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TOM TAT

Hop kim nhém A11050 la mdt trong nhitng kim logi dwoc sir dung phé bién nhat trong cdc
nganh c¢éng nghiép trong diém va dan dung, vi vdy, cdi thién kha nang tao hinh cua A11050 dong
mét vai tro vé cing quan trong. Gia céng bién dang deo cuc b tam kim logi (ISF ') ngay cang thé
hién dwoc vai tré quan trong trong linh vuc gia céng tam va déc biét phit hop dé tao hinh hop kim
nhém. Nghién civu ndy tdp trung danh gid anh hwong tong hop cia dwong kinh dung cu (D), budc
tién dung cu (1), géc nghiéng thanh twong (o) dén kha nang tao hinh trong qud trinh gia céng chi
tiét hinh chép tir gide vt liéu A11050. Kha néng tao hinh ciia vt liéu dwoc thé hién théng qua chiéu
cao tao hinh (H). Két qua thi nghiém chi ra rang o cé dnh hwéng 16m nhat téi kha néng tao hinh ciia
vit liéu, chiém t6i 62,0%. Tiép dén la anh huong ciia t va D lan heot la 23,3% va 11,5%. Chiéu cao
tao hinh t6i da dat dwoc la H = 26,0mm khi o. = 70°, ¢t = 0,5mm va D = 14mm. Phuwong trinh toan
hoc thé hién sw anh hwong cua ba thong 0 trén t6i kha nang tao hinh da dvoc xay dung. Tir do cho
thdy dé cé thé dat dwge kha nang tao hinh tot nhat cia vt liéu thi nén chon a nhé két hop véi t nhe.

Tir khéa: Théong so cong nghé; Kha néing tao hinh; ISF; Al1050; Taguchi.
ABSTRACT

Aluminum alloy AA1050 is one of the most commonly used metals in key industrial and civil
sectors, so improving the formability of AA1050 plays an extremely important role. Incremental
sheet forming (ISF) process is increasingly playing an important role in the field of sheet metal
forming and is especially suitable for forming aluminum alloys. This study focuses on evaluating
the combined effects of tool diameter (D), step size (t), and wall angle (a) on the formability during
the forming of quadrilateral pyramidal parts of AA1050 material. The formability of the material
is expressed through the forming height (H). The experimental results show that a. has the greatest
influence on the formability of the material, accounting for 62.0%. Next are the effects of t and D,
which are 23.3% and 11.5%, respectively. The maximum forming height achieved is H = 26.0mm

when o. = 70° t = 0.5mm and D = 14mm. The mathematical equation showing the influence of the &
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above three parameters on the forming ability has been built. From that, it can be seen that in order
to achieve the best forming ability of the material, it is recommended to choose a small a. combined

with a small t.

Keywords: Process parameters; Forming ability; ISF; AA1050; Taguchi.

1. GIOI THIEU

Tam kim loai ngay cang duogc sir dung
phd bién trong tao hinh cac chi tiét ung dung
trong nhiing nganh céng nghiép trong diém nhu
hang khéng vil try, 6 t0, qudc phong, an ninh,
trong y té, kién trc, diéu khac [1]. Céc chi tiét
tao hinh tir tAm c6 thé duoc gia cong hiéu qua
bang nhiing phuong phép truyén théng nhu:
dap, can, ép, udn... [2]. Tuy nhién, trong thuc té
san xuat lai gdp phai nhiing thach thirc phirc tap
nhu: thay thé than may bay, cac bo phan khac
cua may bay, tau vi try, tau thay, cac by phan
trén co thé ngudi hodc can tao mau nhanh, gia
cong vat liéu moi... ma hé théng san xuét chua
c6 san khuon, dung cu gia cong, may gia cong
chuyén dung... Do d6 ludn c6 nhu cau vé viée
phat trién cac phuong phap san xuat mai, linh
hoat, khic phuc nhuoc diém cua cac phuong
phap truyén théng, mang lai hiéu qua kinh té,
ky thuat cao. Gia cong bién dang déo cuc bd
tam kim loai (Incremental sheet forming - ISF)
la mot trong nhitng phuong phap mai, dap ing
dugc nhitng doi hoi trén. Pay la mot phuong
phap voi hé théng cong nghé, dd g4, dung cu
gia cong don gian nhung lai c6 thé tao hinh
nhitng chi tiét phuec tap, linh hoat, chét lugng
cao, gia thanh thap [3].

Tinh t6i thoi diém hién tai, da c6 nhiéu
nghién ctru vé ISF, tap trung vao dénh gia anh
huong cia cac thong s6 cong nghé trong qua
trinh gia cong téi kha nang tao hinh, lyc tao
hinh, do chinh xéc, chat luong bé mit... G.
Ambrogio [4] nghién ctu anh hudng cua cac

thong s6 cong nghé dén gidi han tao hinh khi
gia cong bién dang déo cuc bd hop kim AZ31.
Két qua chi ra rang budc tién dung cu c6 anh
hudng 16n trong khi duong kinh dung cu cé
anh huong khong dang ké. Nghién ctru cua J.
Duflou [5] trén tim A13003-O chi ra rang budc
tién dung cy, dudng kinh dung cu, goc nghiéng
thanh tuong tang thi kha nang tao hinh giam.
Kumar [6] danh gia anh hudng cua cac thong
s6 cong nghé va chi ra rang goc nghiéng thanh
tuong c6 anh hudng 16n nhat t6i kha ning tao
hinh ciia AA2024-O. Guoqiang Fan [7] nghién
ctru danh gia anh huong cua dong dién, kich
thude dung cu, budc tién dung cu, toc do tién
dung cu dén kha ning tao hinh khi gia cong
AZ31 va hop kim TiAI2Mnl.5.

Bai bdo nay trinh bay nghién ctru thyc
nghiém xac dinh anh hudng cua duong kinh
dung cu, budc tién dung cu, goc nghiéng thanh
tuong dén kha ning tao hinh cta A11050. Bén
canh do, bai bdo xay dung ham todn hoc thé
hién anh huong cuia thong sé dau vao D, t, a toi
thong s dau ra H.

2. THIET KE THi NGHIEM
2.1. Vit liéu va hinh dang chi tiét thi nghiém

Nghién ctru sir dung tim hop kim nhom
Al11050 hinh vudng c6 canh 200 mm va day 1,0
mm. Bién dang tao hinh 1a hinh chop tir giac co
day 16n 13 hinh vudng canh 120 mm, chiéu cao
tao hinh H (mm) va gdéc nghiéng thanh tuong la
a(®) (Hinh 1a).
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2.2. D6 ga va thiét bi thi nghi¢m

Céc thi nghiém dugc tién hanh trén may
phay CNC Mazak 3 truc véi hé théng gia cong
thé hién trén Hinh 1b.

a) b) ¢
Hinh 1. (a) Chi tiét gia cong, (b) So do gia cong,
(c) Puong dan dung cu

Phoi dugc kep gitta tAim d& cd dinh
va tdm chan cia dd ga. Dung cu tao hinh co
phﬁn dau dang chom cau duoc toi dat do ciing
60HRC. TAm hop kim nhém Al11050 day 1,0
mm dugc sir dung trong tat ca cac thi nghiém.
Duong dan dung cu dugc tao béng phén mém
MasterCam (Hinh 1¢). Cac thi nghiém dugc
tién hanh véi S = 3000 (v/p) va F = 2000
(mm/p) con D, t, o thay doi.

2.3. Thiét ké thuc nghiém

Nghién ctru mg dung phuong phép thiét
ké thyc nghiém Taguchi, phan tich phuong sai
ANOVA va phan mém Matlab dé xay dung mo
hinh toan hoc biéu dién mdi quan hé giira cac
thong s6 ddu vao D, t, a dén H. Tur quan diém
vé chat luong, c6 ba loai dac tinh chét luong
nhu sau: Thép hon tét hon, gia tri tiéu chuén 1a
tdt nhat, cao hon tdt hon. Viéc chuyén ddi mot
tap hop cac quan sat thanh mot s6 don 1é, ty
s6 S/N duoc thue hién theo hai bude. Pau tién
binh phuong d¢ 1éch (MSD) dugc tinh todn.
Sau do, ty s6 S/N duogc xac dinh tir MSD theo
cong thuc:

S/N =-10log(MSD) (1)

Néu dic tinh chat luong cao hon t6t
hon, MSD dugc dinh nghia:

MSD = Z @)
=1 yt

Néu dic tinh chat luong thip hon tdt
hon, MSD dugc xé4c dinh theo cong thure:

MSD = 137 y? 3)

Néu dic tinh chat lwong gia tri danh
nghia Ia tot nhat, MSD duogc dinh nghia:

372

MSD = = @
¥

Trongdo y = Ly Vi 52 _ 20

T'—

y;la tat ca cac gia tri klem tra clia cac thuc
nghiém, r 12 s4 1an kiém tra trong mdi thuc nghiém,
Y, la gia tri tiéu chuan hoic gia tri muyc ticu.

Thiét ké thuc nghiém tuong tng khi gia
cong véi cac thong so6 nhu Bang 1.

Bang 1. Cdc théng sé dau vao (D, t, @) va ddu ra (H)

Théng s6 | Mién gia tri khao sat Th? ng so
dau ra
D (mm) 6; 10; 14
t (mm) 0,5;1,0; 1,5 H (mm)
a(°) 70; 80; 90

3. KET QUA VA THAO LUAN

Tir nhitng khao st so bo cho thiy duong
kinh dung cu, budc tién dung cu va goc nghiéng
thanh tuong c6 anh hudng 16n téi kha nang tao
hinh ctia vét liéu, chinh vi vy nghién ctru nay tién
hanh khao sat anh hudng cua ba thong sb trén t6i
dAu ra 13 chiéu cao tao hinh cuia chi tiét hinh chop
tir giac. Két qua thi nghiém duoc thé hién trong
bang 2. San phdm thi nghiém ¢ Hinh 2a.
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Bdng 2. Két qua thi nghiém anh hwéng ciia D, t, a dén H

TT A(D) B(t) C (o) H (mm) S/N
1 6 0.5 90 14.5 23.227
2 6 1 80 17.5 24.861
3 6 1.5 70 18.0 25.105
4 10 0.5 80 19.5 25.801
5 10 1 70 20.5 26.235
6 10 1.5 90 15.0 23.522
7 14 0.5 70 26.0 28.299
8 14 1 90 16.5 24.350
9 14 1.5 80 15.5 23.807
Bdng 3. Két qua ANOVA cho chiéu cao tao hinh H
. < Y nghia S/N ciia tirng ca Téng binh | Phén trim
Thur tw Tham so 1 £ 5 £¢ap 3 phlgr(rng phan b 5 (%)
1 D 24,398 25,186 25,485 5,444 11,5%
2 t 25,776 25,149 24,145 11,028 23,3%
3 A 23,700 24,823 26,547 29,361 62,0%
Nhiéu 1,520 3.21%
Tong 47,353 100,00%

Tir Iy thuyét vé phén tich phuong sai ANOVA, 1y thuyét t6i wu, két hop voi chuong trinh
Matlab, ta c6 biéu do phan murc t61 uu cac thong s6 va biéu do ty I¢ phan trdm anh hudng cua cac
thong so dugc thé hién 1an luot nhu Hinh 2b va Hinh 2c.

a)

Al Bit) € (mnpha) [ Nhidu (]

.5 % ] } A

\ Ce]  321% )/ £

M0
_ B \\ : P .
= 0 .k

s N \ \

nun g
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it qua £y I 5/N cua iz tham sd anh b dés H
b) c)

Hinh 2. (a) San phdam ciia cdc thi nghiém, (b) Két qua ty 1é S/N ciia ting tham sé dnh hwéng dén H, (c)
Murc do anh huong cac tham so den H
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Tir biéu dd murc d6 anh hudng cua cac
yéu t6 ta thdy: goc nghiéng thanh tuong (o) co
anh huong 16n nhat (62%) dén chiéu cao tao
hinh cta chi tiét. Khi (o) 16n thi kha ning tao
hinh giam. Nguyén nhan 1a do véi goc nghiéng
thanh tuong 16n thi qua trinh gia céng can lam
bién dang mot luong vat liéu 16n hon khién cho
luc tao hinh tang nhanh lam cho vét li¢u dé bi
phé huy. Bén canh do, goc nghiéng thanh tudng
16n ciing khién cho dién tich tiép xuc giita dung
cu va chi tiét 16n hon, lugng vat liéu bi bién
dang 16n hon khién luc ting va nat giy dé xay
ra. Budc tién dung cu (t) 13 thong s6 anh huong
tiép theo v&i 23%, khi (t) giam thi kha ning
tao hinh tang 1én. Khi budc tién nho, khoang
cach gitra hai 16p tao hinh nho hon, dung cu
dich chuyén bam sat bién dang can tao hon,
luong kim loai bi bién dang nhd hon, luc tao
hinh nho hon gitp vat liéu kho bi pha hiy hon,
dong nghia vai viéc kha ning tao hinh ting 1én.
Puong kinh dung cu (D) anh huéng it nhat voi
phan tram anh huéng 1a 11%. Anh huong cua
yéu t6 nhidu 1a 3,21%.

Ham hoi quy phi tuyén vé chiéu cao tao
hinh cua chi tiét hinh chop tor giac dugc xac
dinh nhu phuong trinh dudi day:

H = 1 89279_D0’15669_t_0’184485_(10’371294 (5)
4. KET LUAN

Nghién ctru d xay dung duoc méi quan
hé giita ba thong s quan trong 1a goc nghiéng
thanh tudng, bude tién dung cu, duong kinh
dung cu toi chiéu cao tao hinh khi gia cong
Al11050 bang phuwong phap ISF. Kha ning tao
hinh tt nhat cta vat lidu dat duoc & ché do
gia cong tdi wu khi a = 70°, t = 0,5mm va D =
14mm. Géc nghiéng thanh tuong c6 dnh huong
16n nhat dén chiéu cao tao hinh (62,0%), anh
huong cua bude tién dung cu va duong kinh

dung cu thip hon véi gia tri 1an luot 1a 23,3%
va 11,5%. Phuong trinh toan hoc thé hién mbi
quan hé gitra ba thong s6 ddu vao va chiéu cao
tao hinh da dugc xay dung va dugc thuc nghiém
kiém chimg khang dinh c6 d6 chinh xac cao.
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