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TOM TAT

Pan hoi ngwoc trong kim logi tam la hién tiwong bién dang dan hoi phé bién trong nganh co
khi ché tao. Trong san xudt, cdc théng sé vé ban kinh chay, bé day san pham va thoi gian giir chay
cia thiét bi gia céng gay tac dong lon t6i gée dan hoi ngwoe. Muc tiéu ciia bai bdo la phan tich sie
bién doi ciia dwong trung hoa khi chdn vt liéu tam, c6 bao ranh V trén vit liéu la thép khéng gi
SUS304. Thi nghiém dwoc thuc hién theo thiét ké Taguchi L9 voi cac tham 56 khdc nhau vé bé day,
thoi gian giit chay va chiéu sau ranh bao dé danh gid cdc théng so anh hieong téi dan hoi nguwoc ¢
g6c¢ uon cua chi tiét tam. Két qud nghién ciru ciing cho thdy anh hwéng chiéu sau rdanh bdo ciia vit

liéu anh hwéng t6i cac thong sé qud trinh gia cong uon kim loai tam.
T khéa: Dan hoi nguoc; Kim logi tam; Nguyén cong dép uon; Taguchi.
ABSTRACT

Springback in sheet metal is a common plastic deformation phenomenon in the mechanical
engineering industry. In manufacturing, the radius of the punch tool, time of holding punch and
thickness have a great impact on the springback angle. The objective of the research is to analyze
the variation of the neutral line when bending sheet material, with V-groove on SUS304 stainless
steel material. The experiment was carried out according to the Taguchi L9 design with different
parameters of thickness, punch holding time, grooving depth will evaluate the impact to the
parameters of bending angle. The research results also show that the effect of grooving depth of the

material affects the parameters of the sheet metal bending process.
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1. PAT VAN PE

Cong ngh¢ gia cong ap luc 1a dugc
phat hién tir thoi Hy Lap va pho bién trong san
xudt hién nay [1]. Nho nhiéu vu diém ndi bat
vé trong luong nhe, do bén do co tinh vt liéu,
tiét kiém vat liéu khi gia cong [2]. Trong cach
mang 4.0, cong nghé phat trién rong rii ¢ nhidu
loai san phém nhu 0 t6, may bay va ddc biét 1a
ndi that véi su phat trién ha t?mg do6 thi mai,
viéc tao ra nhiéu két cAu méi dep d¢€ 1a nhu cu

rat 1on [3].
¢ 4 V’
Aw/

Hinh 1. San pham kim loai tam phé bién

Pan hoi nguoc 12 sai s6 phd bién trong
gia cong udn kim loai tim. Khi vat liéu bi udn,
bé mat ngoai tiép xuc voi cbi bi kéo gidn do
mg suat kéo, bé mit trong chiu tac dung cia
chay bi nén do tng suit nén. Khi chay ngung
tac dung, vung dan hdi tai vi tri udn s& dua vat
li¢u trd lai trang thai ban dau véi d6 dan hoi
phu thudc vao su can bang giita bién dang dan
hoi va bién dang déo cua vit liéu [4]. De dam
bao su chinh xéac san pham giam sai s6 khi
chan, chat lwong san pham sau khi chan dat do
tham my cao, da c6 mot s6 cac nghién ctru vé
cach khac phuc dan hoi nguoc, trinh bay tur viéc
kiém soét thong qua bé day tdm [5], thoi gian
gilr chay [6], bao ranh [7], rung dong [8], ban
kinh uén nho nhét [9] va m6 phong phéan tir hitu
han [10].

Taguchi 1a phuong phap thuc nghiém
thdng ké pho bién trong quy trinh san xuat hang
loat [11]. Phuong phap da cai thién dugc hié¢u

sudt lam viéc, ning sudt [12] va giam thiéu chi
phi [13], thong qua st dung it thi nghiém nhung
ra két qua t6t dua trén két qua thong sé nhidu
(S/N), néu gia tri dap tmg yi can dat “Dénh gia
anh huéng cua cic nhan té - Nominal is best”
giam thiéu di sai s6 khong mong mudn t6i san
pham [14, 15]:

n= 10!05( = J‘)

Trong thiét ké san pham kim loai tam,
Taguchi t6i uu thong s6 vé dan hdi nguoc
huong am va duong thong qua thyc nghiém
thuc t& va mé phong trén cac nén vat liéu can
va udn [16-20]. Bai bao s& khai quét dic diém
clia d6 dan hoi nguoc thong qua danh gia anh
huong thay ddi ciia dudng trung hoa khi bao
16p ranh V theo bé day vat li¢u. Tién hanh mo
phong va thue nghiém céc loai bé day, thoi gian
giit chay va chiéu sau ranh bao khac nhau ngay
duong trung hoa véi goc ubn va ban kinh chay
¢d dinh.

2.VATLIEU VA PHUONG PHAPNGHIEN
cuU

2.1. Pbi twgng thue nghiém

Trong bai bao, tac gia thuc nghiém mau
thtr kim loai tim di¢n tich 100x100 mm c6
tham s6 diéu khién 14 bé day trong thiét ké noi
that [3], 16p bao ranh vat liéu theo ti 1¢ gidi han
ubn cong 50% bé day [3], thoi gian gii chay [6]
theo bang 1. Nghién ctru thyc hién vdi thong
s6 cong nghé ¢ dinh 1a gbc udn 90° thuong
thdy ¢ san pham noi that & hinh 1, do két qua la
gdc ubn dan hoi va ban kinh uén sau khi chan.
Trong do:

* t (x,): B day kim loai tim (mm);

* s (x,): Thoi gian gilr (s);

«d (x,): Chiéu sau bi bao (mm);

* B (y): Goc ubn dan hoi (°).
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Bang 1. Théng s6 diéu khién

n:il.fla’n Ma héa | Level 1 | Level 2 | Level 3
S X, 2 4 6
t X, 1 1.5 2
d X, 0.3 0.5 0.75
Chay sy

B
/;\
S ~ .
X = San pham
for \\V\O/%d& [
[ " 1
f

t

Cbi

Hinh 2. So' d6 nguyén 1y
2.2. Vit liéu thuc nghiém

Tinh chét vat liéu thép tim SUS304 thé
hién & bang 2 va bang 3.

Bdng 2. Bang thanh phian SUS304

C% Si % Mn % P%
0.08 max 1 max. 2 max. | 0.045 max.
S % Cr % Ni % Fe %
0.03 max. | 18-20 8—10.5 | 66.345 - 74

Bang 3. Tinh chdt co hoc vt liéu

Gidi han déo (Mpa) 440 —1527.2
Gi6i han dan hoi (Mpa) 205 -1229.2
Do gian dai (%) S min.
D6 cing (HB) 187 max.
Nang luong tac dong (Joule) 343 -215.6

2.3. Thiét bi thue nghi¢m

Thi nghiém dugc thuc hién tai Truong
Pai hoc Bach Khoa Thanh phd Ho Chi Minh
theo hinh 4.

Hinh 3. May chan

2.4. Phuong phap thuc nghiém

Str dung phuong phap Taguchi nghién
ctru anh huong cia 3 thong sd (x> X, X,) VOI
3 muc bién d6i. O mdi thi nghiém, do luong
thong s6 dau ra (y,) va tinh ty s6 tin hiéu trén
nhiéu (S/N) & bang 5. Tong bic ty do (DoF) can
thiét 1a 7 DoF va dé hiéu rd méi quan hé giira
t, s, va d, ma tran tryc giao L9 (3*) dugc chon.
Ma tran truc giao c6 du 2 DoF dé wdc tinh sai
s6 ngau nhién, 1am cho két qua kiém dinh thong
ké phuong sai (ANOVA) try nén tin cdy day y
nghia. Do thi nghi€ém duoc thuc hién véi thong
s6 ¢ dinh 1a goc udn 90° nén st dung ty 16 S/N
“Nominal is best” (Cang gan gi4 tri danh dinh
cang tot), tirc gia tri dich mong mudn cu thé 1a
goc ubn cb dinh 90° dé danh gia cac dic tinh
anh huong trong cac van dé gia cong ki thuat
va giam dg I¢ch chuan. Phuong trinh dugc mo
ta dudi day:

Tt 2
n = 10log (Ef:iyf)

k]
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3. KET QUA VA THAO LUAN

3.1. Két qua thwe nghiém

Bang 4. Ma tran truc giao L9

N s t d B, B, B, B, SIN
1 2 1.0 0.30 90.4 90.9 89.9 90.0 36.31
2 2 1.5 0.50 89.3 90.5 90.8 89.6 33.35
3 2 2.0 0.75 90.7 91.7 91.9 90.8 44.90
4 4 1.0 0.50 91.0 90.6 90.5 90.4 34.70
5 4 L.5 0.75 90.0 90.3 89.6 90.3 37.94
6 4 2.0 0.30 91.3 90.8 91.3 90.4 40.45
7 6 1.0 0.75 91.2 90.4 90.9 90.4 38.16
8 6 1.5 0.30 91.0 91.2 91.5 90.6 34.86
9 6 2.0 0.50 91.5 91.6 91.3 90.4 34.78

Bdng 5. Bang két qua ti 1é S/N (s, t, d). Theo biéu d6 danh gia cac nhan té dap

g theo ti s6 tin hiéu/nhidu ¢ bang 5, bang 6

Level s t d va hinh 5, chiéu sau ranh bao d thé hién muc

1 38.19 36.39 37.21 do tac dong manh nhat v6i Ad = 6.05, tiép theo

) 377 3538 3408 1a bé day chi tiét tm t c6 do lgch At = 4.66

3 3593 40.04 4033 va thoi gian‘gifx chay s c6 do 1éch it nhat As =

Delta 295 4,66 6.05 2.25. Biéu do gia tri twong quan hinh 6 cho th:%ly

Rank 3 ) 1 cac diém du thira phan bo bam sat duong chuan

Bdng 6. Bang két qua gid tri trung binh

Level S t d
1 90.11 90.24 90.31
2 90.36 90.16 90.13
3 90.44 90.51 90.47
Delta 0.33 0.35 0.34
Rank 3 1 2

3.2 Phén tich su twong quan

Két qua phan tich bang 4 cho thay dir
liéu thuc nghiém c6 do tin cdy cao, cho thay
su anh hudng rd rét ca cac thong sd dau vao

tuyén tinh, xadc nhan mo hinh thyc nghiém co
d6 tin cdy cao, tuan thu phan phdi chuan. Diéu
d6 cho thiy, chiéu sdu rinh bao d c6 anh hudng
téi dd dan hoi ngugc cua san phém, khi chiéu
day kim loai tAm thay doi.

Flgan [Hegns Picitdos R ragaos

L]

Hinh 4. Biéu do gid tri ti s6 S/N
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Frofbab iy Flod of 55N

£ hi

Hinh 5. Biéu dé gid tri twong quan
3.3. Phan tich phwong sai (ANOVA)

Két qua phén tich phuong sai (ANOVA)

bang 7 khing dinh rang chiéu sau rinh bao d 1a
thong s6 co anh huong 16n nhat va dat y nghia
thong ké v6i P = 0.03 (P < 0.05) véi sy dong
gop 1a 52.7%. Trong khi d6, bé day kim loai
tam t thé hién mot mirc dd anh hudng can bién
v6i P =0.07 va dong gop 34.6%, con thoi gian
gilr chay s ¢6 P = 0.32 dong gop 8.06% khong
c6 y nghia thong ké trong khao sat. Sai s0 ngau
nhién chi chiém 4.7%, cho thdy mé hinh cuc
ky chinh x4ac va hau nhu khong bo sot yéu t6
gdy nhiéu quan trong nao, va giai thich duoc
khoang 95.3% céc bién dong quan sat duoc. Do
d6, viéc toi uu hoa chiéu sau ranh bao d 1a diéu
hoan toan kha thi dé kiém soét chit luong dau
ra.

Bdng 7. Bang két qua ANOVA

Théng sb DoF Seq SS Adj SS Adj MS F P p %
s 2 8.42 8.42 421 1.71 0.32 8.1%
t 2 36.11 36.11 18.05 7.35 0.07 34.6%
d 2 54.99 54.99 27.50 11.19 0.03 52.7%
Sai s ngau 2 491 491 2.46 4.7%
nhién
Téng 8 104.43 100%
4. KET LUAN sai s6 du chi chiém 4.7%, khang dinh cic yéu

Trong bai bao nay, quy hoach thuc
nghiém dugc tién hanh theo Taguchi L9. Ba
tham sb diéu khién véi ba ché do cong nghé
dugc thyc hién dé nghién ciu vé d6 dan hdi
nguoc trong qué trinh chdn V ¢6 rinh bao & vat
liéu SUS304. Dya trén két qua thyc nghiém va
phan tich thong ké theo phwong phap Taguchi
cho dic tinh chét luong “Nominal is best”
(Cang gan gia tri danh dinh cang t6t), dit liéu c6
do tin cdy cao voi hé sb xac dinh R? = 95.29%
va R? (adj) = 81.18%, duoc kiém chung qua
biéu do xac suat chuan véi cac diém phan du
phan bb tuyén tinh va khong c6 ngoai lai. Ty 18

td dau vao dugc lwa chon di giai thich duoc
ph?m 16n su bién thién cua ti s6 tin hiéu trén
nhiu (S/N) trong mé hinh. Két qua phan tich
phuong sai (ANOVA) chi ra rang yéu t6 chiéu
sau rinh bao d dong vai tro quyét dinh dén do
6n dinh ciia goc dan hoi nguoc. Dé t6i wu hoa
ddc tinh chat lugng muyc tiéu va giam thiéu su
bién thién quanh gia tri dinh danh, d& xuat bo
thong s6 toi wu 1a chidu sau ranh bao 14 0.3 mm
tte 1a vi tri duong trung hoa sé& dich chuyén 0.3
mm so véi vi tri chiéu day ban dau di voi bé
day kim loai tim 13 1 mm. Viéc tap trung kiém
soat chit ché cac thong sb c6 mirc do dong gop

16n chi€u sau ranh bao va bé day chi tiét kim F~
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loai tim s& danh gia dugc tinh 6n dinh trong
san xudt va giam thiéu ty 1¢ phé pham mat cach
hi¢u qua.
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