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TOI YU HOA CAC YEU TO ANH HUONG PEN PO MONG
QUA TRINH DAP TAM THONG QUA MO PHONG VA TAGUCHI
KE HOACH THi NGHIEM

OPTIMIZATION OF FACTORS AFFECTING THINNESS THROUGH SHEET
FORGING PROCESS THROUGH SIMULATION AND TEST PLAN TAGUCHI

Téng Hai Yén, Ngo Thi Tuyét*
Truong Pai hoc Nong — Lam Béc Giang

TOM TAT

Nghién ciru kham phd dong lwc phikc tap ciia cac yéu té anh hwéng dén qud trinh lam méng
trong qud trinh ddp sdu tam phang, di sau vao viéc toi wu héa cdc thong sé quan trong hinh thanh
nén két qua ciia qud trinh kéo sdau, bao gom ban kinh chay (Rp), ban kinh khuén (Rd) va lec kep
phéi (F). Nhém téc gid sir dung phan mém CAE (K3 thudt hé tro mdy tinh) tién tién, nghién civu nay
khai théc phdn tich phan tir hitu han dé mé phong bién dang gap phdi trong qud trinh ddp. Ngodi
mé phong, nghién cieu nay sir dung phwong phdp lap ké hoach thir nghiém mang triee giao Taguchi
va sir dung phan tich phwong sai (ANOVA) dé danh gid anh huéng ciia cac tham so, dinh lrong tac
déng cia chiing theo ty 1é phan tram.

Tir khéa: Ddp tam; Phwong sai; Ky thudt hé tro- mdy tinh,; Thi nghiém Taguchi; Phan tir

hitu han.
ABSTRACT

The study explores the complex dynamics of factors affecting the thinning process in flat
sheet deep drawing, delving into the optimization of important parameters that shape the process
results deep drawing, including punch radius (Rp), die radius (Rd) and workpiece clamping force
(F). Using advanced CAE (Computer Aided Engineering) software, this study exploits finite element
analysis to simulate the deformation encountered during the stamping process. In addition to
simulation, this study uses the Taguchi orthogonal array test planning method and uses analysis of
variance (ANOVA) to evaluate the influence of parameters, quantifying their impact as a fraction
hundred.

Keywords: Plate stamping; Variance;, Computer Aided Engineering; Taguchi Experiment;
Finite Element.
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1. GIOI THIEU

Vi sy ra doi cua cong ngh¢ tinh toén,
céc phuong phap mo phong sir dung phan mém
K§ thuat hd tro may tinh (CAE) da tré nén phod
bién vi chung giam thiéu nhimng han ché cua
phuong phap thtr nghiém. Phin mém CAE,
dwa trén phuong phap phén tir hitu han (FEM),
tach mién vin dé thanh nhiéu mién con hodc
phan tir [1]. Cac goi phan mém CAE ndi bat
nhu Abaqus, ANSYS va Hyperworks dugc sir
dung rong rdi dé hd tro cic mod phong nay [2].
Trong nghién ctru ndy, phan mém Abaqus duoc
sir dung dé tién hanh mo6 phong phan tir hitu
han ctia qua trinh dap.

Phuong phap Taguchi da ndi 1én nhu
mot cach tiép can ngdy cang dugc ap dung
trong 1ap ké hoach thuc nghiém [3]. Phuong
phép nay mang lai nhimng loi thé dang ké trong
viéc ning cao ning suit trong giai doan nghién
ctru va phét trién dong thoi cung cip cac san
pham chat luong cao véi chi phi giam. Pong
thoi dua ra cach hop 1y hoa cac tham sd thir
nghiém bang cach ciu hinh téi uu cac yéu t6 co
thé kiém soét duoc trong khi van kiém tra mirc
d6 anh huong ciia timg tham s6 dén két qua dau
ra.

Mo phong dé xac dinh cac thong sb tbi
wu gitp tranh cac khuyét tat nhu nép nhan, vét
rach [4], d0 mdéng qua murc trong qua trinh san
xudt thyc té. Trong nghién ciru nay, ching toi
diéu tra ba yéu t6 chinh: Ban kinh chay, ban
kinh khuén, lyc chin phoi va d0 mong cua
vat li¢u sau tao hinh. Nghién ctru trude day da
kham pha do day san pham bang cach st dung
CAE [5, 6] d nghién ctru cac yéu t6 nhu hé sb
ma sat va tac dong cua nd dén do mong.

Ngoai ra, nhitng nguoi khac da sir dung
thi nghiém va 1ap ké hoach thi nghiém Taguchi
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[7] dé diéu tra ban kinh khuon va chay, luc kep
va xac dinh cac thong so t6i uvu cho do day san
pham.

2. MO HINH VAT LIEU

Vit liéu dugc chon cho nghién ctru nay
la thép EN10130 FePO1 va cac dac tinh cua nd
duoc md ta chi tiét nhu sau:

Thép EN10130 FeP01 c6 mat do 7850
kg/m?, mo-dun dan hdi 204.000 MPa, hé sd
Poisson 1a 0,33 va ting suat chay 1a 210 MPa.
Nhing dic tinh vat liu ndy rat quan trong
trong viéc hiéu cach vat liéu phan tng véi qua
trinh dap.

3.MO PHONG BANG MANG TRUC GIAO
TAGUCHI

D¢ tién hanh diéu tra mot cach ¢ hé
théng vé quy trinh v& sau, chiing toi da st dung
phan mém Abaqus dé mo phong, mé phong quy
trinh v& sdu trén tdm phang. M6 phong CAD
3D cua qua trinh kéo sau dugc minh hoa trong
Hinh 1, trong d6 khuén van ¢ dinh va chay c6
kha ning di chuyén theo chiéu doc.

Hinh 1. M6 phong CAD 3D ciia qud trinh ddp tam &
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Bdng 1. Cdc théng s6 sir dung trong qud trinh

Ve sau
Tham s Gia tri
Puong kinh tam gdc 76mm
Do day tim Imm
Puong kinh chay 39,4
Duong klnhAtrong clua 41 7mm
khuoén
Ban kinh cong ctia
khuon va chay 2-8 mm
Luec giir 11-18 kN

Bang 2. Cac hé so va mirc do trong mo phong
mutc do

Hg so

Ban kinh chay, Rp (mm) 2 5
Ban kinh khuon, Rd (mm) 2 5 .
Luc chan, F (KN) 11 14,5 | 18

Theo phuong phap Taguchi, mot mang
tryc giao dugc tao ra dya trén cac tham sb nay
va cac muc twong Ung cta chung, din dén
mang truc giao L9 duoc hién thi trong Bang 3.

Bang 3. Mang truc giao L9

o HE 50

Cac. Ehl Duong

nghiém | Rp (mm) (mm) F (kN)
1 1(2) 1(2) 1(11)
2 1(2) 2(5) 2(14,5)
3 1(2) 3(8) 3(18)
4 2(5) 1(2) 2(14,5)
5 2(5) 2(5) 3(18)
6 2(5) 3(8) 1(11)
7 3(8) 1(2) 3(18)
8 3(8) 2(5) 1(11)
9 3(8) 3(8) 2(14,5)

4. KET QUA VA THAO LUAN

Hinh 2. Céc diém do dé day

Pé xac thuc két qua mo phong so véi
cac thir nghiém thuc té, d6 day cua san pham
sau khi dap duoc do tai tim diém riéng biét,
nhu mo ta trong Hinh 3 [8].

Pbi voi truong hop lién quan dén ban
kinh chay va khuén 2 mm va lyc kep 18 kN,
viéc so sanh cac két qua trong Hinh 4 va Bang 4
cho thay d6 léch 16n nhat giita gia tri mo phong
va gia tri thu nghiém la khoang 5%, vdi do Iéch
d6 day trung binh trén tit ca cac phép do chi
chiém 1,23%. Pang cha y 1a diém mong nhét
trong s6 8 vi tri do nam ¢ diém 5.

\E’;f_

=a= Simulation

=i Expenment

Thickness (mm)

Measur.ument Point ) [

Hinh 3. Do d¢ day giita mo phong va thuc nghiém
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Bdng 4. So sanh phin bé dg day gitra thwe nghiém va mé phong

Piém do 1 2 3 5 6 7 8 TB
Mo phéng 1.131 1,079 0,895 0,812 0,782 0,842 0,936 | 0,951 0,928
Thi nghiém 1,132 1,032 0,888 0,83 0,823 0,871 0,966 | 0,979 | 0,94012
Pé danh gia tac dong cua nhirng bién
thé nay, ty 1€ Tin hi¢u trén Nhicu (S/N) duoc o
(Avg: 75%)

tinh theo tiéu chi "Lén hon 13 tot hon" trong
phuong phap Taguchi st dung Phuong trinh
(2), trong d6 Smin biéu thi d6 day tdi thiéu cua
san pham.

S,_..=-10*log(1/Smin?) (2)

Theo phuong phap Taguchi, mgt phan
tich phuong sai (ANOVA) di duoc tién hanh dé
phan dinh mdi quan hé giita cac tham sé va gia
tr1 d0 mong quan sat dugc

Khi so sanh, ban kinh chay (Rp) c6 tac
dong dang ké nhung it rd rét hon, dong gop
9,56% vao do bién thién. Luc chan (F) thé hién
anh huong toi thiéu, chi chiém 0,42% phuong
sai quan sat dugc.

0 o (Rd)
. ~ ®p)
= F)

Thinness (mm)
B

Level

Hinh 4. Su thay doi dé mong lién quan dén thay
doi tham so
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+1.115+00

l +1,1008+00
+1.086a+00

+ #1.071a+00

+9.641e-01
H +9.696a-01

Hinh 5. D¢ day t6i wu mé phong

Két qua mo phong két hop vai cac phép
tinh mang truc giao Taguchi, chiing t6i da tién
hanh phan tich chuyén sau vé cac yéu td anh
huong dén do mong cuia san pham xéac dinh su
két hop t6i wu cua cac thong sb, cu thé 1a ban
kinh chay (Rp) = 8 mm, ban kinh khuon (Rd) =
8 mm va lyc chan phoi (F) = 11 kN.

Mo phong véi cac thong sb tdi wu nay
mang lai d6 day mo phong & vi tri mong nhat
13 0,9405 mm (Hinh 5). Két qua nay gan gidng
v6i gia tri 16n nhét thu duoc tir chin thi nghiém
dugc tién hanh sir dung mang truc giao Taguchi
12 0,9401 mm. Do 1éch khong déng ké cung cb
tinh chic chin cta nhiing phat hién cta ching
toi.

Toém lai, phan tich toan di¢n nay cing

c0 nhiing dong goép mdai trong nghién curu cua
chung t61, nhan manh vai tro then chot ctia ban
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kinh khuon trong viéc xac dinh d§0 mong va
tinh ddng nhét cua san pham, c6 ¥ nghia thuc
té d6i voi viée toi wu hoa quy trinh dap sau tim
phang.

5. KET LUAN

- Pi xac dinh cac thong sb t6i wu cho
quy trinh dap tdm phang, bao gdm ban kinh dot
(Rp) 1a 8 mm, ban kinh khuon (Rd) 1a 8§ mm va
luc chan (F) 1a 11 kN;

- Bing cach tich hop mo phong, thu
nghiém va phan tich théng ké nang cao, chiing
t61 d tiét 10 mot cach tiép can méi dé cai thién
chit luong san pham. <
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