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Tém tat
Bién dang tao hinh kim loai tdm la mét phuong phép gia cong co ban trong linh vuc co khi.
Trong do, gia cong bién dang udn Ia mét phuong phap gia céng phé bién duoc ing dung
rong rai dé tao hinh céc chi tiét lam tir tdm kim loai nhu: céng nghiép hang khéng, déng tau,
6 t6,... Khi bién dang tao hinh udn tdm kim loai, luc tao hinh la théng sé rét quan trong cén
duwoc xac dinh dé dam bao kha ndng du tai cua thiét bj gia cong. Gia tri luc nay sé thay doi
tuy theo diéu kién gia cong khéc nhau, dang chi tiét khac nhau, vét liéu duoc dung dé gia
céng,... Bai béo nay nghién ctru dnh hudng cta nhiét do nung phéi, bén kinh chay ubn va
Itre chdn phéi dén luc udn khi tao hinh chir U cho vét liéu thép tdm SS400 bang phuong
phép phén to hitu han.
Ttr khéa: Nhiét d6 nung phoi, thép tdm SS400, Taguchi, gia céng bién dang uén.
Abstract
Sheet metal forming process is a basic deformation method in the mechanical field. In
particular, bending deformation processing is a universal processing method which is widely
used to form sheet metal parts such as aviation industry, shipbuilding, automotive and so on.
During sheet metal bending process, the forming force is a very important output parameter
that needs to be determined to ensure the load capacity of a machining equipment. This
forming force magnitude will vary according to machining conditions, Geometric shapes of
products, sheet materials, etc. This study examines the influence of technological and
geometric parameters such as: workpiece temperature, punch radius and blankholder force
to bending force when forming U-shape of SS400 sheet material.
Keywords: Workpiece temperatureb SS400 steel sheet, Taguchi, bending process.
1. M& dau

Hién nay thép tAm da va dang dwoc st dung rat rong réi trong gia cong két ciu thép va tau
thuyén. Co rat nhiéu cong nghé gia cong khac nhau dwoc (rng dung trong gia céng tam nhw: Cat
got, han, l1éc, ubn, sén,... [1], [2]. Trong cac san pham lam tir thép tAm thi cac chi tiét co bién dang
cong dwoc gia cong bang cong nghé uon chiém mét ty trong khéa I&n. Luc tao hinh cac chi tiét duwoc
gia céng bang phwong phap uon thudng chiu anh hwéng rat 1on twr cac thong sb cong nghé nhu:
Ban kinh chay uodn, Iwc chan phéi, chleu day chi tiét, van téc chay ubn, nhiét do gia nhiét khi ubn,.
Viéc xac dinh dwoc mot bd cac thdng sé cong nghé phu hop & hét strc can thiét, nd cé thé gidp cho
nha san xuat tiét kiém ti da dwoc chi phi sén xuat ma van dem lai hiéu qua kinh té cao. D& xac dinh
dwoc anh hwéng cla cac théng sb cong nghé dé, hién nay nhiéu nghién ctvu da ap dung phwong
phap Taguchi [3], [4], [5] va da dem lai hiéu qua rét tét.

Trong nghlen ctru nay, phwong phap quy hoach Taguchi déa duoc st dung nham khao sat
anh huo’ng cla cac thong 0 co6ng nghé nhw: Nhiét d6 nung phoi, ban kinh chay udn va lyc chan
phdi dén lwc tao hinh khi uén chi tiét hinh chi¥ U lam tir thép tAm SS400. V&i muc dich chinh la gidm
lwe tao hinh khi uén, nghién cru nay s dung phan mém Abaqus d& mé phéng cac thi nghiém ubn
theo ba cip dd cho méi yéu té théng qua mang truc giao Taguchi L9 (3 » 3)[6].

2. Vat liéu va mo hinh vat liéu
2.1. Thiét Iap thi nghiém co ban

Thi nghiém nay xac dinh cac hé sé co ban trong mé hinh vat liéu Voce’s [9] d& Iam dau vao
cho thi nghiém mé phdng xac dinh lwc ubn tao hinh. Vat liéu dwoc siv dung cho nghién ciru nay 1a
thép tdm SS400, theo tiéu chuén JISG 3101[7] c6 thanh phan hoa hoc nhw Bang 1.

Bang 1. Thanh phan héa hoc thép SS400

C Si Mn P S Cr

0,19-0,21 0,05-0,17 0,4-0,6 0,04 0,05 <0,3
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Trong nghién ctru nay co tinh cla vat liéu sé dugc xac dinh & cac didu kién nhiét d6 khac
nhau la: nhiét 36 phong (32°C), 300°C va 600°C. Cac mau thr kéo duoc gla coéng bang cét day theo
hwéng can cua tdm thép day 6 mm. Sau khi cat day mau thir kéo dwoc xi ly qua bang giay giap.
Kich thwéc mau thtr kéo theo tiéu chuan ctia nha nwéc TCVN 197- -85(197-2000) [8], mau cd kich
thwéce va hinh dang nhw Hinh 1 (a). Hinh 1 (b) va (c) twong trng la mau thir kéo khi gia cong cat day
CNC va sau xt ly bé mat bang gidy rap.
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Hinh 1. M4u tha kéo thiét ké  (a), gia cong tre(n)may cat ddy CNC (b) va sau xtr ly bé mit (c)

Tha nghiém kéo cho cac mau dwoc thye hién tai cac diéu kién nhiét d6 khac nhau trén may
kéo nén Hung Ta H-200A (Hinh 2a). Dé xac dinh nhiét dd ctia cac mau khi kéo, quan hé phu thuéc
gitra thoi gian gia nhiét va nhiét do dwoc tién hanh trwde khi kéo (Hinh 2b). Két qua phu thudc gitra
thdi gian va nhiét do gia nhiét cho 8 mau dwoc thé hién trong Hinh 3 cho thdy mrc d6 6n dinh cla
thdi gian gia nhiét dén nhiét do phéi sau khi nung. Qua trinh thir kéo cé gia nhiét va ga dat bo gia

nhiét trén thiét bj dwoc thé hién trong Hinh 2a.

Hinh 2. Hé théng thir kéo cé gia nhlet (a), Thiét bj gia nhiét (b)

2.2. Nhan dang céc théng sé cia mé hinh vt liéu

Két qua thwc nghiém thir kéo & cac didu kién nhiét dd khac nhau dwoc thé hién trong Hinh 4.
DPé nhan dang cac théng sb ctia mé hinh vat liéu twong thich phu hop véi cac div liéu sau khi thir
kéo theo quy luat héa bén ctia Voce’s [9], cac dwdng cong (rng suét - bién dang cong thirc (1) dwoc
st dung. Phan mém Excel 2013 véi cong cu SOLVER dua trén phwong phap téng binh phwong sai
léch nhé nhat dé dang tim ra cac hé sb cha phwong trinh (1) dwoc trinh bay trong Bang 2. Cac hé
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sb thu dwoc sé& duoc siv dung dé khai bao trong mo hinh vat liéu dau
phéng s6 bang phan mém Abaqus.
6 =oy+A(1—exp(— Bsgzl))
Trong dé: oy la gi¢i han chay, A va B 1a cac tham sb hoa bén vat

vao khi thwc hién cac moé

1)

liéu, ¢ 1a &ng suét twong

dwong, efélé bién dang twong duwong. Cac tham s khac st dung cho mé phéng du doan lwc tao

hinh uén & cac diéu kién khac nhau dwoc thé hién trong Bang 3.
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Hinh 3. Biéu dé quan hé nhiét dé va thoi gian gia nhiét
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Hinh 4. Biéu dé trng suat - bién dang tai cdc nhiét dé khdc nhau cho cdc tdm vat mau

Béng 2. Cdc tham s6 héa bén vét liéu & cac mirc nhiét dé khéc nhau theo quy luat Voce’s

Nhiét dé (°C) oy A B
32 348 188,86 28,3293
300 199,3 171,56 3,452
600 72,43 36,89 6,0145
Béng 3. Cdc tham s6 thugc tinh vét liéu ding cho mé phéng s6
Thong | Nhiét | Técdé Dgh%‘}‘y e th:;él:gng Hé 6 mé dun
Je A (0 X Y A=
SO doé (°C) | uon (mm/s) (mm) on’s (kg/m?) dan hoi (MPa)
Céc 32 1 6 0,3 7.850 213.000
mive 300 1 6 0,3 7.850 184.410
600 1 6 0,3 7.850 107.640
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3. M6 phéng quy hoach theo mang trwc giao Taguchi
3.1. M6 hinh phan t hitu han
Mb hinh thi nghiém udn chi tiét hinh chir U (Hinh 6a,b), trong d6 chay, cbi va tm chin duoc
mo phdng bang cac yéu t6 bé mat cirng R3D4 va cac yéu td vd S4R duoc st dung cho cac tAm.
Trong mé hinh mé phdng nay, cac yéu tb kich thwdc trung binh ctia tAm la 300mm (chiéu dai) x 32
mm (chiéu réng) Hinh 5. Khe h& gitra chay va cbi la 9mm, tAm mé phdng day t=6mm.
300

32

T
Hinh 5. Chi tiét dung trong mé phéng

(@) - Chay
| . (b)
. Phéitam ——
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SNEG, (fraction = -1.0)
(Avg: 75%)
+5.368e+02
+5.044e+02
+4.720e+02
+4.397e+02
+4.073e+02
+3.749e+02
+3.425e+02
+3.101e+02
+2.778e+02
+2.454e+02
+2.130e+02
+1.806e+02
+1.482e+02
+1.158e+02
+5.346e+01
+5.108e+01
+1.869e+01

Hinh 6. M6 hinh phan tir hiku han uén chi tiét chir U dang 2D (a), dang 3D (b),
chi tiét sau khi mé phéng (c)

Dé dy doan &nh hwdng cliia nhiét dd, ban kinh chay uén va luc chén phéi dén luc tao hinh khi
udn tAm SS400, cac dir liéu da thu duoc tiy ket qua thi nghiém kéo va tinh toan trén dwoc s dung
lam di liéu dAu vao cho qua trinh mé phéng sé bang phuo’ng phap phan t&r hiru han qua phan mém
(ABAQUS/Explicit). M6 hinh bién dang tao hinh un dwoc thé hién nhw trong Hinh 6¢. Khi mo phong,
khuén dwéi dwoc cb dinh va khudn trén chi cé thé di chuyén theo phuong théng ding. Hé so ma
sat dwoc mé hinh héa bang cach s dung luat ma sat Coulomb. D& mé phdng dan héi sau qua trinh
bién dang tao hinh, qué trinh bién dang chir U d4u tién thyc hién theo hai buéc véi Abaqus/Explicit.
Lwc trén tAm chan da dwoc ap dung trong bwéc dau tién cta viéc phan tich. Cac lwc day cha chay
duoc ting Ién déu dé giam thiéu hiéu (ng quan tinh. Trong buéc thir hai cGa viéc phan tich chay di
chuyén xuéng 55mm theo phwong thang ding (phwong Y). Phan tich dan héi sau bién dang tao
hinh sau d6 da dwoc moé phdng véi Abaqus/Standard. Cac két qua tir sw hinh thanh mé phdng trong
Abaqus/Explicit dwoc nhap vao Abaqus/Standard, va mét phan tich tinh tinh toan dan héi nguoc.
Trong bwéc nay mét trang thai (rng suét nhan tao lam can bang trang thai rng suét nhap vao dwoc
ap dung tw dong béi Abaqus/Standard va dan dan bi loai bé trong cac budc. Su thay ddi hinh dang
san pham thu dwoc vao cubi clia bwdc 1a dan hdi sau bién dang tao hinh.
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3.2. Quy hoach theo mang truc giao Taguchi

Muc dich ctia nghién ctru nay 1a diéu chinh cac thdng sb dau vao dé kiém soat thong sé dau
ra theo mong mudn. Do d6, phwong phap Taguchi da dwoc lwa chon st dung cho phép téi thiéu cac
thi nghiém can thiét dé dé nghién ctru anh hwéng ctia cac thong sé 1én mot dac tinh dau ra va nhanh
chéng diéu chinh cac thong s dau vao tién dén téi wu nhanh nhét gia tri dau ra [6].

Nghién ctru nay khado sat anh huéng ctia cac tham sé: Nhiét dé nung phdi (°C), ban kinh chay
udn (mm) va lwc chan cta phdi (N) dén lwc tao hinh khi ubn cé gia nhiét. B6 ba thong sé dwoc lwa
chon vé&i ba mire gia tri khac nhau dwoc cho trong Bang 4. Ti lé nhiéu S/N dwoc lwa chon theo diéu
kién nhé hon thi tdt hon phwong trinh (2).

SIN = -10L0gio(MSD) @)
MSD = (i +J’2 +.+y7) 3)

Trong dé MSD la dd Iéch binh phwong trung binh so véi gia trj dich ctia d&c tinh chat lwong;
.yn, N 1 két qua do va sb thi nghiém twong &ng.

Sau khi thiét 1ap cac diéu kién cho mé phdng cac thi nghiém twong (rng, nghién clru da tién
hanh mé phdng 9 thi nghiém. Két qua do dac cho 9 mau thi nghiém mé phang theo Taguchi L9 (33)
dwoc cho trong Bang 5. Anh hwéng clia cac tham sd: Nhiét do (A(T)), ban kinh chay (B(Ren) va lwc
ch&n phéi (C(F)) dén lwc udn dwoc tinh toan va phan tich phwong sai (Anova) nhw trong Bang 6.

Y1, Y2..

Béng 4. Céc théng sé céng nghé diing cho mé phéng

- P Cac mirc
i Thong so Mirc 1 Miec2 | Mic3
1| T-Nhiétdo (°C) (A) 32 300 600
2| Ren- Ban kinh chay (mm) (B) 10 18 26
3 | F-Luc chan phdi (N) (C) 12.000 18.000 24.000
Béng 5. Két qua do va ty sé6 S/N theo L9
STT | A(M) | B(Rch) C(F) Pwve (N) S/Nwvp
1 32 10 12.000 60.138,2 -95,583
2 32 18 18.000 62.315,3 -95,8919
3 32 26 24.000 66.267,8 -96,4261
4 300 10 18.000 38.948,3 -91,8098
5 300 18 24.000 39.480,3 -91,9276
6 300 26 12.000 35.046,1 -90,8928
7 600 10 24.000 21.691,2 -86,7257
8 600 18 12.000 15.859,6 -84,0058
9 600 26 18.000 17.999,9 -85,1054
Béng 6. Phan tich ANOVA cho édnh hwéng cia cdc tham s6
Th p Gia tri SIN trung binh & cac mirc Téng binh Phan bb
am s6
1 2 3 phuwong
A (T) -95,97 -91,54 -85,28* 173,045 97,33
B (Ren) -91,37 -90,61* -90,81 0,943 0,53
C(F) -90,16* -90,94 -91,69 3,523 1,98
Err. 0,283 0,16
Tdéng 177,794 100

Nghién cvu nay tién hanh xt ly sé liéu thwc nghiém bang phan mém MINITAB17. Vé&i 3 thong
sb nhiét dd nung phoi A(T), ban kinh chay B(Rcn) va lwc chdn phoi C(F). M&i mot thong sb sé c6 3
mure tac dong nhu sau: Nhiét do (32°C, 300°C, 600°C); Ban kinh chay (10mm, 18mm, 26mm); Luc
chan phdi (12.000N, 18.000N, 24.000N). Phdn mém nay cho phép Iwa chon quy hoach Taguchi L9
(38) vo&i 9 thi nghiém mo phdng (Bang 5) nhw la mét quy hoach chuan Phan tich phwong sai Anova
(bang 6) cho ta két qua nhw sau: Anh huo’ng cta nhiét do t&i lwc udn chiém 97,33%, anh huo’ng
clia ban kinh chay la 0,53%, anh hwéng cla lwc chan phéi la 1,98% va 0,16% nhiéu. Két qua nay
cho ta hai nhan xét quan trong nhu sau: (1) Khi xét cac yéu t6 anh hudng téi lwc udn (A(T), B(Ren),
C(F)) thi anh hwéng clia nhiu dén két qua 1a rat nho (chi 0,16%). (2) Anh huéng cla nhiét d6 toi
lwc ubn 1a I&n nhét (chiém 97 ,33%), tire 1a anh hwéng cla hai thong so6 con lai (B(Ren), C(F)) rat nho
va hau nhw khéng lam thay dbi gia tri lwc udn, trong khi nhiét dé cang 1n thi gia tri lwc uon cang nhoé
di. Diéu nay ciing hoan toan dung va&i ly thuyét va kiém nghiém trong thuc té.
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Anh huédng cla cac tham s dén lyc tao hinh
AT B(Rch) (3]
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Hinh 7. Anh hwéng cua cdc tham sé dén Iwc uén

Sau khi xay dwng mé phéng theo quy hoach Taguchi L9 (33), ta thu dwoc két qua (Hinh 7).
ng v&i két qua nay theo codng thirc (3) xét theo cac yéu td don 1é ta thdy rang: Gia tri nhiét do A(T)
= 600°C sé& c6 lwc ubn nhé nhat; gia tri ban kinh B(Rcn)=18mm sé cho gia tri lwc udn nhd nhét va gia
tri lwc chan phoi C(F)=12.000N Iwc ubn sé nhé nhat. Do vay bd thdng sé lwa chon theo cac théng sé
A(T), B(Reh) va C(F) dua ra (9 théng sb) la: (A(T), B(Ren) va C(F))=(600°C, 18mm, 12.000N). Pay la
bd théng sb téi wu thu dwoc tr 9 théng sé dua ra (thi nghiém sbé 8 trong Bang 5).
4. Két luan

Nghién ctru da tién hanh xay dwng mot hé théng thir kéo cé gia nhiét va thwc nghiém kéo mau
thép tAm SS400 tai ba diéu kién nhiét do khac nhau (32°C, 300°C, 600°C). Pa xay dwng dwoc biéu
dd so sanh (rng suét - bién dang tai ba diéu kién nhiét dd khac nhau (Hinh 4). Xay dwng mé phdng
thwe nghiém Taguchi L9 (38) vé&i cac thong sb cong nghé: nhiét dd nung phéi, ban kinh chay, lwc
chan phéi thay d6i da dwoc tién hanh dé danh gia anh hwéng cla cac tham sé dau vao dén luc tao
hinh khi uén chir U bang phwong phap phan t& hiru han. Két qua mé phéng va phan tich sb liéu da
chi ra réng diéu kién gia cong: nhiét dd nung phéi 600°C, ban kinh chay 18mm va lwc chén phoi la
12.000N sé& cho gia tri lwc tao hinh udn 1a nhd nhat P=15.859,6N. Phan tich Anova cho thay réng
trong ba tham sé cong nghé A(T), B(Rcn) va C(F) thi tham sé A(T) c6 anh hwéng I&n nhét t&i lwc tao
hinh (97,33%), hai tham sb con lai c6 anh hwdng nhé hau nhw khdng dang ké.
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