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Bai bao trinh bay két qua nghién ctu vé thiét ké va ché tao thanh céng hé thdng khuén
dap thady tinh dé tao hinh chi tiét khép ndi réng chiv X trén may dap van nang YH-32.
Nghién cru (rng dung cong nghé dap thiy tinh nham tao hinh s&n pham t& phéi ng voi
chét lwong cao, d6 chinh xac dap rng yéu cau ky thuat, déng thai tiét kiém thoi gian gia
céng va gidm chi phi san xuét, qua dé nang cao kha ndng canh tranh. Phwong phap
nghién ctu két hop gitra ly thuyét véi thiét ké mé hinh 3D bang phan mém NX va mé
phdng s6 bing phdn mém Abaqus va dé phan tich, tdi wu hoa qua trinh tao hinh va két
cau khudn trwdc khi ché tao. Két qua nghién clru khang dinh tinh kha thi clia cong nghé,
cho phép tao ra chi tiét khé'p ndi réng chiv X dap trng yéu cau ky thuat, mé ra hwéng rng
dung rodng rai trong san xuéat cac chi tiét may phirc tap. Nghién cu nay cé y nghia thuc
tién cao, gép phan phat trién nganh gia céng ap lwc tai Viét Nam.

Dap thay tinh, hé théng khuén, khép néi réng chiv X, thiét ké khuon.

This paper presents research findings on the successful design and fabrication of a
hydroforming die system for manufacturing hollow X-shaped joint components on the
universal press YH-32. The study applies hydroforming technology to form products from
tubular blanks with high quality and precision meeting technical requirements, while
simultaneously reducing processing time and manufacturing costs, thereby enhancing
competitiveness. The research methodology integrates theoretical analysis with 3D
modeling using NX software and numerical simulation using Abaqus software to analyze
and optimize both the forming process and die structure prior to manufacturing. The
results confirm the technological feasibility, enabling production of hollow X-shaped joint
that satisfy technical specifications and paving the way for broader application in
manufacturing complex machine components. This research holds significant practical
value, contributing to the development of Vietham's metal forming industry.

Hydroforming, die system, hollow X-shaped joint, die design.

1. GIO1 THIEU

Trong béi canh nganh co khi ché tao dang
phat trién manh mé&, gia cong bang ap luc
ngdy cang khang dinh vi tri then chét nho
nhitng uvu diém vuot troi nhu kha nang tao
hinh c4c san pham c6 hinh dang phirc tap, cai
thién co tinh cua vat liéu, nang suét cao va tiét

kiém dang ké vat liéu so v6i cac phuong phap
gia cong cat got truyén théng [1]. Trong do,
cong nghé dap thuy tinh (hydroforming) noi
1én nhu mot giai phap cong nghé tién tién, cho
phép tao hinh cac chi tiét rdng tir phoi dng véi
chét luong bé mit cao, d6 chinh xac vuot troi
va giam thiéu thoi gian gia cong [2].

8 TAP CHi KHOA HQC & CONG NGHE . SO 51 - 2025



KHOA HOC & CONG NGHE

Mic du mang lai nhiéu loi ich, viéc ung dung
rong rdi cong nghé dap thily tinh van gip phai
khong it thach thuc, dic biét la trong khau
thiét ké va ché tao hé théng khuon. Cac yéu td
then chdt anh huong dén chét luong san pham
va tudi tho khudn bao gdm: kha ning chiu tai
cia long khudn (gravur) dudi ap suét thuy
tinh cao, luc dong khuodn, luc déy phoi, va dac
biét 12 vin dé ma sat giita bé mat khudn va
phoi. Dé kiém soat ma sat, ngoai viéc sir dung
chét boi tron, cac 16p phu bé mit khudn (nhu
DLC - Diamond Like Carbon) ciing dang
duoc tng dung dé giam lyc ma sat, chong
dinh va nang cao d6 bén mon, tir d6 ting san
lugng chi tiét trén mot bo khuén [3-5].

Bai baotrinh bay qué trinh "Thiét ké va ché
tao hé théng khuén dép thuy tinh tao hinh
kh6p nbi rong chir X trén may dap van ning".
Chi tiét khop nbi dang chir X 1a mot san pham
dién hinh trong nganh co khi, doi hoi do chinh
x4c vé hinh dang va kich thudc. Nghién ciru
duoc thyc hién nham muc tiéu phat trién mot
quy trinh cong nghé hoan chinh, tir thiét ké,
mo phong dén ché tao thyc té, gitp tdi vu hoa
qua trinh san xuét, giam chi phi va ning cao
nang luc canh tranh [6].

Phuong phap tiép can ctia nghién ctru két hop
gilta nén tang 1y thuyét vé dap thay tinh va
cong cy mod phong s6 bang phin mém
Abaqus. Bén canh d6, m6 hinh 3D cua hé

thong khuoén va chi tiét duoc thiét ké trén
phan mém NX, cho phép phan tich, t6i uvu hoa
két cAu khuon va du doan cac khuyét tat co
thé xay ra trudc khi tién hanh ché tao [7]. Két
qua ky vong cua nghién cuu khong chi dung
lai & viée ché tao thanh cong chi tiét khép ndi
chir X dap tmg cac yéu cau ky thuat, ma con
g6p phan 1am phong pht thém tai liéu nghién
clru va phat trién cong nghé dap thuy tinh
trong nudc, mo ra hudng ung dung rong rai
cho cac chi tiét may phtec tap khac.

2. POl TUONG VA PHUONG PHAP
NGHIEN clU

2.1. Hinh dang hinh hoc cta phéi 6ng, chi
tiét khop ndi rong chiv X va vat liéu Cu

Phoéi 6ng khong han vat liéu dong c6 dudng
kinh ¢o = 22,22 mm, dai lp = 120 mm, bé day
thanh 6ng to = 1,2 mm (hinh 1a) va c6 co tinh
dugc trinh bay trong Bang 1. Chi tiét khép nbi
rong chit X c6 duong kinh vau ¢, = o = 22,22
mm, ty 1& bién moéng thanh éng ¢ dinh vau
nho hon ty 1y 1& bién mong thanh éng gidi han
[e] =30% (Hinh 1b).

a)
Hinh 1. a) Phéi 6ng, b) Chi tiét khé'p ndi réng chiv X

Bang 1. Co tinh cua vat liéu Cu

Khoi lwong | Poisson’s Young’s Gidi han Gi6i han bén | Ty 1é gidn dai
riéng ratio modulus chay kéo (%)
(kg/m’) (Gpa) (MPa) (MPa)
7800 0,3 210 57,08 231,09 42,75

2.2. Thiét ké khuén

Viéc thiét ké khuon dung cho quy trinh tao
hinh thuy tinh xuit phat tir tai trong 16n nhat
du kién s& tac dong lén long khudn. Céc

huéng dan thiét ké cho than khuén va cac bo
phan chu dong, von da duoc biét dén trong gia
cong ap luc thong thuong, 1a bi quyét cong
nghé cua timg nha san xuat khuén va dua trén
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kién thirc chuyén gia. Cac yéu t6 anh huong
quyét dinh dén thiét ké két cau, bén canh hinh
dang chi tiét va cac thong sb quy trinh du
kién, bao gdm: Sé luong chi tiét du kién san
xuat, cac chirc ning can thiét theo phuong
truc, phuong ban kinh va cac chirc nang khac,
va cac diéu kién lap dit [6]. Viéc dinh hinh
kich thuéc mang tinh dic thu rat cao cho timg
bd phan, vé& co ban khuén tao hinh thiy luc
phai duogc thiét ké du bén véi ap suét trong du
kién, luc dong khuon va lyc ddy phéi.

Kich thudc 1ong khudn ciing rat quan trong
dbi voi viéc s dung khuon. Chang han, do
sau va chiéu rong long khudn dong vai tro
quyét dinh trong viéc dinh hinh kich thudc
chiéu cao va chiéu rong cta khuon. Véi cac
kich thuéc thiét ké cho chiéu cao 15i khuén
(Z) va chiéu rong 156i khuén (Y) (Hinh 2),
trong qué trinh van hanh vai ty 18 t6i uu gitra
chiéu cao va chiéu rong 161 khuén, cac gia tri
g suat s& 1a nho nhat véi kich thude dugc
dinh hinh du bén [7]. Viéc tang kich thudc 15i
khuén vuot qua cac kich thude nay, ngay ca
khi tuan thu ty 1€ hinh hoc, cling khong mang
lai thém loi ich nao.
b
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Hinh 2. Théng s6 hinh hoc cua 16i khuén

Xac dinh chi tiét cac thong sb hinh hoc nhu do
day day 161 khudn H = 4h (mm), do day thanh
16i khuén B = 1,2b (mm), chiéu cao 15i khuén
Z =H + h = 5h (mm), chiéu rong 156i khuén
Y =2B + b = 3,4b (mm), ban kinh goc lugn
R¢ > 4ty, chon Ry =5 mm. Trong do: h 1a do
sau long khuon (mm), b la d¢ rong long
khuon (mm).

2.3. Cai dat cho mo phong sé qua trinh tao
hinh

Loi khuon thiét ké c6 kich thudce: chiéu dai
béng 120 mm, chiéu rong 110 mm, chiéu cao
25 mm, khoang khuon dit phéi éng c6 dudng
kinh bang duong kinh phdi ¢o = 22,22 mm,
khoang khuén tao hinh hai vau c6 dudng
kinh bang duong ¢y = 22,22 mm, ban kinh
goc lugn cua ving chuyén tiép cua khudn
R¢=5 mm dugc mo hinh hoa hinh hoc (Hinh
3a); phoi 6ng duoc moé hinh hoéa hinh hoc,
vat liéu va luéi (Hinh 3b) trong phan mém
Abasqus/CAE nhim md phong danh gia kha
nang tao hinh chi tiét rdng chir X [4-5].
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a) Phoi b) Hé théng khuén

Hinh 3. Cac mé hinh cai dat trong Abaqus
3. KET QUA VA THAO LUAN
3.1. Két qua mé phéng
D¢ dy tinh so bd ap sut bén trong long dng py
tai thoi diém xuat hién dang hong rach trong
giai doan bién dang déo tur do c6 thé ap dung
phuong trinh (1) [8]:

2 xt,

Do — to

P, = oy (1
Thay céc gia tri cta cac thong sb tir muc 2.1
vao phuong trinh (1) ta dugc P, = 26,4 MPa.
P, = 26,4 MPa theo dudng tai Amp-1 va cap
phoi doc truc Af = 30 mm theo duong tai
Amp-2 12 hai thong sé qué trinh duoc cai dat
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mo phong qua trinh tao hinh nhiam danh gia
khuon tao hinh va két qua tao hinh théng qua
bon tiéu chi nhu thé hién trén Hinh 4.

Vung dan huéng, ving chuyén tiép va ving
mé rong c6 bién dang bé mit ngoai cua thanh
dng dugc tao hinh tdt theo bién dang ciia long
khudn va bén tidu chi dau ra déu dwge dam
bdo nhu ung suét tao hinh Von Mises Syax =
231,09 MPa (Hinh 4a), thanh phan bién dang
déo PEnax = 2,24 (Hinh 4b), phan bd bé day
thanh 6ng STHumi, = 1,06 mm (Hinh 4c), chiéu
cao vu Ul = 21,71 mm (Hinh 4d). Trén co s&
dir liéu thiét ké so bod va két qua mo phong sd,
¢6 thé két luan 1a hinh dang va kich thudc cta
16i khuén dat yéu cau ky thuat va lam co so
cho budc thiét ké va ché tao hé thong khuon.

q 1
1

5, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)
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a) Sw phan bd &ng suét Von Mises (S)

PE, Max. In-Plane Principal
SNEG, (fraction = -1.0)
(Avg: 75%)
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b) Sy phan bé thanh phan bién dang déo (PE)
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d) Chiéu cao vAu tao hinh (U1)

Hinh 4. B6n tiéu chi danh gia kha nang tao hinh
chi tiét khép néi rong chiv X véi P, = 26.4 MPa,
Af =30 mm

3.2. Thiét ké hé théng khuén

Hé thdng khudn dap thuy tinh trén mdy dap
van ning YH-32 duoc thiét ké trén phan mém
NX nhu thé hién trén Hinh 5 va céc thanh
phan cta hé thong khuon duge liét ké trong

Bang 2.
Bang 2. Cac thanh phan cla hé théng khuén
A So Ay Tin
TT Tén goi Vat liéu
lwgng
1 | Bulong luc giac 3 | C45
chim M12x1.75
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TT Tén goi So Vit liéu
lwgng
2 | Chuoi khuén 1 SKDI1 -
Nhiét luyén
3 | Nua khuon trén 1 SKDI11 -
Nhiét luyén
4 | Buldng luc giac 8 | C45
chim M12x1,25
5 | Phoi dng Cu 1
6 | Ao chay 1 | SKDII -
Nhiét luyén
7 | Chay 1 SKDI1 -
Nhiét luyén
8 | Chét dinh cit 4
9 | Bulong luc giac 4 | C45
chim M12x1.75
10 | Nua khuon dudi 1 SKDI11 -
Nhiét luyén
11 | Léi khuén 2 | SKDI11 -
Nhiét luyén
12 | DBé khuén 1 | SKDII -
Nhiét luyén

Hinh 5. Phan ra hé théng khuén dap thay tinh
(céc chi tiét danh sb tir 1 t6i 12 trong Bang 2)

3.3. Ché tao hé théng khuén

Hinh 6. Md hinh hé théng khudn va may dap van niang YH-32
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Céc thanh phan cua hé thong khuén (Bang 2)
dd duogc ché tao va lip ghép trén may dap van
nang YH-32, nhdm chuin bi cho budc thuc
nghiém.

khép nbi réng chit X trén may dap van ning
YH-32 thanh cong trén co s& cac dir liéu thiét
ké va danh gid bang moé phong sd trén phan
mém Abaqus/CAE. Ldi khuén dd duoc tinh

4. KET LUAN

Nhom téc gia da nghién ctru thiét ké va ché

toan va thiét ké trén phan mém NX, cai dat
mod phong sb 3D va mé phong thanh cong qua
trinh ddp tao hinh voi hai théng sé qua trinh
quan trong nhit P, = 26,4 MPa theo duong tai
Amp-1 va cap phdi doc truc Af =30 mm theo
dudng tai Amp-2 va 4 tiéu chi du ra chinh.
Viée hiéu 10 vé thiét ké khudn va téi wu hoa
nhd cic phan mém thiét ké va mé phong sd
gitp danh gid khuon va kha nang tao hinh céc
san pham khong bi 151, nang cao chat luong
san pham, cai thién hiéu qua quy trinh san
Hinh 7. Lip @it hé théng khuén xuat. Két qua nghién ctru duge dung lam tai
liéu tham khdo cho cong tac gidng day, nghién
ctru khoa hoc, thyc nghiém kiém ching trong
tao hinh thily luc ong.

tao hé théng khuén dép thuy tinh tao hinh
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