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Abstract. Using drawbeads plays an important role in sheet stamping technology because
they have an effect on the quality of the sheet metal part. Drawbeads are often used when
stamping parts with asymmetrical shapes, complex shapes, and deep drawing to improve the
flow of material into the die. Although the low cone is a symmetric part, the relatively small
height causes strong elasticity, so during the forming process, the sheet metal is not completed
in contact with the surface of the tool. As a result, it is easy to appear wrinkles on the surface
causing waste. Therefore, the blank must be stretched by the drawbeads to ensure contact with
the punch. The article presents the results of the study of the drawbeads for stamping low-
conical details with its specific dimensions for three cases such as without the drawbeads on
the blankholder system, with circular drawbead and with rectangular drawbead through
numerical simulation using Dynaform 5.9 software and experimenting with the stamping
mold with the results given from the simulation to determine the reasonable parameters of the
drawbeads.
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Tom tat. Sir dung gan vudt ¢ vai trd quan trong trong cong nghé dap tam bai vi né cé
anh huong dén chat lugng san pham kim loai tim. Gan vudt thuong duoc st dung khi
dap cac chi tiét dang khong ddi xing, hinh dang phuc tap va dap vuot sau dé cai thién
dong chay cua vat liéu vao cdi. Tuy hinh con thap 1a mét dang chi tiét dbi xing nhung
chiéu cao twong ddi nhoé nén gay ra sy dan hoi manh do d6 trong qua trinh tao hinh vét
licu khong duoc tiép xtc hoan toan véi bé mat cia dung cu. Két qua la rat dé xuét hién
nhin trén bé mat gay ra phé pham. Vi vay phoi tim phai duoc kéo cang bang gan vudt.
Bai bao dua ra két qua nghién ciru gan vudt khi dap chi tiét hinh con thap vai cac kich
thudc cu thé cta né cho ba truong hop nhu khong sur dung gan vuét trén he théng chan,
vei gan vudt hinh tron va voi gan vuét hinh chir nhat thong qua mo phong so bang phan
mém Dynaform 5.9 va thyc nghiém véi khudn dap dugc ché tao vai cac két qua dua ra
tir md phong dé xac dinh duoc cac thdng sé hop ly caa gan vudt.

Tir khoa: chi tiét hinh c¢6n thap, gan vuét, tao hinh kim loai tim.

© 2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Gan vudt thuong duoc st dung trong qué trinh dap vudt sau hozc dap véi cac chi tiét hinh
dang khong d6i xung dé lam dong déu su chay caa phdi tim vao trong cdi do d6 giam nhin,
rach cho san pham khi tao hinh [1]. Tuy nhién van dé @ng dung gan vudt khi dap chi tiét hinh
con 1a chua duoc cong bd, ma cac chi tiét dang nay duoc dung rat pho bién trong thuc té. Cac
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nghién ciu vé gan vudt xoay quanh cac chi tiét dang tru tron xoay [2], chi tiét hinh ban cau
[3], chi tiét dang hop st dung gan vudt dé giam bién dang dan hoi [4], trong qué trinh dap
vudt sau [5]. Hinh dang gan vuét c6 anh huong dang ké khi dap [6]. Khi st dung gan vudt tre
lyc kéo phdi vao trong coi tang 1én [7, 8]. Viéc nay c6 loi vi nd 1am san pham khong bi nhan
rat phu hop dép chi tiét hinh con. Hon nita, theo [9] chi tiét hinh con thap duoc dap trong coi
co gan vubt, tuy nhién tac gia chi dwa ra phuong phap dap khdng néu rd cac thong sé cua gan
vudt cu thé nhu vi tri, hinh dang, kich thudc.

Chay

/ Chaly
- — Vanh chan

Céi
Rp |

WVanh chan phéi

Coi

Gén vudt

I Déy san pham ™J
a) b)

Hinh 1. So d6 dap chi tiét hinh con thap

Chi tiét hinh con thap la chi tiét c6 chicu cao tuong doi tur 0,1 dén 0,25 va gdc gitra duong
sinh v6i phuong thang dimg tir 50° dén 80°. Trong qué trinh dép thi chay chi tiep xdc véi phoi
mot dién tich nho tai ving tam phai, phan I6n vanh phéi dugc tu do khdng tiep xUc véi chay
va vanh chan (hinh 1a). Vi vay khi chay kéo phoi vao trong coi dé tao thanh chi tict thi tai
vung nay phat sinh wng suat keo theo phuong huéng kinh o, va ung suat nén theo phwong
tiep tuyen . Diéu kién can bang cua phan t nam trong viing khao sat dugc dura ra nho chiéu
cac luc 1én phuong phap tuyén véi mat trung binh caa phan tir.

Khi a,, = 0 phuong trinh can bang c6 dang:

% 4 % _

R Tho =0 (1)
— (2)

Trong d6 R,, Ry 1a cc ban kinh cong cua bé mét trung binh cua phan tir phdi trong mat
cat kinh tuyén (doc) va vi tuyén (ngang).

Khi g5 = 0 thi R,= = (3)

tr do ta co Rp =
g9

Nghia 1a chi khi khong c6 (ng suat tiép tuyén thi duong sinh cua chi tiét moi 1a duong
thang con trong moi trudng hop khéc thi déu 1a duong cong. Khi g, o5 khéc déu nhau duong
sinh ¢6 dang 19i, néu cting dau do cong cua n6 nhu do cong cua n6 giong nhu do cong ciia mat
cat ngang (hinh 1a).

Theo [9] ta c6 diéu kién déo:
g, +0g = po 4)
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Theo (4) néu oy = 0 thi 0, = B, (5)

Theo (5) dap vubt khong cho phép vi gay duat day Vi vay muén nhan duoc chi tiét co
dudong sinh thang thi phai co nguyen cdng nan lai phan con sau khi dap Dui tac dung cua gy

phan cdn cua chi tiét cd thé bi mét 6n dinh va tao thanh song nhan. D& giam wng suét nén phai
tim cach ting wng suat kéo bang cach sir dung gan vudt. Gan vubt duoc dit trong cac ranh
trén bé mat cdi hoic vanh chan (hinh 1b). Van d& gan vudt ciing da duoc dua ra nghién cau &
trong nude nhung chura phu hop véi chi tiét hinh cdn, néu luc kéo qua gan vudt qua 16n s& lam
phdi bi bién mong dan téi rach, vi tri hinh dang gan vudt ciing anh huéng toi lyc kéo
[3,4,6,7]. Vi vay viéc nghién ciru dé dua ra cac théng sd cu thé 12 rat can thiét.

2. MO PHONG SO

Téc gia st dung phan mém Dynaform 5.9 dé xac dinh anh huong caa gan vudt khi dap
chi tiét hinh con thap.
2.1. M6 hinh dung cu va phoi

Chi tiét dap Ia hinh con thap véi cac kich thudc trén hinh 2a.
Chay

Vanh chin

Phoi
Coi

Gén vudt

a) b)
Hinh 2. Chi tiét dap va mé hinh dung cu trén phan mém

Vit ligu chi tiét 1a inox 201 (SS201) véi céc thong sb dua vao phan mém nhu bang 1
Bang 1. Bac tinh cua inox 201.

Vit liéu | M6 dun dan hoi | Khi luong riéng | Hé s Poisson | Ung suat chay
(GPa) (kg/m?) (MPa)
S5S201 207 7850 0,28 292

Chay, cdi, chan, phdi dugc mo hinh héa va chia luéi trén phan mém (hinh 2b).

Céc diéu kien bién khi mé phong bang Dynaform:

Chay hinh con ¢6 dwong kinh lon 1a 60 mm va dudng kinh cdi 1a 60,88 mm. Phi tim c6
duong kinh 1a 90 mm day 0,4 mm. Gan vuot la mét vanh hinh tron dugc md hinh hoéa trén mat
€Ol Véi cac kich thudc ¢ bang 2 va bién dang cuaa n6 cho ¢ hinh 3. Luc chan la 6000 N.

Bang 2. Cac kich thudc ciia gan vudt

Loai gan vuot Bién dang tron | Bién dang chir nhat
Chiéu sau H1 (mm) 3,5 3,5

Chiéu rong W1 (mm) 6 6

Ban kinh vao R3 = R4 (mm) 1,5 15

Ban kinh dugi R1 = R2 (mm) 15 15
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Téc gia da tién hanh md phong bang phan mém Dynaform 5.9 véi cac kich thudc gan
vubt khac nhau dé chon dugc céc thdng sé nhu bang 2.

41\ F)
9 2.5 §
' J Profile Wb ee—
5. 2 55 2
9. i 95 L
E W2
-13 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII } |||||||||||||| |||||||III|III|I }
-5 -35 05 45 85 -65 -25 15 55
a) b)

Hinh 3. Bién dang cua gan vuét hinh chit nhat (a) va tron (b)
2.2. Anh hwéng caa vi tri va bién dang gan vuét

Viéc xac dinh vi tri gan vuét 1a rat quan trong d6i véi chat lugng san pham dap. Gan vudt
nén dat gan khu vyc can han ché va huéng luc caa nd vudng goc véi dong chay vat ligu [10].
Vi tri dau tién cua gan vudt duoc cach tdm caa cbi 1a 30 mm (st mép cdi). CAc vj tri tiép theo
tac gia khao sat twong tu nhung cach tam c6i mot khoang tir 31 mm dén 35 mm. V&i mdi vi
tri cuia gan vudt tac gia stir dung phan mém Dynaform dé mé phong cho hai loai bién dang nhu
hinh 4 dé xéc dinh cac thong sb vé phan bd chiéu day sau bién dang, tng suat, bién dang dugc
cho trong bang 3. Tir cac két qua do tac gia xay dung cac do thi phan bd bién dang 16n nhat
khi dap, phan bé chiéu day, phan bé ung suat 16n nhat lan luot theo hinh 4a, hinh 4b va hinh
4c.

Bang 3. Két qua mod phong theo vi tri va bién dang gan vuét.

Vitri | Biéndanglonnhat | Ung suat I6n Chiéu day I6n nhat | Chiéu day nho nhat
gan vudt nhét (mm) (mm)
(mm) (MPa)
Chitnhat | Tron | Chirnhat | Tron Chir nhat Tron Chir nhat Tron

30 0,2455 0,2482 1182 1230 0,402 0,402 0,3360 0,3370
31 0,0734 0,0734 633 633 0,403 0,403 0,3703 0,3703
32 0,0625 0,0625 576 573 0,403 0,403 0,3707 0,3707
33 0,0595 0,0595 573 576 0,404 0,406 0,3698 0,3698
34 0,0598 0,0598 565 561 0,405 0,405 0,3704 0,3704
35 0,0629 0,0629 563 565 0,406 0,406 0,3701 0,3702

Tir bang 3 va hinh 4 ¢6 thé thy riang vi tri gan vudt cang xa tam cdi thi bién dang giam,
g suat giam trong khi chiéu day ting nhung tri s6 thay d6i khong dang ké. Theo [3] khi dap
chi tiét hinh ban cau thi gan vuot hinh chir nhat gay ra img suat va bién dang I6n hon gan vuot
hinh tron tuy nhién trong truong hop dap chi tiét con thap thi sy sai khac nay khong dang ke
bién dang nhu nhau chi dao dong khoang 5% (hinh 4a). Giira gan vudt hinh tron va gan vudt
hinh chir nhat cac tri s6 trong d6i giéng nhau sai khac chi khoang 4,5% (bang 3).
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03 - = 1300
2 025 %,
< 02 < 1000
& 0.15 =
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30 31 32 33 34 35 303132333435
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Vitri gdn vudt tirtdm céi (mm)

¢) Phén b6 chidu day

Hinh 4. Biéu d6 phan bé bién dang, tng suét va chiéu day tuong ng cac vi tri gan vudt

Vi tri gan vudt cach tam coi 30 mm c6 bién dang, tng suat I6n nhat, khoang thay doi
chiéu day Ion nhat do do6 vi tri nay s€ co tng suat kéo I6n nhat nén duong sinh cta bé mat chi
tiet sau dap s€ thang nhat theo (3). T&c gia chon vi tri nay dé thiet ke khuén.

2.3. Két qua md phéng

M6 phong sé duoc thyuc hién trong 3 trudng hop cho chi tiét con thip & hinh 2a: khdng sir
dung gan vudt, gan vudt bién dang chir nhat, gan vudt bién dang tron xét tai vi tri cach tdm coi
30 mm. Khi dap khdng gan vuét (hinh 5a) mau sic trén phan con khong déu, ving chiéu day
nho (ving mau do) chi xuét hién ¢ day chi tiét tic 1a bién dang chi xay ra tai dién tich nho
quanh mép chay, diéu nay ciing trong dong véi muc 1. Khi dap c6 gan vuét (hinh 5b, 5¢) mau
sac trén phan con déu hon, ving mau xanh la cay (ving an toan) nhiéu hon, vung co chiéu
day nho nhit khéng chi ¢ day ma con tai vi tri mép cbi vi phoi di qua gan vubt, dong thoi
phan bé chiéu day dong déu hon truong hop dap khdng gan vuét. So sénh giira gan vudt hinh
tron va hinh chir nhat thi phan bd chiéu day kha twong dong.

an vubt
a) Khéng gan vudt b) Vi gan vudt hinh chir nhat ¢) Véi gan vudt tron
Hinh 5. Két qua md phong vé phan bé chiéu day
Phan c6 chiéu day nho nhat (viing mau do trén hinh 5b, hinh 5¢) 1a tai vi tri phéi qua
gan vubt chi la cac diém nho.
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3. THUC NGHIEM

3.1. Ché tao khudn va dap thir nghiém

Khuén dap duogc tinh toan thiét ké nhu hinh 6b theo [11] dua vao dwa vao két qua mo
phong trong muc 2.2 va muc 2.3, gan vudt duogc thiét ké ¢ vi tri sat mép cdi va nam trén bé
mat cdi, rAnh gan vudt bd tri trén tm chian. Dé don gian khi ché tao khuén, luc chan trong
qua trinh dap cd thé diéu chinh bang bu 16ng treo nhu hinh 6b. Chi tiét dap 1a hinh con thip c6
ty 18 vé chiéu cao twong ddi rat nho nhu da phan tich trong muc 1 nén khi dap rat kho ré nét
vé hinh dang térc 12 bién dang chi tap trung tai xung quanh mép chay nhu hinh 5a, tac gia dap
thir véi chi tiét nho nhu hinh 2a véi chiéu cao 10 mm. Phoi duoc kéo qua gan vuét nén hinh
dang maéi & nét nhu hinh 6e. Sau do, tac gia tién hanh ché tao khuén (hinh 6a) va dap thu
nghiém duoc c&c san pham hinh 6e. Tac gia tan dung bd din hudng c6 sén nén khi lap phai
xoay nguoc khudn dé khong dam vao dau truot nhu hinh 6c.

Vanh chin ' F
khong gan vuot m
v |
Coi khong St
gan vuot
Vanh chan
c6 gan vuodt

220
.
|
!
|

Coicod

gan vubt
a) Khuén dap ché tao
Khong . 0'1 gan
gan vuot 4 vuot chi

|

f

| 5
l

:123456

d) 11 vi tri do chiéu day

¢) San pham dap

Hinh 6. Khudn dap va c4c san pham dap.

San pham sau dap duoc do chiéu day theo cac vi tri nhu hinh 6d: Po bang may quét 3D,
sau d6 dua dir liéu vao phan mém vé dé do chiéu day.
3.2. So sanh két qua

Tién hanh do d6 day san pham dap & hinh 6e tai 11 vi tri trén san pham nhy hinh 6d cing
véi két qua md phong vé phan b chiéu day trén san pham trong hinh 5 dwoc bang 4. Tac gia
khong tién hanh thuc nghiém vai gan vudt hinh tron vi theo bang 3 cac két qua twong duong.

Theo bang 4, khi khdng st dung gan vubt o day thanh chi tiét thay doi tir 0,362 mm dén
0,392 mm Vi céc sé liéu thuc nghiém, trong khi véi cac sb lieu md phong do day thay doi tir
0,369 mm dén 0,398 mm. D4 thi so sanh chiéu day cho cac gia tri md phong va thuc nghiém
thé hién trong hinh 7a, hinh 7b
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Bang 4. So sanh phan bé chiéu day

Vi tri Chiéu day (mm)
Khéng gan vudt Gan vudt chir nhat
M6 phong Thuc nghiém M6 phong Thuc nghiém
1 0,380 0,375 0,366 0,370
2 0,377 0,371 0,370 0,368
3 0,376 0,370 0,374 0,367
4 0,374 0,368 0,362 0,362
5 0,369 0,362 0,359 0,359
6 0,380 0,373 0,355 0,369
7 0,395 0,378 0,385 0,374
8 0,396 0,390 0,391 0,381
9 0,398 0,388 0,394 0,386
10 0,397 0,392 0,375 0,390
11 0,395 0,374 0,351 0,376

Theo hinh 7 trong trudng hop st dung gan vudt thi chiéu day nhé nhat & ca mé phong va
thue nghiém xuat hién & vi tri s6 5 va sé 11 caa san pham sau dap. Vi s6 5 1a tai ban kinh luon
cua chay, sb 11 twong ung tai vi tri phoi di qua gan vudt. Piéu nay chiing to gan vuét gidp
tang tro luc kéo phdi 1am cho bién dang con cua chi tiét dugc rd nét va chong nhan.

0.41 4
E 04 - == \6 phong
= ' khé a
= ?ng gan
S 039 - vuot
,.@ =l=Md phqng
6 0.38 - gan vuot chir
A nhat
0.37 1 Thyc nghiém
0.36 - khenggan
vuot
0.35 - ==3é=Thirc nghiém
gan vuét chir
0.34 - nhat
033 T T T T T T T T T T =I
1 2 3 4 5 6 7 8 9 10 11 Vi tri dochiéu déy

Hinh 7. B4 thi so sanh chiéu day

Hién twong nhan chi xuat hién bén ngoai gan vuét, phan nay s& dugc cit bo sau khi dap.
Khi khong dung gan vubt thi chiéu day nho nhét & vi tri s6 5 tac 1a phdi chi duoc kéo cang tai
vi tri 1an can ban kinh luwon cua chay nén duong sinh chi tiét s& khong dugc rd nét. Ca md
phong va thuc nghiém déu cho thay khong dung gan vudt duong phan bé chiéu day ludn nam
phia trén tic phdi tim it bi bién dang. Cac sé liéu mé phong va thuc nghiém kha tuong dong.
Theo [3] khi dép chi tiét hinh ban cau, theo [8] khi dap chi tiét hinh dang phuc tap nhu tim 6p
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bau loc gi6 xe may, vi tri gan vuét la ¢ gitta mat cbi hoic vanh chin nhung khi dap hinh cén
thap vi tri hop 1y lai s&t mép ci con céc vi tri khac thi bién dang qua nho (bang 3 va hinh 4)
nén khong dam bao kéo cang phdi tir 46 bién dang hinh cén sé khéng rd nét.

Theo hinh 6e va [3] khi dap ¢ gan vudt san pham bi nhan & phia ngoai gan vuét s& duoc
cit bo di sau dap, con & phan con hoan toan giéng nhu thiét ké hinh 2a va céc phan tich ¢ hinh
7 cho thay san pham khéng bi rach va khéng bi bién mong quéa mic cho phép. Mudn phan
ngoai gan vudt khong bi nhin phai ting lyc chin nhung s& 1am phdi bi rach & phan gan vubt.

4. KET LUAN
Tir cac két qua trén tac gia rat ra két luan nhu sau:

Chi tiét hinh con thap 1a chi tiét c6 sy dan hoi 16n sau dap do chiéu cao twong d6i nho (tac
gia lya chon chi tiét hinh c6 duong kinh day 16n 1a 60 mm, chiéu sau 10 mm nén viéc st dung
gan vubt 1a rat can thiét.

Téc gia da chon duoc vi tri hop Iy cia gan vudt 1a & sat mép cdi con céc vi tri khac déu
khong hiéu qua vi bién dang nhu nhau chi khoang 5%, phan bd wng suat va chiéu day gan nhu
nhau, diéu nay khac véi cac nghién ctru khac nhu [2, 3,10] gan vuét & vi tri gitta coi. Tac gia
cling lwa chon dugc hinh dang va kich thudc caa gan vudt ddi véi chi tiét hinh con thap

Viéc giam chiéu day thanh cho thay gan vudt cung cap luc gitr lai dé han ché dong chay
kim loai tam.

Téc gia md phong va thuc nghiém véi chi tiét hinh con thap véi chi tiét cu thé cho thay
bién dang gan vudt c6 anh hudng dén qua trinh dap nhung khong dang ké luong sai khac chi
khoang 4,5%

LOI CAM ON

Nghiél} ctru nay dugc tai trg boi Truong dai hoc Giao thong van tai trong dé tai cép
truong ma so T2021-CK-013.

TAI LIEU THAM KHAO

[1]. Z. Marciniak, J.L. Duncan, S.J. Hu, Mechanics of Sheet Metal Forming, Butterworth-Heinemann,
2002.

[2]. Narmeen Zuhair Hussein, Hani Aziz Ameen, Ali Hassan Saleh, Effect of the location of draw
bead and its profile in cylindrical cup forming, 3rd International Conference on Sustainable
Engineering Techniques, 881 (2020) 1-19. https://doi.org/0.1088/1757-899X/881/1/012054

[3] G. Murali, M. Gopal, A. Rajadurai, Effect of circular and rectangular drawbeads in hemispherical
cup forming, Arabian Journal for Science and Engineering, 4 (2010) 356 - 360.

[3]. Meng Bao, Wan Min, Wu Xiangdong, Yuan Sheng, Xu Xudong, Liu Jie, Inner wrinkling control
in hydrodynamicdeep drawing of an irregular surface partusing drawbeads, Chinese Journal of
Aeronautics, 27 (2014) 697 -707.

[5]. R. Dwivedi, G. Agnihotri, Study of deep drawing process parameters, Materialstoday Proceedings,
4 (2017). https://doi.org/10.1016/j.matpr.2017.01.091

965


http://dx.doi.org/10.1088/1757-899X/881/1/012054
https://doi.org/10.1016/j.matpr.2017.01.091

Tap chi Khoa hoc Giao thong van tai, Tap 72, S6 8 (10/2021), 957-966

[6]. I. Gil, L. Galdos, J. Mendiguren, N. Otegi, E. Saenz de Argandona, Drawbead uplift force
analytical model for deep drawing operations, [OP Publishing, 1063 (2018) 1-6.
https://doi.org/10.1088/1742-6596/1063/1/012177

[7]. Nguyén Pic Trung, Pham Van Ngh¢, Pham Ha Duong, Ung dung gan vudt trong cong nghé dap
tao hinh céac chi tiét phirc tap, Tap chi Khoa hoc & Cong nghé cac truong dai hoc, 56 (2006) 74-78.

[8]. Nguyén Vin Huong, Nghién cau anh huong cua gan vubt khi dap tao hinh chi tiét hinh dang phurc
tap va md phong bang phan mém Dynaform 5.6, Tap chi Khoa hoc Giao théng van tai, S6 dac biét,
2015.

[9]. Nguyén Mau Pang, Cong nghé tao hinh kim loai tim, Nha xuat ban khoa hoc k¥ thuat, 2004.

[10]. R.H. Wagoner, H. Lim, M.G. Lee, Advanced issues in springback, International Journal of
Plasticity, 45 (2013) 3-20. https://doi.org/10.1016/j.ijplas.2012.08.006

[11]. V.L Martrenco, V5 Tran Khic Nhi bién dich, So tay thiét ké khudn dap tim, Nha xuat ban Hai
Phong, 2005.

966


http://dx.doi.org/10.1088/1742-6596/1063/1/012177
https://doi.org/10.1016/j.ijplas.2012.08.006

