v6i lwong san xudt loat nho (dudi 1000 san pham) [10].

(iv) Phuong phap ISF dua trén bién dang kéo 1a chinh, do d6 sy bién mong thanh
qua mirc ciia san pham sau khi duoc tao hinh cling 1a mot tiéu chi dung dé danh gia
chét lugng san phém, dac biét 1a voi cac san phém c6 goc thanh tuong 16n (tir 70° trd
1én). Bién mong thanh c6 thé lam giam pham vi kich thudc va hinh dang sin pham
duogc gia cong bang cong nghé ISF.

So sanh chi tiét giita bién dang déo theo budc ISF véi cong nghé dap tim truyén

thdng va cong nghé dap thuy tinh duoc thé hién nhu trén Hinh 1.8 va Hinh 1.9 [10].
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Hinh 1.8. So sanh wu, nhwoc diém gitta ISF Hinh 1.9. So sanh giita dwong cong FLC
va ddp vuét, ddp thity tinh gifta cdc phwong phdp bién dang

Vi nhitng vu diém ndi troi, cong nghé ISF ¢6 tiém ning cong nghé rat 16n trong
san xuat thuc tién, tng dung dé ché tao cac san pham dang tim v6 (xem thém minh
hoa trén Hinh 1.4) nhu théan, vo 6 t0; dd gia dung; cong ngh¢ tao mau nhanh; ché tao
mo thay thé (xuong mit gia, xwong ham gia, xwong dau gia, xuong chan gia...) trong
linh vuc vt li€u y sinh... [3], [6],[9],[25].[26].[27].[28].[29].

Cho dén nay, nhiéu giai phap khac nhau di duoc trién khai nghién dé khic phuc
cac ton tai ciia cong nghé ISF nham dua cong nghé nay vao tng dung thyc tién mot
cach rong rdi. Cac nghién ciru duogc trién khai theo nhiéu dinh huéng, gdm ca mé
phong va thuc nghiém. Chang han: (1) cac nghién ctru sau vé co ché bién dang déo, co
ché pha hily nhim cai thién kha ning bién dang déo va do chinh xic tao hinh
[15],[301,[31],[32].[33].[34]; (2) cac nghién ciru md hinh dy doan, xac dinh luc can
thiét dé tao hinh [17],[35],[36],[371,[38],[39]; (3) céc nghién ciru lya chon cac thong
s6 cong nghé, thong s tao hinh phu hop dé cai thién d6 chinh xac hinh dang hinh hoc,
tang hi¢u suit tao hinh va giam nang luong tiéu hao, cai thién d0 nham bé mat dang
dang vi mo6 va vi mo [15],[40],[41].[22],[42],[43],[17].[44],[45],[46]... Cac nghién clru
cling duoc trién khai trén nhiéu loai vat liéu tdm khac nhau nham da dang rng dung
ctia cong nghé ISF, ching han céc loai thép cac bon thip dang tim, cac loai tim hop
kim nhém bién dang, cac loai thép khong gi, cac loai polymer, hop kim titan, vat liéu
composite, tim kép ...

Céc nghién ciru vé luc bién dang dong vai tro dic biét quan trong trong viéc giai
thich co ché bién dang déo, du doan pha hity/kha ning tao hinh, kiém soat va toi uu
qua trinh bién dang bang phuong phap ISE. Viéc thay ddi gia trj cua cac tham sé dau

vao nhu kich thude bude tién dung cu theo phuong doc truc 4z, dudong kinh (dinh)
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dung cu bién dang d, goc thanh tuong ¢, toc d6 quay dung cu n, téc do tién dung cy f
va do day tdm t kém theo su hoa bén vat liéu khi tao hinh... déu 1am thanh phan luc
bién dang ciing nhu chét lugng tao hinh san pham thay d6i. Ngoai ra, viéc cai thién
hiéu qua gia cong ISF bang cach giam mirc d6 dan hdi nguoc va d6 nham bé mit cua
san pham 13 mot thach thirc quan trong trong qua trinh thir nghiém cong nghiép hoa.
Theo d6, nhiéu cong nghé dugc khai thac nham giam luc bién dang ddng thoi ning cao
kha ning tao hinh cac san phim tdm bang phuong phap ISF da duoc trién khai nhu
bién dang & trang thai nong [47],[48],[49],[50],[51]; st dung tir trudng tro gitip bién
dang [52],[53]; va st dung rung dong siéu am trg giup [54],[55].

Trong d6, nghién ctru ung dung rung dong siéu am trg gitp gia cong bién dang
déo theo budc (ultrasonic-assisted incremental sheet forming - UISF) thu hut duogc
nhiéu su quan tam, khong chi ung dung cho céc tAdm vat liéu kim loai ma con c6 thé
ng dung gia cong cac tAm polymer nham giam lyc bién dang déo, ting d6 chinh xé4c
tao hinh san phém, cai thién diéu kién bién dang déo hodc nang cao chét lugng bé mat
san pham... C4c phan tich cy thé vé rung dong siéu 4m va ung dung cua rung dong
siéu Am ndi chung s& duoc trinh bay tém tat trong muc 1.2 sau day.

1.2. Rung ddng siéu 4m va cic ing dung pho bién ciia rung dong siéu Am
1.2.1. Rung dong siéu dm va phwong phap tao rung dong siéu am

Rung dong si€éu am la mot dang dao dong co hoc, co tan sd vuot qué ngudng
nghe cua thinh giac con nguoi [2],[56]. Nguong am thanh ma con nguoi nghe dugc
thudng c6 tan s6 tir 20 Hz dén 20 kHz. Ngudng tan sd rung dong thap hon va cao hon
cac gia tri gidi han trén lan luot duoc goi 1a ngudng ha am va siéu am. Ky thuat vé
song siéu am la mot nhanh cua linh vyc am hoc, lién quan dén viéc tao va khai thac
mg dung song siéu am, thuong trong pham vi 20kHz dén 1 THz [2],[56]. Song siéu
am va ung dung ctia n6 thuc su dugc quan tim nghién ciru, phat trién tir sau thé chién
thir nhat (1918), sau khi Langevin phat minh ra bd tao rung siéu am sir dung vat liéu ap
dién tinh thé thach anh (Piezoelectric quartz crystals) [2],[56].

Rung dong siéu 4m di va dang duogc tmg dung phd bién trong nhiéu linh vyc cta
doi séng. Co thé chia cac mg dung khai thac rung dong siéu am thanh hai nhém 16n:
nhém siéu am c6 cuong do nhd, tan sd cao va nhom siéu am co cuong do cao, tan s6
thap [2]. Siéu am cudng do, con goi 14 siéu Am cong suat thap, nho thuong c6 mat do

tap trung ning lwong khoang tir 0.1 W/ecm?® dén 1.0 W/cm?, tan sé thuong ¢& vai MHz
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tré 1én. Loai siéu 4m nay thudng duoc tng dung trong y hoc (chian doan hinh anh —
con goi 1a siéu 4m), kiém tra khuyét tat khong pha huy (kiém tra vét nit, vét gly, 16
x6p, cac khuyét tat khong lién tuc khac. .. trong long vt liéu).

Siéu am cong suit 16n, con goi 13 siéu 4m cong suit, dugce tmg dung trong cic
linh vuc k¥ thuat lam sach, téy ria, gia cong co khi, han kim loai va chét déo, luyén
kim bdt.... Ky thuat nay dugc str dung dé thay ddi cac dic tinh vat 1y, hoa hoc, sinh
hoc cta vat lidu. Cac tmg dung cia siéu 4m cong suat ndi chung dya trén nguyén tic
truyén cac séng siéu 4m co cudng do cao, nhim tao bong khi trong chit 16ng hoic
hinh thanh dong chuyén dong cta vat chit trong chit rin dé truyén ning luong siéu
am. Tuy theo yéu ciu ma tin sb rung dong co thé tir hang chuc kHz dén hang trim
kHz. Khoang bién do rung dong thuong tir vai pm dén vai chyc pm.

C6 hai phuong phap chinh tao rung dong véi tan sb siéu am 1a: (a) phuong phap
khai thac hi¢u ung tr gido va (b) phuong phap khai thac hi¢u Gng ap dién. Phuong
phap tur gido, dugc nha khoa hoc Joule kham pha vao nam 1842, rung dong si€éu am
dugc tao ra bang cach chuyén doi ning luong cia tir trudng bién thién thanh ning
luong co hoc nho vao su bién dang cua vat liu.

So v61 phuong phap tur gido, phuong phap tao ra rung dong si€éu am nho hiéu trng
ap dién cé nhiéu wu diém vuot troi, chrfmg han nhu: hiéu suat cao hon, khong bi anh
huong cia tir trudng xung quanh, phat sinh nhiét it hon, két cdu don gian, do cung
vitng cao... Vi nhitng vu diém nay, cac thiét bi tng dung siéu 4m hién nay chi yéu sir
dung hiéu tGng ap dién dé tao ra rung dong. Hiéu ung ap dién (tiéng Anh la
Piezoelectric phenomena) 1a mot hién tugng vat Iy dugc phat hién dau tién vao nim
1817, sau d6 duoc anh em nha Pierre va Jacques Curie nghién ctru chi tiét vao nhiing
nam 1880. Vat liéu ap dién (PZT) 1a mdt loai vat liu dac bi¢t, co kha nang chiu nén
rt cao, khi chiu tac dung ctia mot luc né s& sinh ra mot dién ap tai hai cuc cta tAm.
Nguoc lai, néu ta dit mot dién ap thay doi 1én hai mat tim vat liéu s& gay nén bién
dang thay dbi trén vat liéu nay, dic biét 1a bién dang rat nhay voi gia tri dién ap dat lén
n6. Hinh 1.10 mé ta g xir co - dién cua tim vat liéu ap dién [2].

C6 hai kiéu két ciu phd bién dé tao rung dong siéu 4m nhd hiéu ung ap dién la:
sir dung céac bién tir 4p dién dang tim mong xép chong va dang ban gém xép chong
kiéu "Sandwich". Két ciu bién tir 4p dién dang tim mong xép chdng (xem minh hoa

trén Hinh 1.11a) thuong str dung cho thiét bi tao rung dong siéu 4m c6 cong suét nho,
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chi tai nhd, hodc dé€ di€u khién vi tri d61 tugng mot cach chinh xac.
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Hinh 1.11. Bé tao rung siéu am: (a) ding tam piezo nhiéu I6p; (b) két cau Sandwich

Két cdu bo tao rung dong dang ban gém xép chong kiéu "Sandwich" do Langevin
dé xuat vao nam 1918, gdbm mot sd chan tim vat lidu ap dién co chiéu day khoang 5-
10 mm, dugc kep gitra hai tAm kim loai (xem minh hoa trén Hinh 1.11b). Céc tAm kim
loai va vat li¢u duogc goi chung 1a cac “bién tir’. Két cu bo tao rung kiéu nay chi phat
dugc rung dong c6 bién d6 16n & mot vai gid trj tan sd twong tng véi hién twong cong
huong ciia co hé. Vi két ciu tric, tan s6 1am viée ciia hé bién tir khong phu thudc vao
kich thudc ngang ctia tim ap dién ma chi phu thudc vao chiéu day (hodc chiéu dai) cia
toan cum bién tir. Chinh vi vay, dé thay ddi tan s cua cum bién tir theo mong mudn,
chi can thay d6i chiéu day ctia hai tim kim loai ma khong can thay d6i chiéu day cua
tam gém ap dién. Pay 1 dic tinh quan trong, giup két ciu nay duogc st dung phd bién
hién nay.

Rung dong siéu 4m dugc truyén trong méi trudng dudi dang séng. Dang quy dao
truyén song duoc xac dinh dya vao khoang thoi gian bién dang hoic rung dong trong
céc vat lidu ma né truyén qua. Trong long bat ky vat liéu nao cling chtra cac nguyén tir
duogc lién két véi nhau. C6 thé mo ta lién két giira cac nguyén tir dudi dang gin moc
v6i nhau boi cac 10 xo nhu minh hoa trén Hinh 1.12. Khi nang luong siéu am truyén

dén s€ lam céac nguyén tir b1 x6 1€ch khdi vi tri can bang va lam cho cac nguyén tir bén
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canh mat can bang theo. Ctr nhu vy, ning luong rung dong duoc truyén dén cac vi tri

khac trong 1ong vat thé.

Nguyén tir Lo xo - Lwc lién két nguyén tir

Hinh 1.12. M6 hinh lién két nguyén tir

Do khéng c6 hat vat chat nén trong méi trudng chan khong khong co cic nguyén
tir ddm nhan vai tro truyén ning luong. Vi vay, song rung dong khong thé truyén qua
moi trudng chan khong duoc. Céac dai lugng dic trung d6i voi song rung dong siéu am
bao gom: tan s6 rung (f), bién d6 rung (A), van tdc () va chiéu dai budc séng (1). Tan
s6 rung f 1a s6 chu ky truyén song rung theo mot don vi thoi gian (thuong tinh 1a giy,
s), V&i rung dong siéu am thi gia tri tn sé rung & ngudng siéu am (> 20kHz). Bién do
rung dong 13 gia tri 16n nhat ciia chuyén vi khi c6 rung dong kich thich. Van tdc truyén
song phu thudc vao khéi luong riéng va moé dun dan hoi cia vat lidu truyén rung dong.
Chiéu dai budc song duoc xac dinh truc tiép tir van toc truyén song va tan so (1 = cff).
1.2.2. Cdc thanh phdn chinh ciia hé thong cong tic siéu Gm

Thong thuong, mot hé théng cong tac siéu 4m thudng cé hai thanh phan duoc
ghép ndi véi nhau, gdm bd ngudn phat cong suat siéu am va bo cong tac siéu Am, nhu
minh hoa trén Hinh 1.13.

Ngudn phat cong suat siéu am (1) 1a thiét bi phat ngudn dién thay ddi co tan sb
siéu am, co dién ap va cong sudt 16n dé cung cp cho dau phat rung. Bo cong tac siéu
am thudng c6 ciu tao gdm bo chuyén doi siéu am (2), dau khuéch dai bién d6 rung
siéu 4m (3) va (4). Trong thuc té, bo cong tac siéu am co thé chi c¢6 (3) hodc chi cb (4)
hodc ¢6 ca hai. Dung cu gia cong (5) dugc gin trén booster (3) hodc sonotrode/horn
(4) tuy theo tung trudong hop cd hay khong c6 (3) hodc (4). Tuong ting vdi cac ung
dung khac nhau ma dung cu gia cong dugc st dung khac nhau, c6 thé 1a dung cu cit
got, ddu han hodc dung cu bién dang déo (gia cong ap luc), dau gin dung cu md v té,
dau dién cyc xung, dau phun hat mai...
1.2.2.1. Bg chuyén doi siéu dm

Bo chuyén dbi siéu am (2), con goi 1a bo phat rung (tiéng Anh 1a ultrasonic
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transducer/ convertor), 1a b phan khong thé thiéu trong thiét b tao rung dong siéu am.
Bo6 phat rung siéu am c6 chirc ning chuyén dbi dao dong dién thanh dao déng co hoc
v6i tan s6 siéu am. Chuc ning nay thuong duoc thyc hién nho hiéu tmg 4p dién (nhu
mo ta & myc 1.2.1 phia trén). Dao dong co véi tan sb siéu 4m dung dé tro gitip cac qua

trinh gia cong, si€u 4&m chuan doan, tham do, suc rua ...

Ning lugng dién

/NVWW

(Tén s6 siéu 4m)

NAA

Nguén dién
50Hz, 220V

— ]
N
— /‘ﬂ |
Piezoelectric VW\N
Ceramics Dao dong co hoc Dao dong co dugc
tan sO cao khuéch dai bién do

Hinh 1.13. Cdu tao mét hé thong gia cong c6 rung dong siéu am tro givp
(1) Nguon phdt rung siéu dm; (2) Bé chuyén déi siéu dm;
(3)-(4) Pau khuéch dai bién do rung; (5) Dung cu gia cong.

Bo phat rung kiéu Langevin duoc sir dung rong rai trong k¥ thuat tao rung siéu
am nho hiéu qua phat rung va két cdu don gian, kich thudc nho gon, tién lgi nén
thuong st dung cho cac thiét bi siéu 4m cong suat 16n. Két cdu bo mot phat rung siéu
am kiéu Langevin duoc minh hoa nhu trén Hinh 1.14 [2].

Tam kep sau Tém gbm ap dién

m Tam kep trude

Bu-long kep \

7at liéu cach dién

Tim déng
Hinh 1.14. Két cau mét bé phdt rung siéu dm kiéu Langevin

Bo phat rung kiéu Langevin gom hai khdi kim loai ¢6 vai tro kep cac tim gom ap
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dién PZT & gitta. TAm kim loai phia sau (tail/back mass) c6 khéi luong riéng 16n (van
tdc truyén 4am nho) dé chin song am. TAm kim loai phia truée (head/ front mass), tiép
xuc voi bo khuéch dai (Booster), c6 khdi luong riéng nho dé truyén séng am vé phia
truge. Vat lidu va kich thude hai tAm nay quyét dinh tan s6 1am viéc cua bd chuyén
d6i. Cac tam gbm ap dién PZT khong c6 kha nang chiu kéo nén phai sir dung bu long
kep dé tao bién dang nén du ban dau. Khi co dién 4p thay doi tac dung 1én cac tdm
PZT, hi¢u Ung ap dién s€ lam tdng hodc giam bién dang nén (xem minh hoa trén Hinh
1.10 phia trén).
1.2.2.2. Pdu khuéch dai bién dé rung

B khuéch dai bién do rung vua cd nhiém vu khuéch dai bién do rung, vura dong
vai tro 1am gdi d& cho ca dau rung, dong thoi dan hudng rung dong vao ving can tac
dong rung. Kich thudc, khdi lugng ctia bo khuéch dai duge xac dinh phu thude vao vat
liéu ché tao va tan sb rung cua dau rung da cé dé dam bao cho hé théng lam viéc ¢
trang thai cong huodng. Pau khuéch dai thuong duoc ché tao tir nhom (Al) hoac titan
(T1) do cac vat li€u nay c6 tré khang am thép, nhe, co tinh tot. B6 khuéch dai bién do
rung siéu am thuong duoc goi 1a Booster (chi tiét s6 (3) trén Hinh 1.13). Trong nhiéu
truong hop, c6 thé st dung thém bd phan nita goi 1a Horn (chi tiét sé (4) trén Hinh
1.13). Horn thuc chét 1a mot dau truyén song dén dung cu gia cong hodc vira truyén
song vira khuéch dai thém bién do.

Bo chuyén dbi siéu am Booster Horn

D_f"’aj_ )

Ao Ge=2 GH=3 A

20 pm x 2 x 3 = 120 pm

Hinh 1.15. Khuéch dai bién @6 rung déng ciia Booster néi tiép Horn
C6 thé minh hoa kha ning khuéch dai bién do rung dong cua Booster ndi tiép
Horn nhu Hinh 1.15 [2]. Gia sir bién d6 dau ra cua bd chuyén doi siéu 4m 1a Ay = 20
pum. Hé sb khuéch dai (Gain) cua Booster 1a Gg = 2; cua Horn l1a Gy = 3. Khi ndi tiép
ca Booster va Horn dé truyén rung dong thi bién do thu duoc ¢ dau ra cua Horn 13 A4

=ApxGgxGy=20pum x 2 x 3= 120 um.
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1.2.3. Ung dung ciia rung dong siéu am trong sin xudt, doi song

Ngay nay, rung dong siéu am da va dang duoc khai thai, ing dung rong rai trong
nhiéu linh vuc san xuat, doi séng. Chang han nhu trong han (han siéu 4m - Ultrasonic
Welding) [2],[56]; trong tdy rira san pham (goi 13 tay, stra siéu am) [2],[56],[57]; trong
kiém tra, thaim do khuyét tat san pham (vét nut, 16 rdng...) [2],[56]; trong y hoc siéu
am ung dung dé chin doan hinh anh hoic mé [2],[56]. Bén canh d6, rung dong siéu
am duogc sir dung kha pho bién dé hd trg cac qua trinh gia cong cat got, nhur gia cong
tién, khoan, phay, mai, cit day... [2],[56],[58],[59],[60],[61]. Nho trg giup cia rung
dong siéu 4m, chit luong qué trinh gia cong (giam luc cit, giam nhiét cit, ting tudi
bén cua dung cu cét) va chat lugng san phém duogc cai thién dang ké (giam d6 nham bé
mat), dac biét Ia ddi véi cac loai vat liéu kho gia cong nhu thép sau nhiét luyén, cac
hop kim niken, titanium, nhom va cac loai vat liéu composite.... Cac ing dung rung

dong siéu am tro gitp qua trinh gia cong cat got duge minh hoa trén Hinh 1.16 [2].

‘2\J\I\' (“m\f Rung déng siéu am tro gitp

Phay siéu am P 1

Tién siéu am

\\

Khoan siéu am Mai siéu am

Hinh 1.16. Rung dong siéu dam tro gitip mot sé phieong phdp gia cong cdt got

Bén canh d6, ké tir khi B. Langenecker [62] phat hién hiéu tng bién mém vat liéu
duéi tac dung cta rung dong siéu 4m vao ndm 1955, nhiéu nghién ctru di duoc trién
khai dé khai thac hiéu qua tich cuc ciia rung dong siéu 4m trong gia cong bang bién
dang déo (gia cong ap luc) [63]. Cac nghién ciru gan day khai thac rung dong siéu 4m
hd trg qua trinh gia cong bang bién dang déo s& dugc trinh bay cu thé trong muc 1.3

sau day.
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1.3. Céc nghién ctru ing dung ciia rung dong siéu Am trong gia cong bién dang
déo va gia cong bién dang déo theo budc
1.3.1. Cac nghién ciru khai thdac rung dong siéu am trg giup gia cong dap lyc
Rung dong siéu 4m d3 va dang duoc trién khai nghién ctu tng dung kha phd
bién trong linh vyc gia cong ap luc [2],[63],[64],[65]. Hinh 1.17 [2] minh hoa tng

dung cta rung dong siéu 4m tro gitp cac phuong phap gia cong ap luc dién hinh.

[
— U= L
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_\/\/9> $ Dap khéi
Ep chay Can

Hinh 1.17. Rung dong siéu am tro giup cac phuwong phap gia cong dp luc

Ground wires Horns 135

Without ultrasonic vibration

13/\\ =
N~

12.5¢ 12.881'N

1M} 1 10749 N \ With ultrasonic vibration
T —
10'50 0.5 1 15 2 25
Time (s)
@) (b)

Hinh 1.18. So do thuc nghiém (a) va biéu dé lyc kéo theo thoi gian (b)
khi kéo thép cac bon cao co rung dong siéu am tro giup
Henggiang Cao va cong su [66] khai thic rung dong siéu 4m (rung & tan
28,26kHz va bién d6 20pum) hd tro kéo diy thép cac bon cao. Két qua cho thdy, nho
rung dong siéu 4m ma luc kéo giam khoang 16,6% (xem Hinh 1.18b), ddng thoi kha

ning bién dang déo cua diy thép ting lén. trinh bay. Két qua giam luc kéo nho rung
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dong siéu am ciling dugc xac dinh qua mo6 phong béi Shen Liu va cong su khi nghién
ctru anh hudng cia rung dong siéu am ho tro kéo day titan [67].

Khi nghién cttu rung dong si€éu am trg giup qua trinh dap ngudi, Ehsan
Malekipour va cong sy [68] nhén thiy, so v6i dip vudt thong thuong (CCD), luc dap
vudt khi rung dong siéu am (UADD) giam dang ké khi ting chiéu siu vubt (xem minh
hoa trén Hinh 1.19). Tuy nhién, néu thyc hién rung dong siéu 4m gian doan, hiéu tng
bién cimg c6 thé 1am cho tim kim loai ctmg hon, va do d6 luc dap ting 1én. Ngoai ra,
két qua nghién ctru nay ciling cho thiy, rung dong siéu 4m gitp cai thién diéu kién bién
dang, do do, ¢ thé vudt sdu hon (xem minh hoa trén Hinh 1.20). Céac két qua tuong tu
cling dugc cong bd trong cac tai lieu [69],[70],[71]. Trong cac céng bd nay, anh
hudng cia cac thong sé cong nghé dén luc dap, luong giam luc dap, chat lugng qua

trinh tao hinh dugc nghién ctru kha chi tiét.

Bién cim
g —
Luc giam ( _J/ ; ----CCD
0L P =1 — ~UADD (Dirng UV)
§ ——UADD (Lién tyc UV)

Ngcft rung

Luec tao hinh (kN)

Luc khong giam

0 5 10 15 20

Chuyén vi (mm)
Hinh 1.19. Lyc dép trong qud trinh ddp vuét théng thwong va ddp vuét ¢é rung dong
siéu am (tan so 20 kHz, bién dé 5um) hé tro, phéi dap c6 dwong kinh 39mm

Ddp vuot thiong Dadp vuot cé siéu am tro gitip \

| /N

Gidn doan (khi lwc cwe dai) Lién tuc

9.9mm 19.3m
8mm
1
L

Duong kinh phoi: 39mm Duwrong kinh phéi: 34mm
Hinh 1.20. Kha néng bién dang déo ciia ddp vuot théng thuong

va ddp vuot co rung dong siéu am ho tro
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Céc két qua nghién ctru tng dung rung dong siéu am hd trg qua trinh dap khéi

thép C35E ¢ nhiét 4o thuong [72] cho thdy, ké ca khi chon & toc do thap va khi chon

& toc do cao thi rung dong siéu 4m déu lam giam dang ké luc bién dang déo (xem

Hinh 1.21). Ttr Hinh 1.21 ¢6 thé nhén thiy, hiéu qua giam luc cang 16n hon khi bién

d6 rung dong 16n hon. Bén canh d6, theo Zhendong Xie va cong sy [73], tan s rung

dong, tan s6 rung dong cang 16n thi tng suat nén trong long vat liéu cang giam. Piéu

nay lam cai thién kha niang bién dang cta phoi chon. Két qua giam luc bién dang déo

nhd rung dong siéu am tro giup qua trinh chdn ciing duoc phat hién khi chon titan

nguyén chit [74], khi chon dong do [75],[65].

(a) - C35E; f,,, =20kHz;n=3 (b) 56 C35E; f,. =20kHz n=3
— CT-A=0um CT-A=0pm
kKN 91— USCT-A=10pum |77 33 KN 1 USCT-A=10pm [~
4 50 ]—USCT-A=20pm | AT Y 0 ]l—uscr-a=20um|.i _z
g 15 __Lgrcbié'n a’(mg___E _____ g 15 ' '
~ ~
10 4- N 10 A
5 \ ——————————— . 5 4 ' : :
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0 t T t 0 t t t
0.0 0.5 1.0 mm 2.0 0.0 0.5 1;0 mm 2.0
Chuyén vi - Chuyén vi

Hinh 1.21. Buong cong liec - bién dang khi chén c6 rung ddng siéu am hé tro

va khi chon thuong thép C35e: (a) Veress = 30 mm/ph; (b) Veress = 300 mm/ph
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Hinh 1.22. Puong cong lwong gidm lyc — chuyén vi

khi ép chay hop kim ZK60Mg co rung dong siéu am tro giup

Bén canh d6, rung dong siéu 4m con dugc khai thac hd trg qua trinh ép chay, ca

O trang thai noéng va trang thai nguoi [76],[77],[65]. Yan Lou va cong su [76] nghién

ctiru ép chay ngudi hop kim ma-gié ZK60Mg kich ¢& nhd. Két qua cho thiy, rung
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dong siéu 4m lam giam dang ké luc ép (xem Hinh 1.22). Ngoai ra, két qua ciing cho
thiy, bién do rung cang 16n thi luong giam luc cang 16n, lwong ting nhiét d6 cua
phoi cang 16n. Bén canh d6, rung dong siéu am lam cho kich thudc hat tinh thé sau
ép chay dong déu hon.

Céc két qua nghién ctru ctia Yan Lou va cong sy [76] kha phu hop voi nghién
cuu cua Akbari Mousavi va cdng sy khi moé phong qua trinh ép chay thép céc bon
trung binh 1050 (xem Hinh 1.23a) [77]. Theo [77], rung dong siéu am khong chi lam
kim loai bi bién mém ma con gop phan 1am giam lyc ma sat gitta phoi va khudn ép
chay (xem Hinh 1.23b). Ngoai ra, két qua twrong tir vé giam luc bién dang, giam ma sat
cling duogc Jigiang Zhai va cong su [65] cong bd khi ép chay dong nguyén chat, tuy

nhién, luong giam cua céc dai lugng nay khong 16n.

100 100
il 20 j ’\%
80 /7T A 80
2 704 / lf M M W ‘h !"‘-’*‘\M'\W.M\, ;\? 704 ————————
‘"é 60 { ‘ I ";" 60 - —f__'_“——ﬁo—_.
S 50 & 504 A
o 401 of m :g* — a=5um, f =10KHz
s 2 30 ‘
~ 301 / > - 204 —+ a=10um, f =20KHz
20
10 =0 = 20KH:z
104 a=5um a=10 um a=20 um 0-‘ —- a=20um, f. = 20KH:z 1
o T T T T T T T T ) J
0 5 10 15 20 25 30 35 40 . T ...
Hanh trinh chay ép (mm) H¢ 56 ma sat  (m)
(a) (b)

Hinh 1.23. Anh huéng ciia rung dong siéu am dén lyc ép (a) va ma sat (b) khi ép chay,
téc do ép Voress = 40mm/s.

Bén canh nhimng Gmg dung trong rén, dap néng, dap tim, kéo day... nhu da phan
tich & trén, thoi gian gan ddy nhiéu nghién ctru ing dung rung dong siéu 4m nham cai
thién chit luong bé mit san phdm ciing dd duoc thyc hién, ching han nhu trong qua
trinh 1an ép nham danh bong bé mat [78],[79],[80]. Két qua cho thay, khong chi chat
luong 16p bé mat san pham lin ép duogc cai thién ma Gmg suat du trén bé mat xuét ciing
c6 xu huéng thay doi. Tuy nhién, anh hudng cua tng suit du dén co tinh tong thé cua
san phém khong thuc sy 10 rét.

Ngoai ra, khoang 10 nim trd lai day, trude tiém niang ciia cong nghé gia cong ISF
va nhitng vu diém cta rung dong siéu am, da c6 nhiéu nghién ctru trién khai tmg dung
rung dong siéu 4m tro gitip qué trinh ISF (sau day goi tat 1a UISF). Nhiing nghién ctru

vé qua trinh bién dang déo UISF s& duoc trinh bay tom tat trong muc 1.3.2 sau day.
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1.3.2. Gia céng bién dang déo theo buéc cé rung dpng siéu am tro ginp (Ultrasonic-
assisted Incremental Sheet Forming — UISF)

Trong khoang thoi gian mot thap ky gan day (tir nim 2015), nhiéu nghién ciru
mg dung rung dong siéu 4m tro gitip qua trinh gia cong ISF di duoc trién khai. C6 thé
coi Mehdi Vahdati va cong su [54] 12 nhitng nha khoa hoc dau tién thyc hién qua trinh
nay. Cac tac gia thiét ké bo cong cac siéu am trong d6 dung cu bién dang c6 thé quay
quanh tryc (xem Hinh 1.24a), phoi tim hop kim nhom AA1050-O c6 chiéu day t =
0,7mm, budc tién dung cu theo phuong thang dimg Az = 0,5mm (khong d6i), chiéu dai
hanh trinh tién dung cu theo phuong ngang L = 50mm vdéi toc @6 f=2000mm/ph, tdc
d6 quay dung cu n = 125 vg/ph, duong kinh dung cu d = 5mm. Trong coéng bd [54],
nghién ctru thuc hién bang cach tao ranh thang, tong cong 10 hanh trinh. Két qua cho
thdy, luong giam lyc bién dang theo phuong tién dung cu (Fz) trung binh dat khoang
26,3% (xem Hinh 1.24b). Ngoai ra, d nham bé mit san pham sau khi gia cong bang
UISF so véi ISF ciing duoc cai thién dang ké (Rz giam 54,9% va Ra giam 52.5%).

-n —
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2]
Z % with US
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Q
g 40
20
! 1 forming tool 0
s SR . 1 2 3 4 5 6 7 8 9 10
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(@) (b)

Hinh 1.24. Anh chup bé cong tdc siéu am (a) va két qud thong ké gid tri lwc méi hanh
trinh tién dung cu c6 va khéng cé rung dong siéu am tro gitip (b).

Hi¢u qua cua rung dong siéu am ciing da dugc Saeid Amini va cong su [55] cong
bb véi diéu kién thi nghiém twong tu nhu trong [54]. Theo d6, luong giam luc Fz theo
chiéu tién dung cu dat dén 36% & hanh trinh thir 2-3. Ngoai ra, do chinh xac tao hinh
clia san pham ciing nhu kha ning bién dang déo cta vat liéu khi gia cong bang UISF
duoc cai thién ro rét so voi ISF.

Bén canh d6, v6i cac diéu kién thi nghiém twong tu [54],[55], két qua nghién ctru

cia M. Vahdati trong [81] cho thiy, rung dong siéu 4m lam giam ma sat tiép xiic giita
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dung cu bién dang va phoi khoang hon 20%. Nhod d6, thanh phan Iyc bién dang theo
phuong tién dung cu bién dang giam.

Két qua nghién ctru bang mod phong UISF va ISF bién dang hai loai hop kim
nhém AA1050, AA5052 cua Yanle Li va cong su [82] cho thdy, ti 1& luc giam phu
thudc vao bién do rung. Véi hai loai duong kinh dung cu (d = 10mm va d = 20mm),
bién d6 rung cang 16n thi ti 1& luc giam cang 16n, ddng thoi, duong kinh dung cu bién
dang déo 16n hon thi ti 1& luc giam 16n hon. Ngoai ra, két qua mo phong ciing cho
thiy, bién do rung cang lén thi hiéu qua bién dang cang 16n. Tuy vay, cong bd nay méi
chi dirng lai & mé phong, chwa thuc hién thi nghiém kiém chimg.

Ciling nghién ctru gia cong UISF tng dung cho hop kim nhom AA-1050-O, Li
Yanle va cong su [83] thuc hién trong diéu kién Az = 0,1 mm va f = 800 mm/ph, tao
ranh thang véi chiéu dai L = 50mm, duong kinh dung cu d = 5mm va dung cu khong
quay trong sudt qua trinh gia cong. Két qua cho thay, tan sb rung cang 1on thi dién tich
ving chay déo cang 16n, dong thoi, ti 16 luc bién dang giam cang 16n. Piéu nay cho
thay, rung dong siéu am gitip cho qua trinh chay déo ciia vat liéu thuan loi hon. Ngoai
ra, theo két qua nghién ctru nay, rung dong siéu 4m 1am giam Gmg suét, do d6 giam lyc
can thiét gay bién dang déo va cai thién kha ning bién dang déo cua vat licu.

Ciing nghién ciru bién dang tdm hop kim nhém AA-1050-O (day 0,5mm va
1,0mm) bang phuong phap UISF, Weidong Zhai va cong su [84] khao sat budc tién
dung cu theo phuong thang dung trong pham vi kha nhé (Az = 0,02-0,06-0,1-0,15-0,2
mm), dung cu bién dang déo c6 duong kinh 5mm, dung cu khong quay hoidc quay voi
tbc do 1000vg/ph. Két qua cho thdy, nhd rung dong siéu am, luc bién dang theo
phuong thang dimg giam tir 20% dén 40%, trong khi d6 luc bién dang theo phuong
ngang giam khoang 60%. Két qua nghién ctru ciing cho thay, toc do quay cia dung cu
hau nhu khong anh hudng dén luong giam luc bién dang déo. Bén canh do, chét lugng
bé mit ting khi ting budc tién doc truc Az khi cé rung dong siéu am tro giup. Két qua
nghién ctru cho thdy, rung dong siéu am giup cai thién diéu kién boi tron, do d6 gop
phan ting chét luong bé mit va giam luc bién dang theo phuong ngang.

Ngoai cac nghién ctru trén, nhiéu nghién ctru khac vé qua trinh gia cong UISF
cling da duoc trién khai vai vat liéu 13 tAm hop kim nhom AA1050-O
[85],[86],[87].[88],[89] hoic hop kim nhom AA1060 [90]. Piém chung cia cac nghién

cuu nay la vat liéu nghién ctru kha mém, déo, dé bién dang. Do d6, hi¢u qua gidm luc
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bién dang déo (xét theo gia tri luc thuc té can thiét dé bién dang) 1a kha nho. Ngoai ra,
budc tién dung cu theo phuong thang tng Az kha nho (thuong t6i da dat dén 0,5mm),
nho hon rat nhiéu so véi bude tién khi gia cong bang ISF théng thudng [10],[3]. Diéu
nay lam ting thoi gian bién dang khi so voi ISF thong thuong, nghia 13 giam hiéu sut
tao hinh san pham. Bén canh d6, phan 16n cic nghién ciru nay thyuc hién moé phong, két
qua nghién ctru thuc nghi¢m kiém chting chi dugc thuc hién & mdt s6 diéu kién xac
dinh. Do do, hi€u qua thuc sy cua rung dong si€u dm dén viéc giam lyc bién dang chua
dugc danh gia day du.

Pén nay, cac nghién ciru mg dung UISF tao hinh cac vat liéu kho gia cong hon
so v&i hop kim nhom AA1050 va AA1060 kha it, co thé ké dén 1a cac nghién ctru tao
hinh hop kim nhom AA5052 [91],[92], hop kim nhom AA6061-T6 [93] hoac thép
Q235 [94]. Tuong tu cac nghién ctru vé UISF di duoc dé cip dén trén, trong thuc
nghiém, cac nghién ctru ndy cha yéu sir dung budc tién doc truc kha nhé (thuong dudi
1.0mm). Cac nghién ctru thuc nghiém dé dé tim ra b théng s tdi vu hau nhu chua cé.

Qua phan tich cac nghién ctru trén vé ISF va UISF cho thay, qua trinh gia cong
UISF gitip giam manh thanh phan luc bién dang, giam luc ma sat tiép xuc giita dung
cu bién dang va phoi. Pong thoi, rung dong siéu 4m ciing gitp kha ning bién dang cia
vat liéu tang, nghia 1a chiéu siu tao hinh h tang va’/hodc goc thanh tuong ¢ tang. Déng
thoi, rung dong siéu am gop phan cai thién dang ké chat lwong bé mat ciing nhu chat
lugng tao hinh (d6 chinh x4c hinh dang san pham). Tuy vy, hau nhu cac nghién ciru
hién nay méi chi quan tdm dén cac vat liéu d& bién dang déo. Béng thoi, bude tién
dung cu theo phuong doc truc khi nghién ctru vé UISF kha nho khi so véi ISF
[10],[95], khong gitp rit ngin thdi gian tao hinh san phdm (mdt nhuoc diém cb hitu
ctia phuong phap ISF). Do d6, viéc nghién clru ting budc tién dung cu theo phuong
doc tryc c6 y nghia 16n, giup cai thién thoi gian gia cong, tang tinh tng dung cua UISF
trong tao hinh cac san phém dang tAm vo6 1a nhiém cu ¢ tinh thoi sy cép thiét.

1.4. Két luan Chuong 1

- Cong nghé gia cong bién dang déo theo budc ISF c6 tiém ning tng dung 16m,
dic biét 13 san xuat tAm vo phirc tap, htra hen thay thé cho cong nghé dap ngudi truyén
thé)ng phuc vu cong nghé san xuét, ché tao 6 to, dic biét 12 tao mau nhanh cac san
pham, rat ngan thoi gian thir nghiém trudce khi dua vao san xuat thyc té.

- Rung dong siéu am da va dang dugc ing dung pho bién trong san xuat va doi
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song. Trong san xudt, bén canh hd tro gia cong cit got, gia cong bién dang déo truyén
thdng, gan day rung dong siéu 4m dd budc dau dugc nghién ctru, tng dung trong linh
vuc gia cong bién dang theo budc ISF.

- Qua phén tich cic cong bd gan ddy cho thiy, nhd c¢6 rung dong siéu 4m hd tro
qua trinh bién dang ISF ma luc bién dang déo giam manh, chat luong tao hinh san
pham ting. Tuy viy, cic nghién ctru gan day vé rung dong siéu am hd trg ISF thuong
6 bude tién theo phuong doc truc kha nhé, lam giam thoi gian gia cong so véi khi gia
cong bang ISF thong thudng. Ngoai ra, cac nghién ciru nay hau hét chi thuc hién bang
mo phong, sau d6 thi nghiém ¢ mét sé diéu kién xac dinh. Hau nhu chua c6 cac nghién
ctru hoan toan mang tinh thyc nghiém khai thic rung dong siéu 4m hd tro gia cong
ISF. Do d6, dé danh gia va khai thac hét nhitng tiém nang tng dung cta phuong phap
gia cong UISF, can tiép tuc trién khai nghién ctru ddnh gia anh hudng cia cac thong sb
cong nghé (trong do6, can khao sat thuc nghiém voi budc tién dung cu theo phuong doc
truc 16n hon) dén qua trinh tao hinh, dic biét 1a dén mirc d6 giam lyc bién dang.

Co so 1y thuyét bién dang déo ISF thong thuong va UISF khi tao hinh san pham
pham kim loai dang tAm, vo phuc vu cho qua trinh nghién ciru tiép theo s& duoc trinh

bay trong chuong 2 sau day.
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CHUONG 2. CO SO LY THUYET

2.1. Céc thong s6 co ban khi gia cong bién dang theo buéc
2.1.1. Théng sé hinh hoc va théng sé cong nghé

Céc thoéng sb hinh hoc va thong sb cong nghé cia phuong phap gia cong ISF
dugc minh hoa trén Hinh 2.1 [5],[96]. Trudc khi gia cong, phoi tim ban dau (3) duoc
kep chit boi tAim d& dudi (2) va tim kep trén (4) bang cac bu-16ng. Trong qua trinh tao
hinh, dung cu (1) tién theo truc z voi budce tién Az xac dinh dé tao nén qua trinh bién
dang déo. Dong thoi, dung cu gia cong thue hién chuyén dong f theo contour (quy dao)
bién dang duogc thiét ké trude boi cac phadn mém CAM. Hét mot hanh trinh bién dang
v6i chidu sau Az nhu trén, dung cu thuc hién chuyén dong tién ngang vé phia tam phoi
mot luong Ax va sau do tiép tuc bién dang déo sau thém mot luong Az (xem thém
minh hoa trén Hinh 1.2). Qua trinh nay dugc thuc hién lién tuc cho dén khi hét chiéu
sdu can tao hinh h. Luu ¥ rang, trong qua trinh gia céng ISF thong thudng, dung cu
bién dang déo c6 thé chuyén dong quay quanh truc (v6i téc d6 n) hodc khong quay.
Céc nghién clru trude day cho thiy, dung cu bién dang déo quay quanh truc chi co tac
dung cai thién diéu kién tiép xac giita bé mat phoi va dung cu, hau nhu khong anh

huong dén cac thanh phan luc tao hinh [10],[95],[84].

Hinh 2.1. Cdc théng s6 hinh hoc va théng s6 céng nghé khi gia cong

bang phwrong phdp bién dang déo theo budc ISF
Cac thong s6 hinh hoc (thong sd tao hinh) va thong sé cong nghé co ban cia
cong nghé gia cong bién dang déo theo budc gom:
- Chiéu day ban dau ctia phoi tAm: t; (mm)
- Chiéu day san pham (sau khi tao hinh): t; (mm)
- Goc tao hinh/goc thanh tuong (wall angle): ¢ (d6)
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Chiéu sau tao hinh: h (mm)

Puong kinh (dinh) dung cu bién dang: d (mm)

Budc tién dung cu bién dang theo phuong doc truc: Az (mm/ivg)

Budc tién dung cu bién dang theo phuong huéng kinh: Ay (mm/vg)

Téc d6 quay cua dung cu: n (ve/ph) hoic w (rad/s)
Téc d6 tién dung cu: f (mm/ph)

2.1.2. Méi quan hé giiva cdc thong sé hinh hoc - théng so cong nghé va dnh hwéng
dén qud trinh bién dang déo

Gia sir qua trinh bién dang déo tim xdy ra déng déu, khi d6 chiéu day ban dau
tam t; va chiéu day thanh bén cua san pham sau khi tao hinh t; c6 mdi quan hé hinh hoc
v6i nhau (Hinh 2.2a [24],[97]) theo biéu thic sau:

t, =t xsina =t xCcosg (2.1)

Néu phoi tim da duoc bién dang déo so bd trude khi thuc hién qua trinh gia cong
ISF thi méi quan hé gitta chiéu day san pham t; véi chiéu day phoi dugc xac dinh theo
biéu thirc [24] sau:
sin g,
sin b,

., =t x

f p

(2.2)

Trong do: t, la chiéu day phéi sau khi tao hinh so bd; ¢ 1a gbc thanh tudng cia

san pham va # 1a goc thanh tudong cua phoi da dugc tao hinh so bg.

J

() (b)
Hinh 2.2. Quan hé giita cdc théng sé hinh hoc va théng sé cong nghé trong ISF.

L
T"'.

Theo [97], gia st dinh dung cu bién dang déo c6 dang chom cau ban kinh r, cac
thong sb trong ving bién dang déo (xem Hinh 2.2b) c6 mbi quan hé véi nhau. Véi mdi

goc thanh tuong ¢ xac dinh, sir dung mdi quan hé hinh sin ta s& cé:
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¢’ =a’*+b*—-2abxcosp (2.3)
Trong do:
C=dma;a=b=r; f=2¢ (2.4)
Thay biéu thirc (2.4) vao biéu thirc (2.3) va rit ra dugc biéu thuc:

d_.. =rJ(2@-cosp) (2.5)

Chiéu dai cung tiép xuc giita dinh dung cu bién dang déo va phéi gia cong chiéu
lén phuong ngang dugc xac dinh theo biéu thirc:

= d
d = —m 2.6
5 (26)

Ciing theo [97], néu trong qua trinh tao hinh dung cy bién dang déo thyc hién
chuyén dong quay xung quanh truc ctia no, toc do quay (®) co6 thé duoc xac dinh theo
biéu thirc sau:

f f

= =

7d T X r,/;(1—0032¢) 27)

Trong d6: f1a van tdc tién dung cu bién dang déo.

Mot trong nhitng thong sé anh hudng 16n dén kha ning tao hinh san phim bang
phuong phap ISF 1a goc thanh tuong ¢@. Theo J. Jeswiet va cong su [98], gitra goc
thanh tuong cuc dai @y va chiéu day ban dau t; cia phoi ciia mot ) hop kim nhém co
mbi quan hé xac dinh véi nhau theo biéu thirc:

Ph6i nhom AA 3003-O: @ =8.51,+60.7° (2.8)
Ph6i nhom AA 5754-0: @ =3.31.+58.3° (2.9)

Vi céc loai vat li¢u khéc, goc tao hinh cuc dai ¢ya cia cac san phém gia cong
bang phuong phap ISF dugc thong ké nhu trong Bang 2.1.

Bén canh cac thong s6 hinh hoc d3 mé ta trén, luong tién dung cu bién dang déo
theo phuong doc truc Az ludn dugc coi 13 thong sd quan trong nhit ctia phuong phap
gia cong ISF. Luong tién dung cu Az khong chi anh huong dén luc bién dang ma con
anh huong truc tiép dén chat lugng bé mit gia cong. Néu coi dinh dung cu bién dang
déo c6 dang chom cau, mo hinh di chuyén dung cu bién dang déo khi gia cong bang
phuong phap ISF duogc thé hién nhu trén Hinh 1.7a (xem Chuong 1). D& dang nhéan

thay, su phdi hop chuyén dong cia dung cu theo phuong doc truc (Az) va huéng kinh
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(Ay) sau mdi bude gia cong dé lai mot song kim loai trén bé mat san pham. Kich thude
song nay cang 16n khi Az va Ay cang 16n.

Bang 2.1. Goc tao hinh cuc dai cua mot 6 vat liéu khi tao hinh bcing ISF

Géc tao hinh cwe dai | Chiéu day ban déu
STT Vit liéu Ghi chi
¢ (d9) t (mm)
1 AA 1050 -0 67.5° 1.21
2 AA 6114 -T4 60° 1.0
3 Al 3003 -0 78.1° 2.1
4 Al 3003 -0 72.1° 1.3
5 Al 3003 -0 71° 1.21
6 Al 3003 -0 67° 0.93
7 Al 5754 -0 62° 1.02
8 Al 5182 -0 63° 0.93
9 AA 6111-T4P 53° 0.93
10 Thép DCO4 65° 1.0
11 Pong do 65° 1.0
12 DPong thau 40° 1.0
13 DDQ 70° 1.0
14 HSS 65° 1.0

Két qua tong hop ctia McAnulty va cong su [95] cho thay, trong khi mot s6
nghién ctru cho rang budc tién Az ting thi kha ning bién dang déo ting 1én thi ciing co
nhimg cong bd cho thay Az giam s& giup kha ning bién dang déo ting 1én. Thong
thuong, gia tri ctia Az trong hau hét cac nghién ctru lua chon trong khoang 0,1-2mm.
Bang 2.1 théng ké mot s6 budc tién Az twong Gmg véi cac loai vat liéu di dugc cong
b trong thoi gian gan day [95].

Téc d6 tién dung cu f (mm/ph) ciing 13 mot thong sb c6 anh hudng 16m dén qua
trinh tao hinh bang phuong phap ISF. Phan 16n cac nghién ctru trude day (dugc tong
hop trong [95]) cho thay, téc do tién dung cu giam thi kha ning bién dang déo ting.
Bang 2.3 [95] thong ké mét sb tdc do tién dung cu tuong tmg véi cac loai vat lidu da

dugc cong bd trong thoi gian gan day.
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Bdng 2.2. Bude tién dung cu bién dang theo phwong doc truc khi tao hinh bang ISF

STT Vit ligu Buérc tién Az (mm) Ghi cha

1 AAT075-0O 0.2;0.5

2 PVC 0.2;0.5

3 PVA 0.2;0.4;0.6;0.8; 1.0

4 AA1050-O 0.3-2.0

5 AA2024-0O 0.08; 0.36; 0.78; 1.2; 1.48

6 PVC 0.2;0.6;1.0;1.4;1.8

7 AA1050-O 0.1;0.3;05

8 AA1050-O 0.2;0.4,0.6;0.8;0.9;1.2;1.9

9 AA3003-0O 0.127; 2.54

10 AA5754 0.0508; 0.127; 0.254

11 AA3003-0O 0.2;0.4;0.6; 0.8

12 PP 0.2;1.0

13 DCO05 0.1;0.5; 1.0; 3.0

Bang 2.3. Toc dé tién dung cu bién dang khi tao hinh bc%ng ISF

STT Vit liéu Téc dd tién dung cu f (mm/ph) | Ghi chi

1 PVC 1500; 3000

2 AA5754, Ti6AlI4V 5000-500000

3 AA3003-0O 1270; 2540

4 PP 1000, 3000

5 Titan 1200; 2600; 4000

6 AA2024-T4 600; 1200; 2100; 4500

7 AA2024-0O 373; 1200; 2437, 3674, 4500

8 SS304 600; 1200

Khi phoi bién dang va duogc tao hinh voi goc thanh tuong ¢ xac dinh, thanh bén
ctia phoi s& bi bién mong mot lwong twong tmg. Theo [99], mirc d6 bién dang gy nén
su bién mong thanh dugc xac dinh nhu sau:

g—lnt—f—lni (2.10)
t t CoS¢ '

Thong thuong, cac nghién ctru thuong coi mic do bién dang gy bién mong
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thanh 1 mot thanh phan bién dang chinh, tirc 1a:

E =€ —Int—f—lnL (2.11)
R Ccos¢ '

Tir d6, c6 thé sir dung dinh luat thé tich khong d6i dé xac dinh cac thanh phan
bién dang chinh con lai.
&+e,+&=0 (2.12)
Céc thanh phan bién dang chinh & va & duoc st dung dé xay dung dudng cong
gidi han bién dang déo (FLD- Forming Limit Diagram). M6 hinh xac dinh giéi han
bién dang déo dugc mo ta nhu trén Hinh 2.3 [99].

€1 E
Kéo phang

Kéo gian don ISF

\

\ /

N ) N\ 7 Kéodan
Truot ™ ( ) Ddp vuot ,
N \ 7

N \ /

N 7

N 7/
N \ /
N\ s
0 €2

Hinh 2.3. M6 hinh dwong cong gidi han bién dang déo (FLD).
Khi mutrc d6 bién dang thdp hon duong cong gidi han bién dang déo twong tng
v6i mdi phuong phap bién dang thi san pham khong bi pha huy, nut, giy (xem minh
hoa trén Hinh 2.4a [13]).

d tang Az tdng

v

v

(a) (b) (©)

Hinh 2.4. Phén biét giita ving bién dang an toan va vimg phd hiy (a); anh hwéng ciia
dwong kinh dung cu (b) va budc tién Az (c) dén dwong cong FLD.
Téng hop két qua nghién ciru cong nghé ISF cho thiy, dudng kinh va bude tién
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dung cy bién dang déo theo phwong doc truc Az c6 anh huéng manh dén dudng cong

FLD. Khi duong kinh va budc tién dung cu bién dang déo ting, kha ning bién dang

déo cua phuong phap ISF giam (xem minh hoa trén Hinh 2.4b-c[13]).
Badng 2.4. Puong kinh dung cu bién dang déo khi tao hinh bang ISF

STT Pwong kinh (mm) Vit liéu Ghi chu

1 4.7625; 12.7; 4, 6, 10; 2.5; 5 AA3003-0

2 9.525; 12.7; 19.05 AA6451; AA5182; AA5754

3 10; 15 POM; PE; PA; PVC; PC

4 10; 16 DCO05; PVC

5 5; 10; 15; 10; 20; 24,5; 30 AAT075-0O

6 8; 12; 20; 30; 50 AA1050-H111

7 8; 10; 12 PET,; PA,; PVC; PC

8 | 5;10; 15; 10; 12; 18; 20; 2,2; 3; AA1050-O

6,4
9 | 6;8;11; 14, 16, 7; 10,24, 13,5; AA2024-0O
20
10 2.2;3.6;4.4:5.4;6.6; 7.8 AA2024-0O; AA2024-T6;
AA1060-O; AA1060-H24,

AA5083-0; Steel DS; Cu H59

11 6; 12 PP

12 6; 14 SS304

Bdng 2.5. Toc @6 quay dung cu bién dang déo khi tao hinh bang ISF
STT Vit liéu Téc d quay n (vg/ph) Ghi chua

1 AA3003-0O 100; 600

2 PP 200; 700

3 AA5052-H32 0; 250; 500; 750; 1000; 2000; 3000;
4000; 5000; 6000; 7000

4 | AA1050-O, AA1050-H24, | 100; 2000; 4000; 6000; 8000; 10000

AA6082-T6

5 PVC 1000; 2000

6 PVC, PLA 0; 1250; 5000; 7000

7 DCO05 0; 40
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Bang 2.4 tong hop mot sb cac cong bd [95] vé viéc lyra chon duong kinh dung cu
bién dang déo trong cic nghién ctru gan day. Theo két qua tong hop trong [95], anh
huong ctia duong kinh dung cu dén kha ning bién dang khong hoan toan cé xu hudng
nhu trén Hinh 2.4a. Bén canh d6, cac tic gia trong [95] cling tom tit mot s6 cong bd
gan day vé viéc lya chon toc d6 quay ctia dung cu bién dang déo (xem Bang 2.5), o
rang, toc d6 thap nhat c6 thé chon 13 0 vg/ph.

2.1.3. Cdc thanh phan lyc tic dung lén tém va dung cu

Nhu da mo ta & muc 2.1 va 2.2 phia trén, dé tao nén bién dang cua phéi, dung cu
bién dang phai tac dung 1én phoi mdt luc xac dinh. Tuy theo viéc xay dung hé toa do
ma cac thanh phén lyc nay co thé biéu dién trong cac hé truc toa do khac nhau, ch'fmg
han xdy dung trong hé truc toa dd Dé-cac, hé toa do tru hodc hé toa do cau [25],[99].
Noi chung, cac mo hinh phan tich luc nay khong chi ich trong nghién ctru moé hinh va
mod phéng, ma con hitu ich trong viéc xady dung phuong an thi nghi¢ém trong nghién

ctru. Hinh 2.5 13 mot mé hinh phan tich luc str dung hé toa d6 cau [100].

= SV | |OSPRo Nl |

Hinh 2.5. M6 hinh phan tich liec gdy nén bién dang déo ciia phéi.

Trong nghién ctru thyc nghiém, dé don gian, md hinh xé&c dinh lyc tac dung cua
dung cu bién dang 1én phoi thudng stir dung theo hé truc toa do ciia may. Co thé coi mo
hinh tac dung luc trong qué trinh bién dang déo nhu trén Hinh 2.6 [24],[97].

Thanh phén lyc doc truc cua dung cu F, c6 thé duoc xéac dinh theo biéu thic thue
nghiém [25],[99] nhu sau:

F, =0.0716x0, xt"* xd** x Ah®® x a x cosa (2.13)

Hoic ciing ¢ thé xac dinh gan dung theo biéu thic [99]:

F, ~3.8x0, (2.14)
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Trong d6: o 14 gidi han bén cua vt lidu phoi tAm (MPa); t; 1a chiéu day phoi tAm
(mm); d l1a duong kinh dinh dung cu gia cong (mm); « la goc hop boi gitra phuong cia
truc dung cu va thanh san phém, duoc xac dinh nhu trén Hinh 2.1. Gitra 4h va Az ¢6

mdi quan hé xac dinh theo biéu thie [99] sau:

Az = 2sina xJAhx (d — Ah) (2.15)

Hinh 2.6. M6 hinh tac dung luc cua dung cu bién dang déo lén phoi
Céc thanh phan luc hudng tam F, va lyc tiép tuyén F; lan luot duoc xac dinh theo

cac biéu thirc [99] sau:

F =F, xtan(OHﬁ_l?'i <(0.1d) j (2.16)
F ~F x(360xa™* xd %) (2.17)

Trong do6: goc fdugce xéc dinh nhu sau:
p =arccos(l—2Ah/d) (2.18)
Theo J. M. Allwood va cong sy [101], d& may lam viéc 6n dinh thi Iyc doc F, va
lyc ngang F, duoc xac dinh trong truong hop bat loi nhit. Véi lue doc F,, gia tri cuc
dai xay ra khi qua trinh bién dang déo dat dén cudi hanh trinh. Véi lyc ngang F, theo
chiéu tién cua dung cu, gia tri cyc dai xay ra trong qua trinh tién tao thanh ranh. Mo

hinh xac dinh cac thanh phén luc nay dugc thé hién trén Hinh 2.7.

Hinh 2.7. M6 hinh xac dinh luc doc va ngang cuc dai cua may khi gia cong ISF
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Gia thiét raing dau dung cu c6 dang cdu véi ban kinh r, tim phéi gia cong co
chiéu day t;, vat liéu phoi c6 gidi han chay 1a oy thi cac thanh phan luc nay duogc xac
dinh nhu sau [101]:

F,=zxrxtxo, xsina (2.19)
F, =rxtxo, x(sina +1-cosa) (2.20)

Trong d6, o 1a goc tao hinh 16n nhat.
2.2. Rung ddng siéu 4m hd tro gia cong bién dang déo theo buéc

Mo hinh bién dang déo theo buédc c6 su tro gitp cia rung dong siéu am USIF
dugc thé hién nhu trén Hinh 2.8 [100]. Néi chung, md hinh nay twong ty nhu mé hinh
gia cong bang ISF thong thuong. Piém khac biét duy nhét khi gia cong bang UISF 1a
dung cu bién dang dugc gan 1én mot ngudn phét rung siéu 4m va s& rung dong véi tan

sO si€u am trong qua trinh tao hinh.

Bo phat rung gin trén truc chinh

Phoi tam (ban dau)

Mit day tdm gia cong Dung cu gia cong

Phuong rung

Chan trén

t

. A " -
Sén phdm 7 <>- "] i o 5‘¢ Chan dud1

Hinh 2.8. M6 hinh bién dang déo theo phwong phdp UISF

Vé ban chét, cac thong s6 hinh hoc, thong sb cong ngh¢ va viéc xac dinh cac
thanh phan Gng suit, bién dang va luc tac dung trong qua trinh bién dang déo cia
phuong phap UISF hoan toan tuong tu so véi phuong phap ISF. Tuy nhién, do c6 rung
dong siéu am tro gitup nén qua trinh gia cong UISF con cé cac thong sb siéu 4m (gdm
tan sd rung, bién d6 rung va cong sudt siéu 4m). Vi vay, cac thanh phan cac Gmg suit,
bién dang va luc tac dung ciing thay ddi theo tan sd, bién do va cong suit siéu 4m
[100]. Mb hinh x4c dinh cac thanh phan lyc va (mg suat, bién dang khi thyc hién bién
dang déo theo phuong phap UISF duoc thé hién trén Hinh 2.9 [100]. Trong mé hinh
nay, vV 1a van tbc va cham cua dau dung cu 1én bé mat phoi va v, 1a tbe do tién dung cu

(v, = f). Hau hét cac nghién ctru déu coi dao dong siéu 4m dang séng hinh sin (vi du
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nhu trén Hinh 2.10 [100]) thi v; dugc xac dinh nhu sau:

v = S d [AxS|n(27rft)]
dt

Trong d6, A 1a bién d6 rung (mm); f 1a tin sé rung (Hz). Khi d6, bén canh hiéu

=27 fAx cos(27 ft) (2.21)

mg bién mém do rung dong siéu 4m thi hiéu qua giam cac thanh phan lyc bién dang
(Fz Fy, F\) nho rung dong siéu am co6 thé s& tuan theo quy ludt hinh sin nhu vén téc va

dﬁp V1.

dor
W Cl?'

g, +

Hinh 2.9. M6 hinh xac dinh cac thanh phdn ung sudat, bién dang khi thuc hién
bién dang déo theo phiwong phap UISF

Hinh 2.10. Mé hinh dao déng ciia dung cu bién dang theo phiwong phdp UISF
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Bdng 2.6. Tém tdt cdc thong sé cong nghé trong thiee nghiém tao hinh bang UISF

STT| vatlica |t(mm)| Az (mm) d f n |Bién d9| Tanso| Ghi
(mm)(mm/ph) (vg/ph) | (um) | (kHz) | cha
1 AA1050-0 0.7 0.5 10 | 2000 125 75 | 21.15 | [54]
2 AA1050-O 0.7 0.5 10 | 2000 125 7.5 20 [81]
3 AL1050-O 0.7 0.5 10 | 2000 - - 20.4 | [55]
4 AA1050-0 0.5 0.1 5 800 0 2.5-5- | 29 [83]
7-10
5 AA1050-O | 0.5-1.0 |0.02-0.06-0.1-| 5 - 0- 10 29 [84]
0.15-0.2 1000
6 AA1050-O | 0.5-1.0 0.2 5 - - 5-10 - [85]
7 AA1050-0 0.5 0.2 5 - - 10 29 [86]
8 AA1050-O 0.5 0.2 5 - - 5-10 29 [87]
9 AA1050-0 0.5 1]0.02-0.06-0.1-| 5 3800 0 10 - [88]
0.15-0.2
10 | AWI1050A 0.5 0.5 10 | 1200 - - 25-35 | [89]
11 Al 1060 1.0 1.0 10 - - 2.04- 25 [90]
4.13-
6.14-
8.13-
10.17
12 AA1050 1,0 0.92 10- | 6-18 - 3-6-9- | 21 [91]
20 12-15-
18
13 AA5052 1,0 0.92 10- | 6-18 - 3-6-9- | 21 [91]
20 12-15-
18
14 AA5052 2,0 0.3 5 800 - 1.3-6.3-| - [102]
15.9
15 | AA6061-T6 | 0,7 0.1-0.2-0.3- | 10 [250-500- - 5-10- | 20,48 | [93]
0.4 750-1000 15
16 Q235 1,0 1.0 10 5-10-204 20 [94]
30-40-

50
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2.3. Co s6 thiét ké dung cu bién dang déo

fixing location

converter —\ (attachment to press) \ nodal point
\ \ /
booster sonotrode nodal point

\-___ y Dh
| . /_?_ 1
4 1 1 :
1 Tt IZ 1

Zconuert?r booster Zsonorrode

/4 /4 /4 /4 /4

«—>

ﬁ

Hinh 2.11. Phdn bé bién dang trén bé phat rung

Hinh 2.11 mé ta d6 thi phan bd rung dong doc truc cua mot bo thiét bi siéu am.
C6 thé nhan thay, trén d6 thi phan bd xuét hién cic diém "nodal point", tai d6 bién do
rung Zu; = 0. Khoang cach giita hai "nodal point" lién tiép chinh bang mot nira budc
song A. Trong d6, chiéu dai budc song duge xac dinh truc tiép tir van toc truyén song
va tan sd rung (A = cff). Thong thudng, chiéu dai cta booster va sonotrode duoc thiét
ké bang 4 budc song. Cac dau phat rung thuong mai c6 thé co sin sonotrode hoic
khong c6 (xem thém mo ta tai muc 2.1.2 phia trén). Néu lya chon dau rung phat rung
thuong mai co san dau sonotrode nhu trén Hinh 2.11, khi van hanh & tan sd thiét ké,
bién d6 rung dong 16n nhét dat dugc & mat dau cua sonotrode. Tuy nhién, néu bod phat
rung thuong mai khong cé sin sonotrode, dung cu gia cong c6 thé duogc thiét ké thay
cho sonotrode va phai tuan thi nguyén tic chiéu dai bang ¥ budc song dé nhan duoc
bién d6 rung cuc dai tai dinh dung cu. Pé dam bao bod phat rung siéu am lam viéc theo
ding tan s6 thiét ké, chi dugc kep chat tai cac vi tri "nodal point" ma tai d6 bién do
rung dong Z,; = 0. Véi truong hop gia cong UISF, luc doc truc co thé kha 16n, dé dam
bd cong tac sibu am (gém ca bd phat rung va dung cu bién dang) hoat dong 6n dinh, c6
thé kep chat tai hai diém "nodal point" néu can thiét.

Tan s 1am viéc caa bd chuyén ddi siéu Am Langevin thuc chit 1a tan sb cong
huéng cua nd, dugc kiém tra can thin va cung cip tir chinh nha san xuat. Dau

horn/sonotrode (néu c6) déng vai trd quan trong trong viée truyén, tap trung va khuéch



-39-

dai rung dong si€u am tu dau do vao dung cu. Do d6, cac dac diém hinh hoc cua
horn/sonotrode phai dugc xac dinh va kiém tra cin than. Bat ky thay doi nao vé kich
thude ctia dung cu va/hodc hinh dang lap rép ciing s& anh hudng truc tiép dén tan sb
cong hudng va do d6 dén hiéu suit 1am viéc cta toan b bd cong tac. Can luu ¥ rang,
qua trinh ché tao s& c6 mot sd sai sb kich thuéc va hinh dang cua dung cu bién dang...
s& lam thay doi dang ké tan sb cong hudng cua toan hé théng. Do vy, dé hoan thién
b cong tac si€u am, g@)m bd chuyén ddi, bd khuéch dai va dung cu bién dang, phai
kiém tra tan sb cong huong cua hé théng. Mot trong nhitng phuong phap don gian nht
c6 thé dugc 4p dung thong qua tong trd khang dién cia toan bd bd cong tac siéu am.
Pugc phd bién va don gian nhét 1a tro khang 1a do bang phuong phép V-1. Hinh 2.12a
12 minh hoa mach do st dung phuong phap V-I, Hinh 2.12b 13 mét vi du két qua do hé

théng cong tac siéu am [103].

R"ﬂf 1000 4 =2

AYAVAY, = ]
e

™ 5 §DUT | S
V g
O ©
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24000 25600 QGIEOD 37600 28000
Frequency (Hz)
() (b)

Hinh 2.12. Mach do tré khéang siéu am (a) va mot vi du vé két qua do (b)

2.4. Két luan Chuong 2

- Trén co s& 1y thuyét bién dang déo tam khi gia cong bang phuong phap bién
dang déo ISF thong thuong dé thiy cac théng sé hinh hoc va théng sb cong nghé c6
anh huong chinh dén luc tao hinh chinh, kha nang tao hinh cling nhu chét luong san
pham gia cong 1a: gidi han chay oy va gioi han bén oy, cua vat lidu gia cong, budc tién
dung cu theo phuong doc truc Az va budc tién theo phuong ngang Ax, duong kinh
dung cu bién dang d, chiéu day phdi gia cong ban dau t, goc tao hinh (thanh tuong) 4,
tbc d6 quay cua dung cu bién dang... Pén nay, cac nghién ctru da cong bd chua cho
thiy su théng nhét vé anh hudng cta cac thong sé nay.

- Khi gia cong bién dang déo cuc bd lién tuc c6 su hd tro cia rung dong siéu am,

co thé coi rung dong si€u am tuong tu nhu cac xung luc gian doan tac dung 1én bé mat
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tam kim loai. Xung lyc gian doan ndy cé tac dung giam ma sat tiép xuc giita dung cu
bién dang déo va bé mit tim (ma sat ngoai). Pong thoi, xung luc ndy con lam giam
ma st bén trong, thuc chat 1a tang kha niang chuyén dong cua léch gitup qué trinh bién
dang déo dé dang hon (giam luc va ting kha ning bién dang déo).

Pay 1a nhitng co s& quan trong dé trién khai thiét k&, lwa chon hé thong thiét bi
phuc vu nghién ctru thuc nghiém cua dé tai. Céc tinh toan, thiét ké, ché tao hodc lua
chon thiét bi, dung cu cu thé phuc vu thi nghiém s& dugc trinh bay cu thé trong chuong

3 sau day.
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CHUONG 3. THIET KE, CHE TAO HE THONG THi NGHIEM

3.1. Yéu ciu ciia h¢ thong thi nghi¢m

- Pam bao du cing vitng dé 1am viée, phu hop véi tai trong cong tac.

- Thiét bj cong tac lam viéc trong vung tan sb siéu am (tir 20 kHz trd 1én). Dé
dam bao tinh sin c6 ciia dung cu nham nhén rong trong san Xuat, tan s siéu 4m c6 thé
lya chon ¢ cac khoang 20kHz, 28kHz...

- Xac dinh duoc cac thanh phﬁn luc bién dang déo voi lugng tién dung cu xac
dinh theo phuong doc truc Az.

- C6 thé thuc hién chuyén dong tao hinh theo goc tao hinh (goc thanh tuong) 4,
chiéu sau tao hinh h, bién dang san pham phu hop yéu cau dinh trude.

- C6 kha ning diéu khién chuyén dong theo cic chiéu ctia hé truc toa do.

3.2. Thiét ké, ché tao b cong tac siéu Am phuc vu nghién ciru dé tai
3.2.1. Lwa chon b phdt rung

Nhu da trinh bay trong chuong 1 phia trén (xem thém Hinh 1.13), by phat rung
va ngudn phat dién siéu 4m déng vai tro quan trong nhat cua hé thdng cong tac siéu
am. Trén thé gidi, viéc ché tao cac bo phat rung chuyén dung tich hop trén may cong
tac, goi la ultrasonics machine (vi du nhu Hinh 3.1a) hodc san xuét bd ga kep dung cu
tich hop rung dong siéu 4m va ngudn rung thuong mai, phu hop véi nhiéu loai may

cong tac khac nhau (nhu Hinh 3.1b) d3 duoc nhiéu hing trién khai va dwa vao thuc té.

(b)

Hinh 3.1. Trung tam gia cong siéu dm (a) va bg dung cu gia cong siéu dm (D)

Tuy nhién, cac thiét bi ndy thudng rt dit tién nén chi phi dau tu 16n. Ngoai ra,

viéc thay d6i tinh nang dé phu hop véi muc dich tmg dung trong bién dang déo gip
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nhiéu khé khin. Do viy, viéc lya chon phwong an st dung cic bd phat rung
(transducer) thwong mai s& phu hop hon. Trong nghién ctru dé tai, nhdm nghién ctru
lga chon bg phat rung thuong mai. Sau khi lga chon, thir nghiém mat s6 loai bd phat
rung siéu 4am khac dé danh gia, nhom nghién ctru chon 02 bd phat rung thuong mai
trong nghién ctru thuc nghiém. Cuy thé 1a:

(1) Bo phat rung thuong mai YP-5525-4Z (Trung Qudc). Theo cong bd cua nha
san xudt, bd phat rung nay 1am viéc o tan sé rung danh nghia 20 kHz, cong suit 2 kW.

Hinh 3.2 13 4nh chyp va Bang 3.1 1a thong s6 k¥ thuét ctia bd phat rung nay.

(8) (7) (6) () B @ ORENC)
Hinh 3.2. Anh chup bé phdt rung siéu am thirong mai thuwong mai YP-5525-4Z.
Bang 3.1. Théng s6 ciia bé phdt rung siéu dm YP-5525-4Z

Ki hiéu: YP-5525-47 Cong suat dinh danh: 2000 W
Xuét xt: Trung Qudc Bién d¢ (tai dau horn): 10 pm
Tan sb rung: 20+0,5 kHz Pién dung: 13000 + 14000 pF

Dé dang nhan thay trén Hinh 3.2, cac tam gom ap dién (1) dugc xép xen k& voi
cac 1a dién cuc déng (2) duogc kep chat véi tAm kim loai sau (4) va tAm kim loai trude
(5) boi bu-long kep (3). TAm trudc va tdm sau cia bd phat rung dugc 1am bang hop
kim nhom Al17075. Khi duoc cép nguén dién véi tan s siéu am, cac tAm gém ap dién
s€ lién tuc thay doi trang thai nén - dan va tao nén rung dong voi tan sd siéu am.
Booster (6) va dau horn/sonotrode (8) dugc lam bang hop kim titan, dong vai tro 1a bo
khéch dai bién do rung do cac tam gém ap dién tao ra khi dugc kich thich béng nguén
dién co tan sb siéu am. Bo dau phat rung duogc thiét ké dé dam bdo, tai vanh (7) bién
d6 rung dong bang khong (goi 1a "nodal point"). Py 1a vi tri dé kep nhiam ¢ dinh bo
phat rung trén bo ga kep khi trién khai 1ap rap 1én hé thong may gia cong. Bo phat rung
nay duoc sir dung dé danh gia budc dau vé hiéu qua cia rung dong siéu am ddi véi

qua trinh bién dang déo UISF, c6 thé lip rap trén ca may tién va may phay.
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(2) Ngoai ra, dé trién khai dé tai nghién ctru ndy, nhom nghién ctru st dung bd
phat rung siéu 4m Herrmann KHS20-1P50-L (CHLB Dirc). Theo cong bd cua nha san
xuat, bd phat rung nay lam viéc & tin sb rung danh nghia 20 kHz, cong suat 4 KW.
Hinh 3.3 13 hinh v& két cau va anh chup; Bang 3.2 1a thong s k§ thuat cua bo phat

rung nay.

Hinh 3.3. Két cdu bo phdt rung siéu am thiong mai Herrmann KHS20-1P50-L

Trén Hinh 3.3 bén trai, cac tam gdm ap dién (3) dugc xép xen k& vai cac 14 dién
cuc déng va duogc kep chat boi tdm kim loai sau (2) va tam kim loai trude (4) nho bu-
16ng kep (1). TAm trudc va tim sau cia bd phat rung duoc 1am bang hop kim nhém
thép khong gi. Booster (6) duoc gia cong lién khéi v6i vanh (7), trong 1ong ¢6 16 ren
dé 1ap rap véi horn/sonotrode hodc ¢ thé lap truc tiép dung cu bién dang déo 1én
booster. Tai mat dau ciia vanh (5), bién do rung dong bang khong ("nodal point"). Day
1a vi tri dé kep c6 dinh b phat rung trén bd ga kep khi trién khai lap rap 1én hé thong
may gia cong. Hinh 3.3 bén phai 1a anh chup ctia by phat rung si€u am thuong mai
Herrmann KHS20-IP50-L nguyén ban. Bo phat rung nay duogc sit dung dé phuc vu cho
cac nghién ctru toi wu hiéu qua cta rung dong siéu am dbi v6i qua trinh bién dang déo

UISF. Trong dé tai, hé thong cong tac siéu am sir dung bd phét nay chi dugc lap rap

trén may phay.
Bdng 3.2. Théng sé ciia bé phdt rung siéu am Herrmann KHS20-1P50-L
Ki hi¢u: KHS20-1P50-L Cong suat dinh danh: 4000 W
Xuat xtr: CHLB Drc Bién d¢ (tai dau horn): 10 pm
Tan sb rung: 20+0,5 kHz Dién dung: 13000 + 14000 pF

3.2.2. Lwa chon bg nguén phdt dién siéu am
Ngudn phat céng suit siéu 4m 13 thiét bi bién doi dong dién tir tan sb thong

thuong (50-6- Hz) thanh tan sd siéu 4m véi dién ap va cong sut 16n dé cung cap cho
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dau phat rung siéu am. Trong nghién ctru dé tai, chung toi lya chon va st dung 02
ngudn phat ngudn dién siéu am. Cy thé:

(1) Ngudn phat dién siéu &m MPI WG3000W vi twong thich v6i hau hét cac bo
phat rung hién nay. Thiét bi ndy c6 pham vi hoat dong trong dai tan s6 tir 19 kHz dén
100 kHz; c6 kha nang ty dong do tim tan s cong hudng va chon ché d6 van hanh toi
ru cho mdi bd phat rung. Thiét bj nay duoc st dung trong sudt qua trinh thuc nghiém
dé tai. Hinh 3.4 13 anh chyp ngudn phat siéu 4m c6 ma hiéu MPI WG3000W. Thong s6

ky thuat ciia ngudn phat cong suét siéu am duoc trinh bay trén Bang 3.3.

Hinh 3.4. Nguon phdt dién siéu am MPI_WG3000W

Bang 3.3. Théng s6 kj thudt ciia nguon phat dién siéu am

Ky hiéu: MP1_WG 3000
Cong suat (W): 3000
Tan s6 lam viéc (kHz): 19 + 40
Ngudn cip: 216 =240 VAC, 50 + 60 Hz
Kich thuéc (mm): 435 x 380 x 100
Khéi luong (kg): 10
Xuét xir: Thyy si

(2) Nguon phat dién siéu am (Hinh 3.5). Nguon phat nay c¢6 dic diém 1a chi co
kha ning bién doi tir tan sb thong thuong thanh tin s6 20 kHz. Tuy vy, do cac dau
phat rung dugc lya chon déu 1am viéc & tan sb 20 kHz nén hoan toan tuong thich véi

hau hét cac bd phat rung da duoc lya chon.

Hinh 3.5. Nguon phdt dién siéu am
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3.2.3. Lwa chon mady gia cong

Nhim danh gia hiéu qua cia rung dong siéu 4m va khai thac kha ning sir dung da
dang cac thiét bi cua cong nghé UISF, Trong nghién ctru, nhdém dé tai lya chon may
tién va may CNC dé trién khai thuc nghiém. Cu thé 1a:

(1) St dung may tién: Trong qua trinh khao sat dé tai, nhém nghién ctru sir dung
mAy tién ren vit van ning Takisawa TSL-550 1am mdy cong tac. Cac thong sb k§y thuat
cua may thé hién nhu trén Bang 3.4. Khi thuc hién bién dang déo UISF trén may ti¢n,
phoi gia cong duoc kep chit trén db ga duoc kep trén mam cip cua may (xem Hinh
3.6). Trong khi d6 b thiét bi siéu am duoc gin 1én cam bién do lyc 3 thanh phan. Cam
bién luc 3 thanh phﬁn dugce ¢d dinh trén ban xe dao cua may tién. Hinh 3.6 1a anh chyp
hé thong thiét bi cong tac siéu am bién dang déo va phoi dang chuan bi duoc kep chit
trén d6 ga gia cong trén may tién Takisawa TSL-550. Hé thong nay dugc nhom dé tai
st dung trong cac khao sat so bd khi thuc hién nghién ctru.

Bang 3.4. Théng s6 kj thudt ciia may tién Takisawa TSL-550

Théng sb Takisawa TSL-550
Chiéu dai chong tAm (mm): 550
Puong kinh phoi gia cong 16n nhat (mm): 360
Téc d6 tryc chinh (vg/ph): 70 - 1500 (6 cap)
Téc d6 chay dao doc (mm/vg): 0.041 +2.2
Téc d6 chay dao ngang (mm/vg): Y, toc d6 chay dao doc
Cong suit (kW): 2.2
Kich thuéc (m): 1.622x0.72x 1.1
Khéi luong (kg): 950

Hinh 3.6. Hé théng thiét bi thi nghiém dwoc ga ddt trén may tién
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(2) St dung may phay gia cong UISF dugc st dung nhiéu hon ca trong cac
nghién ciru vé cong nghé ISF va UISF. Trong qua trinh trién khai dé tai, nhém nghién
ctru da thuc hién cai tao may phay NC ding VHR AP cua hang Shizuoka (xem Hinh
3.7). Trong d6, dong co servo dan dong cho 03 tryc ciia may nguyén ban dugc nhom
nghién ciru thay thé bang 03 dong co dién hybrid servor AC 03 pha, mdi dong co c6
mo men xodn cuc dai 1a 12Nm. Bén canh d6, dé dam bao kha nang ndi suy cac bién
dang phtic tap, qué trinh cai tao may, bo diéu khién da duoc thay bang bo diéu khién
cong nghiép XC809. Bo diéu khién cong nghiép cho phép 1ap trinh NC trén may hodc
c¢6 thé 1ap trinh trén may tinh va nhap/import chuong trinh vao may CNC qua cong
USB. Cac thong s6 cu thé cia may phay CNC sau khi cai tao dugc trinh bay cu thé
nhu trong Bang 3.5.

HHM 28
anana aa

1- Ban mdy; 2- Cam bién do e 3 thanh phan;, 3- Kep phéi; 4- Bang diéu khién;
5- Dung cu bién dang déo
Hinh 3.7. Anh chup mdy phay CNC sau khi cdi tao ¢é ldp dit bg céng tdc siéu am
Bdng 3.5. Cdc théng s6 k thudt mdy phay CNC sau khi cdi tao

Théng sb Gia tri
Hanh trinh truc X (mm): 700 (khong d6i)
Hanh trinh truc Y (mm): 320 (khong d6i)
Hanh truc truc Z (mm): 400 (thiét ké lai, hanh trinh khong d6i)
bong cotruc X, Y, Z Hydrid servor 86CME120
M6 men xo0dn dong co (N.m): 12
B¢ diéu khién CNC: XC809
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3.2.4. Thiét ké, ché tao dung cu bién dang déo
Trong cac nghién ciru thuc nghiém trude diy vé UISF, dé kep chit dung cu bién
dang déo 1én khuéch dai (booster hoic horn/sonotrode) ctia dau phat rung, phuong an

lap rap bang ren vit thuong duoc sir dung (nhw minh hoa trén Hinh 3.8 [54],[94],[91],).

Pau dung cu - - -

(@) (b)
Hinh 3.8. M{t s6 dang dung cu bién dang déo trong cong nghé ISF

Mot sb nghién ctru st dung phuong 4n dung cu bién dang déo hinh try tron, dat
duoc kep chit v6i dau phat rung nhd ren vit va dai 6¢ ham (xem minh hoa trén Hinh
3.8a). Trong khi d6, mot s6 khac st dung dung cu bién dang déo dong vai tro nhu mot
dau horn/sonotrode khuéch dai thir hai (xem minh hoa trén Hinh 3.8b). Pong thoi, hau
hét cac nghién ctru str dung kiéu dung cu bién dang dang hinh try dic, ddu c6 dang
chom cau dé tranh tap trung tng sut gy rach tim. Trong dé tai nay, nhom nghién ctru
su dung phuong lép chdt dung cu bién dang déo 1én dau horn/sonotrode nho ren vit
(nhu trén Hinh 3.6 va Hinh 3.7). Ngoai ra, két ciu dung cu duoc thiét ké tuy thude vao
bd phat rung. Vi b phat rung YP-5525-4Z, dung cu bién dang c6 két cau hinh tru
dic; voi bd phat rung KHS20-1P50-L, dung cu bién dang c6 két cdu nhu mot dau
horn/sonotrode.

Nhu d3 phan tich & chuong 2, dudng kinh dung cu bién dang déo can du 16n dé
dam bao 6n dinh dudi tac dung cua cac thanh phén lyc bién dang F,, F;, F,. Duong
kinh cang 16n thi d6 6n dinh cang cao, tuy nhién c6 thé anh huong khong chi anh
huong dén chét luong bé mit ma cé thé lam giam kha ning bién dang déo cua tAm.
Ngoai ra, duong kinh dung cu (dac biét 1a két céu) c6 anh huong nhét dinh dén tan sb
cong huong cua bd cong tac siéu am, dic bi¢t 1a truong hop thiét ké dung cu bién dang

dong vai tro cia mot dau horn/sonotrode [2],[56],[54],[55],[103].
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Bén canh duong kinh, chiéu dai dung cu 1a mot thong sb rat quan trong. Chiéu
dai khong chi anh hudng dén do 6n dinh dudi tac dung cua lyc tao hinh ma con anh
huong quyét dinh dén bién do rung. Thong thuong, mdi bo phat rung thuong mai duoc
nha san xuét thiét ké s& van hanh & mot tin sb siéu 4m xac dinh. Khi do, rung dong
si€u am (bién d0 Zen, xem trén Hinh 2.1) s€ duoc truyén tor bo phat rung dén dau
horn/sonotrode Zg, (hodc dau dung cu). V&i bo phat rung thuong mai, tai vi tri mat
dau cua dau horn, bién d6 rung Zg,, dat gia tri cuc dai. Co so thiét ké duong kinh va
chiéu dai dung cu bién dang duogc trinh bay chi tiét sau day.

(1) Thiét ké dung cu bién dang déo can dam bao cac yéu cau sau: (i) Duong kinh
phai dam bao t6i thiéu bang hoic 16n hon 18 ren trén dau horn dé co thé lap rap va
giam thiéu ton that nang luong siéu Am truyén tir b chuyén doi dén dung cu; (ii) Vat
liéu 1am dung cu bién dang déo phai vira c6 ton that nho, vira c6 do bén cao; (iii); Tan
s6 dao dong tu nhién cia dung cu phu hop véi tan sb rung ciia bd phat rung (danh
nghia: 20 kHz); (iv) Rung dong siéu am tai dinh dung cu la rung doc; (v) Chiéu dai
phil hop dé nhan duoc bién d6 rung 16n nhat tai dinh dung cu bién dang déo (bang %
budc song). Ngoai cac yéu cau nay, dung cu bién dang phai dam bao ctng viing, 6n
dinh dé thuc hién qua trinh thuc nghiém.

(2) Thiét ké dung cu bién dang cho bo phat rung YP-5525-4Z:

Véi viéc lya chon dau rung phat rung thuong mai c6 sin dau horn/sonotrode nhu
trén Hinh 3.2, khi van hanh & tan s 20+0,5 kHz, bién do rung dong 16n nhat dat dugc
& miat dau cua horn (8), v6i bién do rung Zg,, = 10pum. Puong kinh lap dung cu bién
dang trén dau horn/sonotrode 13 12mm, do d6 nhom dé tai duong kinh dung cu 1a dy, =
12mm. Vit li¢u lam dung cu trong truong hop nay dugc lya chon 1a thép C45, t6i cai
thi¢n, dinh dung cu 1a bang bi cau (vat lidu 6 1an) c6 dudng kinh dy, = 9mm. Chiéu dai
dung cu khi d6 duogc lua chon theo chiéu dai L; nhu md ta trén Hinh 3.9. Dé nhan
duoc bién do rung cuc dai ¢ dinh dung cu, chiéu dai L; = % Ay Véan tde truyén song

doc ¢ cua thép C45 duogc xac dinh nhu sau:

c= \/E = \/ 210000000000 _ 5 g1y 3.1)
yoj

7850*9.81
Trong d6: md dun dan hdi cua thép C45 1a E = 210.10°N/m?; khdi luong riéng
ctia thép 1a p = 7850 kg/m?; gia tdc trong trudng g = 9.81 m/s°.
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Vin tdc goc twong tmg voi tan sd rung 20kHz ctia dau rung thuong mai 1a:

w = 2af = 2*3.14*20000 = 125663.71 s (3.2)
Chiéu dai budc song Ay Khi do la:
C 1656.6
=—=————=0.13m ]
A f 125663.71 (3.3)
4 3 , 2 1
Az / g ] E Vi
| /e " u=Asin(ot)
-_ﬁ- 1
- L1 - [_2 3 E\_5
- " /4 - : /4 -

Hinh 3.9. Gid thiét phian bé bién dang trén bé phat rung khi ldp thém dung cu bién
dang: - Bé phdt rung; 2,3- Pdu horn; 4- Dung cu bién dang; 5- Ga kep
Hinh 3.20 13 két cdu dung cu bién dang déo, duong kinh dg = 12mm; chiéu dai L,
= /2 = 65mm.
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Hinh 3.10. Kich thuéc dung cu bién dang déo diing cho b phat rung YP-5525-4Z

Pé xac dinh duoc lyc bién dang 16n nhat, gia sir chon phoi gia cong 1a hop kim
nhom bién dang Al 5052 & trang thai 1, chiéu day 1.0mm. Day 1a vat liéu kha pho bién
trén thi truong. Theo tiéu chudn san xuat, hop kim nhom nay c6 giéi han chay 16n nhat
la oy = 193MPa. Gia thiét rang qua trinh bién dang sé& thyc hién véi goc nghiéng thanh
bén ¢ = 2 = 60°, ap dung biéu thirc (2.19) xac dinh dugc lyc doc F, 16n nhit la:

Fo =3.14x4.5%x1.0x193xsin30° =~ 1.36kN (3.4)

Néu gia cong thép cac bon thip, thép khong gi SUS304 (thuong gi6i han chay

thip hon 350MPa) véi chiéu day va cac thong s hinh hoc twong ty thi luc bién dang

doc truc 16n nhit F,p.y duge tinh nhu sau:
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F o =3.14%x4.5%x1.0x350xsin30° = 2.47kN (3.5)
Tuong tir Fymay, st dung biéu thirc (2.20) x4c dinh luc tac dung 1én phuwong ngang

Fymax nhu sau:

Fna = 4.5%1.0x193x (sin30° +1~-c0s30°) =~ 0.55kN (3.6)

ymax
Theo mo hinh tac dung lyc nhu trén Hinh 2.7, khi dung cu duogc lép véo dau horn
(kich thuéc dudng kinh ¢36mm), c6 thé xem dung cu nhu mot ngam (nhu trén Hinh

3.11) chiu tac dung cua hai thanh ph'?m lyc chinh 13 Fypax va Fymax.

Hinh 3.11. M6 hinh kiém tra én dinh cia dung cu bién dang deo
Gia su chi ¢6 thanh phén luc Fymax gy mét on dinh cta dung cuy, ap dung cong
thuc Euler, ta co:

2 2
F <F n“xz°xExI_.

zmax — th: |2

(3.7)

Trong d6, m6 dun dan hdi cua thép co thé lva chon 1a E = 2.15x10° MPa; | =
65mm 1a chiéu dai cua dau dung cu (phan nho ra khoi dau horn); Iy, 12 m6 men quan
tinh tiét dién nho nhét, ta cé Ipn = 0.05 x do* = 0.05 x (12*) = 1036.8mm*; chon n = 1.
Thay sb vao biéu thirc (3.3) nhan duoc:

3.14° x2.15x10° x1036.8

652 ~ 7 X 103 kN

F_ =136kN<F, =

RS rang, luc tac dung doc truc 10n nhét Fo, khi bién dang hop kim nhom Al
5052 nho hon rat nhiéu so véi luc gay mat 6n dinh Fy, nghia la dung cu bién dang déo
dam bao d6 on dinh khi lam viéc. Tham chi, ké ca khi gia cong thép cac bon thap thi
diéu kién on dinh vin dam bao.

Sau khi ché tao va lap rap, can phai xac dinh tan s6 cong huong thuc su cua thiét
bi. Trong qu4 trinh thuc hién, nhém dé tai st dung phuong phap V-1 (Bridge method),
nhu mo ta trén Hinh 2.12a. Trong do, thiét bi phat tin hiéu dao dong duoc str dung la
PicoScope 2000 Series. Sir dung chuong trinh quét tin hiéu FRA-4PicoScope dé xéc
dinh tan sb cong huong thuc ctua h¢ théng cong tac, dai tan s quét dugce lya chon tu

20 kHz dén 35 kHz. Két qua quét dugc thé hién nhu trén Hinh 3.12. Két qua cho théy,



-51 -
hé thdng cong tac siéu am duoc thiét ké phuc vu bién dang déo ¢ can sb cong hudng

khoang 24.57-25.07 kHz hoac khoang 27.3-28.3 kHz.

Frequency Response Bode Plot
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Hinh 3.12. Két qua quét tan sé cong hudng ciia hé thong siéu am sir dung bo phdt
rung YP-5525-47

(3) Thiét ké dung cu bién dang cho bo phat rung KHS20-1P50-L:

Véi viée lya chon du rung phat rung thuong mai c6 sin dau horn/sonotrode nhu
trén Hinh 3.3, khi van hanh & tan s 20+0,5 kHz, bién do rung dong 16n nhat dat dugc
& miat dau cua horn (6), v6i bién do rung Zs,, = 10pum. Puong kinh lap dung cy bién
dang trén dau horn/sonotrode 1 12mm, lip bang ren. Vi bd phéat rung niy, nhom dé
tai lua chon két cAu dung cu nhu mot horn thtr hai. Trong d6, dudong kinh doan lép vao
horn bang dang dudng kinh horn ($32), duong kinh doan than chon dy, = 14mm, dinh
duoc vé cau. Vat liéu 1am dung cu dugc lya chon 1a thép gid, to61 va ram théip dé cai

thién kha niang lam viéc. Tuong ty nhu qué trinh thiét ké dung cu bién dang dung cho
bd phat rung YP-5525-4Z, qua trinh thiét ké chiéu dai duogc tinh todn can than dé dat

dugc bién d6 dao dong 16n nhat & dinh dung cu .

Hinh 3.13. Két cau dung cu bién dang déo diing cho bé phdt rung KHS20-1P50-L
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Sau khi ché tao va lap rap, can phai xac dinh tan s6 cong hudng thue su cua thiét
bi. Két qua quét dugc thé hién nhu trén Hinh 3.14. Két qua cho thiy, hé thong cong tac
siéu am dugc thiét ké phuc vu bién dang déo co can sb cong hudng khoang 20kHz-

20.33 kHz, kha phu hop véi thong sb thiét ké cuia bo phat rung KHS20-1P50-L.

5
I ~
" {[——Gain| (20327.83628, -6.12258)
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35 ] (20095.15465, 66.2702%
40 —_—
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Freq
Hinh 3.14. Két qua quét tan s6 cong hudng ciia hé thong cong tac siéu am
s dung bo phat rung KHS20-1P50-L
3.2.5. Lwa chon cim bién do luc
Dé xac dinh cac thanh phan luc khi bién dang déo, st dung cam bién do lyuc ba
thanh phan Kistler 9257B (xem Hinh 3.15). Cac thong s6 k¥ thuat ctia cam bién duoc
trinh bay trong Bang 3.6.

Hinh 3.15. Cam bién lwc ba thanh phan KISTLER 9257B.
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Bdng 3.6. Thong s6 kj thudt ciia cam bién luc Kistler 9257B

Dai do:

Dai 1: Fx Fy = —=500N + 500N; F, = —1kN + 1kN
Dai 2: Fx, Fy = —1kN + 1kN; F, = —2kN + 2 kN
Dai 3: Fx Fy = —2kN + 2kN; F, = —5kN + 5kN
Dai 4: Fi Fy = —SkN + 5kN; F, = -5kN + 10kN.
Qua dai: Fx Fy, F2: =7.5kN/7.5kN; F: 7.5kN + 15kN
D6 nhay (dai 1): Fx Fy = 10mV/N; F, = 5mV/N.

Do tuyén tinh: +/—1% ES

Do tré: +/-0.5% FS

Tan so: Fe, Fy = 2kHz; F, = 3.5kHz

Kich thudc (mm): 170 x 100 x 60

Trong luong (kg): 7.3

3.2.6. Thiét ké cdc chi tiét, cum chi tiét kep chit phoi

Nhu mo td ¢ trén, mdc du phuong phép UISF khong phai st dung khuon, tuy
nhién, do ban chét kéo-nén tai ving phoi khong (hodc chua) tiép xtc voi dung cu bién
dang déo kha phirc tap (nhu md ta trén cac hinh nhu Hinh 1.1 va Hinh 1.3) ¢6 thé gay
nhin san pham nén viéc kep chat phoi khi gia cong 1 vo cing can thiét. Néu khong co
kep chat, dudi tac dung cua luc bién dang déo, tAm phoi s€ bi kéo vao vung gia cong,
nghia 12 & ving bién dang déo s& c6 hién tuong ting chiéu sau h va giam duong kinh
D cua phdi gia cong. Viéc giam dudng kinh D s& gdy nén Gng sudt nén lam nhin tim
san pham. Viéc tang chiéu sau h s& lam giam chiéu day cua phoi tao thanh chiéu day
clia san pham. Can ct vao loai may ciing nhu kich thudc 16n nhit gia cong ctia may
cong cu st dung, nhom dé tai lua chon céc loai chiéu day phoi 0,5mm va 1,0mm; kich
thudce dugc gidi han trong pham vi 16n nhat 240 mm x 240mm, tuy thudc vao viéc thi
nghiém trén may tién hay may phay. Trén co sd ndy, tac gia tién hanh thiét ké va ché
tao bo gé kep phoi.

(1) Thiét ké bo ga kep trén may tién:

Khi thuc hién bién dang déo, phoi gia cong dugc kep chat trén dd ga duogc thiét
ké nhu trén Hinh 3.16. Db ga gia cong bién dang déo duoc kep chit trén mam cip cua

may tién. Nguyén 1y gia cong bién dang déo UISF dugc thyc hién nhu sau (xem min
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hoa trén Hinh 3.17): Phoi tAm gia cong duoc kep chit trén d6 ga bang cac bu-1ong M6.
bo ga duogc cap trén mam cap may tién. Khi thyc hién bién dang déo theo budc, truc
chinh ctia may tién quay con hop xe dao mang cam bién va bo thiét bi cong tac siéu
am chuyén dong tinh tién tao nén bude tién doc (got 1a Az). Tong thyc nghiém, dung
cu gia cong chi thuc hién chuyén dong tinh tién, khong thuc hién chuyén dong quay.
Ddng thoi, do nhitng han ché nhét dinh trong qua trinh thyc hién, chuyén dong theo
phuong ngang cua ban dao tao nén bude tién theo ngang (goi 1a Ax) s& khong duoc
thuc hién.

60 50

| 6168 (cath 36L)
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\
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Hinh 3.17. Anh chup hé thong thi nghiém gia céng UISF va ISF trén mdy tién

(2) Thiét ké bd ga kep trén may phay:

Céc kich thudce cua khuon bd ga kep phoi khi tao hinh UISF trén may phay CNC
duoc thé hién nhu trén Hinh 3.18 va Hinh 3.19. Trén Hinh 3.18 va Hinh 3.19, bd ga
kep phoi gom khuén dudi va tdm kep trén. Khudn dudi gdm dé khuon, tam dém dudi

va céc tru d&. Dé khuon duge 1am bang thép tam day 12mm, c6 gia cong cac 16 dé co
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dinh vao cam bién do luc hodc ¢ thé kep chat truc tiép vao ban may.

Hinh 3.18. Ban vé 3D thiét ké bo gd kep phdi trén mdy phay
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Hinh 3.19. Bdn vé 2D thiét ké bé gd kep phéi trén mdy phay
Pé tao hinh san phém ¢ chiéu sau nhat dinh, khuon co sir dung tam dém dudi
day 12mm, tAm dém duéi duoc c¢b dinh vao dé khudn bang 01 tru d& nhd phuong phap
han. Trén tim dém dudi co gia cong cac 16 ren M6 dé c6 dinh tam phdi véi tAm kep

trén. Dé kep chit phoi, nhom nghién ctru thiét ké 01 tdm kep trén c6 chiéu day 12mm,
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c6 gia cong cac 15 tron tron dé ghép véi tam dém dudi ciia bd khudn kep. Nham dam
bao kep chat, nhom nghién ctru lva chon 16 bu-long M6, khoang cach gitra cac bulong
trén 01 hang ¢ dinh 13 60mm.
3.2.7. Ldp dat, hoan thi¢n hé thong thi nghié¢m va mé hinh do cdc thong so

Sau khi hoan thanh viéc thiét ké, ché tao cac chi tiét, cum chi tiét, tién hanh lap
rap thanh hé thong may gia cong UISF. Véi mé hinh gia cong trén may tién, anh chup
hé théng cong tac siéu 4m duoc trinh bay trén Hinh 3.17 phia trén. Trong khi do, hé
thdng cong tac siéu am voi cac bd phat rung YP-5525-4Z va KHS20-IP50-L dugc
trinh bay trén Hinh 3.20 sau day.

(a) Dung b phat rung YP-5525-47 (b) Ding bo phat rung KHS20-1P50-L
Hinh 3.20. Anh chup hé thong thi nghiém UISF va ISF ldp rdp trén mdy phay

Trong d6, ngudn dién siéu am (1) tir may phat cong suét siéu am dugc cip cho bod
phat rung (4) dé bién dao dong dién thanh dao dong co hoc. Bd phét rung (4) duoc cb
dinh trén ddu may phay (2) boi éng kep (3) tai cac "nodal point". Dung cu bién dang
déo (5) duoc kep cit trén dau horn/sonotrode bang vit (Hinh 3.20a) hoic lap rap bang
ren (Hinh 3.20b). Phéi gia cong (6) duoc kep chit nhd tim kep trén (7) va tim d& dudi
(8) bai cac bu-1ong. Bo ga kep dugc dit ¢d dinh tai mit trén cua lyc ké 3 thanh phan
(9). Luc ké 3 thanh phan (9) duoc ¢ dinh trén ban may (10).

Qua4 trinh 1am viéc, dau may phay (2) chuyén dong 1én xubng theo phuong Oz
trén hai ray truot bi c6 dinh trén than may phay (tao nén budc tién Az). Trong khi do,

ban may di chuyén theo phuong ngang Oy va Ox tao nén chuyén dong tién dung cu
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(feed rate) f. Bé do céac dai luong luc bién dang déo trong qua tao hinh, so dd do duogc
thiét 1ap nhu trén Hinh 3.21 sau day.

Ultrasonic
| Power Supply

|

clamped
at node

[ To computer

i

KISTLER

Hinh 3.21. M6 hinh do su dung trong thi nghiém UISF va ISF

Trong Hinh 3.21, c4c thanh ph?m luc bién dang déo dugc do truc tiép béng luc ké
3 thanh phan Kistler 9257B. Trong khi d6, cudng d6 dong dién cip cho transducer
dugc do bang cach str dung DAQ, sb hiéu NI1-6210 (hing NI), do dién ap cta hai dau
dién tré 1Q méc nbi tiép véi transducer.
3.2.8. Thir nghiém hé thong

Sau khi hoan thién thiét bi, viéc thuc hién thir nghiém hé théng dé danh gia kha
nang lam viéc 13 can thiét. Thi nghiém danh gia kha ning 1am viéc cta hé thdng duoc
thuc hién theo hai cach: (1) tién dung cu bién dang theo quy dao xoan vit khong gian
véi bude tién Az = 0.5mm sau mdi vong tao thanh hinh non cut véi chiéu sdu h =
20mm voi goc thanh tuong (goc tao hinh) 13 45°, van tdc f = 1200mm/ph. (2) tién dung
cu theo chiéu ngang véi bude tién Az = 0.5mm, chiéu dai hanh trinh L = 120mm, van
toc tién f = 1200mm/ph. Hinh 3.22 va Hinh 3.23 14 hai két qua dién hinh vé cac thanh
phan luc tao hinh Fx, Fy, Fz (N) va cudng d6 dong dién i (A) cip cho transducer khi
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thuc hién tao hinh tim véi cac chiéu day lan luot 13 t = 0.5mm va t = 1.0mm. Hinh
3.24 va Hinh 3.25 biéu thj mot phﬁn cta cac do thi luc, cuong do dong di¢én trong qua
trinh tao hinh thtr nghiém, twong (mg véi thoi gian tir 400s dén 500s cua Hinh 3.22, va
hanh trinh tao hinh thir 7 va thr 8 cia Hinh 3.23.
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Hinh 3.22. Cdc thanh phéan lec (FX, Fy, Fz (N)) va cuwong dé dong dién (i (A)) cdp cho
transducer khi tao hinh tam cé chiéu day t = 0.5mm & diéu kién: Az = 0.5mm;

f =1200mm/ph; h = 20mm; ¢ = 45 quy dao xodn oc tao thanh hinh non cut
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Hinh 3.23. Cdc thanh phan liee Fx, Fy, Fz (N) va cuong dé dong dién i () cap cho
transducer khi tao hinh tam cé chiéu day t = 1.0mm o diéu kién: Az = 0.5mm;

f=1200mm/ph; quy dao thang L = 120mm tao thanh ranh thang
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Hinh 3.24. Cac thanh phan lyc Fx, Fy, Fz (N) va cuong dé dong dién i () cap cho
transducer trong khodng 400s-5008 khi tao hinh tam c6 chiéu day t = 0.5mm & diéu

kién: Az = 0.5mm; f =1200mm/ph; h = 20mm; ¢ = 45 ° quy dao xodn éc
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Hinh 3.25. Cdc thanh phan liee Fx, Fy, Fz (N) va cuong dé dong dién i () cap cho
transducer ¢ hanh trinh thir 7 va hanh trinh thit 8 (trong tong sé 10 hanh trinh) khi tao
hinh tam c6 chiéu day t = 1.0mm & diéu kién: Az = 0.5mm; f =1200mm/ph;
quy dao thang L = 120mm tao thanh ranh thing

Trong Hinh 3.22, Hinh 3.23, Hinh 3.24 va Hinh 3.25, dudng nét dtt mau doé biéu
thi thanh phan luc Fz, dudng nét lién mau xanh biéu thi thanh phan lyc Fy, dudng nét

cham mau den biéu thi thanh phan lyc Fx va dudng nét lién mau den biéu thi thanh
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phan cudng d6 dong dién i cp cho transducer.

Két qua trén Hinh 3.22 cho thay, khi ting chiéu sdu tao hinh h, cac thanh phan
luc tao hinh déu c6 xu hudng gia tang. Khi dat dén chiéu sau tao hinh nhét dinh, ca ba
thanh phén lyc tao hinh FX, Fy, Fz khong tang ma on dinh ¢ mét gia tri xac dinh.
Tuong ty nhu vay, Hinh 3.24 cho thay, khi ting sd hanh trinh, nghia 1a chiéu sau tao
hinh ting, thi hai thanh phan tao hinh Fz va Fy c¢6 xu hudng gia ting. Trong khi do, tai
Hinh 3.24, thanh phan luc Fx (vudng goc véi phuong chuyén dong cia dung cu)
khéng c6 thay d6i gi.

Ca hai hinh nay déu cho thiy, khi cdp dién cho transducer (phdn mau den, phia
duéi), tin hiéu luc Fx, Fy, Fz di c6 nhitng thay ddi dot ngot. Su thay ddi nay duoc
quan sat rd rang hon khi duoc phong to trén Hinh 3.24 va Hinh 3.25. C6 thé nhén thay,
khi cp dién cho transducer (on, twong Gng v6i qua trinh gia cong UISF), thanh phan
Iuc bién dang Fx, Fy, Fz (trén Hinh 3.24) hoic Fy, Fz (trén Hinh 3.25) dot ngot giam
manh. Diéu nay chimg to ring, hé thong cong tac siéu am da van hanh dung thiét ké
dat ra.

3.3. Két luan Chuong 3

- P¢é tai da lya chon va thiét ké, trién khai xay dung duoc hé théng cong tac siéu
am phu hop dé nghién ctru thyc nghiém, gom: Iya chon bd tao rung va ngudn rung
thuong mai; thiét ké, ché tao duoc dung cu bién dang déo dé lép rap 1én bd tao rung
thuong mai; lya chon may tién hoac may CNC cai tao c6 kha nang lap trinh dé thuc
hién theo cac quy dao gia cong khac nhau.

- Str dung bd mach cau, bo phat tin hiéu Pico Scope 2000 va phan mém quét di
xéac dinh dugc tan s6 cong huong cua hé thong cong tac siéu am.

- Két qua thtr nghiém gia cong c6 rung dong siéu 4m trg giup cho thay, khi co
rung dong thi tin hiéu luc bién dang c6 thay doi (giam) rd rét so voi khong co rung
dong siéu 4m hd tro. RS rang 13 hé théng lam viéc theo ding ¥ d thiét ké ban dau.

Ung dung két qua thiét ké, ché tao b cong tac siéu 4m vao thyc nghiém gia cong
bién dang déo theo budc phoi tim hop kim nhém Al 5052. Viéc thiét ké thi nghiém va
danh gia anh huong cua rung dong siéu am dén cac thanh phan lyc tao hinh, luong
giam thanh phﬁn luc tao hinh, xay dung bai toan t6i wu va danh gia chét lugng bé mat,

d6 chinh x4c tao hinh s& dugc trinh bay chi tiét trong chuong 4 sau day.
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CHUONG 4. NGHIEN CUU, PANH GIA ANH HUONG RUNG PONG SIEU
AM VA CAC THONG SO CONG NGHE PEN CAC THANH PHAN LUC
BIEN DANG DEO VA CHAT LUQNG TAO HINH SAN PHAM DANG TAM
VO TAO HINH BANG CONG NGHE UISF

4.1. Lwa chon phoi nghién ctiru

Phoi thi nghiém dugc lya chon la thm hop kim nhom Al 5052 ¢ trang thai u. Pay
1a loai hop kim bién dang, khong hoa bén bang nhiét luyén. Hop kim nhém Al 5052
dugce dung nhiéu trong cac nganh cong nghiép va co khi nhu: 1am phuy kién déng tau,
dong vé tau thuyén, ca-nd, ché tao cac thiét bi ché bién thuc phim trong nganh dinh
dudng, san xuat thanh phan xe tai nhu thing xe, cac phu kién xe, nguyén liéu gia cong
cac chi tiét tAm, vo trong may bay, san xuat xe hoi, lam nguyén liéu ché tao bién bao
giao thong, bién sd xe hoi, xe 6 t0... [104]. Tuy nhién, cho dén nay, cic nghién ctru
chi tiét vé tao hinh loai vat liéu nay bang ca cong nghé ISF va cong nghé UISF déu
chua dugc quan tam dung murc.

Ngoai ra, hop kim nhom nay con dung trong dan dung nhu: san xuat d6 gia dung,
dung cu niu an, nho giot, thiét bi nha bép, lon bia... hodc trong linh vuc xay dung:
chiéu sang kién trac, dung 1am cac khuén mau ding dé dac nhwa, lam mang dén treo...

Bang 4.1. Thanh phan cdc nguyén té héa hoc ciia hop kim nhém Al 5052
Nguyénto| Mg | Cr Si Fe Cu | Zn | Mn | Khac | Al

Khoi 2.2- | 0.15- | < < < < < < | Con

lugng (%) | 2.8 | 0.35 | 0.25 | 0.45 | 0.10 | 0.10 | 0.10 | 0.15 | lai
Bang 4.2. Mot 0 tinh chat co hoc ciia hop kim nhom Al 5052

Dac tinh Don vi tinh Gia tri Ghi chu
Gioi han bén kéo: MPa 228.0
Gi61 han chay: MPa 193.0
Do bén cat: MPa 138.0
Mo dun dan hoi: GPa 70.3
M6 dun truot: GPa 25.9

Phoi tao hinh duoc cat thanh tim hinh vudng, canh vudng c6 kich thudc 120mm
x 120mm hodc 240 mm x 240mm tuy theo thi nghiém. Phoi dugc lya chon nghién ctru

gdm hai loai chiéu day 13 0.5mm va 1.0mm, kha phd bién trén thi truong hién nay.
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Thanh phan hoéa hoc cua cac nguyén té trong hop kim nhéom Al 5052 duoc cho trong
Bang 4.1 sau. Bang 4.2 trinh bay mot s6 tinh chat co hoc ciia hop kim nhém Al 5052.
4.2. Thi nghiém khao sat, danh gia anh hwéng ciia rung dong siéu Am dén chit
lwong bé mit sian pham va thanh phan luc tao hinh
4.2.1. Xdy dwng mé hinh thwe nghiém phuc vu nghién ciru

Trong thi nghiém nay, nhom dé tai sir dung may tién ren vit van ning Takisawa
TSL-550 (thong s6 k¥ thuat nhu trén Bang 3.4) dé trién khai thuc nghiém. M6 hinh thi
nghi¢m dugc thé hién nhu trén Hinh 4.1. Hé théng thuc nghi¢ém dugc xay dung nhu

minh hoa bang anh chup trén Hinh 4.2.

Pén ngudn dién
n .
M3am c3p ﬁ Ngudn siéu dm

Transducer
Dung cu
_.;Fll_: T._.r._.T._
/ Loadcell H DAQ H May tinh
Phéitam Dungcu H_.Ban 2e0 ngaﬁ
== Ban dao doc séng truot

Than may tién

Hinh 4.1. M6 hinh thi nghiém UISF trén may tién

Kep chat
Transducer oy,

§ = E—;'_ f"‘ -
= -

o Bulong kep Ga kep phdi

Ngudn phat siéu am

MAY TiNH
1. NI Express

2. OriginLab
3. Minitab

Kistler 3 thanh phan B6 chuyén déi va
thu thap dir liéu

Hinh 4.2. H¢ thong thi nghiém UISF trén mdy tién
Toan bo hé théng cong tac si€u am trén may tién duoc lya chon, thiét ké, ché tao
va di dugc gi6i thiéu chi tiét trong chuong 3. Trong qua trinh thi nghiém UISF trén

may tién, transducer dugc cb dinh trén luc ké 3 thanh phan Kistler 9257B tai "nodal
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point" dé dam bao rung dong siéu am c6 thé truyén tir transducer dén dung cu bién
dang déo ma khong bi ton that. Dung cu bién dang déo dugc kep chat trén dau horn
ctia transducer bang vit. Luc ké 3 thanh phan duoc kep chit trén ban dao ctia may tién.
Phéi tim duoc kep trén ga kep bang cac bu-16ng nham tranh bién dang khong mong
mudn. Trong khi d6, g4 kep phoi dugc cdp chit trén mam cip 3 triu ctia may tién. Tin
hiéu luc bién dang tac dung Ién dung cu truyén dén luc ké 3 thanh phﬁn va duogc thu
thap qua bd chuyén doi, thu thap tin hiéu kém theo lyc ké. Sau d6, dir liéu duoc xuat ra
dudi dang hiéu dién thé va duoc thu thap, s6 hoa va luu trit trén may tinh nho phz‘in
mém NI SignalExpress. Sau d, tin hiéu duoc xir Iy bang phdn mém OriginLab.

4.2.2. Thiét ké thi nghi¢m

Pé khao sat, danh gia anh huong rung dong siéu am dén chat luong qua trinh tao
hinh, nhém nghién cru st dung phuong phidp Taguchi dé tién hanh thiét ké thi
nghiém. Céac bién duoc st dung dé thiét ké gdm: budc tién dung cu theo phuong z
(bude tién Az, mm) va toc do tién dung cu theo quy dao gia cong f (mm/ph). Téc do
tién dung cu f theo quy dao gia cong dugc thuc hién thong qua téc do quay cua truc
chinh n (vg/ph) va c6 méi lién hé voi nhau theo biéu thirc:

f=n*7*R

Trong d6: R 1a khoang cach tir vi tri tiép xtc cua dinh dung cu bién dang déo véi
phoi tim dén tim may (mm).

Phoi tdm day 1,0mm, cét thanh tim dang vuong kich thudc 120mm x 120mm,
duogc kep chit bang 6 bu-16ng 1én dd ga kep trén truc chinh cta may tién. Dung cu gia
cong bién dang déo dugc ga ngang tAm may, duong tdm dung cu song song véi dudng
tam truc chinh (4y = 0). Diéu chinh ban dao cua may tién dé tam dung cu va tam truc
chinh cia may cach nhau khoang R = 30mm. Khoang cach nay duoc ¢6 dinh cho moi
lan gia cong thir nghiém. Khi tién hanh thi nghiém chi thuc hién chuyén dong tién theo
phuong doc véi budce tién xac dinh, 1an luot 1a Az = 1.0mm, Az = 1.5mm va Az =
2.0mm. Toc do quay cua truc chinh may tién duoc lya chon lan luwot la n = 70vg/ph -
130vg/ph - 225vg/ph (tuong ung véi toc do tién dung cu theo quy dao gia cong lan
luot 1a f = 6594mm/ph - 12246mm/ph - 21195mm/ph). Thuc hién thi nghiém lan luot
cho hai truong hop, khong ¢ rung (ISF) va c6 rung dong siéu am hd tro (UISF). Tan
sb rung dong siéu am dugc luya chon ¢ dinh 1a 28.3 kHz, béng tan s6 cong hudng da

xac dinh (xem mo ta tai muc 3.2.4 trén chuong 3).
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St dung phdm mém Minitab® dé thiét ké thi nghiém va phan tich két qua. Véi
02 thong s6 dau vao, mdi thong sé gdm 03 muc, Minitab® cho phép lya chon quy
hoach Taguchi L9 vo6i 09 thi nghiém (Taguchi Array L9(372)) nhu dugc trinh bay
trong Bang 4.3, cic thong s thi nghiém va cac mirc duoc trinh bay trong Bang 4.4.
Bang 4.3. Thiét ké thi nghiém Taguchi ddnh gid anh huéng ciia rung dong siéu am dén
chat lwong bé mat tao hinh bcing UISF

Taguchi Design
Design Summary
Taguchi Array | L9(3"2)

Factors: 2

Runs: 9
Columns of L9(3"4) Array: 12

Badng 4.4. Thong s6 thi nghiém ddnh gia anh hwéng ciia rung dong siéu dm dén chat

lwong bé mdt tao hinh bcing UISF

, Céc murc
Thong so
Muec 1 Muc 2 Mt 3
Tdc d tryc chinh n (vg/ph) 70 130 225
Bude tién doc truc Az (mm) 1,0 1,5 2,0

4.2.3. Két qud thi nghiém khdo sdt, dinh gid dnh hwéng ciia rung dgng siéu am dén
chit lwong bé mat san pham va thanh phan lic tao hinh

1. Phan tich dit liéu cac thanh phan luc bién dang theo thdi gian

Hinh 4.3, Hinh 4.4 va Hinh 4.5 1an luot thé hién cac thanh phan luc bién dang &
mot sb ché do bién dang dién hinh theo thoi gian, xac dinh tr thuc nghiém. Trong do,
thanh phan luc F, (dudng lién mau do), cé gia tri 1on nhat, 13 thanh phan lyc chinh giy
nén bién dang déo ctia tm khi tién doc truc. Thanh phan lyc tiép tuyén Fy (duong lién
mau xanh), c6 gid tri nhé hon, 1a thanh phﬁn luc bién dang chinh dé duy tri bién dang
déo cuc b lién tuc. Thanh phén lgyc hudng kinh Fy (duong lién mau den), c6 gia tri
nho nhét, 1a thanh phan c6 xu huéng chéng lai bién dang dan hdi nguoc cia tim sau
khi bién dang déo.

Vé quan hé, co thé thiy, & ca hai trudng hop gia cong ISF va UISF, khi bién
dang, thanh phan luc gy bién dang F, ting kha dot ngot cho dén khi dat gia tri cuc dai
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dé tao chiéu sau bién dang ban dau, sau d6 giam dan. Két qua nay c6 thé 1a do bién

dang dan hoéi nguoc cia tim gdy nén (xem minh hoa trén Hinh 1.6 tai chuong 1).

Twong tu nhu viy, thanh phan lyc tiép tuyén F, va lyc huéng kinh F,.

(a)

600 600 -
—F,(N) —Fm
500 4 ——F, (N) 5004{—— 1, (N)
—F,m —F,.(N)
400 - 400 -
2 2
= 3004 - 300
& ~
=200 % 200+
& e
100 4 100
1 0T~
'100 T T T T T T T T T T T ‘100 T T T T T T T
0 5 10 15 20 25 30 35 10 15 20 23 30 35
time (s) time (s)

(b)

Hinh 4.3. Cdc thanh phan e Fx, Fz, Fy khi bién dang déo ¢ diéu kién n = 70vg/ph;
Az = 1.0mm: (a) ISF va (b) UISF

600 TV———— 600
—F.(N) —F.(N)
500 4| ——F,(N) 500+ ——F,(N):
—F,N) —F,(N)
- 4004 T 400
2 .
= 3004 < 300
N
..:{ h1 200
w 200 A hi 4
100 = 100
0 04
=100 v 1 r T : T v T =100 T T T T T T
0 5 10 15 20 25 10 15 20 25 30 33 40
time (s) fime (s)

(@)

(b)

Hinh 4.4. Cdc thanh phan lyc Fy, F7, Fy khi bién dang déo ¢ diéu kién n = 225vg/ph;
Az = 1.5mm: (a) ISF va (b) UISF

(a)

600 600
—F,®)
500 —F,(N) 500 -
—F,(N)
400 400
=~ =
< 300 A < 300
Ry &
& 200 = 200 1
“:t L-.:‘
100 100 1
0 0
-100 T T T T T T T T T -100 T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time (s) time (s)

(b)

Hinh 4.5. Cdc thanh phan liec Fy, Fz, Fy khi bién dang déo ¢ diéu kién n = 130vg/ph;
Az = 2.0mm: (a) ISF va (b) UISF
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Ttr cac két qua nay c6 thé nhan dinh, ¢ cung ché do gia cong bién dang déo theo
bude, ca ba thanh phan lyc giam dang ké khi c6 rung dong siéu am tro gitp, nghia 1a
khi thyc hién qua trinh UISF. Muc giam cua mdi thanh phén lyc phu thudc vao diéu
kién bién dang déo cu thé va s& duoc xem xét, so sanh vai nhau.

Trong nghién ctru nay, nhém dé tai nay sir dung phuong phap so sanh theo cip
(Paired T-Test, mot cong cu ctia Minitab®) nham muc dich xac dinh gié trj trung binh
cua su khac bi¢t gifia hai tap mau duoc so sanh ¢ khac khong (hodc mot gia tri myc
tiéu) hay khong. Tir d6 tinh toan mot pham vi gia tri c6 kha ning bao gém trung binh
tong thé ciia su khac biét. Bang 4.5 trinh bay két qua so sanh theo cip (Paired T-Test)
Iuc bién dang F, trong hai trudng hop bién dang déo theo budc co va khong ¢ su hd
trg cia rung dong si€u am.

Badng 4.5. Két qua so sdanh theo cdp (Paired T-Test)

o Paired T-Test and CI: UISF, ISF
o Descriptive Statistics
Sample N Mean StDev SE Mean
UISF 9 3492 273 9.1
ISF 9 4354 641 21.4

o Estimation for Paired Difference

95% CI for
Mean StDev SE Mean p difference
-86.1 41.2 13.7  (-117.8; -54.5)

o u_difference: mean of (UISF - ISF)
o Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis Hi: p_difference # 0
T-Value P-Value

-6.28  0.000

So sanh - danh gia vé chi tiéu lyc F, gitra UISF va ISF thong qua so sanh gia tri
luc F, theo cap véi do tin cay CI = 95% cho két qua nhu sau: khi bién dang déo 09 lan
v6i cac bo thong sd gia cong khac nhau, thanh phan lyc F, & truong hop UISF ludn

nhoé hon trung binh 86,1 N so v&i trong trudng hop ISF. Két qua nay cho thdy, rung
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dong siéu am trong UISF da 1am giam thanh phan luc bién dang F, khoang 20% so véi
khi bién dang déo ISF thong thuong. Do 1éch chuan StDev va sai s chuan cua gia tri
trung binh (SE Mean) trong trudng hop UISF nhé hon so véi trudng hop ISF cho thiy
mirc d6 phan tan va do bién thién gia tri cua F, nhoé hon (qua trinh gia cong 6n dinh
hon). Két qua so sanh theo cip nay ciing da dugc mot sé nghién ciru chi ra trude day,
trong d6 anh huéng cia rung dong siéu 4m thudng duoc giai thich do hiéu tng bién
mém kim loai va giam ma sat nhd rung dong siéu am.

Anh huéng cua cac thong sb cong nghé (tbc d6 quay cua truc chinh n va budc
tién dung cu theo chiéu doc truc Az) duoc thé hién trén Hinh 4.6. Anh huong cua thong
s6 cong nghé dén ti s6 S/N véi truong hop UISF va véi truong hop ISF duoc thé hién

lan luot trén Hinh 4.7.

Main Effects Plot for Means Main Effects Plot for Means
Data Means: UISF Data Means: ISF
n (vg/ph I 7 |
500 (vg/ph) Az (mm) 500 n (vg/ph) Az (mm)
£ 450 2 450
@ @ _ ) — — — —
= =
s 400 s 400
5 &
@ 7]
2350——— ——__74_ 2350
300 300
70 130 225 1.0 1.5 2.0 70 130 225 1.0 15 20
(a) (b)
Hinh 4.6. Biéu do anh hwong cua cac thong so cong nghé
den thanh phan lyc bien dang déo F,: (a) UISF; (b) ISF
Main Effects Plot for SN ratios Main Effects Plot for SN ratios
Data Means: UISF Data Means: ISF
502 n (vg/ph) Az (mm) 51.0 n (vg/ph) Az (mm)
8 504 8
[ B
~ 506 -
v v
w5 -508 s
§ -51.0 s
= 512 =
514
70 130 225 70 130 225 10 15 20
Signal-to-noise: Smaller is better Signal-to-noise: Smaller is better
(a) (b)

Hinh 4.7. Biéu do6 anh huéng ciia cdc théng sé cong nghé dén ti sé SN cua thanh phan
liee bién dang déo F,: (a) UISF; (b) ISF
Ttr d6 thi Hinh 4.6 va Hinh 4.7 c6 thé nhén thiy, thanh phan luc bién dang Fzpay

chiu anh hudéng béi ca hai théng sd cong nghé 1a bude tién theo phuong doc truc Az va
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toc do tién dung cu bién dang f (thé hién qua téc do quay n). Véi budc tién dung cu
theo phuong doc truc, két qua thuc nghiém cho thdy, thanh phan lyc bién dang chinh
Fumax ting khi Az ting (nghia 1a mic do bién dang thuc & ting). Lugng ting nay kha
tuong dong nhau & cai hai truong hop bién dang (UISF va ISF). Truong hop bién dang
déo bang UISF, db thi anh hudong ciia Az dén F,nay gan nhu mot dudng thiang (bén
phai, Hinh 4.6a). Trong khi dé, véi trudng hop bién dang déo bang ISF, d thi anh
hudng ciia Az dén Foma ¢ gép khuc tai téc dd 130 vg/ph nhung d6 dbc sai khac nhau
khong nhiéu (bén phai, Hinh 4.6b).

Xét voi thong s6 toc do tién dung cu f (thé hién qua toc do quay N cua truc
chinh), hai trudong hop gia cong bién dang déo UISF va ISF, trong khoang khao sat,
chiéu hudng bién thién (d6 ddc) clia Fumax cO su khac nhau kha rd. Khi c6 rung dong
siéu 4m hd trg, mirc do giam ciia Fypay nho hon, thé hién boi d6 thi ¢6 d6 ddc nhé hon
va gan nhu dong bién (bén trai, Hinh 4.6a). Tuy nhién, khi khong c6 rung dong siéu
am hd tro, mtc do gidm cua Fypqc 10n hon nhiéu so véi khi ¢é rung dong si€u am hd
tro (bén trai, Hinh 4.6b). biéu nay co thé do rung dong si€u am da cai thién diéu kién
tiép xtic gitra dung cu bién dang vé&i phoi gia cong cling nhur cai thién didu kién bién
dang vat li¢u.

2. Panh gia chit luong bé mit tiép xtc gifta dung cu gia cong va bé mit phoi

Hinh 4.8 14 anh hién vi dién tir chup bé mat phoi trudc khi gia cong bién dang
déo (d6 phong dai 100 1an - 100X).

T

Hinh 4.8. Anh chup bé mdt phéi truée khi gia cong

D& dang nhan thiy cac vét bién dang doc theo tdm do dung cu bién dang (thudng
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la truc cén) tao ra trén bé mat phoi. Hinh 4.9 va Hinh 4.10 lan luot 1a cac anh chup san
phém sau khi gia cong bién dang déo ISF va UISF vdi cac budc tién doc truc Az khac
nhau. V& mit vi mo c¢6 thé nhan th?iy, khi ¢ cung ché d6 (téc do n va budc Az) vét gia
cong dé lai trén san pham khi bién dang déo c6 rung dong siéu am hd trg gon va bong

hon so véi khi gia cong thong thuong.

(@) (b)
Hinh 4.9. Anh chup vét gia céng bién dang déo bang ISF (a) va UISF (b)
VGi cdc thong sé: Az = 1.0mm; n = 70 ve/ph, tan so f = 28.3 kHz

(@) (b)
Hinh 4.10. Anh chup vét gia céng bién dang déo bang ISF (a) va UISF (b)

VGi cdc thong sé: Az = 1.5mm; n = 225 vg/ph, tan s6 f= 28.3 kHz

Vét tiép xtic gitra dung cu gia cong bién dang déo va bé mat phoi dugc chup anh
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hién vi dién tr dé so sanh, danh gia r0 rang hon. P9 phong dai dugc lya chon ¢ dinh
1a 100 1an (100X). B&é mat vét tiép xtic khi gia cong bang phuong phap ISF va UISF
lan lugt duoc thé hién nhu trén Hinh 4.11 (khong rung) va Hinh 4.12 (c6 rung siéu
am). Cac phoi lan luot duoc gia cong véi ché d6: Az = 1,5mm va toc do quay cua tryc
nh gia cong, ca hai déu duoc boi tron.

chinh la 70 vg/ph. Trong qua tri
| T

Hinh 4.11. Anh chup vét tiép xiic trén bé mdt phéi sau khi gia céng bang phirong phdp
ISF (théng sé: Az = 1.5mm; n = 70 vg/ph, tan sé f = 0).

Hinh 4.12. Anh chup vét tiép xiic trén bé mdt phéi sau khi gia céng bang phirong phép
UISF (théng s6: Az = 1.5mm; n = 70 vg/ph, tan sé f = 28.3 kHz).
D& nhan thay, khi bién dang déo ISF khong c6 rung siéu 4m, bé mat vét tiép xuc

c6 dau hi¢u bi cao xudc va cac nit nhé doc theo chiéu tién cua dung cu bién dang.
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Nguyén nhan cé thé 1a do mirc do bién dang qué 16n, vuot qua kha ning bién dang déo
cia phoi gay nén. Tuy vay, v6i truong hop gia cong UISF c6 rung dong siéu 4m hod
trg, hién tugng cao xudc va cac vét nut trén bé mit san phém hau nhu khong c6, do
nham dat duoc kha thdp, Rz < 1.25um. Piéu nay phu hop véi nhiéu két qua trude day
dd cong bd vé anh hudng cua rung dong siéu am giup cai thién chat lugng bé mat san
pham gia cong bang cong nghé UISF.

Pé 1am rd hon anh huong c6 loi cua rung dong si€u am dén chat luong bé mit,
nhom nghién ciru tién hanh gia cong dén khi hoan thién san phdm. Thong s6 dugc lya
chon ¢b dinh 1a bude tién dung cu theo phuwong ngang Ax = 0.05mm/vg; déu dugc boi
tron giéng nhau; tién doc truc bﬁng tay; tde dd quay duogc cd dinh lan luot 1a 70 - 130 -
225 vg/ph.

(@) (b)
Hinh 4.13. Anh chup san pham gia céng bién dang déo bang ISF (a) va UISF (b)
Hinh 4.13 14 anh chup san phdm sau khi bién dang déo bang ISF va UISF. R

rang, bé mat san pham duoc gia cong bang ISF thong thuong (Hinh 4.13a) c6 nhiéu
vét xudc trén bé mat. Trong khi d6, san pham duoc gia cong bang UISF (Hinh 4.13b)
hau nhu khong c6 nhitng vét xude do vét gia cong dé lai. B& mat san pham dat do
nham Ra < 1.25um. Tuy vdy, do nhitng han ché nhat dinh vé mat thiét bi cong nghé
(khong tién dung cu tu dong theo phuong doc truc Oz khi da tién tu dong theo truc
Ox) nén nhém chua co co so dé danh gia, so sanh song bé mit tao nén giita hai
phuong phap gia cong bién dang déo nay.

4.3. Thi nghiém khio sit, danh gia anh huéng cic théng sé cong nghé dén cac
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thanh phan luc tao hinh khi gia cong theo bién dang dwgc thiét ké truwée
4.3.1. Chudn bi phéi thi nghi¢m va xdy dwng mé hinh thi nghi¢m khdo sdit dnh
hwéng cdc tham sé dén cdc thanh phan luc tao hinh

Trong thi nghiém khdo sat nay, phoi thi nghiém dwogc lwa chon 1a tim hop kim
nhom Al 5052 & trang thai 4, gdm 02 loai chiéu day 0,5mm va 1,0mm; dugc cit thanh
cac tdm vudng co kich thudc canh 240mm x 240mm. Thanh phan hoéa hoc cta hop
kim nhém Al 5052 dugc trinh bay trong Bang 4.1. Mot sd tinh chat co hoc cua hop
kim nhom Al 5052 duogc gidi thi¢u trong Bang 4.2.

,
anaan aBRY

- e
anans a8

Hinh 4.14. M6 hinh thi nghiém va do cdc thanh phan lec bién dang déo

Mo hinh thi nghiém trén may phay CNC dugc thé hién nhu trén Hinh 4.14. Céc
thong sd ciia may phay CNC duoc trinh bay chi tiét trong Bang 3.5 tai chuong 3 phia
trén. Dung cu bién dang déo (da duoc lip dit trén cong tic siéu 4m) sir dung trong
khao sat qué trinh tao hinh dugc thiét ké, ché tao trén co so transducer KHS20-1P50-L,
nhu d3 dugc trinh bay ¢ muc 3.4 chuong 3 phia trén. Tuy nhién, dé cai thién d6 bén
cling nhu kha nang chiu mai mon cta dung cuy, trong nghién ciru khao sat va t6i vu sau
nay, nhom dé tai sur dung vat li¢u thép gio dé ché tao dung cu bién dang déo. Do vay,
duong kinh dung cu dugc lya chon 1a 14mm va chiéu dai tuong ung cling dugc thay
ddi, duoc lwa chon 1a 130mm. Trude khi thuc nghi¢m, chuong trinh CNC da duoc l1ap
trinh trén may tinh dugce d6 vao bo didu khién CNC (2) qua céng USB 2.0. Sau khi ga

chat phoi 1én d6 g4, chuong trinh CNC d3 dugc chuan bi san dé thuc hién gia cong
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bién dang déo s& duoc sir dung dé van hanh may. Pong thoi, trong qua trinh khao sat,
ngudn siéu 4m (1) khong van hanh nhdm xac dinh cac thanh phan lyc bién dang ISF
thong thudng. Khi tao hinh, bat chuong trinh CNC dé may van hanh thi nghiém theo
chuong trinh dat sin. Khi d6, ddu méy (3) mang dung cu s& chuyén dong theo quy dao,
cam bién lyc 3 thanh phén (4) s€ ghi nhan dir li€u luc va cac dir li¢u nay dugc thu thap
boi bo thu thap (5). Sau d6, dit liéu thi nghiém dugc chuyén vé mdy tinh (6) dé luu trir
va xir ly. Dé thu thap dir liéu, phan mém NI SignalExpress duoc nhom dé tai sir dung.
Sau khi thu thap dit liéu cac thanh phan luc bién dang, phan mém OriginLab duoc sir
dung dé xur 1y s6 liéu, xay dung d6 thi két qua thi nghiém.

Can ¢t vao cac cong bd va co so 1y thuyét di duoc tong hop trong chuong 1 va
chuong 2 va cac két qua thi nghiém khao sat trén may tién dugc trinh bay tai muc 4.2
cua bao cao téng két, dé tai lya chon thong $6 cong ngh¢ va hinh hoc ¢ dinh dé khao
sat, gom: (i) quy dao chuyén dong dang xoan vit trong khong gian va contour (nhu mé
ta trén Hinh 4.15); (ii) luong tién dung cu bién dang déo theo phuong doc truc Oz sau
moi vong 1a Az = 0,2mm va Az = 0,5mm; goc tao hinh (goéc thanh tudng) ¢ dugc lya

chon theo cac muc gia tri, trong khoang 45° dén 70°; chiéu sau tao hinh h lra chon céc

muc gia tri, 1an luot 12 20mm-30mm-40mm; téc do tién dung cu theo qu¥y dao gia cong
lwa chon khong doi 1a f = 1200 mm/ph.
Bat dau Két thiic

(@) (b)
Hinh 4.15. Hai dang quy dao chuyén déng cia dung cu bién dang déo
Dung cu bién dang déo c6 phan dinh (phan tiép xuc véi phdi tim) dang chom cau
véi duong kinh d = 14mm; chiéu day tam t lua chon hai muc gia tri, lan luot 14 0,5mm
va 1,0mm. Do nhirng han ché nhit dinh, phuong an dung cu bién dang déo khong quay

(n = 0) dugc nhom lya chon cho toan bd thi nghiém khao sat nay.
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Tuy vay, nhiéu nghién ctru trudc day cho thiy, thanh phan luc bién dang gan nhu
khong bi anh huéng boi toc d6 quay cua dung cu. Thi nghiém nay dugc trién khai
nham muc dich chinh: (1) Khao sat anh hudng cta chiéu siu tao hinh h va goc tao
hinh (géc thanh tudng) ¢ dén cac thanh phan lyc bién dang khi gia cong bang ISF dé
Iwa chon két qua dau ra nham x4y dung bai toan t6i wu; (2) Khao sat anh huong chiéu
sau tao hinh h va goc thanh tuong ¢ dén cac thanh phén lyc tao hinh, kha ning lyc tao
hinh va d6 chinh x4c san pham sau tao hinh (két qua nay s& dugc trinh bay ¢ muc 4.4
phia sau). Téng hop cac théng s thi nghiém duoc trinh bay trong Bang 4.6.

Bang 4.6. Théng s6 thi nghiém khdo sdt cdc thanh phan lyc bién dang

theo bién dang dwroc thiét ké trude

Théng so6 thi nghiém Don vi tinh Murc gia tri
Toc d6 tryc chinh n vg/ph 0
Budc tién doc theo phuong Az mm 0.2;0.5
Chiéu day tam t mm 0.5; 1.0
Tdc d tién dung cu f mm/ph 1200
Goc tao hinh (goc thanh tuong) ¢ ° 45; 50; 55; 60; 70
Chiéu sau tao hinh h mm 20; 30; 40
Puong kinh dung cu bién dang d mm 14

4.3.2. Két qua thi nghiém khdo sdt moi quan hé giita cdc thanh phdn luc bién dang

Véi cdc théng sé tao hinh khi gia cong biang ISF
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(a) Dit liéu lyc toan thoi gian (b) Dit liéu lyc trong khodang 100-220s
Hinh 4.16. Cdc thanh phan lic bién dang déo khi tao hinh tam bang phirong phdp ISF

theo quy dao contour ¢ diéu kién: t = 0.5mm; ¢ = 45° Az = 0.5mm; h = 40mm
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(a) Dit liéu lyc toan thoi gian (b) Dit liéu lyc trong khoang 100-220s
Hinh 4.17. Cdc thanh phan lic bién dang déo khi tao hinh tam bang phirong phdp ISF

theo quy dao xdn khéng gian ¢ diéu kién: t = 1.0mm; ¢ =552 Az = 0.5mm; h = 20mm
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Hinh 4.18. Cdc thanh phan luc bién dang déo khi tao hinh tam bang phirong phép ISF
theo quy dao contour o diéu kién: t = 0.5mm; Az = 0.2mm; ¢ =45 h =40mm

Hinh 4.16, Hinh 4.17 va Hinh 4.18 trinh bay dit liéu dién hinh vé cac thanh phan
luc bién dang theo thoi gian tuong tng véi cac diéu kién xac dinh khi tao hinh tdm
bang phuong phap ISF. Két qua cho thay, thanh phan luc Fz luon thé hién chiéu hudng
duong, con cac thanh phan lyc theo phuong ngang Fx va Fy 1éch pha nhau. D& dang
nhan théy, O giai doan dau cuta qua trinh tao hinh, thanh phﬁn luc bién dang theo
phuong thang dung (Fz) 16n hon dang ké so véi cac thanh phan lyc theo phuong
ngang (Fy, Fx). Ngoai ra, cac thanh phan luc bién dang ¢ giai doan nay c6 xu huong
gia ting khi chiéu siu tao hinh ting. Sau giai doan ban dau, ca thanh phan lyc theo
phuong thiang dung Fz va cac thanh phan lyc theo phwong ngang déu c6 xu hudng
tang cham. Khi dat dén chiéu sau tao hinh xac dinh, cac thanh phén luc nay khong

tdng ma c6 xu hudéng ma on dinh. Bén canh do, tir cac hinh nay dé dang nhéan théy,
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thanh phan luc bién dang theo phuong thing dimg Fz 16n hon kha nhiéu so véi cac
thanh phan luc bién dang theo phuong ngang (Fx, Fy). Ngoai ra, két qua khao sat cling
cho thdy, khi cing cac diéu kién tao hinh (nghia 13 cing chiéu day tim, chiéu siu tao
hinh, géc tao hinh/goc thanh tuong va tde d6 tién dung cu theo phuong ngang) thi
bude tién dung cu theo phuong ngang cé anh hudng manh dén cac thanh phéan lyc bién
dang, dic biét 1a lyc tao hinh cuc dai khi dat dén gia tri 6n dinh (xem Hinh 4.16 va
Hinh 4.18). R& rang, budc tién dung cu theo phwong thing ding cang nho thi thanh
phan lyc bién dang Fx, Fy, Fz cuc dai cang nho. Tuy vdy, budc tién cang nho thi thoi
gian tao hinh cang 16n, ddng nghia voi hiéu qua tao hinh cang thip. Cudi cing, két qua
khao sat ciing cho thiy, khi cung céc diéu kién tao hinh nhung chiéu day tdm 16n hon
thi cac thanh phan lyc tao hinh ciing ¢6 xu huéng ting dang ké. Cac két qua nay phu
hop v6i cac nghién ctru trude dy khi nghién ciru vé qua trinh ISF tao hinh céc loai vat
liéu tim khéc nhau [97],[24],[105].

Tir cac két qua nay co thé nhan dinh: Viéc ting bude tién dung cu theo phuong
thang dting (phuong doc truc) ¢ y nghia 16n trong viéc giam thoi gian tao hinh, ting
hiéu qua tao hinh cta phuong phap ISF. Pong thoi, viéc giam cac thanh phan luc tao
hinh theo cac phuong khong chi c6 tic dung giam nang luong ti€u hao ma con gop
phan tang tinh on dinh va thu gon kich thudc hé thong cong tac theo phuong phap ISF.
Bén canh do, viéc giam luc bién dang con thé hién kha nang bién dang déo tdt hon,
nghia 13 vat liéu chay déo t6t hon.

4.4. Xay dung bai toan t6i wu giam thanh phéan luc trong tao hinh sin pham tim,
v6 bang cong nghé gia cong bién dang déo theo budc ¢ s hd tro ciia rung dong
siéu am

4.4.1. Co sé xdy dwng bai todn téi wu

Cin ctr cac thuc nghiém khao sat anh hudng cta rung dong siéu am dén chat
lugng bé mit san phém ¢ trén (xem muc 4.2), co thé nhan théy, gia cong béng UISF
g6p phan 1am tang chat lugng san pham tao hinh khi so véi gia cong bang ISF thong
thuong. Pdng thoi, nhidu nghién ctru trude ddy da chi ra, nghién ciru hanh vi cua luc
bién dang déng vai trd quan trong trong viéc giai thich co ché bién dang déo, du doan
hu hong, kiém soat va t6i wu qua trinh bién dang. Viéc thay doi gia tri ciia cac thong sb
dau vao nhu budc tién dung cu theo phuong thang dimg, dudng kinh dung cu, goc tao

hinh (thanh tuong) va chiéu day tdm cung véi thude tinh co hoc cua vat liéu kim loai
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tam dan dén hé qua 1a cac thanh phan luc bién dang thay dbi. Ngoai ra, viéc cai thién
hiéu qua gia cong ISF thong qua cac dai lugng nhu giam d6 dan hdi nguoc, giam do
nham bé mit cta san pham 1a mot thach thirc quan trong trong qué trinh céng nghiép
hoa. Can ¢t vao cac cong b trude diy vé ISF co thé nhan thdy, yéu diém co ban cua
phuong phap tao hinh ISF 1a thoi gian tao hinh 16n, do d6 ning suét gia cong giam. Dé
gidm thoi gian tao hinh, cac lugng tién dung cu theo phuong doc truc va tde do tién
dung cu bién dang déo ddng thdi phai 16n. Nhiéu nghién ctru d3 liwa chon toc do tién
dung cu 16n dén 8000mm/ph (xem Bang 2.3), hoic luong tién dung cu theo phuong
doc truc dén 2,0mm (xem Bang 2.2). Tuy nhién, kha ning bién dang cua vat liéu & cac
diéu kién nay kém, co6 thé pha hiy san pham. Cac nghién ctru vé khai thic rung dong
siéu 4m trong qua trinh tao hinh (goi la phuong phap UISF) da duoc trién khai, nhung
hau hét c6 budce tién kha nho (xem Bang 2.6), do vay khong cai thién duoc thoi gian
tao hinh. Trong qua trinh trién khai dé tai ndy, cin cit vao cac két qua khao sat budc
dau (nhu trén muc 4.2 va 4.3 phia trén), nhom nghién ctru lya chon pham vi budc tién
dung cu theo phuong doc truc 16n hon, tr 0,5 dén 1,5mm dé tién hanh khao sat va xay
dung bai toan tdi wu. Trong do, muc ti€u co ban la giam luc bién dang chinh.

4.4.2. Xdy dung mé hinh tién dung cu

M5 hinh tién dung cu bién dang déo dugc mo ta nhu trén Hinh 4.19, duogc thuc
hién trén may phay CNC. Tu bé mait tAm, dung cu bién dang déo bat dau thuc hién
hanh trinh 4n xuéng (theo phuong thang dimg Oz) mdt luong Az trén bé mat tim, sau
d6 chuyén dong theo phuong ngang (phuong Oy) dén hét chiéu dai tao hinh dit trude.
Sau do, dung cu bién dang déo tiép tuc tién xuéng thém chiéu sdu Az va chay theo
phuong ngang. Qua trinh nay lip lai tong cong nam 1an cho dén khi két thuc gia cong.
Két thiic qué trinh, mot ranh thang dugc tao nén trén bé mat tAm. Tuy thudc bude tién
Az ma chiéu sau ranh nhan duogc c6 thé 16n hodc nho.

Trong qua trinh thi nghiém, rung dong siéu 4m dugc cung cap cho dung cu thong
qua bo chuyén dbi & ché do bat/tat (on/off) dé chi ra hiéu qua cua viéc ap dung rung
dong siéu 4m tro gitup qua trinh ISF. Cin ¢t vao mé hinh bién dang (xem Hinh 4.19),
cac thanh phan lyc dugc ghi trong sudt qua trinh tao hinh dé luu trit va xir ly. Trong
d6, thanh phan luc theo phuong ngang Fx vudng géc v6i phuong chuyén dong cua
dung cu; thanh phan lyc theo phuong ngang Fy c¢é xu hudng can tré chuyén dong cua

dung cu theo phuong ngang va thanh phan luc Fz c6 xu hudng can trd chuyén dong
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ctia dung cu theo phuong thiang dimg. Ngoai ra, tin hiéu dién dong dién cung cap cho
bd chuyén ddi cling dugc ghi lai dé xir Iy. M6 hinh thuc nghiém dugc mo ta chi tiét

trén Hinh 3.20 va m6 hinh do dugc minh hoa trén trén Hinh 3.21, chuong 3 phia trén.
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Hinh 4.19. M6 hinh tién dung cu trong thi nghiém t6i wu

Céc nghién ctru trudc day vé ISF cho thiy c6 nhiéu thong sd cong nghé anh
huong dén luc bién dang, chét luong tao hinh va chét luong bé mat nhu: duong kinh
dung cu bién dang d, tbc d6 tién dung cuy f, tbc d6 quay dung cu n, quy dao tao hinh,
bude tién theo phuong doc truc Az, chiéu siu tao hinh h, gbc tao hinh (thanh tuong) ¢,
d6 day tAm t... Khi bo sung hd tro siéu am vao qué trinh ISF, cc thanh phan luc bién
dang, chat lugng tao hinh va chét luong bé mit ciing bi anh huéng bdi cac thong sd
siéu am. Trong dé tai nay, dé t6i wu cong nghé, chung t6i tip trung danh gia anh hudng
cua cac thong s6 chinh khi tao hinh béng cong nghé ISF, bao g@)m tdc do tién dung cu f
va budc tién Az, dén muc giam lyc bién dang khi gia cong UISF va gia cong ISF. Cac
thong sb khac duoc giir khong doi trong qué trinh thi nghiém.

4.4.3. Thiét ké thi nghiém

Trong dé tai nay, hai loai thi nghiém da duoc chiing t6i thuc hién: thi nghiém so
sanh va thi nghiém t6i wu. Phan mém Minitab® dugc st dung dé thiét ké cac ké hoach
thir nghiém cling nhu phan tich dir licu thu thap duoc.

Thir nhat, thi nghiém so sanh: Nhu da duoc dé cap dén tai muc 4.2 phia trén,
thie nghiém so sanh lyc bién dang giita qua trinh ISF va UISF d3 duoc nhom dé tai
trién khai. Tuy nhién, do diéu kién thi nghiém trén may tién chua hoan toan phu hop
va dam bao d6 chinh xac cén thiét khi xac dinh cac thanh phén luc bién dang, nén

nhom dé tai da tién hanh xay dung mot hé thong thi nghiém mdéi trén may phay CNC
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dé c6 nhitng danh gia chinh xac hon. Cac thi nghiém so sanh dugc xay dung dé tién
hanh thtr nghiém ghép déi nham danh gia muc giam luc Fx, Fy, Fz khi gia cong theo
bude c6 rung dong siéu am tro gitip UISF so véi khi gia cong bang ISF thong thuong.
Muc ti€u thuc hién thi nghiém nay la dé xac dinh hiéu qua cua rung dong si€u am
trong viéc giam céac thanh phan luc Fx, Fy, Fz trong qué trinh thyc hién tao hinh. Cac
mo ta chi tiét vé thi nghiém so sanh twong ty nhu muc 4.3 phia trén. Tham sé khao sat
va cac mirc gia tri ctia tham s6 khao sat duoc trinh bay chi tiét trong Bang 4.7 sau day.
Bdng 4.7. Cdc mirc thi nghiém khdo sdt anh hwéng ciia rung déng siéu ém dén cdc

thanh phan luc bién dang khi gia cong bang UISF va ISF

. Cac mire
Tham so khao sat ]
Thap Cao
Budc tién theo phwong doc truc Az (mm) 0.5 1.5
Téc d6 tién dung cu f (mm/min) 200 1200
Chiéu day tam khao sat t (mm) 0.5 1.0

Thit hai, thi nghiém t6i wu: Thiét ké t6i wu duoc thuc hién nham xay dung va lra
chon duogc cac thong ) gia cong tdi wu dé dat duogc muc do giam luc bién dang 16n
nhat, hay néi cach khac 1a hiéu qua cao nhit. Phuong phap bé mat dap ung, face-
centered CCD, duoc nhém nghién ciru ap dung dé tim cai dat tdi wu cho cac tham sb
da chon. Pay 1a mot kiéu thiét ké hdn hop trung tdm trong d6 cac diém truc hodc diém
"sao" nam & tim ctia mdi mit cua khong gian giai thira, do d6 muc truc 1a 1. Sy da
dang cua thiét ké nay doi hoi ba mirc thi nghiém cua ting yéu t6 dau vao, nhu mo ta
trong Bang 4.8. Hai thong sé ddu vao duoc lua chon dya trén két qua thi nghiém so
sanh. Quy trinh t6i wu duoc ap dung riéng cho hai tam c6 do day 0,5mm va 1,0mm.

Bdng 4.8. Thiét ké thi nghiém t6i wu CCD va cdc mikc tham s6 dau vao

. Cac mire
Tham so khao sat
Muec 1 Muc 2 Muc 3
Budc tién theo phwong doc truc Az (mm) 0.5 1.0 1.5
Téc do tién dung cu f (mm/ph) 200 700 1200

4.4.4. Két qua dir ligu lwc bién dang déo theo thoi gian
Két qua dir li¢u cac thanh phﬁn luc bién dang déo dién hinh khi tao hinh c6 va
khong c6 rung dong siéu am trg gitp dugc thé hién nhu trén Hinh 4.20 va Hinh 4.21.

Trong cac hinh nay, thanh phan lyc Fx dugc biéu thi bang dudng chdm ngin mau den,
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thanh phan luc Fy dugc biéu thi bing dudng lién mau xanh, thanh phan luc Fz duoc
biéu thi béng duong nét dut mau do, dong dién duogc cép cho transducer dugc thé hién
bang duong lién manh mau den. Dit liéu tai mdi hanh trinh, “bat/on” thé hién thoi gian
cap dién siéu m cho transducer, trong tng voi tao hinh bang UISF; “tit/off” thé hién
viéc ngit ngudn dién siéu 4m cip cho transducer, trong tng v6i qua trinh tao hinh ISF
thong thuong. Cac két qua cho thdy, thanh phan lyc bién dang theo phwong thing
dtng Fz 16n hon han so voi thanh phan luc theo phuong chuyén dong cua dung cu
bién dang Fy va Fx, ké ca khi c6 hodc khong c6 rung dong siéu am hd trg. Ddng thoi,
thanh phan lyc Fy va Fx ting sau mdi hanh trinh tao hinh, nghia 14 chiéu sau tao hinh
tang thi cac thanh phan lyc nay déu gia ting. Két qua nay phi hop véi thi nghiém trinh
bay & muc 4.2 va 4.3 phia trén. Xem xét cac thanh phan luc bién dang ¢ mdi hanh
trinh nhan thiy, Fy va Fy c¢6 xu hudng gia ting manh ¢ dau va cudi mdi hanh trinh (tao
thanh cac peak luc), sau d6 chung giam xudng va dat gia tri binh 6n & gitta hanh trinh.
Diéu nay c6 thé giai thich boi kha ning bién dang déo cta tam khi gan ving kep chat
kém, nén doi hoi thanh phan luc bién dang déo phai ting manh. Tuy nhién, thanh phan
Iuc Fx (phuong vudng goéc véi phuong chuyén dong cua dung cu bién dang) hau nhu
khong thay doi trong moi hanh trinh, trong cac thi nghi¢m, ké ca khi “bat/on” hoac

“tat/off” rung dong siéu am.
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Hinh 4.20. Dit liéu cdc thanh phan lee FX, Fy, Fx khi tao hinh ¢ diéu kién bat/tdt
(on/off) dong dién siéu am, t = 1.0mm; Az = 1.5mm; f = 200mm/ph:
(a) 4 trong 5 hanh trinh; (b) hanh trinh 4 (luwu y: path la hanh trinh)
Dic biét 1a, tvong ty thi nghiém kiém chimg thiét bi (xem Hinh 3.23 va Hinh
3.25 tai chuong 3 phia trén, tuong tu thi nghiém ¢ ddy), trén mdi hanh trinh tién dung

cu bién dang, khi tao hinh c¢é rung dong siéu 4m trg giup (nghia 1, dong dién cap cho

Fx, Fy, Fz (N)
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transducer & ché do “bat/on”), cac thanh phan luc bién dang (Fy, Fz) déu thay doi
(giam) dot ngot... so v6i khi tao hinh khong c¢6 rung dong siéu am (thé hién boi dong
dién siéu 4m & ché do “tat/off”). Ngoai ra, khi tat/off rung dong siéu am, do thi luc Fy
va Fz cho thiy, cac thanh phan nay ting d6t ngdt, tham chi 16n hon so v6i muc trung

binh trén ca hanh trinh gia cong bang ISF thong thuong.
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Hinh 4.21. Dit liéu cdc thanh phan lec FX, Fy, Fz khi tao hinh & diéu kién bat/tdt
(on/off) dong dién siéu am: () t = 0.5mm, Az = 1.0mm, f = 200mm/ph, hanh trinh 4,
(b) t =0.5mm, Az = 0.5mm, f = 700mm/ph, hanh trinh 5

Hién tuong giam luc bién dang déo Fz dugc giai thich bai cac nguyén nhan do su
bién mém cua vat lidu dudi tac dung cua rung dong siéu am. Hién tugng bién mém nay
c6 ban chit 1a rung dong siéu am, twong tu qua trinh hanh, lam cho nhiét do bé mat
tAm tai vi tri tiép xuc voi dung cu bién dang déo tang 1én. Nho do, 1éch dé dang chuyén
dong hon. Hodc mdt cach khac giai thich khac, dé 1a nho rung dong si€éu am ma nodi
ma sat can tré chuyén dong cua léch bén trong long vat liéu giam xudng. Nho 6, 1éch
cling dé dang chuyén dong hon, vat liéu d& bj bién dang hon, ké ca khi lyc nho. Do
vay, luc can thiét dé tao hinh theo phuong thang ding Fz khi ¢6 rung dong siéu am trg
gitip nho hon nhiéu so voi khi khong c6 rung dong siéu am.

Hién tuong tuong giam thanh phan lyc Fy thudong dugc giai thich béi nguyén
nhan tyong tu nhu véi viéc giam thanh phan luc bién dang theo phuong thang ding
Fz. Ngoai ra, ciing c6 nhitng giai thich khac di dwoc cong nhan, d6 1a dung cu bién
dang déo bi rung dong siéu am tac dung 1am gian doan qué trinh tiép xtc voi bé mit
tAm. Qua trinh tdc dung gidn doan nay, mdt mat lam giam ma sat tiép xuc, mat khac
cai thién diéu kién boi tron trén bé mit tiép xuc gitra dung cu bién dang va phoi. Nho

d6, thanh phan luc bién dang theo phwong ngang Fy giam.
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Dit lidu luc Fy, Fz trong (mg v6i thoi gian “bat/on” va “tat/off” dugc tinh trung
binh trong mdi hanh trinh khi gia cong & ving 6n dinh. Dit liéu nay duoc sir dung dé
tinh toan lwong giam thanh phan luc Fy, Fz vé sau.

4.4.5. Két qud thi nghigm so sdnh

Két qua danh gia hiéu qua ciia rung dong siéu am trong viéc giam luc Fy, Fz gitra
gia cong ISF thong thuong va gia cong c¢d rung dong si€éu am trg giup UISF duogc thuc
hién qua 78 thi nghi€ém cho phéan tich paired T-Test, trong d6 39 thi nghiém gia cong &
ché do “tit/off” rung dong siéu 4m (twong ung la qua trinh ISF thong thudng) va 39
cho qua trinh gia cong ¢ ché d6 bat/on (twong tng 13 qua trinh UISF). Trong mdi qué
trinh ISF hodc UISF, cac thong s thi nghiém mé ta trong Bang 4.7 duoc nhom nghién
ctru 4p dung. Hinh 4.22a so sanh su phan bd luc Fy trung binh trong hanh trinh th 5
khi bién dang ctia tim c6 do day 0.5mm; Hinh 4.22b 1a két qua so sanh khi tao hinh
tdm c6 do day 1.0mm. Tuong tu, Hinh 4.23a so sanh sy phan b6 luc Fz trung binh
trong hanh trinh thir 5 (hanh trinh c6 luc bién dang 16n nhat) khi bién dang cta tim c6

d6 day 0.5mm; Hinh 4.23b 1a két qua so sanh khi tao hinh tim c6 d6 day 1.0mm.

Individual Value Plot of Fy in UISF and in ISF (path 5) Individual Value Plot of Fy (N) in UISF and in ISF (path 5)
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Hinh 4.22. 6 thi Paired T-Test so sanh lwc bién dang Fy giita qud trinh UISF va qud
trinh ISF véi cdc tam cé chiéu day khdc nhau: (a) day 0.5mm; (b) day 1.0mm
Bdng 4.9. Két qua thi nghiém so sanh Paired T-Test thanh phan e Fy

N N i 0)
Chiduday Didukién Mean StDey Difference 95%Clfor ., 0
Estimate p_difference
UISE 2018 14.17

_ 2254  (-2552,-19.55) 0.000
t=0.5mm IS 5172 1956 ( )

OISk Hid 926 90.40  (-126.5,-54.2) 0.000
t=1.0mm ISF 2014 1755 | o '
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Két qua chi ra rang trén cing mot hanh trinh, mtc giam lyc trung binh Fy d6i véi
tam day 0.5mm 1a 43.6%, trong khi d6i v6i tim day 1.0mm 1a 44.8%. Tuong tu, két
qua chi ra rang trén ciing mot hanh trinh, mirc giam lyc trung binh Fz ddi véi tam day
0.5mm 1a 35.6%, trong khi ddi v6i tAm day 1,0mm 1a 38.0%. Ngoai ra, két qua nghién
ctru & hanh trinh 5 cho thay pham vi phan bé luc Fy, Fz trong qua trinh gia cong bang

UISF hep hon so véi qua trinh gia céng bang ISF thong thuong (xem chi tiét trén Hinh

4.22 va Hinh 4.23).
Individual Value Plot of Fz (N) in UISF and in ISF (path 5) Individual Value Plot of Fz (N) in UISF and in ISF (path 5)
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Hinh 4.23. P6 thi Paired T-Test so sanh lwc bién dang Fz giita qud trinh UISF va qud
trinh ISF véi cdc tdm cé chiéu day khdc nhau: (a) day 0.5mm; (b) day 1.0mm
Bdng 4.10. Két qua thi nghiém so sanh Paired T-Test thanh phan lyc Fz

N 2 i 0)
Chiduddy Didukién Mean StDey Diference  95%Clfor o/, 0

Estimate n_difference
UISF  103.71 47.84

_ 5695  (-62.15,-51.75)  0.000
t=0.5mm IS 160.66 61.42 ( )

UISF 55360 13540 (-374.10, -303.60)  0.000
t=10mm \se 89250 190.70 | - |

Véi tat ca cac gia tri P (P-value) nhé hon nhiéu so véi 0.05 (xem Bang 4.9 va
Bang 4.10), c6 thé khang dinh rang luc tao hinh Fy, Fz can thiét cho qua trinh gia cong
UISF nho hon dang ké so véi luc Fy, Fz tuong g trong qua trinh ISF. Ngoai ra, su
can thiép thdng ké vai khoang tin cay 95%, khong bao gdm bat ky gia tri “0” nao, véi
diéu kién 1a co su khac biét dang ké giira hai gia tri trung binh cua tong thé. Noi cach
khac, luc tao hinh Fy, Fz can thiét cua qué trinh UISF nho hon lyc tao hinh trong ISF.
Két qua ndy mot 1an nira khing dinh, rung dong siéu am co tic dung giam luc bién

dang déo can thiét. Pay ciing la diéu kién dé cai thién cong nghé gia cong ISF va UISF
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nhim dwa cong nghé nay sat véi thuc tién hon.
4.4.6. Pdanh gid anh hudéng cia théng sé cong nghé dén lwong giam Fy, Fz

Pé danh gia hiéu cta rung dong siéu 4m tro gitp qua trinh ISF, nhom nghién ctru
théng ké lugng giam luc Fy, Fz & mdi hanh trinh (RFy; va RFz) dung cu tién theo
phuong doc truc mét luong Az, sau d6 chuyén dong theo phuwong ngang véi toe do f.
Cach théng ké, xac dinh RFy; va RFz; tai mdi hanh trinh duoc tinh toan nhu sau:

Fyise — Fyyise

. 0 = * 0
RFy; (%) Fyrer 100% (4.1a)
Fzisp — Fzyise
. (0 = * 0,
RFz; (%) Foor 100% (4.1b)

Trong d6, Fyse va Fzise 1an luot 13 luc tao hinh can thiét theo phuong ngang va
phuong thang dimg khi gia cong bang ISF thong thuong trong mdi hanh trinh; Fyyse
va Fzyse 1an luot 13 luc tao hinh can thiét theo phuong ngang va phuong théng ding
khi gia cong bang UISF co6 rung dong siéu am tro gitp trong mdi hanh trinh. Luu y
réng, cac thanh phén lyc tao hinh can thiét duoc xac dinh & vung bién dang on dinh
trén mdi hanh trinh (nghia 13, khong xac dinh & dau hodc cubi ciia mdi hanh trinh, noi
cac thanh phén lyc nay dat gid tri cuc dai). Muc trung binh cd nam hanh trinh dugc
tinh todn nhu sau:

RFy, (%) + RFy, (%) + RFy; (%) + RFy, (%) + RFy; (%)

RFz, (%) + RFz, (%) + RFz; (%) + RFz, (%) + RFz: (%)
5

RFz (%) = (4.2b)

MG&i thi nghiém nhu mé ta trén Hinh 4.19 duoc lip lai 05 lan. Két qua thong ké
dugc trinh bay trén lan luot trén Bang 4.11 (d6i véi RFy) va Bang 4.12 (d6i voi RFz).
Bang 4.11. Két qua thong ké 2 mirc thi nghiém doi véi RFy

RFy trung binh (%)
StdOrder | RunOrder | A4z f t

HT1|HT 2|HT 3|HT 4| HT 5| RFy

0.5 200 |1.0|64.7|66.2 652|636 | 61.7 | 64.5

0.5 | 1200 [ 05739 |69.6 674|628 | 645 | 67.3

15 | 1200 |05|815|742|720| 645|645 | 719

| B~ W O
Al W N

1.5 | 1200 |1.0|63.6|53.2|55.6 | 53.4 | 448 | 54.0
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RFy trung binh (%0)
StdOrder | RunOrder | A4z f t

HT1|HT 2|HT 3|HT 4| HT 5| RFy
6 5 1.5 200 |1.0|589|516(483|39.7 | 371 | 451
7 6 0.5 | 1200 [1.0|61.3|66.1|71.7|614 | 65.2 | 69.4
1 7 0.5 200 |05|654|552 (444 |58.7 | 522 | 55.2
2 8 1.5 200 | 05|76.3|609 452|384 | 374 | 414

Badng 4.12. Két qua thong ké 2 mire thi nghiém doi véi RFz

RFz trung binh (%)
StdOrder | RunOrder | A4z f t

HT1 | HT 2|HT 3|HT 4| HT 5| RFz
5 1 0.5 200 |1.0|50.8|50.7 440 31.1 | 33.6 | 42.0
3 2 0.5 | 1200 [05|70.8|70.163.0|60.2 | 61.8 | 652
4 3 15 | 1200 | 0.5|60.6|48.9 522|395 | 30.1 | 46.2
8 4 15 | 1200 |1.0389|40.7|44.4| 442 | 494 | 435
6 5 1.5 200 |1.0|36.5|452|48.4|304 | 384 | 398
7 6 0.5 | 1200 |1.0|58.2(60.3|62.5|60.1 | 56.0 | 59.4
1 7 0.5 200 | 0.5|59.8|66.3 542|352 | 36.7 | 504
2 8 1.5 200 | 05|60.0|485 (442 |37.0 | 29.1 | 43.7

D6 thi anh hudng va anh hudng tuong tac ciia cac thong sé khao sat dén RFy va

RFz dugc trinh bay nhu trén Hinh 4.24 va Hinh 4.25.

Main Effects Plot for Avarage of RFy (%) Interaction Plot for Avarage of RFy (%)
Fitted Means Fitted Means
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Hinh 4.24. 6 thi danh hwong (a) va anh hwéng twong tac (b) ciia cac tham sé
dén heong giam lwc bién dang Fy nho rung déng siéu am tro givip qud trinh ISF
Két qua Hinh 4.24a cho thdy, téc do tién dung cu theo phuong ngang f 13 tham s6

c6 anh hudng lon nhét dén lugng giam lyc RFy. Khi tbc do tién dung cu f cang 16n, ti
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1¢ giam luc RFy cang 16n. Diéu nay nghia 13, hiéu qua cta rung dong siéu Am ting khi
tang tbc do tién dung cu bién dang. Nguoc lai, budc tién dung cu bién dang theo
phuong doc truc Az ting thi lvgng giam luc bién dang RFy c6 xu huéng giam. Nghia
la, cang tdng Az (v61 muc dich giam thoi gian tao hinh) thi hi€u qua cua rung dong siéu
am dén luong giam luc RFy cang thdp. Anh huong twong tu dbi voi RFy ciing duoc
phat hién khi ting chiéu day tdm, nhung mirc d6 nhé hon. Ngoai ra, trén Hinh 4.24b,
d6 thi anh huong tuong tic ciia ca ba cip tham sé dau vao déu cit nhau hodc c6 xu
huéng cit nhau, nghia 1a twong tac giita chung c6 anh hudng manh dén giam lyc bién

dang déo RFy.

Main Effects Plot for Average of RFz (%) Interaction Plot for Average of RFz (%)
Fitted Means Fitted Means
Az *f f
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Hinh 4.25. D6 thi anh hwdng (a) va anh hwéng twong tac (b) cia cdc tham sé
dén luong giam lec bién dang Fz nho rung dong siéu am tro gitip qud trinh ISF

Déi véi luong giam RFz, két qua Hinh 4.25a cho thay, budc tién dung cu theo
phuong doc Az truc ¢6 anh hudng manh nhat. Cang ting Az thi luong giam RFz nhan
dugce cang thap. Xu hudng tuong tu cling nhan dugc ddi voi chiéu day tAm t. Tuy
nhién, anh hudng cua viéc ting chiéu day tdm t dén mic giam RFz nho hon. Nguoc
lai, téc do tién dung cy theo phuong ngang f 1a tham s6 c6 anh hudng 16n dén luong
giam lyc RFz, cang tang f thi lvong giam RFz nhan dugc cang 16n. Pidu nay nghia 13,
hiéu qua cua rung dong siéu am tang khi ting téc do tién dung cu bién dang. Bén canh
d6, két qua Hinh 4.25b cho thiy anh huéng tuong tac giira cac cip tham sb. Ca ba cip
tham s6 dau vao déu c6 xu hudng cat nhau, nghia 1a twong tic gitra chung c6 anh
huong dang ké dén giam luc bién dang déo RFz. Trong d6, dé dang nhén thdy, anh
hudng twong tac gitra Az va f dén luong giam RFz 1 16n nhét.

Hinh 4.26 va Hinh 4.27 cung cAp mdt goc nhin khac, truc quan vé luong giam
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cac thanh phan luc RFz va RFy; trén mdi hanh trinh tao hinh cua dung cu. D& dang

nhan thay, téc do tién dung cu bién dang f cang 16n thi ca RFz; va RFy; trén mdi hanh

trinh déu 16n hon so véi toc d6 nho. Két qua nay ciing cho thay, khi téc do tién dung

cu bién dang f 16n thi chiéu day t anh huéng khé it dén lwong giam lyc trung binh &

mdi hanh trinh tao hinh.

(a) RF=, (%)
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Hinh 4.26. Dit liéu théng ké RFz; (%) trong nam hanh trinh o cac diéu kién tao hinh:
(@) t=0.5mm, Az = 0.5mm; (b) t = 1.0mm, Az = 0.5mm.
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(a) RFy, (%)
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Hinh 4.27. Dit liéu thong ké RFy; (%)trong ndm hanh trinh ¢ cdc diéu kién tao hinh:
(@) t=0.5mm, Az = 1.5mm; (b) t = 1.0mm, Az = 1.5mm

Tir cac két qua khao sat trén day, trong dé tai ndy, hai tham sb Az va f, vira 1a cac
tham sé c6 anh huéng manh nhét, vira c6 anh huéng twong tic khd manh dén ca luong
giam Iyc bién dang déo theo phuong ngang RFy va theo phuwong thang dimg RFz. Do
d6, chung s& duoc sir dung dé xay dung bai toan tdi wu nhdm nhan duoc luong giam
luc bién dang déo 16n nhét, nghia 1a phat huy duoc hiéu qua cao nhét cia rung dong
siéu am. Qua trinh thi nghiém t61 wu s& duge thuc hién riéng ré cho hai chiéu day tam

khac nhau va s€ dugc trinh bay & muc 4.4.7 phia sau.
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4.4.7. Két qud toi wu

Céc thi nghiém ti wvu dé chon tham s thich hop cho qua trinh tao hinh bang
phuong phap UISF duoc thyc hién theo phuong phap CCD, bao gdm bdn thi nghiém &
dinh hinh 14p phuong, nim thi nghiém & tam trong khéi lap phuwong va bdn thi nghiém
trén truc. Két qua xac dinh luong giam thanh phan luc Fy trung binh (RFy, %) trong
05 hanh trinh tao hinh bang UISF so véi tao hinh bang ISF thong thudng 1an luong
duogc thé hién trong Bang 4.13 cho chiéu day tdm 0.5mm va Bang 4.14 cho chiéu day
tam 1.0mm. Tuong ty, luong giam thanh phan luc Fz trung binh (RFz, %) trong 05
hanh trinh tao hinh bang UISF so véi tao hinh bang phuwong phap ISF théng thuong
dugc thé hién 1an lugt trong Bang 4.15 cho chiéu day tim 0.5mm va Bang 4.16 cho
chiéu day tdm 1.0mm. Luong giam trung binh ca 5 hanh trinh tao hinh d6i voi thanh
phan luc bién dang Fy (RFy, %) va thanh phan luc Fz (RFz, %) khi so sanh giita gia
cong bang UISF véi gia cong bang ISF duge trinh bay trong Bang 4.17.

Bang 4.13. Két qua thi nghiém xdc dinh heong giam thanh phan luyc Fy (RFy, %)
khi tao hinh bang UISF so véi tao hinh bang |SF véi chiéu day tam t = 0.5mm

Lwong giam Fy (RFy, %)
StdOrder RunOrder PtType Blocks Az f

HT1 HT2 HT3 HT4 HT5

8 1 -1 1 1.0 1200 66.4 613 58.0 582 63.3
7 2 -1 1 10 200 611 615 463 474 375
9 3 0 1 1.0 700 575 603 440 48.0 40.2
3 4 1 1 0.5 1200 739 69.6 674 628 64.5
1 5 1 1 0.5 200 654 552 444 58.7 522
11 6 0 1 10 700 573 624 423 46.1 418
5 7 -1 1 05 700 724 653 575 616 66.7
10 8 0 1 10 700 578 588 433 504 418
12 9 0 1 1.0 700 576 57.8 448 483 415
2 10 1 1 15 200 763 609 452 384 374
13 11 0 1 1.0 700 582 578 46.8 482 41.0
4 12 1 1 15 1200 815 742 720 645 64.5
6 13 -1 1 15 700 80.6 618 541 413 37.0

D1t liéu thi nghiém, nhu trinh bay trén Bang 4.13, Bang 4.14, Bang 4.15 va Bang
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4.16 cho thfiy, khi dung cu bién dang tién theo phuong doc truc mét luong Az va di
chuyén theo phuong ngang & mot hanh trinh méi, di v6i hau hét cac muc thi nghiém,
lwong giam cua thanh phan lyc Fy va Fz déu c6 xu huéng giam. Diéu nay co thé giai
thich do khi tang chiéu siu tao hinh, sy hoa bén cua vat liéu 1am thanh ph?m luc bién
dang tang (xem Hinh 4.20), do mtc cong suat siéu am da thiét lap ¢d dinh, nén hiéu
qua giam cac thanh phan lyc tao hinh cua rung dong siéu am giam xudng. Két qua
cling cho thay, khi tdc d6 tién dung cu f cang 16n thi hiéu qua giam cac thanh phan luc
bién dang Fy va Fz déu ting. Diéu nay duoc giai thich boi, rung nhiét do ma st tiép
xtc gitra dung cu bién dang déo va bé mit tAm tang, do do hi¢u qua bién mém cling
16n hon. Nghia 13, vat liéu mém hon gitip cho hiéu qua cta rung dong siéu am dugc cai
thién dang ké.
Bang 4.14. Két qua thi nghiém xdc dinh lwong giam thanh phan e Fy (RFy, %)
khi tao hinh bang UISF so véi tao hinh bang |SF véi chiéu day tam t = 1.0mm

Lwong giam Fy (RFy, %)

StdOrder RunOrder PtType Blocks Az f
HT1 HT2 HT3 HT4 HT5

8 1 -1 1 1.0 1200 68.6 579 651 581 533
7 2 -1 1 10 200 599 56.8 53.6 501 459
9 3 0 1 10 700 625 565 57.1 496 426
3 4 1 1 0.5 1200 61.3 66.1 71.7 614 65.2
1 5 1 1 0.5 200 647 66.2 652 636 617
11 6 0 1 1.0 700 61.0 556 584 489 40.5
5 7 -1 1 0.5 700 58.7 646 659 63.2 6238
10 8 0 1 10 700 627 56.3 58.6 49.1 428
12 9 0 1 1.0 700 612 544 582 48.8 43.6
2 10 1 1 15 200 589 516 483 39.7 37.1
13 11 0 1 10 700 617 56.1 60.0 51.0 44.7
4 12 1 1 1.5 1200 63.6 53.2 55.6 534 4438

6 13 -1 1 15 700 592 527 478 402 420
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Badng 4.15. Két qud thi nghiém xdc dinh lwong giam thanh phan e Fz (RFy, %)
khi tao hinh bang UISF so véi tao hinh bang |SF véi chiéu day tam t = 0.5mm

f Lwong giam Fz (RFz, %)

StdOrder RunOrder PtType Blocks
(mm) (mmiph) HT 1 HT2 HT3 HT4 HT5

8 1 -1 1 1.0 1200 508 519 465 452 374
7 2 -1 1 1.0 200 499 46.0 434 31.2 36.6
9 3 0 1 10 700 504 46.6 36.6 348 358
3 4 1 1 0.5 1200 708 70.1 63.0 60.2 61.8
1 5 1 1 0.5 200 598 663 542 352 36.7
11 6 0 1 1.0 700 495 46.2 365 334 354
5 7 -1 1 0.5 700 629 652 513 46.2 410
10 8 0 1 1.0 700 503 469 373 323 373
12 9 0 1 10 700 504 463 36.8 311 354
2 10 1 1 15 200 600 485 442 370 291
13 11 0 1 10 700 50.6 465 36.6 308 359
4 12 1 1 15 1200 60.6 489 522 395 301
6 13 -1 1 15 700 557 478 475 365 293

Badng 4.16. Két quda thi nghiém xdc dinh lwong giam thanh phan e Fz (RFY, %)
khi tao hinh bang UISF so véi tao hinh bang |SF véi chiéu day tam t = 1.0mm

Az f Lwong giam Fz (RFz, %)

StdOrder RunOrder PtType Blocks
(mm) (mmiph) HT1 HT2 HT3 HT4 HT5

8 1 -1 1 1.0 1200 50.6 47.2 43.7 41.1 50.5
7 2 -1 1 1.0 200 40.7 425 422 357 316
9 3 0 1 1.0 700 435 422 406 356 309
3 4 1 1 0.5 1200 58.2 603 625 60.1 56.0
1 5 1 1 0.5 200 508 50.7 440 311 336
11 6 0 1 10 700 446 419 411 388 28.0
5 7 -1 1 05 700 495 482 438 444 442
10 8 0 1 10 700 43.7 423 433 386 264
12 9 0 1 1.0 700 424 40.6 40.2 405 29.2
2 10 1 1 15 200 365 452 484 304 384
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Az f Lwong giam Fz (RFz, %)
StdOrder RunOrder PtType Blocks
(mm) (mmiph) HT 1 HT2 HT3 HT4 HT5
13 11 0 1 1.0 700 440 407 341 386 353
4 12 1 1 15 1200 389 40.7 444 442 494
6 13 -1 1 15 700 387 384 408 358 400

Bang 4.17. Két qua thi nghiém leong giam RFy (%), RFz (%) trung binh

cua 5 hanh trinh

Trung binh 5 hanh trinh

Std Run Pt Az f
Order Order Type Blocks (mm) (mm/ph) RFy () Rz (%)
t=05mm t=1.0mm t=0.5mmt=1.0mm

8 1 -1 1 1.0 1200 67.4 60.6 46.4 46.6
7 2 -1 1 1.0 200 50.8 53.3 41.4 38.5
9 3 0 1 1.0 700 50.0 53.7 40.8 38.6
3 4 1 1 0.5 1200 67.3 69.4 65.2 59.4
1 5 1 1 0.5 200 55.2 64.5 50.4 42.0
11 6 0 1 1.0 700 50.0 52.9 40.2 38.9
5 7 -1 1 0.5 700 64.7 63.0 53.3 46.0
10 8 0 1 1.0 700 50.4 53.9 40.8 38.9
12 9 0 1 1.0 700 50.0 53.3 40.0 38.6
2 10 1 1 1.5 200 41.4 45.1 43.7 39.8
13 11 0 1 1.0 700 50.4 54.7 40.1 38.5
4 12 1 1 15 1200 71.9 54.0 46.2 43.5
6 13 -1 1 15 700 55.0 48.4 43.4 38.7

Két qua phéan tich bé mat chi tiéu doi véi lugng giam thanh phan luc RFy (%)
duogc trinh bay trén Hinh 4.28 va Hinh 4.29, lan luot cho hai chiéu day tam 1a 0.5mm
va 1.0mm riéng biét. Trong d6, mo hinh hoi quy cho tdm c6 chiéu day 0.5mm (xem
Hinh 4.28) c6 R-sq la 91.77% (véi R-sq(adj) 1a 85.88%). V&i tim c6 chiéu day 1.0mm
(xem Hinh 4.29), mé hinh héi quy c6 R-sq 13 99.12% (véi R-sq(adj) 1a 98.49%).

Tuong tu, két qua phan tich bé mat chi tiéu d6i v6i luong giam thanh phan lyuc
RFy (%) duoc trinh bay trén Hinh 4.30 va Hinh 4.31, 1an luot cho hai chiéu day tim la

0.5mm va 1.0mm riéng biét. Trong d6, mé hinh hoi quy RFz (%) cho tim cé chiéu day
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0.5mm (xem Hinh 4.30) c6 R-sq 1a 98.73% (véi R-sq(adj) 1a 97.82%). Vi tm co
chiéu day 1.0mm (xem Hinh 4.31), mé hinh hdi quy c6 R-sq 1a 99.23% (v6i R-sq(adj)
la 98.68%). Cac két qua nay cho thiy, mo hinh bé mit chi tiéu hoan toan phu hop véi

dir liéu thi nghiém, dong thoi khang dinh két qua thi nghiém c6 d6 tin ciy cao.

Surface Plot of Average of RFy (%) vs {, Az Contour Plot t()tf %ngg)e of RFy (%) vs f, Az
= 0.5mm,
=0.5 1200
(t=0.5mm) Average
of RFy
(%)
1000 u < 45
M 45 - 50
M 50 - 55
800 55 - 60
M 60 - 65
= W6 - 70
6001 | > 70

400

Average of RFy (%)

200
050 075 100 125 150
Az
(b)
Hinh 4.28. Do thi bée mat (a) va contour (b) luong giam RFy (%) cuia tam day 0.5mm
Surface Plot of Average of RFy (%) vs f, Az Contour Plot of Average of RFy (%) vs f, Az
t = 1.0mm)
(t=1.0mm) 1200
1000
~ 800
S —
=
& 600
kS
g 1200 400
5 900
r
200
050 075 100 125 150
Az
(@) (b)

Hinh 4.29. D6 thi bé mdt () va contour (b) heong giam RFy (%) cia tam day 1.0mm
Két qua toi wu hoa nhan duge phuong trinh hdi quy muc gidam lyc bién dang
trung binh theo phuong doc truc RFz (%) ddi v&i tim c6 chiéu day 0.5mm theo cac
tham sb dau vao la:
RFZopt (%) = 75.95-65.13 z + 0.00119 f + 30.91 z*z + 0.000013 f*f
—0.01223 z*f

Trong khi d6, v6i tAm c6 chiéu day 1.0mm, phuong trinh hdi quy mirc giam lyc

(4.33)

bién dang trung binh RFz (%) theo cac tham s dau vao la:
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RFzpt (%) = 52.95 — 28.13 z + 0.00183 f + 14.61 z*z + 0.000015 f*f (435)
—0.01368 z*f

Pi v6i thanh phan luc Fy, mic do giam lyc trung binh sau 5 hanh trinh bién

bién dang RFYopt (%), tuong ing véi chiéu day tim 0.5mm va 1.0mm lan luot la:

RFyopt (%) = 84.91 —58.8 z - 0.0222 f + 19.78 z*z + 0.000017 f*f

(4.4a)
+0.01850 z*f
RFYopt (%) = 80.68 —32.89 7 —0.01336 f + 6.80 z*z + 0.000012 f*f i)
+0.00399 z*f -

Surface Plot of Reduction of Fz (%) vs f,AZ. Contour Plot of Reduction of Fz (%) vs f, Az

(t = 0.5mm) 1200 (& =0.5mm) ,
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of Fz (%)
H < 40
1000 W40 - 45
45 - 50
50 - 55
M55 - 60
[ | > 60
S “
&
S
=
£ 1200
k=1
< 900
W
= f
200 -
0.50 0.75 1.00 1.25 1.50
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Hinh 4.30. Do thi bée mat (a) va contour (b) luong giam RFz (%) cua tam day 0.5mm
Surface Plot of Reduction of Fz (%) vs f, Az Contour Plot of Reduction of Fz (%) vs f, Az
(t=1.0mm)
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of Fz (%)
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Hinh 4.31. 6 thi bé mat () va contour (0) lwong gidm RFz (%) ciia tam day 1.0mm
Két qua giai bai toan tdi wu duoc trinh bay lan luot trén Bang 4.18 dbi v6i thanh

phan lyc Fz va Bang 4.19 d6i voi thanh phan lyc Fy. Vi ¢ dy 1a ham t6i da hoa muc
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ti€u, nén gia tri muyc tiéu (target) dugc lya chon 16n hon dai luong RFz va RFy da duoc
xac dinh trong qua trinh thi nghiém, vé6i cac chiéu day tim tvong Gmg (xem thém Bang
4.17).
Bdng 4.18. Két qua loi gidi toi wu doi véi mike giam thanh phan lyc RFz (%)

. z f Composite
Chiéu day RFz (%) Target (%) o
(mm) (mm/ph) Desirability
t=0.5mm 0.5 1200 64.1695 66.0 0.929538
t=1.0mm 0.5 1200 58.7272 60.0 0.940716

Bdng 4.19. Két quda 1o gidi toi wu doi véi mike gidm thanh phan liec RFy (%)

. z f Composite
Chieu day RFy (%) Target (%) o
(mm) (mm/ph) Desirability
t=0.5mm 1.5 1200 71.9874 75.0 0.910365
t=1.0mm 0.5 1200 69.1703 70.0 0.966621

Dé dang nhan thay, dé nhan dugc mirc do giam luc Fz 16n nhat, 10i giai phit hop
nhat cho hai chiéu day tim déu 1a budc tién theo phuong doc truc Az = 0.5mm va téc
d6 tién dung cu theo phuwong ngang 1a 1200mm/ph. Véi cac nghiém nay, luong giam
RFzopt (%) nhan dugc 1a 58.73% d6i véi tAm day 1.0mm va dat dén 64.17% déi véi
tdm c6 chiéu day 0.5mm. Gia thiét rﬁng, néu dit muc tiéu giam luc theo phuong doc
truc (RFz) dén 65.0%, thi cic mé hinh nay c6 mirc do phu hop 1én dén gan 92.95% khi
chiéu day tam 1a 0.5mm; va muc d6 phi hop dén 94.07% khi chiéu day tAm 1a 1.0mm.,

Tuong tu thanh phﬁn luyc Fz, mirc 46 giam RFy 16n nhét c6 10 gidi cho hai chiéu
day tdm, 1an luot 1a: khi chiéu day tdm 14 0.5mm, 15i gidi phu hop nhét 14 budc tién
theo phuong doc truc A4z = 1.5mm va tdc do tién dung cu theo phuong ngang la
1200mm/ph; dbi véi chidu day tdm 14 1.0mm, 10i giai phii hop nhét dé nhan dugc RFy
16n nhét 13 buéde tién theo phuong doc truc Az = 0.5mm va tde do tién dung cu theo
phuong ngang la 1200mm/ph. V61 cac nghi€ém nay, luong giam RFYy (%) nhan duoc
1a gan 71.99% dbi véi tam day 0.5mm va 69.17% d6i v6i tim c6 chiéu day 1.0mm.
Gia thiét rang, néu diat muc tiéu giam luc theo phuong doc truc (RFz) dén 75.0% cho
chiéu day tdm 0.5mm va 70.0% cho chiéu day tim 1.0mm thi cac md hinh ndy c6 mirc
d6 phu hop 1én dén hon 91.03% khi chiéu day tm 1a 0.5mm; va mirc d6 phu hop dén
96.66% khi chiéu day tam 14 1.0mm.
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4.5. Panh gia chat lwong san pham sau khi tao hinh bing phwong phap UISF

Chat luong san pham sau tao hinh duoc danh gia théng qua sai léch vé hinh dang
hinh hoc, kich thudc ctua san phém nhan duogc sau khi tao hinh (phﬁn bién dang tao
hinh) so v6i bién dang dinh dung cu theo CNC da duoc thiét ké. Qua trinh duoc thuc
hién theo cac thong sd nhu trong Bang 4.6, di gidi thiéu ¢ trén muc 4.3.1, véi b tham
s6 t6i wu cho hai chiéu day tam, d3 duoc xac dinh trén muc 4.4.7.
4.5.1. Két qud thwe nghi¢m gia cong mot sé san phiam dién hinh

Trude tién co thé thdy rd anh huong cia kiéu quy dao chuyén dong dung cu bién
dang déo ddi voi chat luong tao hinh san phdm. Véi kiéu tao hinh chay theo dudng
contour nam ngang tao nén san phém hinh kim tu thap cut, dé dang nhan théy su udn
cong kha rd rét trén khu vuc chuyén tiép xtic gitta mat bich (phan khong tiép xtc véi
dung cu bién dang déo) v6i phan duoc gia cong, nhu Hinh 4.32 va Hinh 4.33. Pong
thoi voi hién twong ubn, dé dang thdy cic ving bi cong trén phin mat bich (phan
chuyén tiép giita bién dang duoc tao hinh va phan kep chit) cta san phim. V& ban
chat, dy 1a ving chiu g suat phang, gdm ung suét nén (tac dung theo phwong tiép
tuyén/hodc chu vi) va (mg suat kéo (tac dung theo phuong hudng kinh). Khi dang bién
dang, dudi tdc dung cua ung suét kéo cua dung cu bién dang cling nhu vai tro cua bg
ga kep phoi ma mat bich tdm van phéng. Tuy nhién, khi két thic tao hinh, do ung Sut
du tac dung trén chiéu day tAm kha mong nén sy dan hdi nguoc 1am cho phan mit bich

bi uon cong, tao nén cac nép uodn cong kha rd rang.

& S ol

(a) ¢ = 45 h = 40mm ~ (b) $=45%h=50mm
Hinh 4.32. Anh chup san pham sau khi tao hinh bang UISF theo quy dao hinh vuong

(san pham dang kim tw thap cut): chiéu day tam t = 0.5mm va budc tién Az = 0.5mm
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Dong thoi, két qua ciing cho thay, goc tao hinh/gdc thanh tudng anh hudng 16n
dén kha ning tao hinh san pham. Khi goc thanh tudng nho (dudi 55°), san pham hau
nhu khong bi rach trong qua trinh bién dang. Tuy nhién, khi ting goc tao hinh/thanh
tuong 1én 60° hodc 70°, hau hét san pham bj rach khi chiéu sau tao hinh dat tir 20mm
tr& 1én. Nguyén nhan rach san pham co thé 1a do qua trinh gia cong cé siéu am trg

gilip, x4y ra va dap manh giira tim va dung cu bién dang.

(@ ¢=709t=1.0mm (b) =609 t =0.5mm
Hinh 4.33. Anh chup san pham sau khi tao hinh bang UISF theo quy dao hinh vudng

(san phdm dang kim tw thap cut) véi bude tién Az = 0.5mm

(@) ¢=45°; h =30mm (b) #=55°; h = 40mm;
Hinh 4.34. Anh chup san pham sau khi tao hinh bang UISF theo quy dao hinh xodn vit

(san pham dang chép cut): chiéu day tam t = 0.5mm va bwéc tién Az = 0.5mm
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Khi quy dao dung cu tao hinh c6 dang xodn vit khong gian tao ra san pham c6
bién dang hinh chép cut (nhu Hinh 4.34 va Hinh 4.35), dé dang nhan thdy su udn cong
tai ving chuyén tiép giita mat bich va phan dugc tao hinh bang bién dang déo giam
manh. Déng thoi, dé dang nhan théy, khi chiéu sau tao hinh cang nho thi hién tuong
ubn cong nay cang nho. Khi chiéu day phdi tang thi hién twong uén cong tham chi hau
nhu khong xuat hién. RS rang, quy dao chuyén dong tao hinh va hinh dang cua san
pham c6 anh hudng 16n dén hién twong udn cong tai bé mit chuyén tiép nay. N6i cach
khac, hai tham s trén ndy c6 anh huong khé 16n dén chat luong san pham nhan dugc

khi tao hinh bang cong nghé UISF.

(@) =552 h = 20mm (b) 4= 552 h = 40mm
Hinh 4.35. Anh chup san pham sau khi tao hinh bang UISF theo quy dao hinh xodn vit
(san pham dang chép cut): chiéu day tam t = 1.0mm va bude tién Az = 0.5mm
Bén canh anh huong dén chat luong san pham, bién dang va quy dao dung du
bién dang déo cling c6 anh hudng mot ph?m dén chat luong qua trinh tao hinh, dac biét
& day 1a kha ning bién dang déo cua san pham. Nhu mé ta & trén, khi goc tao hinh
(goc thanh tudng) ¢ ting dén 60°-70° thi san phdm duoc tao hinh thudng bi nit (xem
Hinh 4.33). D6i v6i bién dang hinh vudng, vi tri vét nit xuat hién trude tién 1a & cac
goc khi 4n dung cu xudng hodc khi chuyén huéng dung cu bién dang déo. Diéu nay co
thé 1y giai boi tai cac goc, kha ning bién dang kém nhét, do tai d6 tip trung tmg suit
va trang thai bién dang déo 1a kéo hoan toan nén lam giam kha ning bién dang déo cua
vat li¢u. Tuy nhién, khi tao hinh béng bién dang x04an vit, mic du khi tao hinh & céc

gdc 60°-70° phdi van bi ntt nhung rd rang chiéu sau bién dang d3 ting 1én (tir 18,5mm
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1én 20,0mm), diéu nay khing dinh rang kha ning bién dang déo khi tao hinh bang quy
dao dang x04n vit tot hon.
4.5.2. Két qud dinh gid sai so6 hinh dang va kich thwéc sin phim

Dé danh tong hop vé sai s6 hinh dang, kich thudc gia cong, tac gia sir dung mo
hinh do cac théng s6 kich thudc nhu mé ta trén Hinh 2.1 va Hinh 4.36 (bén trai), gom
céc tham sd: chiéu sau tao hinh h va géc tao hinh (goc thanh tuong) ¢. San pham dang
dbi xtmg try (chop cut) véi dudng kinh 16n Dy, va dudong kinh nhé Dg, duoc do theo
mo hinh mé ta trén Hinh 4.36 (bén phai). Két qua do duoc trinh bay lan luot trén bang
Bang 4.20 va Bang 4.21.

Bdng 4.20. Cdc kich thuée san pham sau khi tao hinh bdng cong nghé UISF

(phan hinh nén cut) véi chiéu day phéi 1.0mm

Chiéu sau Géc ¢ thiét ké 45° Goc ¢ thiét ké 50° Gébc ¢ thiét ké 55°
h (mm) Dm I:)ch ¢th Dm Dch ﬂh Dm Dch ¢(h

he | Do | (mm) | (mm) | (9 | (mm) | (mm) | () | (mm) | (mm) | (9

150 | 111.3 | 44.66 | 151 | 119.3 | 4943 | 151 | 122 | 54.65
150 | 111.2 | 4463 | 151 | 119.1 | 49.18 | 152 | 122 | 54.71

19.41 20
151 | 1116 | 4483 | 152 | 119.2 | 49.35 | 151 123 | 54.62
151 | 111.7 | 4493 | 152 | 119.5 | 49.65 | 151 122 | 54.65
150 93 | 44.49 | 150 102 | 49.40 | 150 | 109 | 54.79
151 93 |4499 | 151 102 | 48.81 | 150 | 109 | 54.79
29.5| 30

150 | 93.5 | 44.75| 150 103 | 49.99 | 151 | 109 | 54.13
151 93 |43.99 | 150 102 | 49.40 | 150 | 110 | 54.46
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Chiéu sau Goc ¢ thiét ké 45° Goc ¢ thiét ké 50° Géc ¢ thiét ké 55°
h (mm) Dm Dch ﬁh Dm Dch éh Dm Dch éh

he | Do | (mm) | (mm) | (9 [ (mm) | (mm) | () | (mm) | (mm) | (9

150 75 | 4461 | 150 87 | 49.59 [ 150 98 | 54.61
151 75 | 4424 | 152 87 |48.71 | 151 | 98.5 | 55.75
150 75 | 44.62 | 150 87 | 49.60 [ 150 99 | 54.71
151 76 | 4462 | 151 87 |49.14 | 150 98 | 54.89

39.2 | 40

Bang 4.21. Cac kich thuoc san pham sau khi tao hinh bang cong nghé UISF

(phan hinh nén cut) véi chiéu day phéi 0.5mm

Chidu sau | Géc ¢ thiét ké 45° Géc ¢ thiét ké 50° Goc ¢ thiét ké 55°
h (mm) Dnm Deh Hn Dnm Dch &n Dm Dch Ph
he | hg [ (mm) | (mm) | (9 [ (mm) | (mm) | (9 | (mm) | (mm) | (9
150 | 110.8 | 44.19 | 151 | 118 | 49.03 | 151 | 124 | 54.65
150 | 111 |44.26 | 151 | 119 [48.90 | 151 | 124 | 54.65
9.2 20 151 | 112 |44.26 | 152 | 119 |49.03 | 151 | 124 | 54.65
151 | 112 | 4426 | 152 | 119 |49.03 | 151 | 124 | 54.65
150 | 92 |[45.00 | 151 | 102 |49.81 | 150 | 109 | 54.74
151 | 92 | 4451 | 151 | 102 |49.83| 150 | 109 | 54.74
2931 %0 150 | 92 |[45.00 | 151 | 102 |49.92 | 151 | 109 | 54.10
150 | 92 |45.00 | 151 | 102 |49.81| 150 | 110 |54.41
150 | 74.8 [45.00 | 150 | 86 |49.90| 150 | 96 |54.61
151 | 746 | 4463 | 152 | 87 |[4996| 150 | 96 | 54.61
3931 40 150 | 75 |[4538 | 151 | 87 |49.90| 150 | 96 |54.61
151 | 755 4538 | 151 | 87 |4990| 150 | 96 |54.61

Tur két qua do c6 thé nhan théy 10, khi géc tao hinh ¢ cang 16n, chiéu sau tao hinh
h cang nho thi d6 chinh x4c goc tao hinh ¢ va do chinh xac vé chiéu sau tao hinh h
cang thap. Vi goc tao hinh c6 thé giai thich boi hién twong dan hdi nguoc cua vt lidu
sau khi gia cong bang bién dang déo. Thuc té 1a bién dang dan hdi cua vat liéu ludn
xudt hién khi bién dang dan hoi, khi chiéu sau tao hinh nhé nghia 14 tdm bi bién dang
déo nhd, ti 1¢ gitra bién dang dan hoi va bién dang déo 16n. Diéu nay anh hudng dén do

chinh xac gia cong. Khi ting chiéu siu bién dang h, hién tuong dan hdi van con nhung
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do muc dd bién dang da 16n hon nén ti I¢ gitta bién dang dan hdi va bién dang déo
giam xudng, do d6 d6 chinh x4c goc tao hinh ting 1én.

Két qua ciing cho thiy véi cac thong s6 cong nghé toi vu dé giam luc di xéac
dinh, vo1 san phélm dac trung 1a hinh nén cut, do chinh xac ctia san phém dat duoc nhu
sau: sai l¢ch duong kinh theo cac phuong do dat dugc dudi 1,0mm; sai 1éch vé gbc tao
hinh/goc thanh tuong ¢ dat dugc dudi 1°. Bén canh do, ing dung ctua rung dong siéu
am cling cho théy, gbc tao hinh tao hinh c6 thé dat duoc dén 70°, cai thién dang ké so
v6i cac cong bd trude day vé hop kim nhom thudce cing nhom khi gia cong bang cong
nghé ISF (xem Bang 2.1). N6i chung, cic nghién ctru vé Gmg dung rung dong siéu 4m
hd trg qua trinh ISF gia cong hop kim nhém Al 5052 hién nay kha it. Nhung c6 thé
thiy, cac két qua dat dugc cua dé tai ciing kha tuong ddng so v6i cong bd trong [102].
Tuy viy, trong cong bd [102], nhom nghién ciru phai sir dung nhiéu giai doan bién
dang dé dat dugc sai s do.

4.5.3. Két qud dinh gid bién mong thanh tim sau khi tao hinh

Phan bé chiéu day tam sau khi tao hinh & mot sb diéu kién khac nhau dugc thé

hién nhu trén cac Hinh 4.37, Hinh 4.38 va Hinh 4.39 sau day.
a P 1o

i T
' / |
ra

Hinh 4.37. Két qua xdc dinh phdan bé chiéu day san pham khi tao hinh theo cdc tham

1.0 0.77

1 /06l

20
21

$6 161 wu va cdc diéu kién: géc thanh twong ¢ = 50 % chiéu sdu tao hinh h = 20mm;

chiéu day tdm ban dau t = 1.0mm

[
<

0.82

=/ 0.63

0.67 1.0

/ %

Hinh 4.38. Két qud xdc dinh phdn bé chiéu day san pham khi tao hinh theo cdc tham

T
30
31

S0 16 wu va cdc diéu kién: géc thanh twong ¢ = 45 % chiéu sdu tao hinh h = 30mm;

chiéu day tam ban dau t = 1.0mm
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1.0 0.83

40
41

1.0

Hinh 4.39. Két qud xdc dinh phdn bé chiéu day san pham khi tao hinh theo cdc tham

S0 10 wu va cdc diéu kién: géc thanh twong ¢ = 45 % chiéu sdu tao hinh h = 40mm;
chiéu day tam ban dau t = 1.0mm

Két qua phan bd chiéu day san pham cho thiy, c6 sy bién mong thanh kha manh
tai ving chuyén tiép giita phan mit bich (gan vung kep chit) va ving tao hinh. Cang
gan khu vyuc ddy, sy bién mong cang giam. Khi chiéu sau tao hinh cang h 16n, sy bién
mong ¢ khu vuc chuyén tiép ndy xay ra cang l1on. Két qua nay tuong dong véi cac
nghién ctru trude day vé phan bd chiéu day tim khi gia cong bang cong nghé ISF
thong thuong va cong nghé UISF [22],[17],[44],[106],[102]. Su bién mong thanh c6
thé giai thich do ng suét kéo trong qua trinh tao hinh gay ra. Ung suét kéo tai khu vuc
chuyén tiép (twong tu nhu khi dap tAm thong thudong) co gid tri 16n nhat, do d6 su bién
mong & khu vuc ndy xay ra manh hon. Cac két qua ndy ciing cho thay, bién mong
thanh san pham khi gia cong 16n nhat dén gan 40%, ké ca vé4i chiéu siu tao hinh 16n,
dén 40mm.

4.6. Két luan Chuwong 4

- Anh huéng ctia rung dong siéu 4m dén thanh phan luc tao hinh chinh (cac thanh
phan luc theo phuong ngang va thanh phan lyc theo phuong doc truc) di dugc khao
sat mot cach chi tiét, khoa hoc. Két qua cho thdy khi qua trinh tao hinh c6 rung dong
siéu am trg gitp UISF, hién tugng giam lyc tao hinh (theo phuong doc truc va phuong
tién dung cu bién dang) xuat hién rat o rét khi so v&i khi tao hinh béng ISF thong
thuong (khong c6 rung dong si€u am).

- Vi cac diéu kién thi nghiém da duoc thiét ké, ché tao, dé tai dd xay dung duoc
bai toan t6i wu lugng giam lyc bién dang déo theo phuong tién dung cu bién dang va
phuong thang ding (Fy, Fz) theo cac tham s6 dau vao 1a luong tién dung cu theo
phuong doc truc Az va lugng tién dung cu theo phuong ngang f cho hai chiéu day tim

khac nhau, lan luot 12 0.5mm va 1.0mm. Két qua giai bai toan t6i uu cho thiy, luong
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giam RFzqy (%) nhan dugce 1a 58.73% d6i v6i tim day 1.0mm va dat dén 64.17% dbi
v6i tam co chiéu day 0.5mm. Trong khi d6, luong giam RFYopt (%) nhan duogc la gan
71.99% d6i v6i tAm day 0.5mm va 69.17% ddi v6i tim c6 chiéu day 1.0mm.

- P nham bé mit san phém duoc tao hinh béng UISF thép hon, khong xuét hién
cic vét nit so v4i bé mat duoc tao tao hinh béng ISF thong thuong, tham chi ké kha
khi luong tién dung cu bién dang duogc lua chon kha 16n, dén 1.5mm.

- Sai 1éch hinh dang hinh hoc va kich thudc cta san pham chép cut dién hinh sau
khi tao hinh theo bo tham sd t6i wu cho thiy: sai léch duong kinh theo cac phuong do
dat duge dudi 1.0mm; sai léch vé g6c tao hinh/goc thanh tuong dat dugc dudi 1°, voi
ca hai loai chiéu day tim nghién ctru.

- Két qua phan tich sy phan bo chiéu day trong khu vuc bién dang cho thiy sy
bién mong thanh xay ra manh & khu vuc chuyén tiép gitta ving tao hinh va bé mat
bich tam (phan kep chat). Tuy vdy, su bién mong thanh chi gan 40% khi chiéu siu tao
hinh h dén 40mm.

- Kha nang tao hinh bang ISF c6 rung dong siéu am trg gitp duoc cai thién dang
ké, ¢6 thé tao hinh véi goc thanh twong 16n dén 70° (trong khi cac hop kim nhom cling

nhém duoc gia cong bang ISF chi dat khoang 60°).
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KET LUAN VA PE XUAT

Két luan

Pé tai di thuc hién thanh cong cac muc tiéu di dat ra. Cy thé la:

- Pa tién hanh nghién ciu, ché tao duoc bd cong tac siéu am, co thé st dung cho
cac may cong cu hodc cho may phay CNC phuc vu nghién ciru, ché tao cic san pham
dang tAm vo bang cong nghé ISF c6 su tro giup cia rung dong siéu 4m. Cu thé:

+ 01 may CNC 03 truc, cong suat tong khoang 4.0 kW, chiéu dai bing may
1100mm, may tich hop ddu rung siéu 4m co cong suét ti thiéu 1000W.

+ Hé thdng nay c6 kha ning gia cong dugc da dang ching loai chi tiét dang tim
(thép, nhom...) dac trung, c6 quy dao, d rong va do sau gan, go dugc lap trinh diéu
khién tu dong.

+ Hé thong thiét bi thi nghiém hién thi day du cac thong tin vé chuyén dong.

+ B thu thap thong tin hién thi thong s rung dong siéu am, cac thanh phén luc,
lwu tri trén may tinh dé phuc vu nghién ciru.

- Pa x4y dyng dugc ham muc tiéu thé hién moéi quan hé cia cac thong sb cong
nghé v4i d6 giam thanh phan luc bién dang.

- Chat luong san pham sau khi gia cong:

+ D6 nham bé mit san phém duoc tao hinh bﬁng UISF thép hon, khong xuét hién
cic vét nit so v&i bé mat duoc tao tao hinh béng ISF thong thuong, tham chi ké kha
khi luong tién dung cu bién dang duogc lua chon kha 16n, dén 105mm.

+ Sai léch hinh dang hinh hoc va kich thuéc cua san pham chép cut dién hinh sau
khi tao hinh theo bo tham sb tdi wu cho thay: sai 1éch duong kinh theo cac phuong do
dat duge dudi 1.0mm; sai léch vé g6c tao hinh/goc thanh tuong dat dugc dudi 1°, voi
ca hai chiéu day tAm nghién ciru.

+ Kha ning tao hinh nhd rung dong siéu am duoc cai thién dang ké, co thé tao
hinh véi goc thanh tuong 16n dén 70° (trong khi cac hop kim nhom cung nhém dugc
gia cong bang ISF chi dat khoang 60°).

Pé xuit huwéng nghién ciru tiép theo

Céc két qua thu dugc dong vai trd co sé quan trong cho viéc nghién ciu cong

nghé gia cong UISF. Céc dinh hudng tiép tuc phat trién dé tai bao gdom:

- Trién khai nghién ctru tmg dung cho cac san pham thuc, bang thép cac bon thap
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hodc inox v6i cac mo hinh c6 khuén don gian (khudn ban phan hodc toan phan)....
- B6 sung chuyén dong quay cho dung cu bién dang dé danh gia anh huéng tdc

d6 quay dén qua trinh gia cong.
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