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TOM TAT

Trong nghién ciru nay, moc nang da dwoc thiét ké lai voi suw t6i wu hoa cdu tric lién két va
phan tich do moi da dwoc thuc hién. Voi phuwong phap dua trén mdt do, khoi lwong da dwoc giam
thiéu. Tat ca cdc quy trinh da dwoc thiee hién voi s tro gitip ciia phwong phdp phan tir hitu han
dwoc trién khai trong phan mém Ansys. Mot mé hinh méc ndng tiéu chudan da dwoc sir dung trong
qud trinh nay. Sau khi t6i wu héa, méc ndng tiéu chuan da dwoc sira lai bang phan mém Cad. Sau
do, moé hinh maoi dwoc phan tich. Qua trinh nay da dwoc lap lai cho ba mo hinh khac nhau. Trén co
$G cde két qua thu duoc, viéc 16i wu héa cau tric lién két duoc thue hién trong pham vi nghién cuu
chitng t6 rang c6 thé thiét ké lai moc ndng véi trong lwong giam hon, dong thoi dép iing cdc déc
tinh d bén can thiét.

T khéa: Ansys; Phicong phép phan tir hitu han (FEM); Méc ndng; Téi wu héa cdu tric lién
két: Phan tich do moi.

ABSTRACT

In this study, the lifting hook was redesigned with topology optimization and fatigue analysis
was performed. With the density-based method, the volume was minimized. All the processes have
been performed with the help of the finite element method implemented in Ansys software. A standard
lifting hook model was used in this process. After optimization, the standard lifting hook was revised
using Cad software. Then the new model is analyzed. This process was repeated for three different
models. On the basis of the results obtained, the topology optimization carried out within the scope
of the study demonstrates that it is possible to redesign the lifting hook with a reduced weight, while
meeting the durability characteristics. necessary.

Keywords: Ansys,; Finite Element Method (FEM), Lifting hook,; Topology optimization;
Fatigue analysis.
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1. PAT VAN PE

Moéc dugc st dung phd bién tai cac
cong trudng xdy dung, trung tAm vén tai dé
nang ha cac vat nang. Voi sy gia tang kha nang
chiu tai cua moc nang, kich thudc cia no tro
nén lon hon va trong lugng cua nod cung nang
hon. Trong luong tang 1én s& tiéu ton rat nhiéu
vat liéu va tién bac cho nha san xuat. D6 1a ly
do tai sao can c6 nhitng thiét ké thay thé. Viéc
sir dung cac phuong phap t6i wu hoa ciu trac
lién két 1a mot trong nhimg coéng cu gitp cac
ky su dat dugc mot s6 muc tiéu ky thuat ddi
v6i cac van dé cu thé [2]. Mot trong nhimg van
dé ma viéc stra doi cau triic lién két dugce st
dung la gidm trong luong trong céc thiét ke co
khi. C6 mot sb nghién ctru quan trong vé moc
nang nhu: phén tich dua trén tng suit cua cac
moc ¢ miat cit khac nhau da dugc Bundela va
Shrivistaya [3] thuc hién. Trong mot nghién
cuu khéac do Tigabey [9] thuc hién, phan tich
dd moi cua cac mo hinh méc nang khac nhau da
dugc thuc hién. Maneengam va cong su [6] da
nghién ciru viée t6i vu hoa kich thude ciia moc
nang. Trong nghién ctru nay, phuong phap t6i
uu héa dya trén tng sudt twong tu nhu mé hinh
trudc day do Solanki et al [7] da dugc su dung.
Ngoai ra con c6 mot s6 nghién ciru dugc huong
loi truc tiép tlr viée tdi wu hoa céu trac lién két,
Hajare va Jadhav [5] di tién hanh t6i wu hoa
céu tric lién két cia mot méc nhiéu 16p. Trong
nghién ciru do, chi co ung sudt twong duong
va bién dang cua moc dugce nghién ctru bang
s6 va thuc nghi¢m. Tdi wu hoa ciu trac lién
két cia méc rén ciing da dugce Thejomurthy va
Ramakrishn [8] kiém tra.

Muc tiéu ctia nghién ciru nay 1a kiém tra
va so sanh cdc md hinh duoc t6i wu hoa khac
nhau vé tudi tho méi, do bén cling nhu trong
lugng cua ching. V6i muc dich nay, viéc phan
tich ung suit ctia moc nang dugc thuc hién

bang phuong phap phan tir hitu han cho céac
hinh dang duoc toi vu héa khac nhau. Dua trén
cac trang thai Gmg suat du doan, cac phan tich
tudi tho moi da duoc thuc hién. Két qua nghién
clru ndy sé& cung cap cho ngudi thiét ké mot sb
huéng dan trong viée thiét ké moc nang.

2. MO HINH VA MO PHONG

Mau dugc sir dung trong nghién ctru 1a
méc tiéu chuan DIN 15401-2.5. Céc ddc tinh
va kich thude hinh hoc — theo tiéu chuan DIN
15401-2.5 [4] — duoc thé hién trong Hinh 1, c6
kha ning chiu tai t6i da 5 tan.

Hinh 1. Théng s6 kj thudt moc nang logi DIN
15401-2.5

* Kich thudc méc DIN GM 15401-2.5 (mm):

A|B | D|F | H HI H K| T
63 | 50 | 42 1263 | 56 | 67 | 58 | 48 | 135

Trong md phong vat lidu “Két cu thép”
o san trong co s¢ dir liu vat licu phﬁn mém
Ansys [1] da duoc st dung. Trong m6 hinh FE,
phan tir ran to dién 10 nat 3D, SOLID92, da
dugc sir dung. Moc da duoc mo hinh hoa bang
cach st dung cac dac tinh vat liéu cua 2,05E5
MPa va 0,30 twong ung cho mo-dun va ty 1¢
Poisson.
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Phan tich tinh da duoc thuc hién voi 5
tan, tai trong va phan tich do moi cia mé hinh
moc tiéu chuin di dat duoc thong qua Ansys
2017 R2 [1].

Hinh 2 cho thay c4 m6 hinh moc tiéu
chuan dugc xem xét va cac mo hinh duogc toi
uu hoa.

Hinh 2. (a) M6 hinh méc tiéu chuan; (b) Mé hinh
16i wu héa thir nhdt; (c) M6 hinh toi wu héa thir
hai; (d) Mé hinh t6i wu héa thir ba.

Béang 1 chua cac gia tri thu dugc sau
budc tai dau tién lay gia tri lam phan tich tinh.
Hinh 3 cho thay két qua to1 uvu hoa cau trac lién

ket cia moc nang duge xét dén.

Bdng 1. Két qua phan tich tinh

Ulig Unﬂg Bién
x Trong suat suat
Mau , dang
. lwugng | twong | chinh 2
thw £ tong
(kg) duong | toida [mm]
[MPa] | [MPa]
Tieu 1 s 761 | 22484 | 22377 | 037744
chuan
Th}r 5.194 300 310,11 |0,42650
nhat
Tha hai | 4.932 | 300,97 | 306,55 | 0,44703
Thirba | 5.476 224,68 | 223,51 |0,37804
3.KET QUA

Trong phan tich d0 moi, cac hé sb tudi
tho, hu hong va an toan cling dugc thu thap cho
ca mo hinh ti€éu chuan va mo hinh t6i wu hoa.
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Trong phén tich tudi tho méi, cach tiép
can dua trén tng suat duoc st dung cho moi
truong hop. Boi vi tudi tho moi téi thiéu cua
mo hinh tiéu chuan di dugc tim thay 1a 17162
chu ky (nhu trong Hinh 4) nén gié tri tudi tho
duoc chon 1am tiéu chi thiét ké cho cac mo hinh
khac.

Hinh 3. Toi wu hoa cau truc lién két ciia moc nang

Trong phan tich hu hong, dinh nghia hu
hong duoc str dung truc tiép. Do do, cac dudng
vién hu hong (thé hién trong Hinh 5, 8, 11 va
14) ¢6 dugc bang cach tinh dén tudi tho thiét ké
da chon trude do 1a 17162 chu ky. Trong nhiing
hinh nay, cac gia tri 16n hon mot cho biét s& xay
ra hu hong, néu khong thi két cdu s& an toan.

Do vat liéu duoc dé cap 1a thép két cau
dang hudng nén trong tinh toan an toan, cac gia
tri tng sudt twong dwong Von-mise dugc tinh
toan va ty 1é gidi han chay trén g suit tuong
duong duoc léy lam hé sb an toan. Gia tri cua
hé s an toan nhé hon mét c6 nghia 14 hu hong
s& xay ra trude khi dat dén tudi tho thiét ké xéac
dinh. Néu khong, cAu truc s& duoc an toan. Khi
hé s6 an toan tang 1€n thi do tin cdy cua két cau
s€ tang lén.

3.1. Phan tich méi ciia mé hinh chuin

Hinh 4, 5 va 6 1an luot thé hién tudi

tho méi, hu hong va h¢ s6 an toan cua mo hinh &
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chuan. Ung suét cao phat trién & cac vung
trén bé mit bén trong ctia moc gan véi bé mit
dudng cong bén trong do su tap trung Gmg suit
nhu mong doi. Ung suit tdi da phat trién gan bé
mat bén trong ctia moc. Vi tri nay cling phu hop
véi vi tri bat dau vét nirt moi.

Hinh 4. Tuéi tho moi cia mé hinh chudn

Hinh 5. Hu hong cua mau tiéu chuan

Hinh 6. Hé s6 an toan cua mé hinh chudn

3.2. Phén tich d9 méi ciia mé hinh dwoc toi
uu hoa dau tién

Hinh 7, 8 va 9 1an luot thé hién tudi

tho moi, hu hong va h¢ so an toan ctia mé hinh
duoc toi wu hoa dau tién. Ung suat cao lai phat

trién & cac ving trén bé mit bén trong clia moc
gan v4i bé mat dudng cong bén trong do su tap
trung tng suat. Ung suat tdi da phat trién gan
bé mit bén trong ctia moc.

Hinh 7. Tuoi tho moi cua mé hinh toi wu hoa
dau tién

Hinh 8. Hu hong ciia mé hinh dwoc t6i wu héa
dau tién

Hinh 9. Hé so an toan cua mé hinh toi wu hoa
dau tién

3.3. Phén tich 46 méi ciia md hinh t6i wu hoa

thir hai

Hinh 10, 11 va 12 lan lugt thé hién tudi
tho moi, hu hong va h¢ so an toan ciia moé hinh
duoc to1 uu hoa thir hai. Ung suat cao lai phat
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trién & cac ving trén bé mit bén trong ctia moc gan voi bé mit dudng cong bén trong do sy tip
gan voi bé miat duong cong bén trong do sy tip trung tmg suat. Ung sudt t6i da phat trién gan
trung tng suat. Ung suat tdi da phat trién gan bé mit bén trong ctia moc.

bé mit bén trong clia moc.

Hinh 13. Tudi tho méi ciia mé hinh t6i wu héa

Hinh 10. Tudi tho méi ciia mé hinh t6i wu héa ,
thir ba

thir hai

Hinh 11. Hu hong ciia mé hinh t6i wu héa thir hai ;
Hinh 14. Hu hong cia mo hinh toi vu hoa thir ba

Hinh 12. Hé s6 an toan ciia mé hinh t6i wu thir hai

3.4. Phan tich d9 méi ciia mé hinh t6i wu héa

thir ba Hinh 15. Hé 56 an toan ciia mé hinh t6i wu héa
thir ba
Hinh 13, 14 va 15 lan lugt thé hién tudi
tho moi, hu hong va hé sé an toan ctiia mé hinh Viéc so sanh gitra cac md hinh vé tudi
duoc t6i vu hoa thu 3. Ung suit cao lai phat tho moi, hé sb an toan va hu hong duoc tom tat
trién & cac ving trén bé mit bén trong ctia moc trong Bang 2. &
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Bdng 2. So sdnh cdc thiét ké thay thé

" Trong Tuéi. AH ¢
Texrn lu’(;ng th(,). :t01 s? an“ I:Iu'
mau (l;g) thiéu toar.lztm hong
[Cycle] | thiéu
Standard | 5,761 | 17.161 1,000 1,000
First 5,194 | 5.052 0,684 3.395
Second | 4,932 | 5.058 0.684 3,391
Third 5,476 | 17.229 | 1,000 0,995
4. KET LUAN

Tudi tho moi, hu hong, hé sb an toan,
g suit toi da, bién dang va trong luong cia
m6 hinh méc tiéu chuan di dwoc nghién ctiu
cho tat ca cac md hinh thay thé duoc thiét ké va
6 két luan nhu sau:

- Phan tich s6 hoc cho thiy sb chu ky
dan dén hong hoc thay doi tuy thudce vao hinh
dang cua moc.

- M6 hinh thtr ba phu hop nhat: tudi tho
moi, hu hong va hé sb an toan; ing suét tuong
duong va bién dang téng gan nhu nhau ddi véi
md hinh tiéu chuan.

- Khi str dung mé hinh t6i wu hoa thir
nhat va tht hai, gia trj Gng sudt ciia mé hinh
tang khoang 30%. Su khac biét c¢6 thé 1a do su
tap trung Ung sudt phat sinh tir viéc mé cac 16
trén moéc. Nhung khi sir dung mé hinh téi vu
thir ba, nguoi ta thay gia tri img suat bang véi
gid tri tiéu chuan.

- M& céc 16 trén moc céu tiéu chuén,
ddc biét 1a & mat sau cua ving tng suit téi da
va mit sau clia ving tai s& lam giam tudi tho

moi cua moc khoang 70%.

- Mo hinh t8i wu héa tht ba c6 tudi tho

moi tuong tu voi mo hinh thuc té. Tuy nhién,
trong lugng ctia n6 nhe hon 285 gram so véi
mau tiéu chuén, day 1a mot loi thé 16n vé mat
kinh té.

- Pé loai bo su tap trung Ung suit va
cling tang tudi tho moi cua moc, nén sir dung
hinh hoc t6i wu. M6 hinh ti vu héa tht ba dat
gi4 tri cao nhat. <
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