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Tom tat:

Nghién ciru ndy nham cdi thién chdt lwong tao hinh cho chi tiét BODY 3-1 Xe mdy YAMAHA tir vit
liéu SUS316L. Ung dung phian mém SIMULIA ABAQUS mé phong sé trong qud trinh bién dang tao hinh
kim logi tam, dwa ra dw bdo vé kha ning tao hinh, tim dwoc cde phwong dn t6i wu va huéng khdc phuc
nhitng sai hong cé thé xay ra trong qud trinh gia céng. Thong qua qud trinh mé phong gia cong bién dang
tao hinh két hop véi thue nghiém tinh todn theo mang truc giao Taguchi va phén tich phirong sai ANOVA.
Nghién ciru da phan tich dwoc mire dé dnh hwéng cia cdce yéu t6 thanh phan dén bién dang tao hinh tam

cua kim logi va lya chon duoc bo thong 56 cong nghé phu hop.
Tir khéa: BODY 3-1; SUS316L; SIMULIA ABAQUS; Taguchi; ddp tam.

Ky hiéu Y nghia
FLC Forming Limit Curve
FLD Forming Limit Diagram
FEM Finite Element Method

. Bén kinh géc luon cia cbi
F Luc kep
A Khe ho gitra chay va cdi

1. Pit véin dé

Khi nghién cru sy sai hong san phdm dap
tam [1] c6 thé d& dang nhan thiy cac dang phé phdm
sau day:

- San pham dép bi nhan trén vanh

- San pham bj rach.

- Chiéu cao san pham khong dong déu.

- Bé mat bi cao xudc.

- San pham khéng dat dugc kich thudc
chinh x4c do d¢ dan héi lai.

Dé dy doan céc hién twong phé hiy déo dya
trén tidu chuén dudng cong gidi han tao hinh FLC.
Céac dir liéu thyc nghiém dugc dua vao phén mém
ABAQUS trong qua trinh m6 phong hién tugng dap
vudt chi tiét BODY 3-1 Xe may YAMAHA Hinh 1.
Nhu duoc chi ra trong Hinh 2, 3 néu cac didu kién
tao hinh nhu lyc kep, ban kinh goéc lugn, khe hé cua
chay va cbi khong phu hop thi hién twong nhu chi
tiét bi nhan va rach s& xay ra.

Do d6 dé cai thién chat lugng qua trinh
tao hinh, mé phong s6 FEM s& dugc két hop véi
phuong phap mang truc giao Taguchi dé tim ra cac
thong sé cong nghé i uu [2].
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Hinh 1. Kich thuéc va mé hinh 3D ciia san pham
BODY 3-1 Xe mdy YAMAHA

Yéu cau k¥ thuat ciia san phim:

- Chi tiét sau khi dap xong khong xuét hién
cac khuyét tat nhu: nhan, rach va cong vénh.

- Bé mit chi tiét nhdn bong, khong bi tray
xude, dam bao my quan tong thé.

- Do day chi tiét danh nghia dat 1.2 mm.

- P06 khong dong déu vé chiéu day san pham
sau khi dap khong vuot qua 0.3 mm.

- Sai léch cac goc lugn cua san pham khong
vuot qua 1°

- Do nhdm bé mat Ra<2.5
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FLDCRT
SNEG, (fraction = 1.0}
(Avg: 75%)

+6.536e-02

Hinh 2. Hinh anh mé phong trong nguyén cong dap
vuot chi tiet bi nhan vanh

FLDCRT

SNEG, (fraction = -1.0)

(Avg: 75%)
+8.968e-01
+9.313e-01
+8.6502-01
+8.005e-01
+7.351e-01
+6,696e-01
+6.042e-01
+5,3888-01
+4.7342-01
+4.079e-01
+3.425e-01
+2.771e-01
+2.117e-01

Hinh 3. Hinh anh mé phong trong nguyén cong dap
vuot chi tiét bi rach
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2. Vat liéu va giéi han tao hinh

Trong nghién ctru nay, dé du doan sy phé
huy vat liéu sau d6 cai thién chit lugng qua trinh
dap vudt chi tiét BODY 3-1 Xe may YAMAHA vit
liéu SUS316L, md phong FEM 1a két hop dit liéu
thuc nghiém. Qua trinh thi nghiem xac dinh kha
nang tao hinh cua vat li¢u, chi s0 duong cong gidi
han hinh thanh (FLC) cho thy cac du doan tdt tai
ca bén phai va bén trai cua FLD (Hinh 6). Vi vay,
dir liéu FLD d3 duoc 4p dung cho phén tich sé dé
du doan sy pha hiy déo kha thich hop. Trong mo
phong FME, cac thong s thay di cua qua trinh dép
vudt di dugc sir dung dé xac minh anh huéng coa
chung déi v6i su bién dang déo cua kim loai. Mo
phong sé ¢6 thé cho blet thong s6 cong nghe phu
hop nhét dé cai thién vé chit luong cua chi tiét. Két
qua cua qua trinh mé phong FME s€ dugc sir dung
trong qua trinh thyc nghiém.

Bang 1. Thuoc tinh cua vat lieu SUS316L [3]

Vit liéu SUS316L
Khdi lugng riéng 7.8e-06
M6 dun dan héi (E, kN/mm2) 210
Hé s6 Possion’s 0.3
€ 0.000177
K (MPa) 864.2
n-value 0.195

800 -

m E

600 -

sm -5

m -

300

zm -

100 -
0 T T )

1] 0.2 D.a 0.6

Bién dang
b)

Hinh 4. Puong cong irng sudt chay dwa trén (a) dir liéu thuc nghiém va (b) dinh ludt ciia Swift

M6 hinh thir nghiém kéo bang vat liéu
SUS316L d6 day 0.1 mm duogc thuc hién cho do
bén vat miu duge kéo theo hudng song song véi
hudéng can ma cé cac dic tinh dugc dua ra trong
Bang 1. Hinh 4 (a) cho thiy duong cong tmg suat
chay ctia vét liéu duoc thi nghiém. Dé phu hop véi
dir liéu (mg suat chay, phuong trinh ciia Swift [4]
(Phuong trinh 1) dwoc sir dung véi gia tri bién dang
nho, phit hop dé xac dinh céc tham sb ciia phuong

14
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trinh. Pugc liét ké trong bang 1 va dugc miéu ta
trong Hinh 4 (b).

o(e)=K(g,+e) 1)

trong d6 K : hé s6 déo,
n : s6 mii d6 cimg phoi,
G: gia tri ing sudt,
€ : giatri bién dang,
g, 6 1éch bién dang.
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Hinh 6. D li¢u thuc nghiém cua FLD

3. M6 phéng theo mang truc giao Taguchi

Trong nghién ctru niy, phan mém ABAQUS
6.13 [5] dugc st dung dé mo phong qua trinh dap vudt
chi tiét BODY 3-1 tir vat li¢u tim SUS316L. Hinh 7
12 mé hinh CAD 3D cho qua trinh dap vudt. Trong d6
cbi duoc gitr ¢d dinh va chay c6 thé di chuyén theo
phuong thing ding. Hé s6 ma sat gitta vat mau véi
chay, c¢bi va tim chin dugc gia dinh 14 0.15.
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Bién dang nho &2

Pé du doan céc hién tuong pha huy déo dua
trén tiéu chuan duong cong gidi han tao hinh FLC.
Céc dir liéu thuc nghiém dugc dua vao phén mém
ABAQUS trong qua trinh mé phdng hién tuong dap
vudt chi tiét BODY 3-1. Cac diéu kién tao hinh nhu
luc kep, ban kinh goc luon, khe ho cua chay va cdi
khong phu hop thi hién twong nhu chi tiét bi nhin
va rach s& xay ra (Hinh 2, 3). Do vay néu ta thay doi
céc diéu kién tao hinh hodc cac thong s hinh hoc
ctia chay va cdi thi do 16n cua tmg suét va bién dang
cling sé thay doi kéo theo cac gia tri pha huy déo
(FLDCRT) ciing thay d6i. P6 chinh 1a y tuéng cho
viéc cai thién kha nang tao hinh cua qua trinh dap
vudt. Cac énh huong cua luc kep (F), ban kinh goc
luon cua cdi (R), khe ho glua chay va cbi (A) dén
kha nang tao hinh clia san pham sé& dugc thaim dlnh
Béng 2 liét ké cac cap d6 lya chon cua cac tham sd.

Bang 2. Cdc hé s6 va cdp dg ciia ching trong mé

phong
Cic h¢ sb Ciap d9
1 2 3
A (R, (mm)) 3 4.5 6
B (F (KN)) 50 60 70
C (A (mm)) 1.2 1.25 1.3

;

Hinh 7. M6 phong qud trinh dép chi tiét BODY 3-1
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Trong qua trinh mé phong ¢6 3 cap do cia
tirng hé so duoc lya chon nén méng truc giao L, s&
duoc dung dé thiét ké quy hoach thyc nghiém. Kh1
d6 t6i thiéu 9 thi nghiém 1a can thiét cho viéc kiém
tra anh huong cua cic tham sb thay déi trong qua
trinh md phong. Viéc st dung thuat toan tryc giao
Taguchi s€ giam sb luong thiét ké thuc nghiém tr
27 xubng con 9 thi nghiém. Cac két qua mo phong
dé chi ra gia tri pha huy déo (FLDCRT) cho cac
truong hop lya chon tir phwong phap Taguchi dugc
ligt ké trong Bang 3.
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Béang 3. Mdang truc giao Taguchi L9

Cac hé so

Do vy ban kinh goc luon cua cbi 1a tham sé anh
huéng quan trong nhat dén kha ning tao hinh cua
vat liéu trong qua trinh mo phong.

Bang 4. Két qua mé phong theo mang triec giao Taguchi

Case  A(R) B (F) C(A)
(mm) (KN) (mm)

1 1(3) 1(50) 1(1,2)
2 1(3) 2(60) 2(1.25)
3 1(3) 3(70) 3(1.3)
4 2(4.5) 1(50) 2(1.25)
5 2(4.5) 2(60) 3(1.3)
6 2(4.5) 3(70) 1(1.2)
7 3(6) 1(50) 3(1.3)
8 3(6) 2(60) 1(1.2)
9 3(6) 3(70) 2(1.25)

4. Két qua va thao luin

Tir mang truc giao Taguchi, tién hanh thuc
hién mo phong cho tung truong horp trong Bang 3
Vi cac didu kién du vao duoc lay tir Hinh 4 va 6
nham du bao duoc gidi han tao hinh cua san pham.
Két qua mo phong dugc thé hién trong Bang 4 s&
cho biét gia tri pha hity cia vat liéu FLD tai nhiing
vi tri nguy hiém nhat, khi FLD >1 thi san pham s&
xudt hién cac vét rach. Theo phuong phap Taguchi
thi cac gia tri (FLD) cang nho, do day nho nhat
ctia chi tiét sau khi gia cong cang 16n thi kha ning
tao hinh cuia san pham cang tot.Theo phuong phap
Taguchi thi cac gia tri (FLDCRT) cang nho thi kha
ning tao hinh ciia san pham cang tot. Ty 18 S/N
(signal-to-noise) duogc xac dinh theo cong thuc:

1:(dB)=-10log,,(FLDCRT*) ~ (2)

Khi ti 18 S/N 1a 16n nhét thi gia tri pha huy
déo 1a nho nhat. Hién tuong phé hity déo trong qué
trinh mo phong da xay ra cho cac truong hop 1, 2,
3,5, 6 va 8 khi d6 cac gia tri tiéu chuan pha huy déo
(FLDCRT) la I6n hon 1.

Theo nhu phuong phap Taguchi [6], phan
tich phuong sai (ANOVA) dugc st dung dé miéu ta
cac quan hé giita cac tham sb va gid tri quan sat duoc
ctia pha hity déo. Bang 5 tong hop cac két qua tinh
toan vai cong thirc tinh tong binh phuong nhu sau:

3(m, —m)’+ 3(m —m)’+ 3(m, - m)? 3)

Trong d6 m = (1/9) Z n;,=-1.172 va

(1/3)2 (n,), )

Ket qua cua cac phan tich (ANOVA) cho cac
gia tri pha huy déo (FLDCRT) trong Bang 5 chung
to rang ban kinh géc lugn cua coi R, dnh huong
nhiéu nhit dén kha ning tao hinh véi 36 ,3%, trong
khi d6 anh hudng cua lyc kep (F) va khoang cach
khe hé ciia chay va cdi 1a it hon 29,4% va 34,3%.
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Cic hé sb FLDCRT

Case A(R) B(F) C(A) Value 7,
(mm) (KN) (mm) (dB)

1 13) 1(50) 1(1.2) 1.533 -3.711
2 13)  2(60) 2(1.25) 1.037 -0.316
3 13) 3(70) 3(1.3) 1.921 -5.671
4 2(45) 1(50) 2(1.25) 0.8109 1.821
5 2(4.5) 2(60) 3(1.3) 1216 -1.699
6  2(45) 3(70) 1(1.2) 1330 -2.477
7 3(6) 1(50) 3(1.3) 0.6268 4.057
8  3(6) 2(60) 1(1.2) 1.405 -2.954
9 3(6) 3(70) 2(1.25) 0.9552 0.398

Bang 5. Két qua thu dwoc sau tinh todn

H¢sd  Gia tri trung binh 7 cia ~ Téng Ty
tung cap do binh 1é

1 5 3 phuong %

A(R) -3233 -0.785 -0.500* 21.577 36.3

(mm)

B(F) 0.722* -1.656 -2.583 17.444 294

(KN)

C(A) -3.047 -0.634* -1.104 20354 343

(mm)

Tét ca 59.376

* Cép do toi uu

Nhu vay thong qua qua trinh moé phong qua
trinh gia cong két hop véi tinh toan c6 duge tir
mang truc giao Taguchi. Ta phan tich dugc mirc do
anh huéng cua cac yéu té thanh phan dén bién dang
tao hinh tAm cta kim loai, tir d6 ta chon dugc cac
thong s6 phii hop sau: Ban kinh goc luon cia cbi
R = 6mm, lyc chin phoi F = 50KN, khe ho giira
chay va ¢bi A= 1,25mm. Do trudong hop nay khong
triung vai 1 trong 9 truong hop dd mo phong & trong
Béng 4, dé kiém ching nghién ctru di mé phong lai
truong hop t6i wu va biéu dién két qua nhu Hinh 8.
Két qua FLD 16n nhit = 0.5651 < 1 chtng t6 khong
xudt hién ving rach nguy hiém trén san pham khi sir
dung cac gia tri toi wu.

5. Két luén

Gia trj két qua nhéan dugc tr mo phong cho
trurong hop tdi wu: Ban kinh goc lugn cua cdi R_=6
mm, luc chin phoi F = SOKN, khe ho gilra chay va
¢di A = 1.25mm thoa min yéu ciu cua bai toan dua
ra la san pham khong bi nhin rach véi gia tri 16n
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nhét cta gidi han tao hinh FLD 1a 0.5651. Nghién
ctru da chon dugc thong sb t6i wu dé ché tao chi
tiét BODY 3-1 Xe may YAMAHA c6 chat lugng
bé mit tot nhit khong bi bién dang cong vénh nho
phan mém ABAQUS theo phuong phap Taguchi va
phan tich phuong sai ANOVA dé tir d6 c6 thé thiét
ké duoc bo khudn dap vudt ché tao chi tiét BODY
3-1 ¢6 chit lugng 1a tot nhét.

FLDCRT

SNEG, (fraction = -1.0)

(Avag: 75%)
+5.651e-01
+5.249e-01
+4.847e-01
+4.446e-01
+4.044e-01
+3.642e-01
+3.240e-01
+2.838e-01
+2.436e-01
+2.035e-01
+1.633e-01
+1.231e-01
+8.291e-02

Hinh 9. Két qua thue nghiém véi thong s6 mé phong
161 1eu

Loi cam on
) ) Nghién clru nay duogc tai trg boi PE tai ma so
Hinh 8. Két qua moé phong cho trueong hop toi vu UTEHY.T018.P1718.02.
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A STUDY ON IMPROVING THE FORMABILITY
OF DETAILS BODY 3-1 YAMAHA MOTORBIKE

Abstract:

This Study is aim to improve the form ability of details BODY 3-1 YAMAHA motorbike from
material SUS316L. SIMULIA ABAQUS sofiware is applied to simulate sheet-metal forming process for
predicting shaping capability and finding optimal options as well as direction of overcoming defects in the
manufacturing process. The simulation of the machining process and calculations obtained from the Taguchi
orthogonal array are combined in this study. Therefore, effect level of the parameters to deformation of

sheet-metal forming is analyzed. From this result, we can select a mould with appropriate parameters.
Keywords: BODY 3-1; SUS316L; SIMULIA ABAQUS; Taguchi; Sheet-metal stamping.
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