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incremental sheet forming process using Abaqus software. Accurate
Numerical simulation simulation of the machining process makes research on incremental sheet
Abaqus forming more convenient, faster, and less expensive. At the same time,

simulation is especially useful in predicting defects and proposing
. optimal solutions before actual production, in designing and testing new
Forming limit curve products. In the numerical simulation of the incremental sheet forming
AI1050 process, the forming limit curve plays an important role and is an input
data that has been not yet available and needs to be built. The research
results build the forming limit curve for AI1050 sheet material and can
simulate the incremental sheet forming process with an error of 1.54% -
4.60% compared to the experiment.
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Ngay nhan bai: 20/3/2025 Gia cong bicn dang deo cuc bo tam kim loai v6i nhimg vu diém noi troi
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TU KHOA con nhiéu ¥ kién tréi chiéu. Vi vay, nghién clru ndy tap trung mo phong s0

- qua trinh gia cong bién dang déo cuc bo tim kim loai bang phan mém
M6 phong so Abaqus. Viéc md phong chinh xdc qué trinh gia cong s& giup qua trinh
Phan mém Abaqus nghién ctu Ve phuong phap nay dugc thuan loi hon, nhanh chéng hon, it

ton kém hon. Dong thoi, mo phong déc biét hiru ich trong viée du doan cac
sai hong va dé ra phuong an t6i ru trude khi san xuat thuc té, trong thiét ké,
thir nghiém cac san phdm mai. Trong mé phong s6 qua trinh nay thi duong
AIl1050 cong gigi han tao hinh dong vai trd quan trong va 1a dir lidu dau vao chua
¢6 san can phai xdy dung. Két qua nghién ctru di xdy dung dwoc duong
cong gidi han tao hinh cho tim AI1050 va c6 thé mo phong qué trinh gia
cong véi sai s6 tur 1,54% - 4,60% so voi thuc nghiém.
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1. Gioi thigu

Nhimg thiét bi khong thé thiéu trong doi séng hang ngay nhu 6 t0, mdy bay, tau vi try, tau
thiy, do dung gia dung, thiét bi y té, v.v. déu c6 than, vo dugc ché tao tir tim kim loai. Piéu nay
da ching té tim quan trong va ung dung rong rai cua tam kim loai [1]. Chinh vi Vay, hién tai va
trong twong lai, cac phuong phap gia cong truyén thong [2] khong ngimg dugc cai tién di kém
v6i su ra doi cia nhitng phuong phap méi wu viét hon nham giai quyét mot khdi luong cong viée
khong 16 véi nhiéu doi hoi va thach thirc khac nhau vé gia cong tim. Véi loi thé hé thdng cong
nghé, d0 g, dung cu gia cong don gian, dé van hanh, gia thanh thap, gia cong bién dang déo cuc
bo tim kim loai (Incremental sheet forming (ISF)) hién 1a phuong phép dugc uu tién ép dung [3].
Phuong phap nay ngay tur khi ra doi to1 nay da khong nging d6i méi va da giai quyét dugc phan
16n nhitng nhu cau dit ra vé gia cong tam [4]. ISF c6 thé gia cong hiéu qua nhiing chi tiét c6 hinh
dang phure tap, dugc lam tur nhiéu loai vat liéu khac nhau, dic biét 1a vat liéu méi, vat liéu kho gia
cong hodc gitip phat trién san pham mdi nhanh chéng trén mot hé théng cong nghé linh hoat, chi
phi thap ma vin dam bao tot nhitng yéu cau khét khe vé k¥ thuat [5].

Tuy nhién, trong qué trinh tao hinh san pham, nhimng sai hong vé tinh dong déu cua do day
thanh chi tiét, d6 chinh xac hinh hoc va cc han ché cta quy trinh can tré ing dung céng nghiép
quy m6 16n cua phuong phap ISF. Dé dy doan nhing sai hong trude khi gia cong ISF, da co
nhiéu nghién ctru vé mé phong sé [6] - [12] cua qua trinh tao hinh nay. Bouhamed va cOng su
[13] da tép trung nghi€n clru md phong so cua qua trinh ISF. Pé dam bao do chinh xdc cua mo
hinh mé phong va du doan sy thay d6i vé do day cua tdm, nghién ctru da dé xuat mot mo hinh dé
mo ta tinh di hudng cua vat liéu va cho thay su phi hop hon khi sir dung hai mé hinh 1a Hill-R va
Hill-S. Han va cong su [14] da xdy dung duong cong gidi han tao hinh (Forming limit curve
(F LC)) cho vat liéu tarn nh6m va thép dugc so sanh voi dir liéu thyc nghiém. Nghién ctru da dya
trén diéu kién ung suit phiang va tiéu chi nang sudt di hudng phi bac hai cia Barlat. Rusu [15],
Xiao [16] cling da nghién ctru md phong qua trinh ISF, trong d6 Xioa [16] da danh gia anh huong
ctia rung dong tan so thip den toan bd qua trinh tao hinh. Téac gia Shang [17] cling d& md phong
qué trinh ISF va dénh gia vé do day thanh chi tiét va goc tao hinh téi han.

Dé c6 thé md phong s6 qua trinh ISF trén phan mém Abuqus, can phai xay dung duoc FLC dé
lam dir liéu mé phong. Nghién ctru nay trinh bay mot phuong phép tinh toan méi, don gian va
cho két qua tin cdy cao trong viéc xay dung FLC cua vat liéu A11050. Tiép do, cac thi nghiém
thuc nghiém duoc tién hanh dé kiém nghiém moé hinh mé phong trude khi ap dung vao nhiéu
nghién ciru quan trong tiép theo.

2. Thiét ké thi nghiém
2.1. Hinh dang chi tiét nghién civu

Bién dang tao hinh trong nghién ctru 13 hinh n6n cyt, c6 dudng kinh ddy 16n 1a D (mm), chiéu
cao tao hinh 1a H (mm) va goc nghiéng thanh tuong 13 o (°) duoc thé hién nhu trén Hinh 1.

Hinh 1. Hinh dang ciia chi tiét nghién ciru
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2.2. Vit liéu nghién ciru
Phan thuc nghiém cua nghién ctru st dung vat li¢u hop kim nhom Al1050 c6 thanh phﬁn hoa
hoc nhu trong Bang 1. Tam vat liéu hinh vuéng c6 canh L =230 mm va day 0,5 mm.
Bang 1. Thanh phan hod hoc hop kim nhém Al1050

Al Si Fe Cu Mn Mg Zn Ti V
Wt 99,164 0,071 0,231 0,013 0,006 <0,002 0,014 0,027 0,021

2.3. D6 gd va thiét bi thi nghiém

Trong nghién ctru nay, qué trinh thuc nghiém gia cong céc mau hinh nén cut dugc thuc hién
trén mdy phay CNC Mazak VCN530C-SG.

¢

“MI

(b) (c)
Hinh 2. (a) So do gia céng, (b) Dung cu tao hinh, (c) Puwong ddn dung cu

So do gia cong clia qua trinh gia cong bién dang déo cu b tim kim loai duoc thé hién trong
Hinh 2a. Phoéi duoc kep gitia tdm d& cb dinh va tdm chan, tat ca dugc kep chat béng bu long.
Dung cu tao hinh c6 phén dau dang chém cAu ban kinh 4 mm, nham bé mat 1a Ra = 0,25 um nhu
trong Hinh 2b. Puong dan dung cu duoc tao bﬁng phén mém Matercam nhu trén Hinh 2c. Bang 2
thé hién cac thong s6 duoc lwa chon dé tién hanh cac thi nghiém.

Bang 2. Thong sé thi nghiém

Théng sb dung cu Théng sb thi nghiém Tuwo6i ngudi
Vitlieu Bankinh (mm) S(vlp) F(mm/p) t(mm) a(®
SKD11 4 3000 2000 0,5 60 VG68

3. Két qua va thao luan
3.1. Xay dung dwong cong gidi han tao hinh ciia vit li¢u Al1050
3.1.1. Xdc dinh co tinh cua vat liéu AL1050

Tinl} di ‘hu’érng cua vat li€u anh hudng rt 16n dén chat lugng cia san phérn tao hinh. Cac mau
dugc cat bang tia nudc theo cac phuong: phuong can, phuong vudéng goc v6i phuong cn va 45°
so v6i phuong can (Hinh 3a). Cac mau dugc kéo trén may YS-L45-J11 theo ti€u chuan ISO

6892-1 nhu trong Hinh 3b. Két qua duong cong Umg sudt bién dang theo ba phuong duoc biéu
dién nhu trén d6 thi Hinh 3c. Tinh chat vt liéu dugc mo ta nhu Bang 3.

Bang 3. Co tinh vat liéu Al11050

Vit liéu AI1050

Phuong can 0’ 45° 90°
Ung suit chay (MPa) 81,6 79,7 89,8
Hé s6 di hudng (r) 0,62 038 0,85
Mat d¢ va liéu (p kg/mm3) 2,7e-06

Mb dun dan hoi (E, kN/mm?2) 69

He¢ s6 Poisson 0,33
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3.1.2. Xdy dung dwong cong gidi han tao hinh bang phwong phdp hoa do
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5 Hinh 3. Thi nghi¢m ké~0 don truc A11050:
(a) Mau thir kéo dwoc cat theo 3 phurong, (b) Kéo mau, (c) Do thi quan hé gitva ung suat va bien dang
Dua trén co s tiéu chuan tré luc t6i da duoc sira d6i (MMFC) lién quan dén viéc quan sat qua
trinh chuyén do6i duong bién dang sau khi vet nat xuat hién. Biéu thirc cho MMFC dugc dua ra la:

2% ey + ‘f;:; :ﬁ de, > oydey (1)

Trong d96,f = A&, /Ag; bleu th1 ty 1& bién dang theo 2 phuong chinh. Gia thiét ring a =
0,/0, biéu thi ty 1& ng suat theo hai phuong chinh; va hai ham sé f(a) = /0y va g(a) =
Ag/Ag; md ta moi quan hé gitra cac thanh phan ung suét (o;), bién dang chinh (;) thir nhat so
V6i g suat F o) va bién dang () tuong duong. Vi mdi ham cing héa duoc lya chon cho quan

hé giita tng suat - bién dang, cac sb hang g, /de; va do, /0B, dugc xac dinh:
do; _ 0o, 00 0%

%5, 00 0z 08 g(@)H'/f (a) )
90, _ 00,00 __ pite) _da _ _ _fi@ , 08
% "0 @il i/ Ga )

Trong cac phuong trinh (2-3), H = H(&) biéu thi ham cimg hoa va H' biéu thi d6 doc cua
duong cong cing hda. Bang cach tuan theo quy luat co hoc moi truong lién tuc, ta co:

" de;,  95/00y .

Do do, B'(a) sé& dugc xac dinh 10 rang. Viéc danh gia cua df/de; dugc thuc hién bang cach
su dung lap trinh quy trinh 1ap. Tuy vay, dé tang tinh hiéu qua va don gian hda qua trinh tinh toan
B = &, /&1 dugc lua chon gan dung. Do do, dao ham thu dugc la:

B . _B
e T ®)
1 1

Cac phuong trinh (2) — (5) dugc thay vao phuong trinh (1), dan dén mot cong thirc rd rang clia

tiéu chuan tré lyc t6i da duoc sira doi la:
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Hr 1 fri@g B 1

, = 5w B sl] ©)

bé xay dung FLC cho Al1050 mdt cach don gian, mot phuong phap méi - phuong phap hoa

dd da dugc sir dung trong nghién ciru nay. O bat ky giai doan bién dang nao thi phuong trinh (6)
c6 thé duoc viét lai dudi dang biéu thic (7.a):

% > A _g (7.a)
Khido A =1/g(a) (7.b)
B=(f'/f)-(B/B) (7.)

A(a@) va B(a) c6 thé xac dinh duoc tir cac hé s6 ciia ham ung suat Hill’48R. Cac gié tri cia
phuong trinh (7.b)-(7.c) dugc xac dinh dua theo cac phuong trinh (8.2)-(8.e) va phuong trinh
(9.2)-(9.b). Tinh toan cho cac ché d6 bién dang dic biét 1a bién dang kéo don truc (U.T) (B =
—1/2) va bién dang kéo déu dong thoi theo hai phuong (B.T) (8 = 1) ¢6 thé duogc lay nhu liét ké
trong Bang 4.

Bang 4. Cdc hé sé duwoc xdc dinh ¢ hai ché dé tao Bang 5. Bién dang chinh — phu
hinh, dwa trén ham ung suat Hill 48R voi cdc mo hinh vit liéu
Coefficient U (BT Coefficient (U.T) (B.T)
a 0 1 Kim-Tuan 3 0,415 0,625
Hill’48R B -0,5 1 & 0,410 0,354
A(a) 1 0,597 & -0,205 0,354

B(a) 0213 0171
Dua trén cdc gid tri dugc tinh toan va cac phuong trinh dé no6i ¢ trén, phuong trinh (9.a) c6 the
dugc vé nhu thé hién trong Hinh 4.a bang cach ap dung cac moé hinh Kim-Tuan [18].

f(@) =/(G+H)—2Ha + (F + H)a? (8.a)
N [-H+(F+H)a]
fia) = J(G+H)—2Ha+(F+H)a? (8.b)
_ (F+H)a-H
Bla) = —Ha+(G+H) (8.c)

(F+H)(G+H)—H?

(@) [-Ha+(G+H)]? (8.d)
_ J(G+H)-2Ha+(F+H)a?
g(@) = —Ha+(G+H) (8.€)
s _ —Ha+(G+H)
Khi do: Aa) = J(G+H)—2Ha+(F+H)a? (9.2)
_ —-H+(F+H)a [(F+H)a—H]X[-Ha+(G+H)]
B(a) = (G+H)—2Ha+(F+H)a? (F+H)(G+H)—H? (9.b)
_, Rp+1 2R
& = s/\/# 1+ ijr”lﬂ + B2 (10.a)
&= [;151 (10.b)
Ry = 7 (1o + 2145 + 759) (10.c)

Phuong phép hoa dd nhu Hinh 4a cho thiy giao diém bién dang pha huy twong duong cua cac
duong bién dang (U.T), (B.T) véi dudng cong duge xiy dung nhu dua trén mé hinh cta Swift ¢6
gid tri tvong tng 12 € = 0,65 va € = 0,95. Sau d6, cac bién dang chinh va phu dugc xac dinh
thong qua cac phuong trinh (10.a) - (10.c). FLC thu dwoc bang cach v& tir hai diém bién dang dic
biét nhu trong Bang 5 va dd thi Hinh 4b.

Trong d6, &, &, twong ng Véi cc bién dang chinh va phy, £ 1a bién dang tuong dwong, £ 1a
ty & bién dang, R,,, 1a gi4 tri Lankford.

Vi FLC duoc xay dung nhu trén Hinh 4b, d6 1&ch gitra chiéu cao tao hinh mo phong va thuc
nghiém con tuong doi 16m, do d6 can tiép tuc cai thién. Thyc hién phép tinh tich phan, ching ta
c6 thé rat ra bién dang twong duong tai vét nut déo dudi dang gia tri khong doi nhu cong thic 12.

Jy5.de=C (11)
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Trong do, & la bien dang tuong duong tai do Xéy ra dat géy, o va & lan luot rng suat tuong
duong, 1a bién dang twong duong, C, C; 12 hing s6 vat liéu. Két qua thu duoc duong cong giGi
han tao hinh ph4 hiy FLCF nhu Hinh 4c — la du' lidu dé mo phong qua trinh tao h1nh san pham.

UT  —BT - -Kim-Tuan
1 T AlL050 AlL050
‘ uT 12+
| Kim-Tuan £=-05 §
0.8 \ i 1 e 0.6 + e 1o ,/H,['I'clm[s]'
=| p= b rie £ 08
0.6 v = == S g -
= ' BT z .‘H_.\_L_‘. ]
= v — £0.625 — E S l—r—_o'_ti
04 | £=0.415 LH A E /
= n /
= 02 B.T £ / Gz—84—
0. g a8 £=1 =
/ FLC 0.2
0 _.' " 1 " L 0.0 i L " L " i i 0.6 i L i i
0 0.2 0.4 0.6 0.8 1 1.2 -0.6 -0.4 -0.2 0.0 02 0.4 0.6 0.6 0.4 0.2 0.0 0.2 0.4 0.6
Bién dang déo twong duvng Bién dang phu (&) Bién dang phu (£2)
€)) (b) (©)

Hinh 4. (a) Phuong phdp hoa do dur dodn duong cong gidi han tao hinh cua Al1050, (b) FLC dugc tinh
todan dya trén phuong phdp hoa do cho vt liéu Al1050, (c) FLCF duoc dé xuat cua vdt ligu AI1050

3.2. M6 phéng sé qud trinh gid cong va thwe nghiém kiém chirng
3.2.1. M6 phéng qud trinh gia céng tam hop kim nhém Al1050

Phan mém ABAQUS dugc sir dung dé md phong qua trinh tao hinh chi tiét hinh nén cut nhu
Hinh 1 véi cac thong s6 gia cong & Bang 2. Hinh 5a thé hién mo hinh phan tir hiru han ciia qua
trinh ISF, bao gém tam phoi A11050, dung cuy, tim dd phoi va tém chan. Tam phéi 14 phan tir vo
v6i s6 lugng diém giam tich hop (S4R). Dung cu, tam d& va tdm chén phdi dugc mé hinh hoa
duéi dang cimg tuyét d6i. Didu kién bién cb dinh di dugc gan cho tam dd ¢b dinh va tAm chén.
Phéi duogc kep chit va duoc tac dung bai luc thing ding hudng xudng cua dung cu. Puong din
dung cu nhu Hinh 2.c. Céac thong s6 cua vat liéu nhu trong Bang 3, cac h¢ s6 di hudng cta vt
liéu va dac biét 1a FLC cua vat liéu dugc Khai bao trong qua trinh mo phong s6. Tir d6, xac dinh
dugc hinh dang va chiéu cao tao hinh chi tiét nén cut trong mé phong sé nhu Hinh 5b.

, g ~
K T4m chin

@ Tam d& (b) ©)
Hinh 5. (a) M6 hinh ISF trén phan mém Abaqus, (b) San phdm mé phong, (c) San pham thue nghiém

3.2.2. So sdnh két qua mé phong va thuwe nghiém

Dé x4c minh d6 tin cdy ciia mo hinh mo phong, qua trinh mo phong va thuc nghiém da duoc
tién hanh d6i v6i cac mau ¢ goc nghiéng thanh tudng khac nhau nhu trong Bang 6. Két qua dugc
trinh bay trong Hinh 6. Bang 6 va dd thi Hinh 7 md ta chiéu cao tao hinh ctia cic mau va do 1éch
khi m6 phong va thuc nghiém. Két qua cho thiy mo hinh mo phong duogc dé xuat cho sy twong
dong vé chiéu cao tao hinh ctia cac mau hinh nén cut khi mé phong va thuc nghiém tuong tng.

Bang 6. B¢ léch giita chiéu cao tao hinh khi mé phéng va thire nghiém véi cdc géc tao hinh khdc nhau

Goc nghiéng thanh tudng (°) 60 70 80 90
Chiéu cao md phong, H, (mm) 1319 19,8 18,2 15,7
Chiéu cao thyc nghiém, He (mm) ! 19,5 17,4 15,2
Doc 1éch, AH 1,54% 4,60% 3,29%
FLDCRT value 0,6292 1,0 1,0 1,0
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Hinh 6. Hinh anh chiéu cao tao hinh chi tiét nén cut khi thuc nghiém va mé phong:
(a) Géc 90°, (b) Géc 80°, (c) Gée 70°, (d) Goe 60°
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Hinh 7. D4 thi @ 1éch vé chiéu cao tao hinh chi tiét gitta mo phong va thuc nghiém
4. Két luan

Nghién ctru da tién hanh mé phong qua trinh gia cong bién dang déo cuc bd tim hop kim
nhom A11050, mot s6 két luan quan trong duge rit ra nhu sau: 1) Mot phuong phap xay dung
duong cong gidi han tao hinh don gian (Phuong phap hoa dd) trén co so phuong phap tro luc thi
da duoc stra d6i dd duoc 4p dung thanh cong gitp qua trinh tinh toan don gian, nhanh chong véi
két qua c6 do tin cdy cao. 2) Pudng cong gi6i han tao hinh cua A11050 di duoc xdy dung va
dung lam dir liéu dau vao cho viéc md phong qué trinh gia cong bién dang déo cuc bo tim trén
phan mém Abaqus. 3) Pudng cong gidi han tao hinh dugc xay dung cho d6 chinh xac mé phong
cao, tin cay, sai s6 tir 1,54% - 4,60% so voi thuc nghiém. Tuy nhién mé hinh duoc xay dung mai
chi 4p dung dugc & nhiét do phong va can phat trién cho qua trinh mé phong & cac nhiét do cao
khac nhau. M6 hinh mé phong sé niy c6 thé sir dung trong nhiing nghién ciru tiép theo dé danh
gia: do chinh xac hinh dang hinh hoc, nham bé mit, su phan bd bé day thanh chi tiét, hién tuong
dan hoi nguoc... khi gia cong bién dang déo cuc bd tAm kim loai.

Loi cam on

Tac gia xin guri 101 cam on t6i Truong Dai hoc Ky thuat Cong nghi¢p - Dai hoc Théi Nguyén
da ho trg kinh phi dé thuc hién nghién ctru nay.
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