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TOM TAT

Viéc tao hinh ong tron bang phwong phdp bé ong la mét ky thudt quan trong trong cdc
nganh cong nghiép nhu co khi, xdy dung va é 16, xudt phat tir nhu cau san xucft cdc bo phan co do
chinh xdc, dg bén va chit lmmg cao. Phirong phdp nay cho phép tao ra cdc ong tron véi do chznh
xdc cao ma khong lam hong cau truc vdt ligu, glam thiéu lang phi va toz uu hoa chi phl sdn xudt.
Voi sw tzen bo khong ngu"ng cua cong nghe va yéu cau ngay cang cao vé hiéu sudt va dé ben cua san
phdm, bé ong tré thanh yéu to then chét trong viée cdi tién va ndng cao hiéu qud san xudt, dap g
nhanh chong va hiéu qua nhu cdu thi trirong. Bai bdo nay trinh bay két qua nghién ciru thwe nghiém
va phan tich dir liéu dé ddnh gid va 50 sanh ban kznh cong cua ong tron inox Ad10mm bang phuong
phap phii hedi. Nghién cieu cung cdp thong tin dé t6i wu héa quy trinh bé ong, gép phan ndng cao
do chinh xac va hiéu qua chi phi trong cdc ung dung cong nghiép.

' Tir khéa: Théng s6 chdan; Quy trinh chdn kim logi; San pham dang ong; Bién dang déo;
Ong c6 thanh mong.

ABSTRACT

The forming of round tubes through tube bending is a critical technique in industries such
as mechanics, construction, and automotive, driven by the need for precise, durable, and high-
quality components. This method enables the production of round tubes with high accuracy without
compromising material integrity, minimizing waste and optimizing production costs. With continuous
technological advancements and increasing demands for product performance and durability, tube
bending plays a vital role in enhancing production efficiency and meeting market needs effectively.
This article presents the results of experimental research and data analysis to evaluate and compare
the bending radii of @10mm stainless steel round tubes using the grid overlay method. The study
provides insights into optimizing the bending process, contributing to improved manufacturing
precision and cost-effectiveness in industrial applications.

Keywords: Forming parameters;, Metal forming process; Tubular products, Plastic

deformation, Thin-walled tubes. &
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1. TONG QUAN

Sy phéat trién cia cic nganh cong
nghiép nhu co khi, xdy dung, 6 to va noi that
tai Viét Nam da 1am ndi bat tim quan trong cua
cac quy trinh tao hinh kim loai, ddc biét 1a k¥
thuat bé ong [1]. Bé 6ng, mot phuong phép gia
cong co ban, dong vai tro cdt 16i trong viée tao
ra cac san pham 6ng tron véi hinh dang va kich
thudc da dang, phuc vu nhiéu ung dung tu két
cAu cong trinh dén cac san pham trang tri [2].
Tuy nhién, viéc dam bao do chinh xac, 6 bén
va tinh déng nhit cua cac san pham dng cong
van d6i mat v6i nhiéu thach thire do anh hudng
cua céc thong s6 nhu do day vat ligu, luc chan,
ban kinh uon va han ché vé cong nghé [3]. Cac
phuong phap bé 6ng truyén thong thuong tén
thoi gian, cong stc va chi phi, din dén hiéu
sut san xuat thap va gia thanh san pham cao,
gay bat loi cho ca doanh nghiép va nguoi tiéu
dung [4].

Nghién ctru vé anh hudng cia céc
thong s6 chan dén ban kinh cong ciia dng mang
¥ nghia kinh té va xa hoi quan trong, gop phan
cai thién hiéu qua san xuat va nang cao chat
luong san pham [5]. Bang cach t6i wu hoa cac
thong s6 k¥ thuat, doanh nghiép c6 thé giam chi
phi san xuét, ting kha ning canh tranh trén thi
tru(‘)'ng trong nude va qudc té, déng thoi cung
cap cac san pham chat luong cao dap tmg nhu
cau ngay cang khat khe cta khach hang [6].
Céc san pham 6ng cong dugc tng dung rong
rai trong nhiéu linh vuc, bao gdm hé théng din
nuée va khi trong xay dung, khung két cau
trong nganh 6 t6, va cac san pham ndi that co
tinh thAm my cao [7]. Dac biét, trong bdi canh
Viét Nam dang diy manh cong nghiép hoa,
viéc cai tién ky thuat bé ong khong chi gitp
giam phuy thudc vao san pham nhap khau ma
con thiic day sy phét trién bén vimng ctia nganh
san xudt [8].

Mot trong nhiing yéu to quan trong
trong qua trinh bé dng 13 kiém soat ban kinh
cong, vi thong sd nay anh hudng truc tiép dén
tinh chat co hoc, do bén va thim my cua san
pham [9]. Cac nghién ctru trudc ddy da chi ra
réng cac thong s6 nhu luc chén, toc do chan, do
day thanh ng va loai vat liéu co thé tic dong
dang ké dén hinh dang va chit lugng cia ong
cong [10]. Tuy nhién, viéc xac dinh céc diéu
kién t6i wu dé dat dugc ban kinh cong mong
muén v6i do chinh xac cao van 1a mot thach
thire, ddc biét khi ap dung vao cac loai 6ng
thanh mong [11]. Ngoai ra, cac khuyét tat nhu
nut, bién dang hodc giam do day thanh 6ng
trong qua trinh uén c6 thé 1am giam chét lugng
san pham, doi hoi sy phan tich k¥ ludng vé mdi
quan hé giira cac thong sb chan va két qua tao
hinh [12].

Nghién ctru nay tap trung phan tich anh
huong cua cac théng sé chan (luc chan, tbe do
chan, goc ubn, va do day vat liéu) dén ban kinh
cong ctia ng, nham xac dinh cac diéu kién tdi
uu dé nang cao hiéu sudt va chét luong san
xuat. Phuong phap phu luéi duge str dung dé
do dac va phan tich ban kinh cong, cung cép di
liéu chinh x4c vé hinh dang va kich thudc cua
ong sau khi uén. Két qua thyc nghiém khong
chi dong gop vao viéc cai thién quy trinh tao
hinh 6ng thanh mong ma con cung cap co sd 1y
thuyét va thyc tién dé giam lang phi vat liéu, tdi
uu héa chi phi san xuat va nang cao tinh canh
tranh cta san pham trong nudc so voi hang
nhap khau.

Hon nita, nghién cltru mé ra cac hudng
phat trién méi, chéng han nhu thr nghiém véi
cac loai vat li¢u khac nhau, cdi tién thiét ké
khuon chan, hodc tich hop cac cong nghé diéu
khién tu dong tién tién dé tang do chinh xac va
tinh linh hoat trong san xuat [13]. Nhiing cai
tién ndy co tiém ning thic day su d6i moi trong
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nganh cong nghiép gia cong kim loai, dong thoi
hd tro cac doanh nghiép Viét Nam dép tng céc
tiéu chuan ky thuat qudc té. Cudi cung, nghién
ctru gop phan vao muc tiéu phat trién bén Vung
bang cach giam thiéu lang phi tai nguyen t6i uu
hoa quy trinh san xuit va nang cao chét hmng
san pham, tir 6 cai thién chat luong cudc song
va kha nang canh tranh ctia nganh cong nghiép
Viét Nam trén trudng qudc té [14].

2.CO SO LY THUYET

Qua trinh tao hinh &ng tron bang
phuong phap bé dng 1a mot ky thuat quan trong
trong gia cong kim loai, dic biét trong cac
nganh co khi, xay dung va 6 to. Co sé 1y thuyét
cua nghién ctru nay tap trung vao viéc phan tich
cac thong sb anh huong dén ban kinh cong cua
6ng, bao gém do day vat liéu, luc bé, khoang
cach tinh tién, hanh trinh chan va khoang cach
ngam. Nhimng yéu t6 nay quyét dinh d6 chinh
xac, d6 bén va tinh déng nhét cta san phém,
ddng thoi anh huong dén hiéu suat va chi phi
san xuat.

Phuong phap phu lu6i dugc ap dung dé
xac dinh cac thong sd t6i vu cho qua trinh thyuc
nghi¢m. Phuong phap nay cho phép phan chia
cac bién sb thanh céac tap hop gia tri cu thé, tao
diéu kién dé danh gia toan dién tic dong cua
ting thong sé dén két qua dau ra. Cac thong
s0 dau vao, nhu khoang cach tinh tién (4-20
mm), hanh trinh chan (3-5 mm) va khoang cach
ngam (30-54 mm), duogc thiét 1ap va nhap vao
phén mém Excel dé lap ké hoach thyc nghiém.
Sau khi thyuc hién cac thi nghiém theo s6 1an bé
dugc xac dinh tr phuong phap phu ludi, san
pham éng tron duoc do dac ki ludng dé xac
dinh ban kinh cong trong va ngoai. Cac phép
do nay dam bao d¢ chinh xac cao trong viéc thu
thap dir licu.

Dit liéu thu thap dugc phén tich bing
Excel dé xay dung cac biéu dd mién, giup truc
quan héa mbi quan hé giira cac thong s6 dau
vao va dau ra. Cac biéu dd nay cho phép xéc
dinh cac gia tri ti wu, ching han nhu khoang
cach tinh tién 12 mm, hanh trinh chin 3 mm va
khoang cach ngam 30 mm, dat d6 cong 16n nhét
trong mot sd truong hop Phan tich nay cung
cap co so khoa hoc dé t6i uu hoa quy trinh be
6ng, giam thiéu bién dang khong mong mubn
va nang cao hiéu qua san xuat. Pong thoi, 1y
thuyét vé bién dang déo va co hoc vat liéu dugc
ap dung dé giai thich hién tuong udn cong, dam
bao san pham dap tmg cac tiéu chuan k¥ thuat
va thAm my. Nghién ctru ndy dit nén tang cho
viéc cai tién cong nghé bé dng, hd tro san xudt
bén vitng va canh tranh.

Hinh 2. Khodng cdch tinh tién
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3. PHUONG PHAP NGHIEN CcUU

Nghién ctru sir dung phuong phap phu
lu0’1 dé xac dinh cac thong sd toi uu cho qua trinh
bé dng, tap trung vao ba thong sé anh hudng dén
ban kinh cong ctia san pham: khoang cach tinh
tién (a), khoang cach ngam téi con lin bé ng
(b) va hanh trinh chén (c). Phuong phap phu
ludi chia khong gian thong sd thanh cac 6 ludi
nho, cho phép danh gia toan dién cac t6 hop gia
tri trong khoang xac dinh, nham tim ra cac diéu
kién toi wu v6i s6 lugng thi nghiém tdi thiéu.

Buéce 1 — Xac dinh khong gian lwéi:
Ba thong s6 duge chon véi cac khoang gia tri:
khoang cach tinh tién (a: 4, 8, 12, 16, 20 mm),
khoang cach ngam (b: 30, 36, 42, 48, 54 mm)
va hanh trinh chan (c: 3, 3.5, 4, 4.5, 5 mm). Mdi
thong s6 duoc chia thanh 5 gid tri, tao ra khong
gian ludi ba chidu véi 5 x 5 x 5 =125 6 hop.

Buéc 2 — Xay dung lwdéi phii: Tét ca
125 t6 hop cta ba thong sé duoc tao ra dé dam
bao phu kin khong gian thi nghiém. Cac t6 hop
nay duoc 1ap thanh bang vé6i 125 hang, moi hang
dai di¢n cho mét truong hop, gé)m 8 cot: sd thir
tur, ba cot cho gia tri ddu vao (a, b, ¢) va bdn cot

cho két qua dau ra (ban kinh cong do lan thir
nhat R, 1an thi hai R,, 1an thir ba R, va ban kinh
trung binh R ).

Buéce 3 — Thue nghiém va do dac: Do
s6 luwong t6 hop 16n, nghién ctru chon ba truong
hop dai dién (TH1, TH2, TH3) v6i 15 t6 hop dé
thuc nghiém, trong d6 khoang cach tinh tién (a)
thay doi tir 4-20 mm, con cac théng sé b va ¢
duoc giit ¢6 dinh:

-THI1: b=30 mm, ¢ =3 mm;
- TH2: b=36 mm, ¢ =4 mm;
-TH3: b=42 mm, ¢ = 5 mm.

Sau khi bé 6ng theo cac thong sé dau
vao, ban kinh cong ctia san pham dugc do ba lan
(R,, R,, R,) ¢ tinh gi4 trj trung binh (R,,), ddm
bao d6 chinh xac.

Buédce 4 — Phan tich dir liéu: D lidu
duoc nhdp vao Excel de xay dung bang va bleu
d6 mién, phan tich mbi quan hé gilta thong sO
dau vao va ban kinh cong. Két qua gitp xac dinh
cac gia tri toi uu, cai thien hiéu suat va do chinh
xac cua quy trinh bé dng, dong thoi giam thiéu
bién dang khong mong mubn.

Bang 1. Khodng théng s6 sau khi chia theo phwong phép phii léi

Théng s6 dau vao Khoang gia tri
Khoang cach tinh tién (a) (mm) = a,=38 a, =12 a,=16 | a,=20
Khoéng cach ngam t6i con ldn bé dng (b) (mm) b,=42 | b,=48 | b.=54

2 3 4 s

Hanh trinh chin (c) (mm)

c3=4 c4=4.5 c.=5

Bdng 2. Théng so thi nghiém

STT | Khoang cich tinh tién (a) (mm) cl(f:‘l’;':gbz?;‘g';f)“;‘nﬁ’n") Hanh trinh chin (c) (mm)
1 4 36 4
2 8 36 4
3 12 36 4
4 16 36 4
5 20 36 4
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4. KET QUA VA THAO LUAN

Qua trinh do dac ban kinh cong cua 6ng sau khi bé duoc thuc hién béng dung cu do chuyén
dung trén ban may CNC. Pong hd do duoc can chinh vé 0 bang cach dit ba diém tiép xtc thing
hang v6i can mau, dam bao hién thi “CCCC” va bdn s6 0. Dé xac nhan do chinh xac, qua trinh cin
chinh duoc 1dp lai, ddm bao khong c6 sai I¢ch. Sau khi thiét 1ap, ban kinh cong cua éng duogc do ba
lan (R,, R,, R,) tai ba vi tri khac nhau, va gi tri trung binh (R ;) duoc tinh dé danh gia két qua.

Bdng 3. Két qua thi nghiém

Théng s6 diu ra
To heop STT R, (mm) R, (mm) R, (mm) R, (mm)
1387,8 1372,5 1385,267
1504,9 1495,9 1498,900
1 1387,8 1387,8 1372,5 1385,267
1 2 991,19 1504,9 1495,9 1498,900
3 1049,5 1387,8 1387,8 2818,333
4 1167,2 991,19 1504,9 1508,100
5 1274,5 1049,5 2839,6 2059,433
1 1387,8 1167,2 1514 1377,633
2 991,19 1274,5 1249 982,197
2 3 1049,5 2839,6 2807,7 1072,333
4 1167,2 1514 1487 1156,467
5 1274,5 1249 1218,5 1247,333
1 813,59 824,33 811,973 742,023
2 818,93 824,33 829,983 811,973
3 3 964,39 968,13 963,173 829,983
4 734,64 738,98 735,367 963,173
5 732,48 734,64 738,98 735,367
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Két qua do dac cho 15 trudng hop thudc
bato hop (TH1, TH2, TH3) dugc trinh bay trong
Bang 3. Cu thé: THI (b = 30 mm, ¢ = 3 mm):
Ban kinh trung binh cao nhat dat 2818,333 mm
khi a = 12 mm, thap nhét 1a 1385,267 mm khi a
=4 mm. TH2 (b =36 mm, c =4 mm): Ban kinh
trung binh cao nhat dat 1377,633 mm khi a =
4 mm, thép nhét 13 982,197 mm khi a = 8 mm.
TH3 (b = 42 mm, ¢ = 5 mm): Ban kinh trung
binh cao nhat dat 963,173 mm khi a = 16 mm,
thap nhit 1a 735,367 mm khi a = 20 mm.

Dt liéu dugc nhdp vao Excel dé xay
dung biéu dd mién, truc quan hoa mbi quan hé
giita cac thong sé dau vao (khoang cach tinh
tién, khoang cach ngam, hanh trinh chin) va
ban kinh cong. Cac biéu d6 cho thy sy thay
d6i rd rét ciia ban kinh cong theo ting t6 hop
thong sd.

Hinh 5. San pham nhém 3

Phén tich biéu dd mién cho thdy cac
thong sd dau vao co anh huong dang ké dén
ban kinh cong. Trong THI, t6 hop a = 12 mm,
b =30 mm, ¢ = 3 mm tao ra ban kinh cong
16n nhét, phu hop cho cic tmg dung yéu cau
d6 cong cao. Nguoc lai, TH2 va TH3 cho thiy
ban kinh cong giam khi khoang cach ngam va
hanh trinh chin tang, voi gia tri tdivu taia=16
mm. Diéu ndy chi ra ring su cin bang giita cac
thong sb 1a yéu t6 then chét dé dat hidu qua t6i
da.

Két qua ciing phan anh han ché cua cac
thong s khong tdi wu, nhu trong TH2 véi a =
8 mm, dan dén ban kinh cong thap, anh hudng
dén chit lugng san pham. Viéc sit dung phuong
phép phu ludi va phan tich Excel da gitp xac
dinh chinh x4c cac gia tri tbi wu, giam thiéu thu
nghiém khong can thiét. Tuy nhién, nghién ctru
chi tap trung vao 6ng inox 201, cAn md rong
sang cac vat liéu khac dé ting tinh tng dung.
Tich hop cong nghé diéu khién tién tién trong
tuong lai cé thé cai thién d6 chinh x4c va hiéu
sut, hd tro san xuét bén viing.

Hinh 6 cho thiy ban kinh cong dat gié tri
cao nhat (2818,333 mm) khi a = 12 mm. Trudc
va sau gi’é tri nay, R, c6 xu hudng tang 1én r‘(‘A)i
giam xudng, tao nén dang “hinh chuong”. biéu
nay chirmg minh rang khi khoang céch tinh tién
duogc toi vu (6 a = 12 mm), luc tac dong trong
qué trinh udn duge phéan bo déu, gitip tao ra ban
kinh cong 16n nhat. Nguoc lai, khi a nhé hon
hodc 16n hon 12 mm, lyc phan b khong dong
déu dan dén ban kinh cong giam.

Su bién thién nay rat quan trong trong
viéc thiét 1ap chuong trinh udn 6ng ty dong trén
may CNC. Véi ban kinh cong 16n, san pham
¢6 kha nang chiu tai t6t hon trong mot s6 tng
dung co khi. Tuy nhién, diéu nay co thé khong
can thiét hodc khong phu hop trong cac g
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dung yéu cau ban kinh cong nhé hon dé tiét

kiém khong gian lap dat.
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Hinh 6. Béan kinh ong thay déi véi nhém
thi nghiém 1

Hinh 7 cho thiy ban kinh cong trung
binh giam dan khi b ting tir 30 mm 1én 42 mm.
Diéu nay giai thich rang khi khoang cach ngam
tang, lyc udn tap trung hon vao phan giita dng,
dan dén d6 cong nho hon. Pay 14 hién tugng dé
quan sat trong udn 6ng, vi khoang cach ngam
16n déng nghia vai viéc khu vuc chiu luc udn
bi thu hep.

Tir két qua ndy, c6 thé rut ra két ludn ring
dé dat duoc ban kinh cong 16n, khoang cach
ngam nén dugc gitt nho. Tuy nhién, giam b qua
nhiéu c6 thé dan dén nguy co nirt gdy dng hodc
bién dang khong mong muén. Viéc lua chon b
hop 1y can tinh dén yéu cau tung dung cu thé,
dam bao d6 bén va hinh dang san pham.

Tir Hinh 8, ¢6 thé nhéan thiy 16 rang rang
khi hanh trinh chan tang tir 3 mm 1én 5 mm, ban
kinh cong giam manh. Hanh trinh chan 16n lam
cho luc tac dong sau hon vao vat li€u, ép chat
6ng hon, dan dén d6 cong giam.

Phan tich sdu hon chi ra rang hanh trinh
chan (c) dong vai tro quyét dinh trong viéc diéu
chinh ban kinh cong, dac biét 1a trong giai doan
hoan thién udn éng. Trong TH3 véi ¢ = 5 mm,

R, chi cc‘)n‘816,904 mm, phu hop voi f:éc L’}’ng
dung yéu cau ban kinh nhé nhu hé thong ong
dan chat hep. Nguoc lai, ¢ nho hon (THI, 3
mm) gitlp duy tri ban kinh 16n, thich hop véi
cac san pham yéu cau tinh thAm my hodc kha
nang uén cong cao.

emn ol e b Dy @ AT by b

Hinh 7. So sanh ban kinh trong 3 truong hop

Hinh 8. Quan hé gitra théng s6 ¢ va ban kinh éng

5. KET LUAN

Nghién ctru ché tao va t6i wu héa module
bé Ong tron da dat dugc nhitng két qua quan
trong, gop phan ning cao hi¢u qua quy trinh
u6n 6ng inox 201 trong san xuat cong nghiép.
Két qua thyc nghiém cho thay cac thong s6 nhur
khodang céach tinh tién (12 mm), hanh trinh chin
(3 mm) va khoang cach ngam (30 mm) ¢ TH1
mang lai ban kinh cong ti wu, trong khi cac gia
tr1 khong phu hop lam gidm hi¢u qua. Phuong
phap phu luéi két hop véi phan tich Excel da
gitip xac dinh chinh x4c cac thong s tdi uu,
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giam thiéu lang phi vat liéu va chi phi san xuat
s0 v6i nhap khiau. Module nay dép tng nhu cau
da dang trong cac nganh 0 td, co khi va xay
dung, dong thdi md ra huéng nghién ciru méi
vé tu dong hoa. Tuy nhién, han ché cua nghién
clru nam & pham vi thir nghiém tap trung vao
inox 201. Trong tuong lai, viéc m¢ rong thi
nghiém trén cac vat liéu khac va tich hop cong
nghé diéu khién tién tién s& ning cao hiéu suat
va tinh linh hoat. Nghién ctru nay cung cip co
so 1y thuyét va thyc tién dé thac diy san xut
bén viing, ting cudng nang lyc canh tranh cua
nganh cong nghiép ché tao Viét Nam.
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