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TOM TAT

Phuong phap chan V két hop véi ky thuat bao ranh V da dugc chiing minh la mang lai hiéu qua
cao trong viéc tao hinh céc san pham kim loai cé do tham my cao, dac biét trong linh vuc néi that
cao cap. Ky thuat nay cho phép tao ra cac géc chan sac nét, mang lai vé ngoai sang trong va hién
dai, dong thai lam tang do chinh xac hinh hoc clia sén pham. Tuy nhién, mét trong nhimng van dé
quan trong can dugc kiém sodt trong qud trinh chan la hién tugng dan hoi nguac (spring back),
anh hudng truc tiép dén dé chinh xac clia géc chan sau khi gia cong. Bai bdo nay trinh bay nghién
ctu thuc nghiém vé anh hudng clia ba thong sé cong nghé chinh gém: chiéu sau bao ranh, cao
d6 chén, va thai gian gitt cudi hanh trinh, dén hién tugng dan héi ngugc trong qué trinh chan
V cé ranh V. Nghién ctu s&r dung phuong phap quy hoach thuc nghiém theo ma tran truc giao
Taguchi L9 dé giam thiéu s& lugng thi nghiém can thiét nhung van dam bao tinh tin cay. Chi sé
S/N (Signal-to-Noise ratio) dugc st dung lam co s& danh gid va toi uu hda chat lugng dau ra theo
tiéu chi ““cang nhoé cang tét" cho dd dan héi ngugc. Két qua cho thay cao dé chén la yéu t6 anh
hudng manh nhat dén hién tugng dan héi nguac, tiép theo la chiéu sau bao, trong khi thai gian
gitr c6 &nh hudng khéng dang ké va co thé xem la nhiéu trong quy trinh t8i uu. BO théng s6 cong
nghé t6i uu dugc xac dinh gébm: cao dé chan 0.6 mm, chiéu sadu bao 0.3 mm va thai gian gilr 3 giay.
Nghién cliu gép phéan cung cap co s& khoa hoc cho viéc t6i uu hda qua trinh chan kim loai tdm
trong san xuat cong nghiép, dac biét la trong cac Ung dung yéu cau cao vé dé chinh xac va thdm
my trong thiét ké noi that.

Tuwkhoa: Chan V, bao ranh V, thuc nghiém Taguchi

GIGI THIEU CHUNG

Trong nganh tao hinh kim loai chén, d¢ chinh xac
trong goc chdn dugc xem 1a mot trong nhiing muc tiéu
hang d4u trong nhiéu nganh san xuat. Hién nay quy
trinh chén V (V-bendiing) dugc st dung phé bién, do
chinh vé dung sai kich thudc va hinh hoc dugc cac nha
nghién ctiu quan tdm trong viéc kiém sodt chat lugng
san phdm, mot trong nhiing thong s6 chat lugng quan
trong 1a goc sau chin. Géc chan chiu sy dnh hudéng
tit nhiéu yéu t6, tu tinh chét ctia vét liéu dén phuong
phép chin va cac diéu kién lam viéc khéc, tuy nhién
tinh chat co hoc ctia vat liéu déng vai tro 16n dén chit
lugng san phidm, mét s6 tinh chit co hoc bao gom:
ung sudt chdy, ing sudt gii han, d¢ gidn dai. Goéc
chén trong qua trinh chén bi anh huéng bai tinh chat
vat liéu, mot trong nhiing hién tugng thusng xay ra
la dan hoi ngugc (spring back). Cac bai nghién ctiu
hién nay c6 thé ké dén. Zang et al! nghién ctiu mo
hinh cdu thanh d€ du doan dan héi ngugc, trong d6
su thay d6i ciia m6 dun Young vé6i bién dang déo duge
xem xét. Leu va Hsieh? da nghién ctiu anh hudng ctia
luc chén trong viéc gidm d¢ dan héi ngugc trong qua
trinh uén khuén chii V. Wang et al® da nghién ciu

su kiém sodat dan hoéi ngugc ctia qua trinh uén kim
loai tAim. Tekaslan et al.# d4 x4c dinh d6 dan héi caa
tdm kim loai thép khong gi trong khuén uén chi V.
Meinder et al.> da nghién ctiu dy doan va t6i uu héa
hoi xuén bang cach st dung phan tich sé.

L

Hinh 1: Sdn phadm noi thit dung cong nghé bao
ranh

Trong nganh kién truc hién nay, cic nha thiét ké va
kién truc su huéng dén muc tiéu dat dugc cac san
phdm noi thét véi cic 1dp pht mau hoan thién mang
tinh cao cip va sang trong (Hinh 1). Cac chi tiét 6p véi
cdc nép gdp. Cac nha san xuit cho cdc san phdm nay
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thudng stt dung ranh chit V (V-Grooving) dé tao ra
cdc gdc sdc nét trong cic tdm, sau khi dugc 16ng vao
nhau va gin két, tao ra vé ngoai nhu mot khéi lién
mach. U6n kim loai theo phuong phdp V-Grooving
cho phép udn kim loai véi ban kinh hep hodc goc
nhon. Diéu nay cho phép kim loai gép bét chudc vat
liéu thanh dic v6i chi phi chi bing m¢ét phin mudi va
cling tranh lang phi. C4u hinh c6 ranh chit V trong
giéng nhu vét liéu thanh ddc nhung cé trong lugng
nhe va dé van chuyén va ldp dat hon. Hién nay céc
cdng nghé chu yéu mang yéu t6 kinh nghiém véi cac
bai chia sé blog®. Tuy nhién hién nay céc bai nghién
ctiu v€ mang nay con it, do d6 dé tai tién hanh nghién
ctiu thi nghiém cdc san phdm chén V st dung ranh
V, d€ nghién ctiu vé€ qu4 trinh tao hinh dang phd bién
nay.

VAT LIEU VA THIET BI THi NGHIEM
Vat liéu thi nghiém

Trong pham vi nghién ctiu nay, vét liéu JIS-G4305,
SUS304 dugc st dung d€ nghién ctu tinh chat bién
dang tao hinh. D&i v6i cac san phdm cho nganh
ndi thét hién nay, vat liéu SUS 304 v6i bé day 1 mm
thuong dugc stt dung. Tinh chét co hoc cua vat liéu
dugc nha san xudt cung cdp dugc liét ké trong bang
dua trén “Mill Test Certificate””, dugc cho & Bang 1.

Bang 1: Tinh chat co hoc vat liéu

H6YA33760AA  Tensile Test

YS TS EL Hardness
Value 296 653 56 166
Thiét bi thi nghiém

DéE thuc hién cic cdng doan thi nghiém, médy chin
thay luc, mdy bao ranh V va mdy do ludng dugc
thiét 14p dé€ phuc vu qua trinh thi nghiém. Thong
$6 luc chidn dugc kiém sodt trén mdy chén cta hing
AMADA véi model CB83 theo (Hinh 2). Céc thong
6 chdn dugc kiém sodt bao gom: cao d§ chén, thoi
gian gitt chay & cudi hanh trinh. Bé khuon chan duge
14y theo tiéu chudn, thong s6 bo khuon ldy theo tiéu
chuén dé€ tao hinh goc chdn 90 d6 (Hinh 3).

Qua trinh tao ranh V(V-Grooving) dugc thuc hién
trén mot méy riéng biét, cic dudng bao dugc tao ndm
trén duong chin. Sau qud trinh bao ranh, qud trinh
chén c6 thé dugc thuyc hién bang may chin hodc 1a
ngay ca bang tay tuy thu¢c va chiéu sau bao. Khi st
dung trén may chén, ngudi van hanh c6 thé chin kim
loai c6 ranh thanh nhiéu géc va hinh dang khac nhau
bang cach st dung céc cong cu tity chinh hodc ¢6 sén.

Trong may CNC bao ranh V hién dai, tdm chin dugc
dinh vi trén ban ndm ngang, chuong trinh ctia bo diéu
khién st dung cac tham s6 vét liéu (d¢ day, vat liéu,
v.v.) dé tinh todn d6 sau va vi tri ctia vét cit. Trong
bai bao nay, may CNC v6i model: CNC-V-Grooving
M/C model KVM 4000 ctia haing KYUNGCHANG,
dugc dung d€ tao cdc mau vdi cac chiéu siu bao khac

nhau.
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Hinh 2: May chan AMADA model CB83

Hinh 3: B6 khuén chan thuc nghiém g6c 90

Thiét bi do géc chin dugc st dung trén may do toa
dd 3 chiéu CMM (Coordinate Measuring Machine).
May do ctia hang Mitutoyo, model: BEYOND-A504.
Trong hé théng tinh todn, bang cich thuc hién mot
s6 quy trinh do ludng, ta 6 thé trich xuat dugc thong
tin v€ s6 do goc, tii d6 tinh duge d6 dan hoi ngugc ctia

san phdm sau khi chin.
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Mau thi nghiém

Céc mau thtt cho bai thi nghiém dya trén “Mill Test
Certificate®”, v6i Gause Length: 50 mm (hinh chi
nhét), nhu & phan trudc da dé cap dén (Hinh 4). Theo
khdo sat chiéu sau bao & cac xudng san xudt, bai bao
dé xudt cdc chiéu sau bao khac nhau lan luot la: 0.3
mm, 0.4 mm, 0.5 mm. Cac ranh V dugc bao trén may
bao CNC-V-Grooving, cac thong s§ dugc diéu khién
bdi chuong trinh CNC.

-

Hinh 4: Mau thuc nghiém sau khi dugc bao theo
phuong phéap V-Grooving

PHUGONG PHAP NGHIEN CUU

Tién si Genichi Taguchi la ngudi tién phong trong linh
viic thiét ké va t6i uu hda cac tham s6 thuc nghiém.
Dong thai, day ciing la mot phuong phap manh mé va
hiéu qua dé thiét ké sin phdm mot cach nhit quan va
t6i uu trén nhiéu diéu kién khac nhau, chinh vi nhiing
uu diém d6 nén phuong phép dugc st dung rong rai
trong phan tich ky thuat. Mot trong nhiing uu diém
chinh ctia phuong phap 1a giam s6 lugng thit nghiém
bang cach st dung mang truc giao, nhim giam thiéu
anh huoéng ctia cac yéu t6 khong thé kiém soat. Diéu
nay gitp tiét kiém thoi gian va tai nguyén, dong thoi
tang tinh chinh xac va d tin cay ctia két qua. Nho vao
phuong phap ctia 6ng, cac nha thiét ké va nha nghién
ctiu ¢6 thé tién hanh céc thi nghiém hiéu qua hon,
gitp t6i uu hoa hiéu suit va chét lugng san phdm.

Quy hoach thyc nghiém Taguchi cung cip mét cich
tiép can don gian, hiéu qua va c6 hé thong, trong bai
bai bao nay, cac thong s6 chan dugc t6i uu trong quy
trinh san xuét. Thiét k€ Taguchi, hay mang truc giao,
la mot phuong phap thiét ké thi nghiém thuong chi
yéu cdu mét phan nho cua t6 hgp ddy du cac giai thia.
Do d6, méi yéu t6 c6 thé dugc danh gid doc lap vdi tét
ca cac yéu t6 khac, tac dong ciia mdt yéu t6 khong anh
hudng dén uéc tinh ctia yéu t6 khac. Ty 1é S/N® dugc
sti dung d€ do d¢ nhay ctia cac déc tinh dugc nghién
ctiu mot cach co6 kiém soat. Tién si Taguchi da phan
loai céc bién phan ting thanh ba loai khéc nhau: cang
16n cang t6t, cang nho cang t6t va t6t nhét trén danh
nghia. Ung v6i cac yéu cdu, cic cong thic dugc thanh

lap dua trén cg s& toan hoc va théng ké. Do do, cac
phuong trinh cho tinh todn ti s6 S/N la khéc nhau véi
tling yéu cau. Dya trén yéu ciu ctia san phdm, cdc tiéu
chi chitlugng dugc Iya chon va ta chon cong thiic phu
hgp dé tién hanh phén tich.

THIET KE THUC NGHIEM

Trudc hét, ta can xdc dinh cac yéu t8 6 thé diéu khién
(tham s6 diéu khién) va cac ché d¢ lam viéc cua tiing
yéu d6 diéu khién (thong s6 cong nghé). Trong pham
vi bai bdo, ba tham s8 diéu khién dugc nghién ciu:
cao d6 chdn, chiéu sau cat va thoi gian gii, cdc thong
s6 thé hién (Hinh 5).

(hiu 53 bis
Thél gian git
(20 43 nhén

Hinh 5: Cac tham s6 diéu khién chan

Chiéu siu bao thé hién chiéu sau cit vat liéu trong qué
trinh V-Grooving, ta khao sat ba ché d6 cong nghé:
0.3mm, 0.4mm, 0.5mm. Cao do chin thé hién toa do
cudi cung ctia chay sau khi chdn, thong thudng cao
d¢ chidn dugc thiét 14p bing dung bé day san phim,
bai bdo dua ra ba ché d6 cong nghé khdo sat: 1mm,
0.8mm va 0.6mm. Thdi gian gid, la thai gian chay
dén toa do cudi va dugc duy tri, dugc khao sat qua
ba ché d¢ cong nghé: 3s, 4s va 5s. Cac tham s6 diéu
khién va ché d6 cong nghé tuong ting dugc thé hién
& Bang 2. Ung v6i 3 tham s6 diéu khién va 3 ché do
cdng nghé, mang truc giao Taguchi L9 dugc sti dung
lam thi nghiém (Béang 3).

Két qua ctia qua trinh chin dugc danh gid bang chit
lugng ctia san phdm sau khi chdn. Chit lugng cc san
phém chén bao gém nhiéu tiéu chi nhu: chét lugng
bé mat, tinh co hoc, dung sai kich thudc, ... Trong
truong hop nay, tiéu chi chit lugng dugc chon la do
dan hoéi nguge. Trong két qua danh gid, do dan hoi
ngugc dugc tinh bing su chénh 1énh véi géc 90 do
mong mudn, vi vdy két qua dugc danh gid bing tiéu
chi cang nho cang t6t (smaller is better).

Dii liéu két qué thuc nghiém, ty 1& S/N va gid tri trung
binh cong cho cac tham s6 do dan héi ngugc dugc
trinh bay dudi dang truc giao mang L9. D€ gidm sy
anh hudng cta d6 nhiéu, mbéi thi nghiém dugc tién
hanh v6i ba lan l3p lai, do d6 ta c6 tdng cong 27 thi
nghiém dugc thuc hién.
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Sau d6 27 méu thyc nghiém sé dugc do trén mday do
toa do 3 chiéu dé trich xudt thong tin vé do dan hoi
ngugc. Quy trinh 14y mau do cling tuong tu, véi viéc
ldp lai 3 14n do va trung binh cong do chénh Iénh,
nhdm muc dich ting d0 tin cay cta két qué do. 27 két
qué do dugc thu thap va sau d6 st dung phan mém
Minitab d€ phén tich di liéu.

KET QUA VA THAO LUAN

K&t qua thi nghiém

Sau khi xdc dinh thiét ké thuc nghiém va thuc hién
cdc thuc nghiém, cic ddc diém chat lugng dugc do tu
moi thi nghiém c6 thé dugc st dung d€ phan tich tac
dong tuong doi ctia cdc tham s6 khac nhau. Két qua
ctia qua trinh chén (Bang 4) dugc danh d4u tii 1 dén
27 d€ dé dang quan sat va thuc hién, bén canh d6 cling
hé trg cho viéc do ludng va thu thap di liéu do. Céc
mau két qué dugc thé hién ¢ (Hinh 6).

Hinh 6: Cac mau két qua sau qua trinh chan

Dé xédc dinh tdc dong ctia mdi tham s6 di€u khién 1én
két qua (Bang 5), ty 1é S/N cén dugc tinh todn cho mbi
tht nghiém. Ty 1é S/N cho méi tham s§ dugc tinh
toan va thé hién & Bang 6. Gid tri cang 16n cho mot
tham s6 diéu khién, tac dong ctia bién s6 1én qud trinh
chén cang 16n. Diéu nay xdy ra vi cing mét thay déi
trong S/N géy ra tac dong I6n hon 1én bién s6 dau ra
dang dugc do. hién thi bang dép ting cho gia tri trung
binh ctia 4 dan héi ngugc dé t6i uu hod ham mong
mudn (cang nhod cang tot) tuong ting. dap ing clia ty
1é S/N cho d¢ dan hoi ngugc dugc tao ra bing cach st
dung ky thuét Taguchi va cho thdy cac mtic t6i uu clia
cdc yéu t6 diéu khién cho do dan hoi ngugc tdi uu.

Phan tich két qua
Céc bang bao gdbm céc hang dua trén s6 liéu delta, so
sanh d¢ 16n tuong ddi ctia tdc dong. S6 liéu deltala gia

Bang 5: Bang két qua trung binh céng

Level Chiéu sau Chiéu sau Thoi gian
nhin (mm) bao (mm) gii (s)
1 0.3154 1.0736 1.7190
2 1.5923 1.7788 1.6849
3 2.9239 1.9793 1.4277
Delta 2.6085 0.9057 0.2912
Rank 1 2 3
Bang 6: Bang két qua tilé S/N
Level Cao d6 nhin Chiéu sau Thoi gian
(mm) bao (mm) giti (s)
1 9.9727 2.3796 -0.6563
2 -3.7531 -2.2306 -0.8851
3 -9.0656 -2.9950 -1.3045
Delta 19.0382 5.3745 0.6482
Rank 1 2 3

tri cao nhét trit di gia tri thap nhét trung binh cho méi
yéu t6. Cac gia tri thong s6 cong nghé clia cac tham
s6 diéu khién cho d¢ dan héi ngugc dugc cho trong
va dugc hién thi duéi dang biéu d6 trong Hinh 7 va
Hinh 8. Céc thong s6 cong nghé t6i uu cua cac yéu
t6 diéu khién dé€ han ché d6 dan hoi ngugc c6 thé dé
dang xdc dinh tit cac biéu d6 nay. Muc t6t nhat cho
méi yéu t6 diéu khién dugc tim thdy dya trén ty1é S/N
cao nhét trong cac muc cta yéu t6 diéu khién do.

Main Effects Plot for SN ratios

Data Means
Cao d6 chin Chigu s3u bio Théigin gt
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Hinh 7: Bi€u d6 gia tri ti s6 S/N

Céc thong s6 t6i uu cta cac tham s6 diéu khién dé
giam thiéu d6 dan hoi ngugc cta vat liéu c6 thé dugc
quyét dinh thong qua céc biéu d6. Cac ché do cong
nghé tng v6i moéi tham s6 diéu khién dugc thé hién
theo chi s6 S/N cao nhit ctia mé6i tham s6. Theo dé,
cac thong s6 cong nghé tng véi cac tham s6 diéu
khién d€ cho d¢ dan héi ngugc dat t6i nhu sau:
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Bang 2: Bang tham s6 diéu khién va ché do céng nghé

Parameters Levels
1 2 3
A Cao d6 chidn [mm] 0.6 0.2 0
B Chiéu sau bao [mm] 0.3 0.4 0.5
C Thoi gian git [s] 3 4 5
Bang 3: Bang truc giao taguchi L9
Thi nghiém Parameters and their levels
A B
1 1 1
2 1 2
3 1 3
4 2 1
5 2 2
6 2 3
7 3 1
8 3 2
9 3 3
Bang 4: Bang két qua do ludng thuc nghiém
Tham s6 diéu khién va thong s¢ cong nghe
Experiment A B C
no.
Cao do Chiéu sau Thoi Result 1 Result 2 Result 3 S/N Mean
chén bao[mm] gian git
[mm] [s]
1 0.6 0.3 3 0.15350 0.25139 0.23180 13.2948 0.21223
2 0.6 0.4 4 0.42500 0.33944 0.32139 8.7600 0.36194
3 0.6 0.5 5 0.39917 0.55139 0.16528 7.8632 0.37194
4 0.8 0.3 4 1.16361 0.97139 0.86611 -0.0686 1.00037
5 0.8 0.4 5 1.61139 2.29917 1.79889 -5.6893 1.90315
6 0.8 0.5 3 2.15056 1.77556 1.69417 -5.5013 1.87343
7 1.0 0.3 5 1.76833 2.16028 2.09583 -6.0875 2.00815
8 1.0 0.4 3 3.32417 3.01639 2.87306 -9.7625 3.07120
9 1.0 0.5 4 3.74333 3.69333 3.64056 -11.3468 3.69241
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Main Effects Plot for Means

Data Means
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Hinh 8: Biéu d6 gid tri trung binh céng

Cao d6 nhén (ché do cong nghé 1, S/N 9.9727, delta
19.0382, rank 1), Chiéu sau bao (ché do cong nghé 1,
S/N 2.3796, delta 5.3745, rank 2), Thai gian giti (ché
dd cong nghé 1, S/N -0.6563, delta 0.6482, rank 3).
Noi theo cach khac, ché d6 cong nghé t6i uu: Cao do
nhédn 0.6mm, Chiéu sau bao 0.3mm, va thoi gian gid
3s.

Cao d¢ chdn, véi cac thong s6 cong nghé da cho trén,
viéc ha cao d6 chin dong nghia véi viéc ting luc chén,
vi “punch” sé di sau vao 16p vétliéu tic dong luc manh
hon, phuong phép nay hay thudng dugc goila phuong
phép chin “coining”. Phuong phap “coining” thuong
dugc st dung d€ ngin ngtia do dan hoi ngugc tuy
nhién mdy chén yéu ciu luc chin cao. Chinh vi vy,
viéc cao do thap dong nghia luc chdn manh hon sé tao
ra d¢ 6n dinh dong thai gidm d¢ dan héi ngugc.
Chiéu sau bao, véi muc tiéu ban dau trong viéc bao
ranh V la giam duong kinh ngoai muc dich chinh lam
sic nhon cac goéc canh d€ ting tinh th&m myj. Tuy
nhién doi véi ranh V khi tao bao véi goc dao bao 1a 90
d0, khi chén vat liéu sé ddn dén khi vao géc 90 9, cac
canh vat v6i ranh bao V tic dong 1én bé mit chay khi
tién hanh chén “coining”, chinh vi vdy tao ra phan luc
1én vat liéu. Luc nay c6 xu huéng lam tang do dan hoi
ngugc. Vivéy ta co thé thiy dugc, cac 16p bao mong
giam dugc su anh hudng cta do dan hdi ngugc

Thdi gian git, khi so sanh véi biéu d6 trung binh cong
ctia d¢ dan héi ngugec, ta thdy dugc c6 diém khac biét
trong thoi gian git cudi hanh trinh sau qua trinh dinh
hinh kim loai chén, v6i sy dong gop delta rét it trong
két qud, ta c6 thé bo qua dugc tham s8 diéu khién 1a
thoi gian giti trong qua trinh t6i uu hoa va ta c¢6 thé
xem xét tham s6 nay la mot trong cc tdc nhan gy
nhiéu d6i véi cac nghién ctiu chuyén sau sip téi.

KET LUAN

Trong bai bao nay, quy hoach thuc nghiém dugc tién
hanh theo Taguchi L9. Ba tham s6 diéu khién véi ba
ché d9 cong nghé dugc thyc hién d€ nghién ciu vé do
dan héi ngugc trong qud trinh chdn V ¢6 ranh bao &

vat liéu JIS-G4305, SUS304. B¢ thdng s6 t6i uu dugc
xac dinh dya trén ti 1é S/N st dung “cang nho cang
t6t”. Thong s6 toi uu dua ra v6i tham s6 diéu khién A
(ché€ d6 1), B (ché d6 1) va C (ché d6 1). Tuy nhién
tham s8 diéu khién C c6 thé lugc bo va xem nhu mot
nhén t6 giy nhiéu. Nhu vay bo thong s6 t6i uu con lai,
cao do nhin (0.6mm), chiéu sau bao (0.3mm). Cao do
nhén dong gop 16n nhit, theo sau d6 la chiéu su bao.
T4t ca cac két qua déu thé hién thong qua cac bang di
liéu dya trén Taguchi.

LOI CAM ON

Chung t6i xin cdm on Trudng Pai hoc Bach khoa,
DPHQG-HCM da ho trg cho nghién ctiu nay. Tac gia
xin chan cam on sy gitp do ti Coéng ty Sai Gon An
Phu (Savax Door) d4 hé trg thiét bi chin, xin cdm on
Phong Thi nghiém do ludng, Khoa Co Khi, Trusng
Dai hoc Bach Khoa TP HCM d4 hé tr¢ dung cu do
ludng.

XUNG POT LO1iCH

Nhoém téc gia xac nhén khong c6 xung dot 1gi ich lién
quan dén cong trinh nghién ctu.

PONG GOP CUA CACTACGIA

Nhoém tac gia st dung phuong phép quy hoach thuc
nghiém dé xac dinh su d6ng gop ctia cac yéu t6 trong
qué trinh chdn st dung phuong phdp V-Grooving.
Cac thanh vién d€ c6 déng gép nhu nhau trong nghién
cliu nay.
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ABSTRACT

The combination of V-bending and V-grooving has proven to be highly effective in forming aes-
thetically refined sheet metal products, especially in high-end interior applications. This technique
enables the creation of sharp, clean bend angles and enhances the geometric accuracy of final

products, delivering a modern and seamless appearance. However, one of the key challenges
the V-bending process is the spring back phenomenon, which significantly affects the accuracy
the final bending angle. This paper presents an experimental study on the influence of three p

in
of
ri-

mary technological parameters - groove depth, bending height, and end hold time on the spring

back behavior in the V-bending process with pre-cut V-grooves. A Taguchi L9 orthogonal array
employed to efficiently design the experiments, minimizing the number of trials while ensuring st
tistical reliability. The Signal-to-Noise (S/N) ratio is used as the evaluation criterion, with the quali

is
a-
ty

objective of ““smaller is better" applied to minimize spring back. The results indicate that bending
height has the most significant effect on reducing spring back, followed by groove depth, whereas
end hold time shows negligible influence and may be treated as a noise factor in further optimiza-

tion. The optimal set of process parameters identified from the study includes a bending height

of

0.6 mm, groove depth of 0.3 mm, and end hold time of 3 seconds. These findings provide valuable
insights for improving the forming accuracy of V-bent sheet metal parts, especially in applications
requiring precise and visually appealing features.The study contributes to the scientific basis for op-
timizing metal bending processes and supports the development of more efficient manufacturing

techniques for high-quality decorative metal components.
Key words: \-bending, V-Grooving, Taguchi method
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