KHOA HOC - CONG NGHE

MO PHONG VA TOI ’'U HOA QUA TRINH THUY TINH ONG CHU T

SU’ DUNG ABAQUS/CAE

SIMULATION AND OPTIMIZATION OF T-SHAPED TUBE HYDROFORMING PROCESS

Tém tat:

T khoéa:
Abstract:

USING ABAQUS/CAE
Trinh Thi Mai, Bui Anh Hung

Khoa Co khi, Truong Pai hoc Kinh té - Ky thudt Cong nghiép
Dén Toa soan ngay 08/01/2025, chip nhan ding ngay 12/02/2025

Bai bao trinh bay chi tiét trinh tw mé phdng qua trinh thay tinh éng trén phan mém
Abaqus/CAE, ap dung v&i phoi dng ddng CDA110 khéng han. Théng qua cac thtr nghiém
v&i cac gia tri ap suat chét 1dng va cap liéu doc truc khac nhau, nghién ctru phan tich anh
hwéng qua lai gitra (’ng suét va bién dang tai phan phinh chi¥ T cia phéi. Sau khi thuc
hién cac md phdng da xac dinh dwoc nhirng gia tri téi wu, tranh hién twong phéi bi rach
hodc nhan chét, ddng thoi danh gia kha néng tao hinh cua chi tiét dng. Nhirng phat hién
nay gép phan tao ra co s& di liéu tham kh&o trong viéc thiét ké va ti wu héa quy trinh
thay tinh éng trong gia céng co khi.

Thay tinh 6ng, md phéng Abaqus/CAE, phéi éng déng.

The paper presents a detailed simulation procedure for the tube hydroforming process
using Abaqus/CAE software, applied to seamless CDA110 copper tube billets. Through
experiments with varying fluid pressure and axial feeding values, the study analyzes the
interaction between stress and strain at the T-shaped bulge of the billet. The simulations
identified optimal parameters to prevent tearing or wrinkling while evaluating the formability
of the tube part. These findings contribute to a valuable reference database for designing
and optimizing the tube hydroforming process in mechanical manufacturing.
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1. GIOI THIEU

Phuong phap dap thuy tinh (DTT) tai cac
qudc gia nhu P, Anh, Nga, Trung Qudc,...
da va dang duoc st dung rong rai nho vao kha
nang tao hinh uu viét. Cong nghé DTT khong
chi cho phép tao hinh cac chi tiét rong c6 mat
cit thay ddi dot ngdt voi sd lwong nguyén
cong toi thiéu, ma con cé thé gitp ting co tinh
cua vat liéu [1, 3]. Bén canh do, cong nghé
DTT khong chi tdi wu hoa viéc su dung
nguyén vat liéu ma con giam thiéu chét thai,
gdp phan thiic day phat trién bén viing va dap
mg cac yéu ciu nghiém ngit vé bao vé moi

Tube hydroforming, Abaqus/CAE simulation, copper tube billets

truong trén toan cau.

Mic du di c6 nhiéu nghién ctru vé cong nghé
DTT, nhung cac két qua cong bd lién quan
dén qua trinh thuy tinh 6ng van con nhiéu van
dé chua dugc dé cap t6i. Bai bao trinh bay chi
tiét quy trinh mo phong thily tinh dng sir dung
phian mém Abaqus/CAE [4], dong thdi phan
tich mdi quan hé giita Ung suit va bién dang
d6i voi chi tiét dang chit T. Tir cac két qua mo
phong, nghién clru nay dua ra nhitng danh gia
vé viéc tao hinh cua chi tiét éng chir T, dua
trén mot s6 théng sd cong nghé duoc thu
nghiém nham tdi wu hoa qua trinh gia cong.
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2. DOl TUONG NGHIEN clru VA MO
PHONG SO

2.1. Phéi va vat liéu phoi

Nghién ctru dugc thyc hién trén phoi 6ng
ddng CDA110 khéng han, c6 théng sé phoi
nhu hinh 1, san phdm sau khi tao hinh ¢6 hinh

anh nhu hinh 2. Thong s6 vat lieu CDA110
duoc thé hién trong bang 1 [5].

i
o
~
N N
- Q
. |
120 |
Hinh 1. Théng sé phéi
©22.22
~
-~ T

|
|
|
|
|
|
\
|
\
|
|
|
022.22

L1

Hinh 2. Chi tiét sau tao hinh béng thay tinh 6ng

Bang 1. Thong s6 vat liéu dong CDA110 [5]

Cic thong sb va dic tinh k§ thuit cia | Gia
vat liéu CDA110 tri
Nhiéu d6 khao sat thong sé vat liéu (°C) | 24
Khéi lugng riéng, p(kg/m’) 8940
Mb dun dan hoi, E (GPa) 115
Hing s6 vat lidu, C (MPa) 325
S6 mii hoa bén, n 0.54
Hé s6 Poisson, v 0.33
Ung suat chay gidi han, o, (MPa) 170
Ung suat bén gi¢i han, o, (MPa) 370
Murc d6 gidn dai twong dbi, & (%) 40

2.2. M6 phéng trén Abaqus/CAE
2.2.1. Quy trinh thwc hién trén mé phong sé

Trinh ty thuc hién bai toan mo phdng s6 ¢o
thé duge thuc hién trén hinh 3 va bao gém ba
phan chinh: tién xtr 1y, giai bai toan va phan
tich, d4nh gi4 két qua. Trong giai doan tién xir
1y, md hinh cta san pham duoc thiét ké, cac
dic tinh vat lieu duoc thiét 1ap, cung voi céac
diéu kién bién nhu 4p suét, ma sat va chuyén
vi cua chay. Giai doan giai bai toan st dung
thuat toan phan tir hiru han trong Abaqus/CAE
dé thé hién qué trinh thay d6i hinh dang cua
phoi dudi tac dong cia cic yéu td nay. Cudi
cung, két qua duoc phan tich thong qua biéu
d6, hinh anh va sé liéu nham dénh gid kha
nang tao hinh, phat hién cac nguy co nhu rach
phéi hoac nhan chét, trén co s& do xay dung
dugc quy trinh hop 1y nhat.
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Hinh 3. Trinh tw thwc hién cac bai toan
mo phong so6 [2]

16

TAP CHi KHOA HOC & CONG NGHE . SO 47 - 2025



KHOA HOC - CONG NGHE

2.2.2. M6 hinh hoa trén Abaqus/CAE
a. Thiét ké trén Abaqus: Part

= Thiét ké phoi

= Thiét ké khuén

Hinh 4. Thiét ké khudn trén Abaqus vé&i ban kinh
chuyén tiép R6

= Thiét ké chay

Do san pham c6 tinh chat dbi xing, nén nhém
nghién ctu chi xay dung % mo hinh nham
giam thoi gian tinh toan va moé phong. Abaqus
cho phép chi x4y dung mot phan ciia mé hinh
sau d6 lay db6i xing ma van giit nguyén
két qua nhu khi thuc hién cho mdt mé hinh
day du.

b. Thiét ldp vt liéu: Property

& Edit Material

Name: CDA110

Description:

Material Behaviors

Elastic

Plastic

General Mechanical Thermal Electrical/Magnetic  Other
Density

Distribution: Uniform 4 a

[Juse temperature-dependent data
Number of field variables: 07
Data

Mass
Density
1 8.94E-009

Hinh 5. Ctra sé thiét 1ap dic tinh vat liéu phoi

Property trong Abaqus giup dinh nghia va
quan ly céac thuoc tinh vat li¢u va phén tu,
dong vai tro trung tdm trong viéc xac dinh
cach thitc moé hinh phan ung véi tai trong va
diéu kién bién trong qua trinh phan tich. Néu
khong khai bao dung Property, mo6 phong s¢€
khong chinh x&c hodc tham chi khong thé
thue hién.

4% Edit Section

Name: Section-1

Type:  Shell / Continuum Shell, Homogeneous
Section integration: (® During analysis (O Before analysis
Basic  Advanced
Thickness
Shell thickness: @ Value: ]:1‘2
(O Element distribution:

B

(O Nodal distribution:

Materia: | CDAT10 M ke

Thickness integration rule: @) Simpson () Gauss

Thickness integration points: | 53
Options: ;%
oK Cancel

Hinh 6. Thiét lap chiéu day phéi ban dau

c. Ldp rdp : Assembly

Céc bo phan sau khi dugc thiét ké nd dam bao
nhan duoc cac tdp hop va td chirc (cac bod
phan) mo hinh thanh phan dé tao ra cac chuan
phan tich hoan chinh mé hinh.

“Ong
Hinh 7. Mb hinh lap rap

d. Thiét ldp buéc mé phong: Step

D¢ cai dat qua trinh mo phong can thyc hién
bao nhiéu budc phan tich, ta can thiét lap
thong s nay cho Abaqus/CAE. S6 luwong
budc phén tich cang 16n két qua cang chi tiét
nhung dung lugng tao ra 16n. Do d6 phu thudc
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vao cau hinh may tinh va yéu cau tinh chinh
xac cua két qua phan tich ta thiét 1ap gia tri
cho phu hop.

e. Thiét Idp twong tdc : Interaction

Dé dam bao phoi va khudn ludn tiép xuc véi
nhau, cac rang budc ctuia phoi va cac chi tiét
khac trong mo hinh m6 phdng luén tuong tac
v61 nhau voi h¢ sO ma sat mong muon thi day
la budc quan trong trong Abaqus/CAE.

f. Thiét ldp diéu kién bién : Load

Cai dat tai tac dung, hay cach dich chuyén

o
w Load Manage

Name Step-1
v pressure

chay (theo bang 2), cac bd phan can ¢6 dinh. ..

Bang 2. Cac théng sb6 ap suat chat Ié6ng va dich
chuyén chay dwoc ap dung

TT| Ap suit chatléng | Dich chuyén chay
(Mpa) (mm)
1 20 10
2 25 15
3 30 20

Céac gia tri ap suat chit long long dng duoc
tinh toan dya vao cong thirc tinh tai trong tac
dung don cua tac gia Bogoyavlensky [7.

{ %@ Assembly defaults ~

= < step: [+ step-1 <]

>

Step procedure: Dynamic, Explicit

g. Chia ludi phdn tir: Mesh

Péi twong nghién ctru 13 phoi dng dong, nén
d6i tuong chia ludi can quan tam 14 phoi ong.
Pé dam bao phoi khong bi rach khi qua ving
chuyén tiép c6 ban kinh luwon R6, thi khudn

Load type: Pressure
Load status: Created in this step
Create... Copy... Rename... Delete... Dismiss

4 Edit Load b

Name: pressure

Type:  Pressure

Step: Step-1 (Dynamic, Explicit)

Region: Surf-8 [

Distribution: Uniform ~ X

Magnitude: 30

Amplitude:  pressure ~ Ao

oK Cancel
N - X a z A A 2
Hinh 8. Thiéet Iap ap suat chat long
& ;
Yo ¥
- — il
Name Initial Step-1 Edit... p—
B )

v/ Tube X2 Created Propagated P|Asser
v fix Created Propagated { Step-1
v/ punch Created Modified
v/ tubeX1 Created Propagated
v tubeZ Created Propagated Deactivate
Step pro £ Edit Boundary Condition X
Boundan| Name:  punch
Boundar

Type:  Displacement/Rotation

Cred Step: Dismiss

Step-1 (Dynamic, Explicit)
Region: Set-15
CSYS: (Global)

Distribution: | Uniform

Ul E
(V2] 0
- U3: -20
UR1: 0 radians
[ ur2: 0 radians RS G ’
UR3: 0 radians
* Amplitude: | punch M P

* Modified in this step

Note: The displacement boundary condition

Hinh 9. Thiét lap diéu kién bién cho chay

cling can cai dat mat do ludi khong qua tho.

Hinh 10. Chia Iw&i phan to
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h. Chay mé phong: Jop

bay 1a budc phan mém thuc hién tinh toan,
phan tich bai toan.
4% TP30A20 Monitor —

Job: TP30A20 Status: Completed

Step  Increment T?tal C.PU S.‘ ep Stable Kinetic
Time Time Time Time Inc Energy

1 3635 000800182 146  0.00800182  1.97425e-06 6177.24
1 3888 0.00850134 15.5  0.00850134  1.97421e-06 2624.52

1 4142 0.00900145 165  0.00900145  1.97388e-06 625.259

1 41 0.00950107 176 0.00950107 1.75368e-06 38.3874

1 a7 0.01 18.7 0.01 1.66041e-06 1.6445

<

Log Errors !Warnings Output DataFile MessageFile Status File
Completed: Abaqus/Explicit

Completed: Thu Nov 28 11:05:15 2024

Search Text

Text to find: | [JMatch case J| Next ¢} Previous

Dismiss

Hinh 11. Qua trinh Abaqus/CAE thwc hién tinh toan,
phan tich

k. Hién thi két qua mé phong: Visualization

Visualization 1a cong cu trung tdm trong viéc
chuyén d6i dir liéu tinh toan tr mo phong
thanh cac hinh anh, biéu dd, va thong tin d&
hiéu, phuc vu cho viéc phan tich va trinh bay
két qua.

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)
+2.972e+02
+2.833e+02
+2.694e+02
+2.555e+02
+2.416e+02
+2.277e+02
- +2.138e+02
i +1.999e+2

+1.860e

Hinh 12. Hinh anh sau mé phéng

3. THU THAP KET QUA SAU MO PHONG
VA THAO LUAN

Véi ap suat chat 1ong 1ong 6ng 1a 20, 25 va
30 Mpa, khoang cép liéu dich chuyén doc truc
cia chay 1a 10, 15 va 20 mm [6]. Lan luot
thay d6i gia tri ap suat Gmg voi cac khoang
cap lidu khac nhau trén rdi di thu thap dir liéu.
Hinh 13a, b 1a biéu dd mdi quan hé Gng suét
va bién dang khi 4p suat chat long 1a 30 MPa
va khoang cap liéu doc truc 1a 10 va 20 mm
ctia phan tir s6 2400 (phan tir xa nhit cua phan
phinh chir T).
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T

Thickness
-
=)
=
T

0.95-

090

0.85-

| | L
100, 150, 200.
Stress

— usBD:1

Hinh 13a. Biéu dd quan hé (rng suat va bién dang cua phan tir 2400 khi ap suét chat Idng 30 Mpa

va khoang cép liéu 10 mm
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Hinh 13b. Biéu db quan hé trng suét va bién dang ctia phan tir 2400 khi ap suat chat léng 30 Mpa

va khoang cép liéu 20 mm

Céc trudng hop khac ta tién hanh thu thap két
qua tuong tu.

Tt biéu d6 mbi quan hé Gng suat va bién dang
cho thdy: Khong phai tmg suat ting bién dang
cua vat liéu tdng theo, c6 nhiing thoi diém
bién dang gan nhu khong thay d6i khi ung
suat tiép tuc ting. Pay 1a thoi diém can nim
bat dé diéu chinh gia tri 4p suét chét 1ong long
6ng va cép li¢u doc tryc tranh hi¢n tugng phoi
bi bién dang qua mirc do moéng dan dén rach,
hodc nhan chét xay ra.

Tir 2 biéu 0 mdi quan hé trén ta ciing co thé
thiy rang, sy thay d6i rat nho (gan nhu 1a
giong nhau) mbi quan hé gilta Ung suét va
bién dang. Piéu nay cho thdy mdi quan hé nay
thay d6i rat nho khi ta thay d6i cap liéu doc
truc va giit nguyén ap suét long 6ng.

4. KET LUAN

Nghién ctru da chung minh tinh khé thi cua
viéc st dung phan mém Abaqus/CAE dé mo

phong va phan tich qua trinh thuy tinh 6ng,
dic biét d6i véi phoi dong CDA110. Két qua
cho thdy, méi quan hé giita (mg suit va bién
dang khong don thuan ty 18 tuyén tinh ma
chiu anh hudng 16n boi gia tri 4p suat chat
long va muc cap liéu doc truc. Mot diéu déng
cha ¥ 1a khi 4p sut chét long 1ong 6ng dugc
gilr ¢ dinh, chi thay doi cép liéu doc truc thi
trong mot khoang dich chuyén nhat dinh cia
chay, quan hé giita ing suat va bién dang gan
nhu khong d6i. Viéc diéu chinh phu hop cac
thong sd nay gitp cai thién chat luong tao
hinh, tranh dugc cac khuyét tat nhu rach phoi
hay nhin chét.

Nhitng phat hién tor nghién ctu khong chi
cung cap co s khoa hoc cho viéc thiét ké quy
trinh gia cong t6i wu ma con mé ra hudng img
dung rong rai trong linh vuc gia cong ap luc
v6i cong nghé dap thuy tinh. Cac bude tiép
theo s& tap trung vao thir nghiém thyc té va
d6i chiéu két qua v6i md phong dé hoan thién
quy trinh hon nira.
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