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TOM TAT

Dé dir dodn sy bt on dinh thity lwc ong (THF), sir dung phan mém Dynaform thiét ké va mé
phong phan tir hitu han (FE) mé hinh 3D va thir nghiém thity lec 6ng véi dng thép khéng gi SS304.
Theo két qua mé phong, moi quan hé giita ap sudt bén trong cia cdc diém trén mdt cdt ngang trong
khu vue thity lwe ong tw do va khi gia tang dp lic thi gia tang bién dang hwéng tdm va gia ting bién
dang thire hwéng tam. Rit ra mét s6 dw dodn suw bdt on ciia hinh dang thiy e éng trong mé phong
bang cdch sir dung ba tiéu chi khong on dinh duwa trén ba dwong cong mé phong. Bang cdch so sanh
cdc 161 twong doi, twong vmg ba gid tri ciia gia sé dp liee, bién dang hwéng tam va bién dang thie
huéng tam trong mé phong va thwe nghiém, 16i twong doi trung binh giita gid tri mé phong va gid
tri thwe nghiém tai thoi diém niet hiedng tam nho nhat la 14,41%; Ap luc bén trong hwéng tam ting
dén gid tri xdc dinh thi bién dang ong la I6n nhat.

Tir khéa: Thiy luc ong (THF); Phan tir hitu han (FE); Tiéu chi khéng on dinh.
ABSTRACT

To predict Tube Hydro-Forming (THF), using Dynaform software to design and simulate
Finite Element (FE) 3D models and test tube hydraulics with SS304 stainless steel tube. According
to the simulation results, the relationship between the internal pressure of points on the cross-
section in the free-tube hydraulic area and the increase in pressure, the increase in radial strain and
the increase in radial real strain. Derive some instability predictions of tube hydraulic geometry
in simulation using three instability criteria based on three simulation curves. By comparing the
relative errors of the three values of pressure increment, radial strain and true radial strain in
simulation and experiment, the mean relative error between the simulated value and the actual
value The test at the time of the smallest radial cracking is 14.41%, The radial internal pressure
increases to the specified value, the tube deformation is the largest.

Keywords: Tube Hydro-Forming (THF); Finite Element (FE), The criteria are not stable. &
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1. LOI NOI PAU

Cong nghé tao hinh dang dng Tube
hydroforming (THF) la cong ngh¢ tao hinh tién
tién sir dung ap suit cao bén trong dng dé san
xuét cic bd phan nguyén khdi rong va thanh
mong ¢6 hinh dang mit cat phirc tap. So voi
cac bo phan duoc san xuat theo quy trinh san
xuét truyén thong nhu dap va han, nd c6 cic
dic diém tich hop quy trinh cao, do cting cao
va cac bd phan nhe, né duoc st dung rong rai
trong nganh 6 t6, hang khong, vii try, tau thuy,
thiét bi gia dung va céc linh vyuc khac [1].

Trong nghién ctru ndy, phan tich mdi
quan hé ap suét bén trong - do ting chiéu cao
phong 1én ciia dng (P- AH), 4p suét bén trong
- d6 tang bién dang k¥ thuat xuyén tam (P-
Ag) va 4p suét bén trong - d6 ting bién dang
thuc huéng tdm tai diém trén phan cia ving
phong dng trong md phong (P- Ae). Bang cach
tinh toan ba kich thudc cua thir nghiém va mo
phong 6ng thép khong gi SS304, diém phinh ra
trén dién tich mat cit ngang 6ng theo AH, Ag va
Ae va ba dai lugng ¢ gid tri mo phong gidi han
thoi gian dit va gia tri thir nghiém, sai s twong
d6i va gia tri trung binh sai s6 dé xac minh do
chinh x4c cua sy mat 6n dinh hinh thanh 6ng
trong moé phong dua trén ba duong cong P-AH,
P-Ae va P-Ae.

2. THU NGHIEM PQ PHONG THUY LUC
ONG

Trong thtr nghiém nay st dung vat liéu
6ng thép khong gi SS304, thanh phan hoa hoc
néu trong bang 1, ing suit chay cua vat liéu 1a
360 MPa. Dudng kinh ngoai éng 1a 32 mm va
d6 day thanh 6ng 1a 0,6 mm. Chiéu dai 6ng L,
va chiéu dai vung phong o, .

Ap lye thiy lyc vao

Hinh 1. So' do cdc théng sé trong qud trinh
phong ong

Bdng 1. Thanh phan héa hoc cia ong thép khong

21 88304
Ky hiéu | Thanh phin héa hoc chinh (%)
. Ni Cr (17.0
<
OCrlI8Ni9 | C(<0,07) (8.0-11.0) | ~19.0)

Bang 2. Ba logi 6ng thép khong gi SS304 dwoc sir

dung thu nghiém.
L, (mm) X &, (mm) Trang thai cudi dng
110 x 48 Ong ty do
150 x 90 Ong ty do
150 x 48 Ong bi chin

i Hi-speed 3D
i DIC System -

DIC System Tube Hydraulic Die

Hinh 2. Thiét bi lam phong ong thity lyc duwoc siv
dung trong thir nghiém

LED lights
g

Déi tuong ong

Card d6 hoa

Control box omputer

(a) Anh thyc té (b) So do nguyén 1y lam viéc
Hinh 3. Kiém tra hé thong do bién dang ba chiéu
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a éng thép ban diu b phun diém tring lén éng

¢ phun diém den lén dng

d dng sau khi thdi phong

Hinh 4. Xdy dwng diém lom dom trén bé mdt ong

Viing c6 dinh

Viing phong bng Vitng tinh todn ing phin tich dnh

Hinh 5. Két qua qud trinh xit Iy ciia hé thong do
liwong va phan tich bién dang 3D

110x48 (ty do)

150x48 (bj chan) 150x90 (ty do)

Hinh 6. Céc dwong ong bi vé va hong dién hinh
sau khi thir nghiém

3. MO PHONG PHONG ONG THUY LUC

Dé dua trén tiéu chi khong 6n dinh FEM
biéu hién méat 6n dinh phdng thuy luc ctia dng va
du doan do khong 6n dinh cua duong 6ng moi,
nghién ctru trén 3 dng thép khong gi SS304 st
dung phan mém mé phong Dynaform. Str dung
phan mém PROJE thiét 1ap mé hinh hinh hoc
cua hé théng nhu duoc thé hién trén hinh 7.

Pinh vi bén phai

Ong thiy e

Pinh vj bén trai
Bit kin

Hinh 7. M6 hinh mé phong phong thiy liec ong

Sau khi tinh toan va xir Iy bi phan mém
mo phong Dynaform dé phan tich méi quan hé
giira ap sut va chiéu cao phong tang. Trong md
phong bang phan mém Dynaform, cic noi ap
luc ctia duong dng dugc trich xuat gia tri chicu
cao phong 16n nhat xuyén tdm cua diém trén
mit cit trong ving phong éng.

4. PHAN TICH KET QUA MO PHONG VA
THU NGHIEM

O day, nghién ctru mo phong qué trinh
thoi phong dng tai cac mit cit ngang khu vuc
diém cao nhit cua ban kinh, tinh toan bd tri
bién dang gia ting chiéu cao phong éng. Tir 4p
sudt bén trong va sy gia ting chiéu cao phong
ong, mdi quan hé giira bién dang thyc sy va gia
tang bién dang k¥ thuat.

Hinh 8. So' do cdc bién trong qud trinh phong thiyy
lyc ong

Yéu cau trong cac bién qua trinh phong

dng phan tich nhu trong hinh 9, trong do: &
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P, - Ap suit bén trong ctia 6ng tai thoi
diém bat ky;

R Bén kinh phinh ra t6i da trén mit
cét tai dlem bat ky;

R, - Baq kinh ban‘déu ’cﬁa ong;

H, - Chi€u cao phong 6ng, H=R - R.

0 =

Bién dang k¥ thuat e, &=

R-R, _H,
. R

Bién dang thyc e, e=In(1+z¢,)
Do tang chiéu cao phong lén:
AH; =H-H,,

Su gia ting bién dang k¥ thuét:

P-AH

Or
4 ] 1048 (1 do)
i 5090 (tv do)
e 15048 (bi chifn)

Er5} =@=150<90(udo)
Egz e 150448 (0 chi) ‘;Jx

(b)
Hinh 9. Buong cong P-AH:
(a) Thu dwoc bang mé phong;
(b) Thu dwoc bang thuc nghiém

Str dung mdé phong Dynaform dé thu
dugc ba dudng cong ap sudt bén trong - do
tang chiéu cao phong 1én (P- AH) bao gom di
lidu cta cac diém trén mit cit ngang cta ving

phdng trong ba so dd thir nghiém, nhu thé hién
trong hinh 9 (a), tir sy dut gdy tir thoi diém trude
d6 dén thoi diém bi v&, su gia ting chiéu cao
phong 18n s& giam manh. D6i voi dng 110x48
(tu do), gia tri giam AH cao t6i 99%; ddi voi
dng 150x90 (tu do), gia tri giam AH 13 91,7%;
dbi vai 6ng 150%48 (bi chan), muc giam AH
la 49,3%. hinh 9 (b) 1a duong cong P-AH thu
duoc tir sb liéu thi nghiém, c6 thé théy trong thi
nghiém, gia tri AH cua diém trén tiét dién cua
ving phong 1én ciing c6 su thay doi dot ngodt
tai thoi diém hién tuong nay pht hop vai hién
tuong cua qua trinh mo phong.

4.2. Dua trén tiéu chi bt 6n ciia dwong cong
P- Ae

Str dung phan mém mé phong Dynaform
dé thu duoc ba dudng cong ap suat bén _trong
- gia tang bién dang k¥ thut P-Ag bao gom dit
lidu cta cac diém trén mat cat ngang ctia ving
phodng trong ba so do thir nghiém, nhu thé hién
trong hinh 10 (a), d6i v6i ng 110x48 (ty do),
mirc giam cao téi 98,9%; ddi véi dng 150x90
(tu do), murc giam 12 91,7%; d6i voi dng 150x48
(b1 chan), mtc giam 1a 49,3%. Hinh 10 (b) la
du’(‘rng cong P-Ag thu duoc bang thyc nghiém,
c6 thé thay trong thir nghlem d6 phong cua gia
tri diém dién tich mat cit ngang trong d6 gidi
han thoi gian dat dot bién, hién tuong nay voi
cac su kién mo phong trung khép.

............

025 —0—110 8w do)

15090 (¢ 4o
02 b =m=150:900wd0) (o do)

e 15048 (bi chin) s 15048 (bi chin)

(a) (b)
Hinh 10. Puong cong P-Ag
(a) Thu dwoc bang mé phong; (b) Thu dwoc bang
thuc nghiém
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4.3. Dya trén tiéu chi do khong on dinh ciia
dwong cong P-Ae

Str dung md phéng Dynaform dé thu
duogc ba duong cong ap suit bén trong - duc‘mg
cong gia ting bién dang thuc (P -Ae) bao gdm
dir liéu ctia cac diém trén mit cat ngang trong
ving phong, nhu thé hién trong hinh 11 (a), tir
thoi diém trude khi dut dén thoi diém v, bién
dang thuc s& giam manh. Ddi véi éng 110x48
(tw do), murc gidm cao tdi 98,9%; ddi véi 6ng
150%90 (tw do), mirc giam Ae 13 92,5%; dbi voi
6ng 150x48 (bi chan), muc giam Ae 1a 52,6%.
Hinh 11 (b) Chuong trinh céc thuc nghiém thu
dugc cac dudng cong P-Ae, co thé thiy trong
cac thir nghiém, phong ctia diém dién tich mat
cit ngang gia tri ciing thoi han v su hién dién
cia dot bién, hién tuong nay so voi cac mod
phong trung khop.

() ook Kbt

O Tonsic st
w1048 (9.8 0}
o013 15090 (0 o

5048 (b i)

p st PMpa

(b)
Hinh 11. Puong cong P-Ae:

(a) Thu dwoc bang mé phong;
(b) Thu dwoc bang thuc nghiém

Tom lai, trong qué trinh m6 phdéng va
thuc nghiém THF, ba duong cong P-AH, P-Ag
va P-Ae tai diém cta mit cit trong ving phong
déu co su thay doi dot ngot tai thoi diém gidi
han dut. Co thé thdy rang, két qua mo phong
phﬁn tor hitu han thuc hién trong nghién cuu
nay 1a hop 1y trong mot pham vi nhat dinh, va
dua trén su thay ddi dot ngdt cua AH, Ae va Ae
va dé xac dinh réng su mat 6n dinh cua duong
dng trong mo phong ¢ do tin cay nhat dinh.

5.KET QUA VA THAO LUAN

Duya vao ba duong cong trén lam tiéu
chi dé danh gia mo phong c6 mat 6n dinh hay
khong, bang cach so sanh diém trén mit cat
trong ving phong tai thoi gian dat gidi han AH,
AgvaAeva gla tri mo phong va thu’ nghiém cua
ba bién, sai s6 twong ddi va sai sb trung binh,
dé xac minh nhiing diéu di ndi & trén. Po chinh
xac cia do khong 6n dinh mé phong duoc dy
doan dya trén ba duong cong lam ti€u chi do
khong 6n dinh.

-15 -14.2 Kich thude ong Loxwg

Hinh 12. Ty I¢ sai s6 twong doi ciia AH, Ae va Ae
tai thoi diem ong nut

Luu y: mp (m6 phong); tn (thuc nghiém).

Sai s0 twong ddi cua tang chiéu cao
phong 1én:

5 _—ﬂxlﬂﬂt}f
Y- |

Sai s6 tuong ddi gia tang bién dang k¥
thuat:
Agpy, —
Ag,,
Sai sO tuong ddi cta sy gia ting bién
dang thuc té:

£
Gy = ™ % 100%

ﬁ'en:u -

Ern
= 10009
Ae,, %

Ope =

Sai sb tuong d6i trung binh:
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| 51102422 do)|+|§150x90(w do)| +| 515042 (Bi chin)|

o= .
Sai s6 twong d6i trung binh:
N |"%HI + |5Jr | + ISJ-‘
03=
3
6. KET LUAN

Qua kiém tra phdng thay luc 6ng va
mo phdng cua thép khong gi SS304 véi ba thir
nghiém cac thGng s6 thé hién trong Bang 2, cac
phong tang chiéu cao, ting bién dang ky thuat
va tang bién dang thuc su cia cac diém trén
phan trong ving phong thu duoc thong qua cac
tinh toan 1y thuyét c6 lién quan. Cac gia tri thuc
nghiém va md phong, va phan tich méi quan
hé gitra do phong gia ting ap suét va chiéu cao,
bién dang k¥ thuat va gia ting bién dang thuyc,
cac két luan sau:

(1) Trong ba so dd thir nghiém, sai
s6 twong ddi gifra gia tri mo phong va gia tri
thir nghiém tai thoi diém dut giy gidi han cua
dlrong cong P-Ae 1a nhé nhét va sai s6 tuong
dbi trung binh o, nho nhat, 1a 14,41%. P- AH
la thu hai, voi sa1 so twong d6i trung binh 1a
24,65%. P-Ae sai s6 twong ddi trung binh la
16n nhat, dat 25,36% . Vi vay, trong duong 6ng
md phong phong thuy luc, duong cong duoc
su dung dé du doan bat 6n 6ng va do chinh xac
du doan cua no 1a cao hon so véi dudong cong
P-AH, P-Ae.

(2) Ba duong cong nhu phan doan
khong on dinh ngoai ti€u chuan, doi voi mo
hinh dng 110%48 (tu do), sai s6 tuong ddi trung

binh thoi gian dut 8, 1a nho nhét, 14 10,5%. Sai
s0 tuong doi trung binh ong 15048 (bi chén)
1 thtr hai, 22,33%. Sai sb twong ddi trung binh
150x90 (tu do) 14 16n nhét, cao nhét 1a 31,59%.
Dy doan rang d6i v6i thir nghiém phong thiy
luc véi cac dau 6ng tu do, chiéu dai cua vung
phong dng cang ngan thi gia tri sai s6 twong d6i
ctia du doan cang nho. Pbi voi mé hinh dng c6
cung chiéu dai ving phdng, gia tri sai sd twong
ddi du doan dudi trang thai han ché cua dau
dng 16n hon sai s6 cua trang théi tu do ciia dau
ong. <
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