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Nghién ctru toi wu héa tdm phang hop kim nhém 6061-T6
theo hai phwong phap hinh dang va cau trac

Research on optimizing 6061-T6 aluminum alloy flat plate using
two methods shape and structure

Nguyén Van Hinh

Tac gia lién hé: nguyenvanhinh@gmail.com
Trwong Dai hoc Sao Do

Ngay nhan bai: 25/9/2025

Ngay nhan bai stra sau phan bién: 25/11/2025
Ngay chép nhan dang: 26/11/2025

Tom tat

Noi dung bai bao nay nghién ctru tdi wu hoéa chi tiét tAm phéng hop kim nhém 6061-T6 theo hai phwong phap
hinh dang va cu triuc. Két quéa nghién ctru cho thay téi wu hoa cAu truc vuot troi véi kha nang gidm khdi lwong
cao hon 1,22 1an, giam (ng suét 1,23 1an, gidam chuyén vi 1,29 1an va tang hé sb an toan téi thiéu 1,23 1an so
véi phuong phép téi wu hinh dang. Tuy nhién, tdi wu cAu trdc tao ra bién dang phurc tap, doi hdi (rng dung cong
nghé CAD/CAE hién dai trong gia cdng va kiém soat chat lwong san phdm. Phwong phap téi wu hoéa cAu truc
cho thay la giai phap hiéu qua hon trong thiét ké chi tiét tAm phang hop kim nhém, gép phan nang cao hiéu qua
kinh té trong s&n xuét.

Tur khéa: Téi wu héa hinh dang; téi wu héa céu truc; tdm phdng; hop kim nhém 6061-T6; phan tich phén td hiru
han; ti wu do cing; (rng suét I6n nhét.

Abstract

The content of this article studies the optimization of the details of a flat plate made of 6061-T6 aluminum alloy
using two methods: shape and structure. The research results show that structural optimization outperforms with
a mass reduction capability of more than 1.22 times, a stress reduction of 1.23 times, a displacement reduction
of 1.29 times, and an increase in the minimum safety factor of 1.23 times compared to the shape optimization
method. However, structural optimization results in a complex profile, requiring the application of modern CAD/
CAE technology in manufacturing and quality control of the product. The structural optimization method proves
to be a more effective solution in the design of flat plate details made of aluminum alloy, contributing to enhanced
economic efficiency in production.

Keywords: Shape optimization; structural optimization; flat plate; 6061-T6 aluminum alloy; finite element analysis;
stiffness optimization;, maximum stress.

1. DAT VAN PE dén chi phi vé phai liéu, cung mot loai vat liéu khi phoi
c6 hinh dang, cu trdc phu hop gon nhe ma van git
nguyén duoc tinh nang st dung sé& gidm duwoc khéi

lwong cling nhw gia thanh san xuét.

Nang cao chét lwong, ha gia thanh san pham dé ting
strc canh tranh trén thj treong la muc tiéu cla bat ky
mot nha san xuét ndo. Dac biét trong giai doan canh

tranh thi trwéng quyét liét nhw hién nay, van dé nay
mang tinh sdng cdn cho méi doanh nghiép, cung mét
loai san pham cé chét lwong nhw nhau nhung gia
thanh ctia doanh nghiép nao ré hon thi san pham cuta
doanh nghiép d6 sé chiém linh dwoc thi truong. Dé
ha dwoc gia thanh san phdm can quan tam dén nhiéu
yéu t6 nhw: Vén, nhan cong, cdong nghé, quan ly san
Xuét,... ngoai ra cac nha san xuét dic biét quan tam

Nguwai phan bién: 1. TS. Nguyén Durc Hai
2. PGS. TS. Ng6 Hiru Manh

Hién nay cac chi tiét co' khi dang tAm phéng béng véi
vat liéu la hop kim nhém 6061-T6 dwgc (rng dung
réng rai trong cac nganh hang khéng, 6 t, co khi ché
tao... Tuy nhién, viéc t6i wu héa ddng thoi ca dd bén,
dé crng va khoi lwong van 1a mét thach thire. Vi vay,
nghién ctru cac phwong phap ti wu héa hinh dang va
cu tric cta tAm phang nham dat hiéu qua cao nhét
trong qua trinh thiét ké va s dung 1a hét strc can thiét.
Trén thé giGi, nhiéu cong trinh da tap trung vao linh
vwe t6i wu héa hinh dang va céu truc. Bendsge &
Sigmund (2003) da xay dwng nén tang ly thuyét vé
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tdi wu hoa topo trong thiét ké k¥ thuat [1], trong khi
Rozvany (2009) c6 nhirng danh gia phé binh sau sac
vé cac phuong phap téi wu héa hinh dang va céu tric
da dwoc phat trién [2]. Cac nghién cu nay da chi
ra tiém nang ciing nhw nhirtng han ché can tiép tuc
khéc phuc.

Bén canh d4, nhiéu nghién clru gan day ciing da tap
trung vao cac dbi twong lién quan tryc tiép dén tAm
phéng va hop kim nhdm. Azegami et al. [3] da dé xuét
phwong phéap tbi wu héa hinh dang nham gia tang tai
udn phi tuyén ctia tAm bang thuat toan di truyén. Wang
et al. [4] nghién clru tbi wu hoa hinh dang céac két cau
vé lwdi hop kim nhém co nat gusset, qua d6 khang
dinh hiéu qua gidm &ng suét va tdng dd cirng. Xu et
al. [5] tap trung vao bai toan téi wu héa hinh dang cot
lan can hop kim nhém, nhan manh tAm quan trong clia
céac rang budc thye té trong thiét ké.

Tai Viét Nam, tac gia [6] da nghién ctru tbi wu hoa cau
trdc cho cac bd phan co khi, dac biét trong san xuét
bang in 3D. Bai bao [7] da nghién cru tbi wu héa cau
trac tAm phang may theo phwong phap thiét ké sinh
hoc (Generative Design), nghién cru nay da rng dung
tri tué nhan tao két hop véi hé théng CAD (Computer-
Aided Design) dé t6i wu héa cAu trdc chi tiét trén robot,
dat hiéu qua gidm khéi lwong dang ké& trong khi van
dam béo do6 bén. Tuy nhién, cac nghién ctru trong nwéc
méi chd yéu tap trung vao mét phwong phap don 1é
(t6i wu héa cAu truc), chwa cé nghién cliru ndo cé sw so
sanh tryc tiép gitra téi wu hda hinh dang véi ti wu hda
cu trac dé danh gia toan dién mirc do hiéu qua.

Noi dung bai bao nay tién hanh nghién ctru song song
ca hai phwong phap té6i wu héa hinh dang va céu trac
ddi voi tAm phang tAm phéng hop kim nhém 6061-T6.

2. NQI DUNG NGHIEN cUrU
2.1. TAm phang tdm phang ban dau va vat liéu

Déi twong nghién cru la tAm phang, vat liéu 1 hop kim
nhom 6061-T6 co kich thwdc va so dd dat lwe dwoc
trinh bay trén Hinh 1.

500

200

1000

10
Hinh 1. Kich thuéc va so db dit luc cua chi tiét
Trong do:

Khéi lwvong cta tdm phéng m, = 5.4 kg, Lwc tac dung
lén tAm phang Q = 20 kN = 20000 N, Trong lwong cua
tdm phang P = m xg = 5.4x9.81 = 52.97 N.

LIEN NGANH CO KHI - PONG LUC

Dac tinh vat liéu hop kim nhém 6061-T6 dwoc trinh
bay trong Bang 1[8].

Bang 1. Ddc tinh vét liéu hop kim nhém 6061-T6

TT Tén théng sé Gia tri
1 |E - M6 dun dan hdi) (MPa) 75x10°
2 | Nu - Hé sb Poisson) 0.33
3 | Density - Khéi lwong riéng (kg/mmd) 2.7x10°
4 | Yield Stress- Gi¢i han chay (MPa) 241.3
5 |a- Hé sbé gian nd nhiét (/K) 2.35x10°5
6 |A-Do dan nhiét (W/(mm.K)) 0.167
7 Cp- Nhiét dung riéng (J/(kg-K)) 896

2.2. Phan tich phan ttr hiru han cho tdm phang ban dau

S dung phwong phap phan t& hivu han [7]: Phan tich
&ng suét, chuyén vi tbng hop va hé sé an toan cho chi
tiét, két qua phan tich dwoc trinh bay trén Hinh 2 dén
Hinh 4.

Hinh 2. Truong (g suét trén tdm phang ban dau

pe: Ceplacement

Hinh 3. Phan tich chuyén vj téng hop I6n nhét
cla diém trén tdm phang ban dau

Hinh 4. Phén tich hé s6 an toan cho tdm phdng
ban déu

Nhan xét:

Do tiét dién cha tAm phang cé dang déng déu va tai
trong dat & vi tri mat phang ddi xirng nén trwdng trng
suéat c6 phan bb dang dbi xirng vai gia tri Ién nhét la
& vi tri ngam. Chuyén vi tdng hop I&n nhat ndm trén
duéng tac dung cla luc cé gid tri Ién nhat 1a. Hé sb an
toan trén tAm phang la. Danh gia chung cho thay tdm

Tap chi Nghién ciru khoa hoc, Trudng Pai hoc Sao Do, 56 4 (92) 2025 59



NGHIEN CUU KHOA HOC

phéng dang thira bén, do d6 can thiét tién hanh nghién
ctu t6i wu héa khdi lwgng dé& nang cao hiéu qua st
dung vat liéu ma van dam bao an toan lam viéc.

2.3. Co s& toan hoc cua phwong phap t6i wu hoa
hinh dang va cau trauc

Co s& toan hoc clia hai phwong phép téi wu héa hinh
dang (Shape Optimization) va téi wu hoéa céu tric
(Structural Optimization) d&u dwa trén ly thuyét téi wu
hoéa va phan tich phan t& hiru han (FEA) dé xac dinh
trang thai rng suét, bién dang va cac déc tinh co hoc
ctia tAm phang dwdéi tai trong cho truéec.

2.3.1. Phwong phdp téi wu héa hinh dang (Shape
Optimization)

Phwong phap nay nhadm xac dinh hinh dang bién tbt
nhét cGa tAm phéng sao cho ham muc tiéu duoc toi
wu, thwong la gidm trong lvgng hodc tang dé cing,
trong khi van thod man cac rang budc ky thuat nhw
&ng suét khong vwot qua gidi han va chuyén vi khéng
vuot qua gia tri cho phép.

Bai toan téi wu hinh dang c6 thé dwoc biéu dién dudi
dang [1]:

m!%'n](ﬂ) vGi ) c R" (1)

Trong dé:

Q: Mién hinh hoc cua chi tiét.

J(Q): Ham muc tiéu (Vi du: Nang lwong bién dang,
trong lwong, hodc ty sb d6 cirng).

Qua trinh gidi bao gébm céc buéc:

- Giai phwong trinh trang thai co' hoc trén mién Q bang
phan tich phan t& hiru han dé thu dwoc trwdng (ng
suét va chuyén vi.

- Tinh toan dao ham hinh dang (shape derivative) dé
biét dd nhay ctia ham muc tiéu theo bién déi hinh dang
bién gidi.

- Cap nhét hinh dang bién dwa trén théng tin dao ham
hinh dang dé giam ham muc tiéu, déng thoi tai tao lwéi
phan t& hiru han cho hinh dang mai.

- L&p lai qua trinh nay cho dén khi dat diéu kién hoi tu.

Phwong phap nay thuwdng st dung ky thuat dao ham
bién déi véi ham muc tiéu, két hop thuat toan cap nhat
gradient hodc cac giai thuat ti wu phi tuyén.

2.3.2. Phurrong phép téi wu héa cau tric (Structural
Optimization)

Khac véi tdi wu héa hinh dang, téi wu hoa cu tric tap
trung vao viéc phan bd vat liéu bén trong tAm phang
sao cho dat duwgc déc tinh co hoc tét nhat (tang do
clng, gidm khdi lwong) trong khi gi® nguyén hinh
dang téng thé. Pay duoc coi 1a mot dang cla bai toan
tdi wu hda topo (topology optimization).

Pr]u’cyng trinh t6i wu cho bai toan nay thwong duoc
bieu dién nhw sau [2]:

rgz(ir)l](p) VOi0<px)<1l,x€eN
VGi0<p(x)<1,x€EN

Trong dé:

p(x): Bién mat do vat liéu tai diém;

()

J(p): Ham muc tiéu nhw trong lvgng hoac nang lwong
bién dang.

Cac rang budc bao gom:

ng suét o(x) khdng vuot qué gidi han cho phép.
Chuyén vi A(x) duwgc kiém soat trong pham vi an toan.
Tinh kha thi v& mat thiét ké va san xuat: Gidi phap
bai toan tdi wu héa cAu tric thwdng dwa vao phwong
phap mat dé vat liéu trién khai (SIMP - Solid Isotropic
Material with Penalization), thuat toan bac thang, hoac
thuat toan di truyén dé diéu chinh mat do vat liéu sao
cho ham muc tiéu dat gia tri tbi wu nhét.

Mé hinh phan tich phan t& hiru han (FEA): C& hai
phwong phap déu dwa trén phan tich phan t& htku han
dé& mod phéng va danh gia trang thai (ng suét, bién
dang trong tirng vong l&p tdi wu. Két qua phan tich
giup xac dinh:

Cac chi tiéu ky thuat quan trong nhw hé s6 an toan
duoc st dung dé diéu chinh hinh dang hodc phan bb
vat liéu trong bwdc tiép theo clia quy trinh téi wu.

So sanh va &ng dung: Téi wu héa hinh dang chi yéu
diéu chinh bién dang bén ngoai, thich hop cho cac tAm
phéng c6 giéi han vé hinh hoc san xuét.

Téi wu hoa cu trac cho phép thay déi phan bd vat liéu
bén trong, khai thac téi da viéc gidm khéi lwong ma
van dam bao cAu tric chéc chan.

Viéc nghién ciru déng thai hai phwong phap gilp danh
gia toan dién hiéu qua tdi wu hoa, dac biét phu hop véi
chi tiét dang tdm phang hop kim nhém 6061-T6 trong
nghién ctru nay dé dat dwoc can bang téi wu gitra do
clvng, (ng suét, chuyén vi va khéi lwong.

2.4. Ung dung phan mém tbi wu héa

2.4.1. Ung dung phian mém t6i wu héa hinh dang
tam phang

Theo [10] cac budc thye hién tdi wu héa hinh dang tam
phéng trén phan mém Autodesk Inventor bao goém:

Tao md hinh & gan vat liéu (Aluminium 6061-T6).
Khé&i tao Shape Generator.

Khai bao rang buéc (Fixed, Pin, Frictionless).

Ap tai trong (Force, Pressure, Moment).

D&t muc tiéu: Gidm khdi lwong %, gidi han tng suét/
dd vong, Preserve Region, Symmetry.
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Objective . . e
Maximize Stiffness

Criteria

Criginal Mass = 5.4 kg

Mass Target:
(®) Reduce original by (%) 40 = I ) ’ N )
P it Hinh 7. M6 hinh vét ly cta tam phang sau khi toi wu
e S héa hinh dang c6 khéi lvgng m, = 3.412 kg
[ Minimum Member Size 0 mm 3 ) 3 . i
Két qua kiém nghiém tam phang sau khi t6i wu hoéa
Mesh Resolution hinh dang dwoc trinh bay trén Hinh 8 dén Hinh 10.
Coarse ' Fine z:
v
[2) oK Cancel os

Hinh 5. Thiét I4p muc tiéu t6i wvu héa hinh dang

0.4Mn

S Hinh 8. Truong (g suét trén sau khi t6i uu hoa
Chia lw¢i (Mesh).

hinh dang
Chay tinh toan — Generate Shape. =
Xuét két qua (Promote Shape). v
Kiém chirng lai bdng phan tich &ng suat/dd véng va -
hé sb an toan. i
Hinh 5 trinh bay thiét Iap t&i wu hoa hinh dang véi muc -
tiéu t6i da héa dd cirng cho tAm phang cé khéi lwong »
ban dau 5.4 kg. Gia tri gidm khéi lwong dwoc thiét 1ap

Hinh 9. Phan tich chuyén vj téng hop I6n nhét cua

& muirc 40%, twong dwong khéi lwong toi wu la 3.24 kg. i ! A o7
diém trén tam phang sau khi toi wu héa hinh dang

Do phan gidi lwdi mo phdng chon & muirc trung binh (gia
tri 3.0), gilip can bang gitra d6 tAm phang va thdi gian
tinh toan. C4c thiét lap nay dam bao qua trinh téi wu vira
dat hiéu qua gidm khdi lwong, vira duy tri dd clrng can
thiét cho tAm phang hop kim nhdm 6061-T6. Két qua tdi
wu hoéa hinh dang dworc trinh bay trén Hinh 6.

Hinh 10. Phén tich hé sé an toan cta tdm phéng
sau khi téi wu héa hinh dang

Nhan xét:

Do tai trong d&t & vi tri mat phang déi x(rng nén trudéng
(ng suat c6 phan bd dang dbi sirng véi gia tri Ién nhat
la & vi tri ngam. Chuyén vi tdng hop I&n nhat nam trén
duong tac dung cua lwe cé gia tri Ién nhéat 1aHé sb an
toan trén tAm phang la . Danh gia chung cho thay tdm
phéng dadm bao cac didu kién vé dd bén, do clrng va
an toan khi lam viéc.

Hinh 6. M6 hinh dam may diém cua tdm phdng
sau khi téi wu héa hinh dang

S dung phan mém thiét k& ngwoc Geomagic Design
thiét k& mé hinh vat ly cho tAm phang sau khi téi wu
hoa hinh dang dwoc két qua trinh bay trén Hinh 7. Theo [11] cac budc thuc hién t6i wu hoa cau tric tam

phéng trén phan mém Altair Inspire bao cac budc

2.4.2. Ung dung phan mém t6i vu héa céu tric tim phang
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nhw sau:

Xac dinh muc tiéu téi wu (Vi du: Gidm khéi lwong hodc
téng dd clrng) va gidi han thiét ké.

Chuén bi md hinh CAD, thiét |ap vat liéu va diéu kién
bién (lién két, tai trong).

X&c dinh vung thiét ké va vang gil» nguyén vat liéu.
Lwa chon thuat toan téi wu héa topo va cai dat tham
s6 (muc tiéu khéi lwong, kich thuwéc tdi thiéu, do phan
giai Iudi).

Thuwe hién chay tbi wu, theo déi tién trinh va két qua
&ng suat, chuyén vi.

Danh gia va tinh chinh két qua, Iap lai néu can.

Xuét va ap dung mé hinh téi wu vao céac budc thiét ké
tiép theo.

Quy trinh trén gidp gidm trong lwong tAm phéng trong
khi van gitr dwoc hiéu suat co hoc va tinh kha thi khi
ché tao.

GO DR i1y 0obaasaB83868800050a000600000000a00000000088 L
Name: Tam phang 5061-T§|
Type: Topology -
Objective: Maximize Stiffness -
Mass Targets: % of Total Design Space Volume -
© 5 10 15 20 25 30 35 45 50%
Frequency Constraints
None
i © Maximize frequencies
= ;p-‘.."?u Minimum: | 20.0 Hz Apply to lowest 10 modes
Use supports from load case: | No Supports -
Thickness Constraints
@ Minimum: | 21.934 mm F
Maximum: |43 868 mm ¥

Speed/Accuracy ¥
Contacts 2

&

Gravity %
Hinh 11. Thiét Idp muc tiéu téi wu héa céu tric

The contact type is now defined using the Contacts tool.

Nhw vay, qua trinh t6i wu héa cAu tric tAm phang trén
phan mém Altair Inspire theo dugc thuc hién qua cac
bwéc chinh bao gébm: Xac dinh muc tiéu téi wu (t6i da
héa dd cirng va giam khéi lwong), chudn bi mé hinh
CAD véi chét liéu va diéu kién bién phu hop, lwa chon
vung thiét ké va gi¢i han vat liéu, cai d&t thuat toan tbi
wu hoa topo véi muc tiéu gidm khdi lwong di 40% thé
tich ban dau, gi¢i han chiéu day tir 21.934 mm dén
43.868 mm va diéu kién rang budc vé tan sé dao dong
nhdm ting do bén dong (Hinh 11).

Hinh 12. M6 hinh dam may diém cta tdm phang
sau khi téi wu hoa céu tric

Hinh 13 Ia két qué qua trinh t&i wu dwoc chay va theo
déi dwa trén cac tiéu chi &ng suét, chuyén vi va khéi
lwong, sau d6 két qua dwoc danh gia va tinh chinh dé
c6 thiét ké t6i wu cudi cung.

S dung phan mém thiét k& ngwoc Geomagic Design
thiét k& mé hinh vat ly cho tAm phang sau khi téi wu
héa hinh dang dwoc két qua trinh bay trén Hinh 13.

Hinh 13. M6 hinh vét ly cta tAm phang sau khi téi vu
héa hinh dang c6 khéi luong m,=2.792 kg

Két qua kiém nghiém tdm phang sau khi tdi wu hoa
hinh dang dwoc trinh bay trén Hinh 14 dén Hinh 16.

[ 1656 Max
1518
138
1242
1104
%6
828 [0
6
55.2
a4 |

276

138
0Mn

Hinh 14. Trwong (g suét trén tdm phdng sau
khi téi wu héa céu truc

0.3566

03209 l ooz ]

0.2853
0.2496
0.214

0.1783

0.1426
0.107
0.0713
0.0357
0Min

Hinh 15. Phén tich chuyén vi tbng hop Ién nhét cda
diém trén tdm phang sau khi téi wu héa céu tric
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Hinh 16. Phan tich hé s an toan cta tdm phang
sau khi téi wu héa céu tric

Nhan xét:

Do tai trong d&t & vi tri mat phang dbi x(rng nén trudng
ng suat c6 phan bd dang ddi xirng vé&i gia tri Ién nhat
la & vi tri ngam. Chuyén vi tdng hop 1&n nhat ndm trén
dudng tac dung cua lwc cd gia tri Ion nhéat 1aHé sb an
toan trén tm phang la. Danh gia chung cho thay tdm
phéng dadm bao cac diéu kién vé do bén, do cirng va
an toan khi lam viéc.

Két ciu clia tAm phang sau khi duoc tbi u hda hinh dang
va cAu tric duoc trinh bay trén Hinh 17 va Hinh 18.

R58 352 >
[ ] S
<&
R16 R28
ol - R764 o
{=3 (=
| N o g [
N = - R59
- R36 ©}
A
%
td

1000

Hinh 17. Két cu cua tdm phang sau khi duoc
téi wu hoéa hinh dang
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799

* \ 772 \

200

146
6

1000

Hinh 18. Két céu cua tdm phdng sau khi duoc toi
wu héa céu tric

T Hinh 17 va Hinh 18, c6 thé thay rd sy khac biét vé
hinh dang va két cu cia tdm phang sau téi wu bang
hai phwong phap. Phwong phap tdi wu héa hinh dang
(Hinh 17) cho bién dang mwot ma, cac kich thuwéc va
dwdng cong dwoc ghi rd, thuan tién cho gia cong va
kiém tra, déng thoi gilk lai cac vung chiju lyc chinh,
dam bao dd cirng téng thé.

Nguworc lai, phwong phap téi wu héa ciu tric (Hinh 18)
tao ra bién dang phirc tap hon véi cac vang réng, 16
nhe héa nham gidm tbi da khéi lwong nhung van dam
bao d6 clrng. Mét sb vung chuyén tiép va duwdng cong
tw do khéng thé dinh kich thuéc tiéu chuidn ma chi
ldy dwoc tir di¥ liéu phan mém, gay khé khan trong
gia cong va kiém soat chat lwong theo phwong phap
truyén théng.

Vé tng dung, Hinh 18 cho thay hiéu qua giam khdi
lwong vwot trdi cha ti wu ciu truc, nhwng can lwu y
dén kiém soat kich thuwdc, kha nang gia cong va quan
ly chat lwong sén pham. Giai phap khac phuc co thé 1a
st dung di¥ liéu CAD va kiém soat theo toa do diém.

Tbng hop so sanh két qua phan tich phan t& hiru han
cho 2 phuong phap ti wu duoc trinh bay trén Bang 2.

Bang 2. Téng hop so sanh két qua phan tich phan ti hitu han

Chi ti(:‘:t T6i wu héa Téi’ wu héa
TT Théng s6 ban dau hinh dang cau tric So sanh (2) véi (1)
(0) (1) (2)
1 | Khéi lwong m(kg) 5.4 3.412 2.792 Giam 1.23 1an
2 | Ung suét I6n nhét 51.72 203.5 165.6 Giam 1.29 1An
3 | Chuyén vi téng hop 0.1692 0.553 0.4279 Giam 1.23 Ian
4 | Hé sb an toan nho nhat SF_ 5.32 1.35 1.66 T&ng 1.22 lan

3. KET LUAN

- Nghién clru da so sanh hai phwong phép tbi wu
héa hinh dang va céu tric trén tdm phang hop kim
nhém 6061-T6 dwi tai trong tap trung va gi¢i han kich
thwdc. Chi tiét ban dau c6 khdi lwong 5.4 kg, (ng suét
cwe dai 51.72 MPa, chuyén vj tbi da 0.1692 mm, hé sb
an toan tir 5.32 dén 15.

- Phuwong phap téi wu héa hinh dang gidm khéi lwong
con 3.412 kg nhung (rng suét va chuyén vj tang 1én
(203.5 MPa va 0.553 mm), hé sb an toan gidm con
1.35 dén 15. Trong khi d, tdi wu héa c4u truc dat khbi

lwong thap hon (2.792 kg), ddng thoi gitr rng suét va
chuyén vi nhé hon (165.6 MPa va 0.4279 mm), v&i hé
s6 an toan cao hon (1.66 dén 15).

- Phan tich téng thé cho thdy ca hai phwong phap dam
b&o diéu kién lam viéc, nhung tbi wu hda cau trac hiéu
qué hon véi: Gidm khéi lwgng cao hon 1.22 Ian, gidm
(ng suét cuc dai 1.23 lan, gidm chuyén vi 1.29 1an va
tang hé s an toan nhé nhat 1.23 1an so véi tdi wu héa
hinh dang.

- Téi wu héa cau truc tao ra bién dang phtrc tap hon,
nhwng dem lai hiéu qua tiét kiém vat liéu tét hon, vi vay
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sé tng thach thirc vé gia cong va kiém soat kich thwérc.
Viéc rng dung cac cdng nghé CAD/CAE hién dai trong
quan ly div liéu va kiém soat san xuét la can thiét dé tan
dung triét dé& wu diém clta phwong phap nay.

- T6i wu cAu truc 1a gidi phap wu viét hon cho thiét ké
chi tiét tAm phang hop kim nhém 6061-T6, gilp can
bang téi wu gitra dd clrng, dd bén va khéi lwvong, nang
cao hiéu qua san xuét gidm gia thanh va khéi lwong
nguyén liéu dau vao.
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