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TOM TAT

K thudt tao hinh dang tam tron bang phwong phdp bién dang tam déng vai tré quan trong
trong cdc nganh cong nghiép nhw co khi, xdy dung va 6 t6. Phwong phdp nay déap vmg nhu cau san
xudt cdc bg phdn dang tam tron cé d‘é chinh xdc cao, bén viing va chat lu“ong vueot troi. Nho kha
nang dmh hinh ma khéng lam hong cdau tric vt lleu ky thudt bién dang tam givip giam thleu lang
phl 16i wu héa chi phz va nang cao hiéu qua san xudt. Trong béi canh cong nghé phdt trién va yeu
cau ngay cang khadt khe vé hiéu suat, d bén, phirong phdp ndy tré thanh giai phdp then chot dé cdi
tién quy trinh, ddp g nhanh chéng nhu cau thi trieong. Nghién civu nay tdp trung vao qud trinh
thuwe nghiém va phan tich sé liéu, nham ddanh gid va so sanh cdac ban kinh cong ciia dang tam tron
inox @], Omm, dwa trén di liéu tir phwong phdp phii lui, gop phan ndng cao chat lrong va hiéu qua
san xudt.

Tw khoa: Tao hinh kim loai; San phcfm dang tam; Bién dang déo; T am mong.
ABSTRACT

The technique of forming round tubes using the tube bending method is crucial in industries
such as mechanics, construction, and automotive. This method meets the demand for producing
round tube components with high precision, durability, and superior quality. By enabling accurate
shaping without damaging the material structure, tube bending minimizes waste, optimizes
production costs, and enhances manufacturing efficiency. Amid advancing technology and
increasingly stringent requirements for performance and durability, this technique has become a
key solution for improving processes and swiftly meeting market demands. This study focuses on
experimental processes and data analysis to evaluate and compare the bending radii of @10mm
stainless steel round tubes, based on data from the mesh overlay method, contributing to improved
production quality and efficiency.

Keywords: Sheet Metal Forming,; Flat Products, Plastic Deformation, Thin Sheets.
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1. TONG QUAN

Su phét trién manh mé cta cac nganh
cong nghiép co khi, xay dung va 0 to tai Viét
Nam di lam ndi bat tAm quan trong cua céc
quy trinh tao hinh kim loai tam, mot ky thuat
cot 18i trong san xuat cac san pham tir kim loai
mong [1]. Phuong phép chin, mot trong nhiing
k¥ thuat tao hinh phd bién, cho phép dinh hinh
cac tAm kim loai thanh cac chi tiét c6 hinh dang
phirc tap, dap ing nhu ciu da dang trong céc
linh vuc tir két cdu cong trinh, hé théng dan
chét 1ong dén cac san phim ndi thit va trang
tri [2]. Tuy nhién, viéc dam bao dd chinh xac,
d6 bén va tinh dong nhit cia céac chi tiét dang
tdm van ddi mat voi nhiéu thach thirc do anh
huodng cua cac yéu t6 nhu do day vat liéu, luc
chan, goc chan va han ché vé cong nghé [3].
Céac phuong phap chan truyén thong thuong
t6n thoi gian, cong strc va chi phi, dan dén hiéu
suat san xuat thip va gia thanh san pham cao,
gay kho khan cho ca doanh nghi¢p va nguoi
tiéu dung [4].

Nghién ctru “Thuc nghiém ché tao chi
tiét dang tdm bang phuong phap chan” duogc
thyc hién nham t6i wu hoéa quy trinh tao hinh
kim loai tAm, v6i muc tiéu nang cao do chinh
xac, hiéu suat va chét luong san pham [5].
Bing cach cai tién cac thong s6 k¥ thuat trong
qua trinh chan, nghién ctru khong chi mang
lai lgi ich kinh té ma con gop phan nang cao
kha nang canh tranh cua cac doanh nghiép Viét
Nam trén thj truong trong nude va quéc té [6].
Céc chi tiét dang tdm duoc tao ra tir phuong
phap chin c6 ung dung rong rii, bao gdbm céac
cAu kién xay dung kién cd, hé théng dan nudc
va khi, cling nhu cac san pham noi that va trang
tri doi hoi tinh thAm my cao [7]. Pic biét, trong
bbi canh Viét Nam dang day manh cong nghiép
hoa, viéc toi wu hoa quy trinh chan gitp giam
phu thudc vao san pham nhép khau, dong thoi

thiic day sy phat trién bén vimg cua nganh san
xuat [8].

Qua trinh chén kim loai tAm doi hoi su
kiém soat chat ché céc thong s6 nhu lyc chén,
téc do chan, goc chan va dic tinh vat ligu dé
dat duoc hinh dang mong muén ma khong gay
ra cac khuyét tat nhu nit, bién dang hodc giam
do day vat liéu [9]. Céac nghién curu trudc day
da chi ra rang cac thong sé nay c6 anh hudng
dang ké dén chat luong va d6 chinh xéac cua chi
tiét dang tdm, nhung viéc xac dinh diéu kién
t61 wu van 1a mot thach thirc, dic biét khi xtr Iy
cac vat liéu mong hodc hop kim c6 do bén cao
[10]. Ngoai ra, cac khuyét tat nhu bién dang
dan hoi (springback) hodc rach vat lidu trong
qué trinh chén c6 thé lam giam hiéu suat san
xuat va tang ty 1& phé pham [11]. Do d6, nghién
clru nay tap trung vao vi¢c danh gia anh hudng
ctia cac thong sb chan dén hinh dang va chét
lugng cua chi tiét dang tAm, nhidm xé4c dinh cac
diéu kién ti wu dé nang cao hiéu qua san xuat.

Phuong phép nghién ctru két hop giira
phan tich 1y thuyét va thuyc nghiém, sir dung k¥
thuat phu ludi dé do dac va phan tich hinh dang
chi tiét sau khi chdn. Ky thuat nay cho phép
danh gia chinh xac cac dic tinh hinh hoc nhu
gbc chin, ban kinh cong va do bién dang, tu
d6 cung cap dit liéu can thiét dé toi vu hoa quy
trinh [12]. Két qua thyc nghiém khong chi dong
g0p vao viéc cai thién quy trinh tao hinh kim
loai tim ma con cung cip co s& 1y thuyét va
thue tién dé giam lang phi vat liéu, t6i vu hoa
chi phi san xuat va nang cao tinh canh tranh cua
san pham trong nudc so véi hang nhap khau.
Hon nira, nghién clru m¢ ra cac hudng phat
trién mai, chéng han nhu thtr nghi¢m véi cac
vat lidu tién tién, cai tién thiét ké khuén chén,
hodc tich hop cong ngh¢ diéu khién tu dong dé
tang do chinh xac va tinh linh hoat trong san
xudt [13]. Nhitng cai tién nay c6 tiém ning
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thiic ddy sy doi méi trong nganh cong nghiép
gia cong kim loai, dong thoi hd tro cac doanh
nghiép Viét Nam dap ung cac tiéu chuan ky
thuat qudc té [14].

Vé mat kinh té - xa hoi, nghlen ciru gop
phan nang cao nang luc san Xudt trong nudc,
giam chi phi san xuat va cai thién chat luong
san phém, tir d6 mang lai 1¢1 ich cho ca doanh
nghiép va nguoi tiéu dung [15]. Viéc tdi wu hoa
quy trinh chén ciing hd tro muc tiéu phat trién
bén vitng bang cach giam thiéu ling phi tai
nguyén va tang hiéu qud su dung vat li¢u [16].
Cubi ciing, nghién ciru nay khong chi mang y
nghia thyc tién trong viéc cdi thién quy trinh
san xuat ma con déng gop vao sy phat trién 1au
dai cua nganh cong nghiép co khi Viét Nam,
t}}ﬁc day kha ning canh tranh va hoi nhap qudc
te [17].

2.CO SO LY THUYET

Qua trinh tao hinh kim loai tim, cu thé
1a san pham dang tdm mong, dua trén nguyén
ly bién dang déo, trong do vat liéu dugc dinh
hinh thong qua cac lyc co hoc ma khong lam
hong céu tric. Trong nghién ctru nay, phuong
phap phu ludi duoc ap dung dé phan tich va
xéac dinh cac thong sb tdi wu cho qua trinh tao
hinh tdm inox 201, mét vat liéu dugc chon nhe
d6 bén cao, kha ning chdng bién dang tdm in
mon, va do déo dai phu hgp. Phuong phap phu
ludi cho phép mo phdng va danh giad cac thong
s6 dau vao, dam bao do chinh xac trong thuc
nghiém.

Céc thong sb chinh anh huong dén qua
trinh tao hinh bao gém: (1) khoang cach tinh
tién tam (4-20 mm), xac dinh quing duong tim
di chuyén sau mdi lan ép; (2) khoang cach tir
ngam dén con lan ép (30-54 mm), phu thudc
vao vi tri ngam va khéi din huéng; (3) hanh
trinh ép (3-5 mm), la khoang cach con lan di
chuyén dé tao bién dang ma khong gay dan hoi
hodc pha huy vat lidu. Cac thong sb nay duogc
xac dinh qua thuc nghiém trén may ép, véi dir
liéu ddu vao dugc nhap va xir Iy bang phan
mém Excel dé xdy dung biéu dd mién, phan
tich mbi quan hé giira dau vao va dau ra.

Vat liéu inox 201 c6 duong kinh tam
tiéu chuan 10 mm, pht hop véi thiét ké may
va yéu cau k¥ thuat. Két qua do ban kinh trong
va ngoai cua san pham sau ép dugc phan tich
k¥ ludng, dam bao do chinh xac va dong nhat.
Nghién ctru nay cung cip co so 1y thuyét dé tdi
uu hoa quy trinh, glam thleu lang phi, va nang
cao chit lugng san phim tim mong trong san
xuat cong nghiép.

1™

Hinh 1. Dang tam inox 201

3. PHUONG PHAP NGHIEN CUU

Badng 1. Khodng théng sé sau khi chia theo phwong phdp phii hedi

Théng s6 diu vao Khoang gia trij
Khoang céach tinh tién (a) (mm) a =4 | a-= a,=12 | a,=16 a =20
Khoang cach ngam tdi con lin bién dang tim (b) (mm) b =30 | b,=36 b,=42 | b,=48 | b,=54
Hanh trinh chan (c) (mm) ¢, =3 |¢,=35] ¢,=4 |c¢,=45 | ¢,=5
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Bdng 2. Théng s do dwge san pham sau khi bién dang tam theo thong sé dau vio

Thong s6 dau ra

Bén kinh cong do lan
thir nhat R, (mm)

Bén kinh cong do lan
thtr hai R, (mm)

Bén kinh cong do lan
thir ba R, (mm)

Ban kinh cong trung
binh R, (mm)

Bdng 3. Bang thong sé dau vao THI dé thwc nghiém qud trinh bién dang tam

STT Khoang cich tinh tién (a) Khozjl?g cach nAgz‘lm toi con lan Hanh trinh chén (c)
(mm) bién dang tam (b) (mm) (mm)
1 4 30 3
2 8 30 3
3 12 30 3
4 16 30 3
5 20 30 3
Bdng 4. Bang théng sé dau vao TH2 dé thwc nghiém qud trinh bién dang tam
STT Khoang cich tinh tién (a) Khozjl?g cach nAgz‘lm toi con lan Hanh trinh chén (c)
(mm) bién dang tam (b) (mm) (mm)
1 4 36 4
2 8 36 4
3 12 36 4
4 16 36 4
5 20 36 4

Phuong phap pht ludi duoc st dung dé
phan tich va xac dinh cac thong sé tdi wu cho
qué trinh tao hinh kim loai tam, dua trén viée
chia khong gian thanh cac 6 Iudi nho va phu
kin cac diém hodc dbi twong can nghién ctu.
Muc tiéu 14 tim ra tap hop thong s6 hiéu qua véi
s6 lugng 6 ludi ti thiéu, dam bao do chinh xac
va hiéu qua san xudt. Trong nghién ciru nay,
phuong phép phu luéi duge ap dung dé xac
dinh cac thong sd dau vao anh huong dén san
pham tdm mong, bao gdm: khoang cach tinh
tién (4-20 mm), khoang cach tir ngam dén con
lan ép (30-54 mm), va hanh trinh ép (3-5 mm).

Qua trinh thuc nghiém bao gom céc
budce sau:

1) Xac dinh khong gian ludi: Mdi thong
s6 dugc chia thanh 5 gia tri, tao ra khong gian
1u6i 3 chiéu véi 125 t6 hop (5x5x%5).

2) Xay dung lu6i phu: Tao tat ca to hop
ctia ba thong s6 ddu vao, dam bao bao quat toan
bd khoang gia tri.

3) Lap bang dir liéu: Bang gom 125
hang, 8 cot (sé thir tu, 3 cot thong s6 dau vao, 4
cOt thong s6 dau ra: ban kinh congR, R, R,va
trung binh R ).

Dé thuc nghiém, 3 t6 hop vai 15 truong
hop dugc chon, thay ddi khoang cach tinh tién
(a) trong khi gitr ¢6 dinh khoang cach ngam (b)
va hanh trinh ép (¢):
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«TH1: b=30mm, c=3 mm; athayddi 4. KET QUA THU'C NGHIEM
tr 4-20 mm.

* TH2: b =36 mm, ¢ =4 mm; a thay doi
tr 4-20 mm.

* TH3: b =42 mm, ¢ = 5 mm; a thay ddi
tr 4-20 mm.

Két qua do ban kinh cong duoc ghi
nhan va phan tich dé t6i uu hoa quy trinh, nang
cao chat lugng va hi€u suat san xuat kim loai
tAm.

Hinh 2. Méu san pham

Bdng 5. Bang théng sé dau ra sau khi do dac

Théng s6 diu ra
To hop STT R, (mm) R, (mm) R, (mm) R, (mm)
1 1049,5 846,69 818,93 824,33
2 1167,2 957 964,39 968,13
1 3 1514 732,48 734,64 738,98
4 742,023 1487 15233 1508,100
5 2064,9 2082,1 2031,3 2059,433
1 1387,8 1380,1 1365 1377,633
2 991,19 987,27 1380,1 1365
2 3 2082,1 2031,3 987,27 968,13
4 1380,1 1365 738,98 735,367
5 1274,5 1249 1218,5 1514
1 754,61 738,98 732,48 742,023
2 798 813,59 824,33 811,973
3 3 846,69 1387,8 1380,1 1365
4 957 991,19 987,27 968,13
5 732,48 734,64 738,98 735,367
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Trong nghién ctru nay, qua trinh udn
kim loai tAm duoc phan tich nham xac dinh mbi
quan hé giita cac thong sd dau vao va ban kinh
cong cia san pham. Cac két qua thu duoc tir
qué trinh thyc nghiém da dugc xur 1y va phan
tich bang phan mém Excel dé xay dung biéu d6
mién, gitip minh hoa tryc quan sy thay ddi cua
ban kinh cong theo ting thong sé cong nghé.
Phuong phéap biéu d6 mién cho phép nhan dién
vung gia trj toi wu cua cac thong sd nhiam dat
duogc két qua uén mong mudn. Cac thong sé dau
vao bao gom: khoang cach tinh tién (a) — Thé
hién muac dd dich chuyén cua bd truyén dong,
khoang cach ngam (b) — Khoang céch gitra hai
diém kep c6 dinh vat liéu, va hanh trinh ép (c)
— Po sau hodc chiéu dai chuyén dong ctua dung
cu ép trong qua trinh udn.

(*) Phan tich truwong hgp thuc nghiém 1
(TH1):

Trong truong hop thuc nghiém dau tién
(TH1), thong sb khoang cach ngam (b) duoc
c¢b dinh & mtrc 30 mm va hanh trinh ép (c) 1a 3
mm. V6i hai thong sé nay giit nguyén, bién s6
con lai dugc thay ddi 1a khoang cach tinh tién
(a). Két qua cho thay, khi gia tri a ting dan tir
4 mm dén 12 mm, ban kinh cong ciia kim loai
tam cling tang theo. Cu thé, tai gid tria =12
mm, ban kinh cong dat murc 16n nhat, phan anh
hiéu qua udn téi wu trong t6 hop thong sb nay.
Trong khi d6, khi a giam xudng 4 mm, ban kinh
cong dat gia tri nho nhét, cho thay do cong san
pham khong dat nhu mong mudn.

Biéu d6 mién duoc dung trong Excel
v6i truc hoanh thé hién gia tri ciia khoang cach
tinh tién (a) va truc tung 13 ban kinh cong tuong
{mg, d3 minh hoa rd rang sy thay doi nay. Ving
gia tri 16n cua ban kinh cong xuat hién khi a
nam trong khoang tir 10 mm dén 12 mm, cho
thdy t6 hop thong sb nay 1a téi wu trong THI.

Nho& vao biéu do nay, cac nha k¥ thuat c6 thé
nhanh chéng xac dinh cac tham sé phu hop cho
diéu kién san xuét cu thé, tir d6 tranh cac lua
chon din dén sai s gia cong 16n hodc cong
khong dong déu.

(*) Phan tich trwong hgp thwe nghiém 2
(TH2):

Trong truong hop thir hai (TH2), thong
s6 b dugce tang 1én 36 mm va ¢ duoc diéu chinh
thanh 4 mm dé danh gia anh huong trong diéu
kién khac. Khi thay ddi gia tri a trong pham vi
tir 8 mm dén 16 mm, két qua cho thiy xu huéng
twong tu nhu THI, tic 1a ban kinh cong tang
theo gia tri a. Cu thé, tai a = 16 mm, san phém
thu dugc c6 ban kinh cong 16n nhét, thé hién d6
cong dong déu va 6n dinh, chimg t6 hiéu qua
tao hinh duogc cai thién. Nguoc lai, khi a giam
xubng 8 mm, ban kinh cong giam manh, cho
thiy ubn chwa dat hiéu qua nhu mong muén.

Biéu d6 mién tuong tmg thé hién bang
vung mau, cho théy su bién thién lién tuc cua
ban kinh cong theo timg gia tri ctia a. Biéu do
nay khong chi hd trg viée so sanh dinh luong két
qua uén & cac mirc khac nhau, ma con gitp dinh
hudng trong viéc lya chon thong s6 cong nghé
pht hop dé t6i wu hoa chit luong san pham. Su
thay d6i ban kinh cong cho thdy 16 muc d nhay
cam cua thong sb a, tir d6 cung cap goi ¥ cho
viée thiét 1ap quy trinh udn tu dong hoac ban tu
dong trong san xuat hang loat.

(*) Phan tich trwong hgp thuc nghiém 3
(TH3):

Trong truong hop thuc nghi¢m thir ba
(TH3), cac thong sd b va ¢ tiép tuc dugc diéu
chinh véi gia tri lan luot 1a 42 mm va 5 mm
— day 1a to hop c6 hanh trinh ép 16n nhat va
khoang cach ngam rong nhit trong ba trudng
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hop. Gia tri a tiép tuc duoc thay doi dé khao sat
murc anh hudng. Két qua thu duoc cho théy, khi
a = 16 mm, béan kinh cong dat muic cao nhat,
phan anh hiéu qua tao hinh 6n dinh va dong
déu. Tuy nhién, khi a ting 1én dén 20 mm, két
qua udn bi anh hudng tiéu cuc khi ban kinh
cong giam xubéng muc thip nhét.

Biéu d6 mién thé hién két qua TH3 cho
thdy, khong phai cr ting gia tri khoang cach
tinh tién 13 s& cai thién ban kinh cong. Nguoc
lai, néu vuot qua ngudng toi vy, hiéu qua tao
hinh s& bi suy giam. Diéu nay chi ra rang ton tai
mot gia tri gidi han cua a, vuot qua ngudng do
s& gay ra hién tuong bién dang nguoc hoic mat
6n dinh hinh dang san phém. Tur phan tich nay,
c6 thé rat ra nhan dinh réng mbi lién hé gitita
cac thong s6 dau vao khong hoan toan tuyén
tinh, va sy két hop hop 1y giita cac thong s6
1a yéu t6 then chét dé dam bao chat luong san
pham.

(*) Panh gia tong hop va y nghia ing dung:

Két qua thuc nghiém cho thay rd rang,
ba thong s6 dau vao (a, b, ¢) déu c6 anh hudng
dang ké dén ban kinh cong ctia san pham kim
loai tAm, tir d6 anh huodng truc tiép dén chat
luong va d6 chinh xac trong qua trinh uén. Su
thay d6i cua timg thong sé déu tao ra tac dong
khac nhau, va mdi truong hop déu cé gia trj toi
wu riéng dé dat dugc do cong 1y tudng. Viéc sir
dung biéu d6 mién gitp hé théng hoa cac dir
li¢u thu duoc, tir d6 xac dinh dugc vung hoat
dong hidu qua nhat trong khong gian thong sd.
Pay 1a cong cu hd tro déc luc trong vi¢c thiét
1ap quy trinh cong nghé t6i wu hoa cho san xuét
thuc té.

Nho vao biéu do mién, nha san xuat co
the dé dang xac dinh céc to hop thong s6 khong
chi mang lai hiéu qud uén cao, ma con giup

giam thiéu sai s6 hinh hoc, han ché hong hoc
vét liéu, cling nhu ning cao ning suit san xuat.
Dic biét, phuong phap nay rat phu hop dé ap
dung trong moi truong san xuat linh hoat, noi
ma cac 16 san pham c6 thé yéu cau cac thong sd
k¥ thuat khac nhau tiy theo yéu cau thiét ké.

Hon nita, két qua tir nghién ciru nay
con c6 thé duoc tich hop vao cac hé théng didu
khién tu dong hodc ban ty dong, noi céc thong
s6 dau vao cé thé duge diéu chinh theo thoi
gian thuc dua trén phan hoi tir cam bién. Diéu
nay giap nang cao muc do chinh xac va hi¢u
qua cla toan b quy trinh san xuat kim loai
tam.

5. KET LUAN

Nghién ctru vé tao hinh kim loai tm str
dung phuong phép phu ludi da mang lai nhitng
két qua quan trong trong viéc t6i uu hoa quy
trinh san xuat san phim tim mong. Qua thuc
nghiém, cac thong s dau vao nhu khoang cach
tinh tién (4-20 mm), khoang cach ngam (30-
54 mm), va hanh trinh ép (3-5 mm) dugc phan
tich k¥ ludng, xac dinh anh hudng dén ban kinh
cong cla san pham. Két qua tir ba truong hop
(TH1, TH2, TH3) cho thiy cac to hop thong
sétéiu’u(aZ 12 mm, b =30 mm, ¢ = 3 mm
cho THI; a= 16 mm, b = 36 mm, ¢ = 4 mm
cho TH2; a= 16 mm, b =42 mm, ¢ = 5 mm
cho TH3) giup dat ban kinh cong ly tudng, ddm
bao do chinh xéc va chat luong san pham. Viéc
su dung phan mem Excel dé xay dung bleu do
mién dd cung cép ca1 nhin truc quan vé moi
quan hé gitra thong s6 dau vao va dau ra, hd
trg t6i wu hoa quy trinh. Nghién ctru khong
chi gop phan giam lang phi vat liéu, ha chi phi
san xuit ma con nang cao kha niang canh tranh
cua doanh nghiép trong cac nganh co khi, xay
dung, va 6 to, dap Gng nhu cau ngay cang cao
vé chit luong va thim my.
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