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NGHIEN CU'U THU'C NGHIEM ANH HUONG CUA RUNG DONG
SIEU AM DEN LU'C TAO HINH TRONG QUA TRINH TAO HiNH TAM
BANG PHUONG PHAP TAO HINH PA PIEM

AN EXPERIMENTALLY INVESTIGATING THE EFFECTS OF ULTRASONIC
VIBRATION ON THE FORMING FORCE DURING INCREMENTAL SHEET
FORMING PROCESS
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TOM TAT

Bai bdo nay trinh bay mét sé két qud nghién ciru thwe nghiém céng nghé tao hinh da diém cé
va khéng ¢6 rung dong siéu am tro giip gia cong tam hop kim nhém Al 5052 véi cdc chiéu day 0.5
va 1.0mm. Trong qud trinh thuc nghiém, dung cu bién dang déo chuyén déng theo dwong xodn vit
Véi toe do 2400mm/ph va buéce tién theo phwong doc truc 0.5mm dé tao thanh san pham dang nén
cut ¢é goc thanh twong 45° va chiéu sdu tao hinh 20mm. Két qua cho thdy, nho rung dong siéu am
tro givip, lc tao hinh chinh Fz va cdc lic can tré chuyén dong ciia dung cu bién dang theo phirong
ngang déu giam manh. Bén canh dé, diedi tdc dung ciia rung déng siéu am, thanh phan lyc tao hinh
chinh Fz nhanh chéng dat gid tri cuee dai roi ¢é xu hudng giam dén khi két thic qud trinh tao hinh.
Ngodi ra, két qua thwc nghiém con cho thdy hiéu quad giam lyc bién dang nho rung dong siéu dm
tro gilip cua tam day I6n hon so véi tam mong.

Tir khéa: Rung déng siéu am; Siéu am tro gitip; Tao hinh da diém; Ly bién dang; Giam
luc tao hinh.

ABSTRACT

In this work, the incremental sheet forming (ISF) process with and without the assistance
of ultranonic vibration was deployed to form Al 5052 aluminum alloy sheet with two thicknesses
of 0.5mm and 1.0m. During the experiment, a spiral tool trajectory with a feed rate of 2400mm/
min and a step depth of 0.5mm was used to form truncated cone products with a wall angle of 45°
and a forming depth of 20mm. The results showed that, with the assistance of ultrasonic vibration,
the main forming force Fz and the forces hindering the horizontal movement of the forming tool Fx
and Fy were significantly reduced. The results also showed that, due to ultrasonic vibration, the
main _forming force Fz quickly reached its maximum value then tended to decrease. In addition, the
experimental results also showed that the reduction efficiency of major forming force Fz for 1.0mm
thick plates was greater than that of 0.5mm thick plates.

Keywords: Ultrasonic vibration; Ultrasonic-assisted, Incremental sheet forming; Forming
force; Reduction.
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1. PAT VAN PE

Ngay nay, rung dong siéu am da va dang
duoc nghién ctru, mg dung pho bién trong cac
linh vuc san xuat cong nghiép va trong doi séng
[1]. Ning luong siéu 4m cudng do 10n co thé
kich hoat mdt loat cac co ché, ch’fmg han nhu
nhiét, khqu tron, khuéch tan, x4o tron bé mit
tiép xuc, ma sat, phd hiy co hoc va céac hiéu
tmg héa hoc [2]. Trong linh vuc gia cong cit
got, cac nghién ctru cho thdy, rung dong siéu
am trg gitp da mang lai nhitng hi¢u qua tich
cuc, chéng han nhu gidm lyc doc truc, mé-men
va cong cét khi khoan [3]; cai thién do nham
khi phay [4]; on dinh qué trinh cat va dé thoat
phoi khi tién [5].

Tir phat hién cta Langnecker vé hién
tuong Ung sudt chay giam dudi tac dung cta
rung dong siéu 4m [6], nhiéu cong nghé tao
hinh bang cac phuong phéap bién dang déo khai
thac rung dong siéu am tro giup di dugc trién
khai nghién ctru va ing dung vao thyc tién san
xuat. Rung dong siéu am trg gitip giam lyc can
thiét dé bién dang déo, ting kha ning bién dang,
cai thién chat lugng tao hinh va chét luong bé
mat, chang han nhu khi trg giup qua trinh dap
vubt [7-8], kéo day [9], ép dun [10], chon nong
[11]; tang kha ning tham thdu bién dang déo
khi chon ngudi [12].

Khoang mot thap ky tr¢ lai day, céac
nghién ctu khai thac rung siéu am trg giap
cong nghé tao hinh da diém (incremental sheet
forming, goi tat 1a cong nghé ISF) tng dung
dé ché tao cac san pham dang tAm, vo bat dau
duoc trién khai trén thé gidi. Pugc phat minh
nam 1967 [13], cong nghé ISF c6 muc dich
khéc phuc céc nhuoc diém cd hitu cua cong
nghé dap vudt truyén thong, chang han tinh dic
thu cong nghé, chi phi van hanh 16n va cong
ngh¢ phuc tap [14]. Cong ngh¢ ISF dua trén su
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bién dang cuc b lién tuc phoi tam béng cach su
dung dung cu bién dang déo c6 dinh dang chom
cau di chuyén trén mot quy dao xac dinh cho
dén khi hoan thanh san pham. Quy dao chuyén
dong cua dung cu thuong duogc lap trinh bdi
cac may CNC hodc canh tay r6-bét [15]. Uu
diém nodi bat cua cong nghé ISF 1a rat linh
hoat trong san xuat san pham, chi phi khuon
va dung cu bién dang thép, khong can thiét bi
dét tién, c¢6 kha nang cai thién chét luong bé
mit san pham [16], chi phi phan mém thap va
gitip cai thién kha ning bién dang déo cua vat
lidu [14]. Twong tu nhu qua trinh tao hinh bang
bién dang déo khéac, nghién ctru qué trinh tao
hinh bang cong nghé ISF c6 rung dong siéu am
trg giup (ultrasonic-assisted incremental sheet
forming, goi tat 1a cong nghé UAISF) cho thay,
luc tao hinh giam [17-20], kha nadng bién dang
déo tang [17], hién twong dan hoi ngugc giam
[17], phan b bién dang dong déu hon [21].

Tuy nhién, phan 16n cac nghién ctru
trudc day da cong bd vé UAISF chi thuc hién
v6i toe do tién dung cu bién dang kha thép
(chi dén 2000mm/ph) [17, 18, 22], hodc tng
dung tao hinh céc vat liéu dé bién dang déo nhu
hop kim nhém AA 1050 va AA 1060 [17, 18,
20, 21]. Cac nghién cuu tng dung cong nghé
UAISF thuyc hién & tc do cao hon 2000mm/ph,
kha hiém cac nghién ciru trién khai véi vt liéu
kho bién dang hon, chang han nhu cac hgp kim
nhom két cdu hodc thép két cau.

Nhidm mé rong kha niang tmg dung cua
cong nghé UAISF, trong nghién ctru nay, toc do
tién dung cu bién dang déo dugc khao sat dén
2400mm/ph. Pong thoi, hop kim nhom két cdu
Al 5052, mot hop kim khé bién dang hon nhiéu
so voi cac hop kim nhdm AA 1050 va AA 1060,
v6i hai chiéu day 0.5mm va 1.0mm duoc sir
dung trong qua trinh nghién ctru thuc nghiém.
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2.VATLIEU VA PHUONG PHAPNGHIEN
cUUu
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Hinh 1. So' do6 qud trinh tao hinh bang cong nghé
UAISF

So d0 chung quéd trinh tao hinh san
pham dang tdm vo bang cong nghé UAISF
duoc thé hién nhu trén hinh 1. Phéi ban dau (1)
duoc kep chit boi chin phéi (2) va tim dé (5).
Dung cu bién dang (3) duoc kep chat trén bo
phat rung siéu am (4) va co thé di chuyén theo
quy dao phu hop véi tée do tién f va budc tién
theo phuong doc truc Az dén khi két thuc qua
trinh gia cong dé tao thanh san pham (6). Trong
qué trinh tao hinh, by phat rung siéu am dugc
cap dién va thuc hién rung theo phuong doc
truc tao nén su tiép xUc gian doan gitra bé mat
dung cu bién dang va bé mit phoi gia cong.

Cac cong bd trude ddy vé cong nghé
ISF cho thdy, tng xur cua cac thanh phan lyuc
trong qud trinh tao hinh la chiu d4nh hudng
manh boi cac thong s6 dau vao, chéng han nhu
budc tién theo phuong doc truc Az, duong kinh
dung cu bién dang d, goc thanh tudng ¢, toc do
tién dung cu f va chiéu day tdm t, quy dao tién
dung cu... Su thay ddi cua cac thong sd nay s&
gdy ra sy thay doi 16n cua cac thanh phan luc
tao hinh ciing nhu kha nang tao hinh san pham.

M6 hinh thyc nghi€ém qua trinh tao

hinh bang céng nghé UAISF dugc trinh bay
trén hinh 2, trén co s& nghién ctru trudc day

cua nhom tac gia [22]. Trong do, bo phat rung
siéu am (2) lam viéc & tan s 20 kHz dugc kep
chit trén ddu may phay (1) tai diém nat (diém
c6 bién do rung dong bang “khong”). Dung
cu bién dang déo (3) duoc ché tao dudi dang
mot dau khuéch dai thir hai va dugc kep chat
trén dau bo phat rung bang mdi ghép ren. Phoi
(4) dugc kep chit trén bo do ga gdbm chan phoi
(5) va tim dé (6) boi cac bu-léng. Trong qué
trinh tao hinh, lyc ké 03 thanh phan duoc st
dung dé thu thap tin hiéu cta cac thanh phan
lyc tao hinh tac dung 1én phoi vé may tinh va
dung dé xir Iy két qua vé sau. Trong nghién ciru
nay, dung cu bién dang déo dugc ché tao bang
thép C45, dinh dang chom cau c6 dudng kinh
16mm. Céc nghién clru trude day [21, 23, 24]
cho théy, toc d6 quay cua dung cu khong anh
huong nhiéu dén thanh phan luc tao hinh, do d6
trong nghién ctru thuc nghi¢m, phuong an dung
cu bién dang déo khong quay dugc lua chon
cho tat ca cac thi nghiém.
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Hinh 2. Anh chup hé thong thiét bi thi nghiém

Phoi thi nghiém la hgp kim nhom Al
5052 tim duogc cit thanh cic tAm vudng cé
kich thudc 240mm x 240mm véi hai loai chiéu
day 0.5mm va 1.0mm. Tbc do tién dung cu bién
dang déo dugc lya chon khao sat 1a 2400mm/
ph. Tat ca céc thi nghiém dugc thuc hién dudi
diéu kién boi tron bang dau cong nghiép. Luong
tién dung cu theo phuong doc truc Az, chiéu
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sau tao hinh h va gdc thanh tuong ¢ (xem hinh
1) dugc lua chon cb dinh, 1an luot 1a 0.5mm,
20mm va 45°, Déng thoi, quy dao tién dung cu
duoc lya chon dang X0an vit khong gian cho
moi thi nghiém.

3. KET QUA VA THAO LUAN

Biéu do cac thanh phan luc bién dang
khi tao hinh bang cong nghé ISF thong thuong
cho céc tim c6 chiéu day 0.5 mm va 1.0 mm
duogc trinh bay 14n luot trén cac hinh 3 va 4. D&
dang nhan théy, thanh phén luc tao hinh chinh
Fz 1én hon nhiéu so véi cac thanh phén luc tao
hinh theo phuong ngang Fx va Fy. Ngoai ra,
két qua con cho thdy, khi ting chiéu siu tao
hinh h thi cac thanh phén Iuc tao hinh c6 xu
hudng gia ting. Vi tAm c6 chiéu day 0.5 mm,
khi chiéu sdu tao hinh dat khoang 15 mm thi
cac thanh phén luc dat gia tri cuc dai va c6 xu
huéng khong d6i. Voi chiéu day tam nay, gia
tri cuc dai ctia thanh phan luc tao hinh chinh
Fz khoang 250N; trong khi dé céc thanh phan
luc theo phuong ngang Fx va Fy, gia tri cuc
dai dat khoang 125N. Tuy nhién, véi tam day
hon (chiéu day 1.0 mm), gié tri cuc dai cua cac
thanh phan Iyc chi dat dugc khi chiéu sau tao
hinh h ting dén khoang 18mm. Véi tim day,
gia tri cuc dai cua thanh phén luc Fz khoang
450N; céac lyc theo phuong ngang Fx va Fy
dat cuc dai khoang 175N. Hi¢n tugng tang luc
tao hinh chinh Fz khi tang chiéu sau tao hinh
h trong qua trinh tao hinh bang céng nghé ISF
thong thuong c6 thé dugc giai thich boi sy hoa
bén cua vat liéu. Dong thoi, cac thanh phan lyc
theo phuong ngang tang bdi luc can do ma sat
tiép xuc gitra dung cu bién dang va bé mat vat
li¢u. Tuy nhién, khi dat dén chiéu sau tao hinh h
nhit dinh, su can bang giita bién mong thanh va
héa bén bién dang dan dén thanh phﬁn luc tao
hinh chinh Fz dat gia tri cuc dai va c6 xu hudng
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khong thay ddi. Két qua nay lam cho céc thanh
phan luc can trd chuyén dong cta dung cu theo
phuong ngang Fx, Fy cling ¢6 xu hudéng khong
doi.
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Hinh 3. D6 thi cdac thanh phd‘n luee tao hinh tam c¢é
chiéu day 0.5mm khi gia cong bang cong nghé ISF
thong thuong
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Hinh 4. Dé thi cac thanh phdn luc tao hinh tam c6
chiéu day 1.0mm khi gia cong bang cong nghé ISF

thong thuong

Hinh 5 va 6 lan luot trinh bay do thi
cac thanh phan lyc tao hinh tam c6 chiéu day
0.5 va 1.0mm bang cong nghé UAISF. Két qua
cho thay, twong ty nhu khi tao hinh bang cong
ngh¢ ISF thong thuong, thanh phan lyc tao hinh
chinh Fz 16n hon nhiéu so véi cac thanh phan
luc theo phuong ngang Fx va Fy. Tuy nhién,
cac thanh phan lyc ndy nhé hon nhiéu so véi
khi tao hinh bang cong nghé ISF thong thuong.
Diéu nay khang dinh hiéu qua cta rung dong
siéu 4m d6i v6i qué trinh tao hinh bang cong
nghé UAISF. Ca hinh 5 va 6 déu cho thay, dudi
tac dung cua rung dong siéu 4m, thanh phan
luc tao hinh chinh Fz nhanh chong dat dén gia
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tri cuc dai (khi chiéu sau tao hinh dat khoang
10mm), sau d6 giam xudng. Vi tam cé chiéu
day 0.5mm, gia tri cuc dai cua luc Fz chi dat
khoang 125N, bang khoang 50% so véi khi tao
hinh bang cong nghé ISF thong thudng. Trong
khi d6, voi tAm co chiéu day 1.0mm, luc Fz cuc
dai chi khoang 200N, bang khoang 44% so véi
khi tao hinh bang cong nghé ISF thong thuong.
Hién tuong gidm manh lyc tao hinh chinh Fz
c6 thé dugc giai thich boi ning luong siéu 4am
da kich hoat cac léch trong long vat lidu chuyén
dong, con goi 1a hiéu tng thé tich [25]. Hé qua
1a vat liéu tré nén mém hon, dé bién dang déo
hon. No6i cach khac, rung dong si€éu am giap
giam luc bién dang déo can thiét. Ngoai ra, su
chuyén dong cua léch va ma sat tiép xuc giira
bé mit dung cu véi bé mat phoi déu sinh nhiét.
V&i tAm c6 chiéu day 16n hon, ton that nhiét ra
moi truong xung quanh nhé hon, do doé hi¢u
qua giam lyc cua tim day cao hon so voi khi
tao hinh tim mong.
N
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Hinh 5. 6 thi cac thanh phdn luc tao hinh tam c6
chiéu day 0.5mm khi gia cong bang cong nghé UAISF
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Hinh 6. Dé thi cac thanh phcfn Iuc tao hinh tam c6
chiéu day 1.0mm khi gia cong bang cong nghé UAISF

Két qua thuc nghiém ciing cho théy,
nhd rung dong siéu am, cac thanh phan lyc theo
phuong ngang Fx va Fy déu giam manh so véi
khi tao hinh bang cong nghé ISF thong thuong.
Gia tri cyc dai cua cac thanh phan luc Fx va Fy
trong qua trinh tao hinh bang cong ngh¢ UAISF
khoang gan 50N véi tam day 0.5mm, giam
khoang 60% so véi khi tao hinh bang cong
nghé ISF thong thuong. Trong khi do, véi tim
day 1.0mm, gid tri cuc dai cua cac thanh phén
luc Fx va Fy trong qua trinh tao hinh bang cong
ngh¢ UAISF la khodng trén 50N, giam khoang
70% khi so v6i tao hinh bang cong nghé ISF
thong thuong. Hién tuong nay c6 thé giai thich
boi hiéu tng bé mit [25]. Theo d6, rung dong
siéu am lam gian doan tiép xtic cia bé mat dung
cu v6i bé mat phoi, qua doé gitp cai thién diéu
kién boi tron va glam ma sat tiép xuc. Két qua
nay ciing cho thay, khi tim c6 chiéu day 16n
hon, hiéu qua giam cac thanh phan luc theo
phuong ngang 16n hon.

4. KET LUAN

Trong cong trinh nay, cong ngh¢ tao
hinh ISF c6 va khong co sy trg glup cua rung
dong siéu am duoc trién khai dé tao hinh tim
hop kim nhém Al 5052 véi hai chiéu day
0.5mm va 1.0mm. Qué trinh thuc nghiém st
dung quy dao xodn vit véi toc do tién dung cu
2400mm/ph va budc tién theo phurong doc truc
0.5mm dé tao hinh san phém dang non cut cé
goc thanh tudng 45°, chiéu siu tao hinh 20mm.
Két qua cho thay, so v&i qua trinh tao hinh bang
cong nghé ISF thong thuong, qua trinh tao hinh
bang cong nghé UAISF c¢6 cac dic diém:

- Luc tao hinh chinh Fz va cac thanh
phan lyc can tr6 chuyén dong cua dung cu theo
phuong ngang Fx, Fy nho hon nhiéu;

- Luc tao hinh chinh Fz dat gia tri cuc
dai nhanh hon, sau khi dat cuc dai thi do 16n
cua Fz c6 xu hudng giam;
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- Hiéu qua giam lyc cac thanh phan luc

tao hinh phu thudc vao chiéu day tam, chiéu
day 16n hon thi mirc d§ giam cua cac thanh
phan lyc 16n hon.
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