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Trong nghién cru nay, bo truyén da dwoc thiét ké lai véi sw tdi wu hda clu truc lién két va
phan tich d6 méi da duoc thuc hién. Véi phwong phap dwa trén mat do, khdi lwong da
dwoc giam thidu cla bod truyén banh réng. Tat ca cac quy trinh da dwoc thwe hién véi sw
tro' giip cGa phwong phap phan t& hiru han dwoc trién khai trong phdn mém Ansys. Mot
mé hinh bd truyén tiéu chuan da dwoc st dung trong qua trinh nay. Sau khi téi wu hoa, bd
truyén tiéu chuan da dwoc slra lai bang phan mém Cad. Sau d6, mé hinh méi dwoc phan
tich. Qua trinh nay da dwoc lap lai cho ba mé hinh khac nhau. Trén co s& cac két qua thu
duoc, viéc téi wu hoa ciu trac lién két dwoc thwe hién trong pham vi nghién ctru ching té
rang co thé thiét ké lai bod truyén véi trong lwong gidm hon, ddng théi dap ng cac dac
tinh do bén can thiét.

Ansys, phuong phap phan t& hiru han (FEM), banh rang - thanh réng, t6i wu héa cau truc
lién két, phan tich d6 moi.

In this study, the transmission was redesigned with topology optimization and fatigue
analysis was performed. With the density-based method, the mass of the gear train was
minimized. All the processes have been performed with the help of the finite element
method implemented in Ansys software. A standard transmitter model was used in this
process. After optimization, the standard transmitter 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 transmission with reduced weight,
while meeting the required durability characteristics.

Ansys; Finite Element Method (FEM); Gear - rack; Topology optimization; Fatigue analysis

1. DAT VAN DBE ning chiu tai cua bo truyén banh ring thanh
B truyén banh ring thanh ring duoc sit dung  rang, kich thude ciia n6 tré nén 16n hon va

phd bién tai cac cum chi tiét trong linh vuc co  trong lwong ciia né cling nang hon. Trong
khi, may moc, thiét bi. Véi su gia tang kha  luong tang Ién s€ ti€u tdn rat nhiéu vat liéu va
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tién bac cho nha san xuét. D6 1 1y do tai sao
can c6 nhiing thiét ké thay thé. Viéc sir dung
cac phuong phéap t6i wu hoa ciu truc lién két
la mdt trong nhitng cong cu gitp cac k¥ su dat
duoc mot sd muc tiéu k¥ thuat ddi voi cac van
dé cu thé [3]. Mot trong nhitng van dé& ma viéc
sira d6i ciu tric lién két dugc st dung 1a giam
trong lugng trong céc thiét ké co khi. C6 mot
sd nghién cru quan trong vé bd truyén banh
rang thanh rdng nhu; phan tich dua trén Ung
suit ctia cac cdp banh ring co mit cat khac
nhau da dugc Bundela va Shrivistaya [4] thuc
hién. Cac tac gia [5] da nghién ctru hinh hoc
banh rang cua bé mat tiép xtic va dé xuét mot
gidi phap thiét ké méi dudi dang xoan don
hodc xoan kép dé tiang chiéu dai tiép xtc va
do d6 1am giam muc d6 ung suat tiép xuc.
Can luu ¥ rang su tuong tac tiép xuc cua banh
ring va két cAu thanh phan ndy ciing bi anh
hudng boi thanh phan cong nghé gin lién voi
chét luong cta sy hinh thanh bé mit phia sau
clia ring banh rang. Khi xtr Iy mit sau bé mat
cua rang cuu trg béng cach mai, viéc chon
cach cat kha phirc tap cach thic. V& van dé
nay, cac y tuong lya chon va toi wu hoa qua
trinh nghién truéc gii trong [6] dugc quan
tam. Cac cdu hoi vé hinh hoc, dong hoc va
hién tugng nhiét ciia banh rang giun c6 sau tru
trong cong trinh [7]. Nghién ciru duong tiép
xuc, do cong lam vi¢c bé mat va viéc xac dinh
vi tri tiép xtc trong cong trinh d3 dugc xem
xét [8].

Nhu [9, 10] da néu, mdt trong nhitng muc ti€u
nghién ctru hang dau vé truyén dong co hoc 1a
phat trién mé hinh lam viéc ba chidu dé
nghién ctru hinh hoc dé danh gia ty 18 cua
nhiéu théng sé hinh hoc ring va nhan dang
truc quan. Mot phuong phap dé tao mot banh
ring bang cach sir dung thanh phan cia bo
cong cu cua nha thiét ké nén bao gdbm va mo
hinh ba chiéu truyén dong truc vit trong CAD

tich hop twong g hé thdng [11]. Hiéu suat
cua banh rang sau cling phu thudc vao kha
nang tan nhiét va loai bo cic san phim mai
mon khoi khu vue 1am viée bang chét boi tron
dang long. Trong ndy quan tdm, mot cach tiép
can tha vi dugc trinh bay trong cong vi¢e
[12].

Muc tiéu ctia nghién ctru nay 1a kiém tra va so
sanh cac md hinh duge toi wu hoa khac nhau
vé tudi tho moi, 4o bén ciing nhu trong lwong
cua chung. Véi muc dich nay, viéc phan tich
g suat cta bo truyén banh ring thanh ring
dugc thuc hién bang phwong phap phan tir
hitu han cho céc hinh dang duoc tdi wu hoa
khac nhau. Dya trén cac trang thai ung sut
du doan, cac phan tich tudi tho moi da duoc
thuc hién. Két qua nghién ctru nay s& cung
cip cho ngudi thiét ké mot sé6 hudng dan
trong viéc thiét ké cip bo truyén banh ring
thanh rang.

2. MO HINH VA MO PHONG

Mau dugc sir dung trong nghién ctru la cip
banh ring thanh ring tiéu chuan. Céac dic tinh
va kich thudc hinh hoc — theo tiéu chuén
TCVN 12132:2017 [1] — duoc thé hién trong
Hinh 1, c6 kha ning chiu luc tdi da 200 N,
moémen xodn 4 Nm.

Hinh 1. Théng s6 k¥ thuat banh rang thanh rang

Kich thudc cap banh ring thanh ring thé hién

trén hinh vé.
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Trong md phong vat lidu “Két céu thép” co
san trong co so dir liéu vat liéu phan mém
ANSYS [2] da dugc st dung. Trong mo hinh
FE, phéan tir rén t& dién 10 nit 3D, SOLID92,
dd duoc st dung. Bo truyén banh ring thanh
ring da dwoc mo hinh hoa bang cach sir dung
cac dac tinh vt liéu cua 2,05E5 MPa va 0,30
tuong tng cho moé dun va ty 1¢ Poisson.

Phan tich tinh da duoc thuc hién voi 5 N, tai
trong va phan tich do mdéi cia md hinh cap
banh rang thanh ring tiéu chuin di dat duoc
thong qua ANSYS 2017 R2 [2].

Hinh 2 cho thdy ca md hinh banh ring thanh
rang tiéu chudn duoc xem xét va cac mod hinh
dugc tdi wu hoa.

Hinh 2. M4 hinh cdp banh riang thanh tiéu chuén
Bang 1 chua cac gié tri thu dugce sau budc tai
dau tién 1ay gia tri 1am phan tich tinh. Hinh 3
cho thiy két qua t6i wu hoa cau trac lién két
ctia cip banh ring duoc xét dén.

Bang 1. Két qua phan tich tinh

Trong| Ung |Ungsuit| Bién
lwong | suédt |chinhtdi| dang
MAu thir | (kg) | twong |da [MPa]| tong
dwong [mm]
[MPa]
Tiéu 2.761 | 124,84 | 123,77 | 0,37744
chuén

Trong| Ung |Ungsuit| Bién
lwong | sudt |chinhtdi| dang
Mau thir | (kg) | twong |da[MPa]| téng
dwong [mm]
[MPa]
Thir nhat |2.194 | 200 210,11 0,42650
Thirhai [1.932 | 200,97 | 206,55 0,44703
Thirba [2.476 | 124,68 | 123,51 0,37804
3. KET QUA

Trong phan tich do moi, cac hé sb tudi tho, hu
hong va an toan cling dugc thu thap cho ca
mo hinh tiéu chuin va mé hinh t4i wu hoa.
Trong phan tich tudi tho moi, cach tiép can
dua trén ung sudt dugc sir dung cho moi
truong hop. Boi vi tudi tho moi téi thiéu cua
mo hinh tiéu chuan d3 duogc tim thay 1a 17162
chu ky (nhu trong hinh 3) nén gia trj tudi tho
duoc chon 1am tiéu chi thiét ké cho cidc méd
hinh khac.

e: 105
12/9/2024 11:19PM

8.191e-8 Min

Hinh 3. T6i wu héa cAu trac lién két

cua bo truyen banh rang thanh rang
Trong phan tich hu hong, dinh nghia hu hong
duoc su dung tryuc tiép. Do do, cac duong vién
hu hong (thé hién trong hinh 5, 8, 11 va 14) ¢6
dugc bang cach tinh dén tudi tho thiét ké da
chon trudc do 1a 17162 chu ky. Trong nhirng
hinh nay, cdc gid tri 16n hon mot cho biét
s& xay ra hu hong, néu khong thi két ciu s&
an toan.
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Do vat liéu duoc dé cap la thép két chu dé“ing
hudng nén trong tinh toan an toan, cac gia tri
mg suét twong dwong Von-mise duoc tinh
toan va ty 1& giéi han chay trén ng suat twong
duong duoc léy lam hé sb an toan. Gia trj cua
hé s6 an toan nhé hon mot cb nghia 1a hu
hong s& xay ra trudc khi dat dén tudi tho thiét
ké xé4c dinh. Néu khong, ciu trac s& duge an
toan. Khi hé s6 an toan tang 1én thi do tin cay
ctia két cdu s& tiang lén.

3.1. Phan tich moi cia md hinh chun

Hinh 4, 5 va 6 lan luogt thé hién tudi tho moi,
hu hong va h¢ so an toan cia mo hinh chuan.
Ung suat cao phat trién ¢ cac vung trén bé
mat phan dau rang, do sy tp trung Gng suat
16n tai diy. Ung suat toi da phat trién gan bé
mat bén trong cua banh rang thanh rang. Vi tri
nay cling phu hgp véi vi tri bat dau vét nut
moi.
B: Transient Structural
Equivalent Stress
T Bt o M) S
11!17'::5.5556

16.087 Max

1429

12512

10.724

8937

71496

53622

35748

1.7674
2.7169¢-9 Min

Hinh 4. Tudi tho méi ciia md hinh chuan

Hinh 5. Hw héng cta mau tiéu chuén

B Transient Structural
Total Deformation
Type: Total Deformation
Unit: m
Time: 10

0.019757 Max
0.017561
0.015366
onnn
0.010976
0.0087807
0.0065855
0,0043903
00021952
1.0871e-16 Min

Hinh 6. Hé sé an toan ctia md hinh chuan

3.2. Phan tich d6 méi caa mé hinh dwoc
t6i wu héa dau tién

Mo hinh téi wu héa dau tién da cap nhat thong
s6 két cAu va kich thudc tir mé hinh chuén, dé
phan tich tiép do moi ctia bo truyén.

B: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 24242
12/9/2024 11:21 PM

79142 Max
70349
| 6155.5
= 5276.2
4396.8
L] 35174
a 26381
- 17587
o 679.36
5.7041e-16 Min

B: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 4.1414
12/9/2024 11:21 PM

79142 Max
7034.9

6155.5

5276.2

4396.8

35174

2638.1

1758.7

879.36
5.7041e-16 Min

Hinh 8. Hw héng ctia md hinh dworc téi wu héa dau tién
Hinh 7, 8 va 9 lan luot thé hién tudi tho moi,
hu hong va hé sb an toan cua mo hinh duoc
t6i wu hoa dau tién. Ung suat cao lai phat trién
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O cac vung trén bé mat bén trong cua banh
rang thanh rang gan voi duong chan rang do
su tap trung Umg suat. Ung suat toi da phat
trién khu vyc chan rang cua banh rang thanh
rang.

B: Transient Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 7.0707
12/9/2024 11:21 PM

7914.2 Max
7034.9

61555

5276.2

4396.8

35174

2638.1

1758.7

879.36
5.7041e-16 Min

Hinh 9. Hé s6 an toan ctia md hinh téi wu héa dau tién

3.3. Phan tich d6 méi ctia mé hinh téi wu
héa thir hai

B: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress.
Unit: MPa

Time: 9.899
12/9/202411:21 PM

79142 Max
70349

6155.5

5276.2

4396.8

35174

26381

17587

879.36
5.7041e-16 Min

Hinh 10. Tudi tho méi ctia mé hinh téi wu héa
thiv hai

B: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 6.1616
12/9/202411:21 PM

79142 Max
7034.9

6155.5

52762

4396.8

35174

26381

17587

879.36
5.7041e-16 Min

Hinh 11. Hw héng ctia mé hinh téi wu héa thi hai
Hinh 10, 11 va 12 lan luot thé hién tudi tho

moi, hu hong va h¢ s6 an toan cua mo hinh
dugc t6i wru hoa thir hai. Ung suat cao lai phét

trién & cac viing chan ring va cb truc ciia banh
rang thanh ring gan véi bac truc do su tap
trung tmg suat. Ung sudt toi da phat trién gan
sat vdi bac truc cua banh rang.

B: Transient Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 8.8889
12/9/202411:21 PM
79142 Max
70349
61555
5276.2
439.8
35174
2638.1
1758.7
879.36
5.7041e-16 Min

Hinh 12. Hé s6 an toan ctia mé hin h t6i wu th hai

3.4. Phan tich d® méi cia mé hinh téi wu
héa thir ba

Hinh 13, 14 va 15 lan lugt thé hién tudi tho
moi, hu hong va hé s6 an toan cia mo hinh
dugc t6i vu hoa thir ba. Ung suat cao lai phat
trién O cac ving trén bé mit bén ngoai cia
thanh rang gin v6i phan dinh ring do sy tap
trung Gng suat. Ung suét t6i da phat trién ¢ 2
phia ngoai phan dinh cua thanh ring.

12/3/202411:22 PM

7330 Max
6515.6

5.7041e-16 Min

Hinh 13. Tudi tho méi ctiia md hinh t6i wu héa thi ba

Time: 7.
12/%/204 11:22 PM

7330 Max
65156

5701.1

40867

40m.2

32578

2433

16289

81445
5.7041e-16 Min

Hinh 14. Hw héng cta mé hinh t6i wu héa thir ba
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B: Transient Structural
Equivalent Sress 3
Type: Equivalent (von-Mises) Sress
Une: MPa
Time: 10
12/3/2024 11:22 PM
7330 Max
65156
s701.1
48367
a2
32578
w013
16289
81445
5.7041e-16 Min

Hinh 15. Hé s6 an toan ctia mé hinh téi wu héa
thr ba

Viéc so sanh gilta cdc m6 hinh vé tudi tho
moi, h¢ sO an toan va hu héng duogc tom tat

trong bang 2.
Bang 2. So sanh cac thiét ké thay thé
Ten | Trong| Tubicho Hesban | 1y,
miu lwgng | toi thieu | toan toi héng
(kg) [Cycle] thi¢u
Tieu 2,761 8.161 1,000 | 1,000
chuén
Thir nhat| 2,194 2.052 0,684 | 3.395
Thirhai | 1,932 2.058 0.684 | 3,391
Thaba | 2,476 8.229 1,000 | 0,995
4. KET LUAN

Tudi tho moi, hu hong, hé s6 an toan, (mg suét
t6i da, bién dang va trong luong cia md hinh
cap banh rang thanh ring tiéu chuan di duoc
nghién ctru cho tit ca cac md hinh thay thé
duoc thiét ké va c6 két luan nhu sau:

= Phén tich s6 hoc cho thdy s6 chu ky dan
dén hong hoc thay doi tuy thudc vao hinh

dang cua rang.

= Mo hinh thi ba phu hop nhit: Tudi tho
moi, hu hong va hé sd an toan; img suat twong
duong va bién dang tong gin nhu nhau ddi
v6i md hinh tiéu chuan.

= Khi sir dung mé hinh t6i wu héa thtr nhat
va thir hai, gi tri img sudt ciia mo hinh ting
khoang 30%. Su khac biét c6 thé 1a do su tap
trung (mg suat phat sinh tir bién dang ring.
Nhung khi sir dung mé hinh téi wu thi ba,
ngudi ta thiy gia tri tng suat bang véi gia tri
tiéu chuén.

= Thay doi thiét ké phan dinh ring va chan
rang tiéu chuan, dic biét 1a & phén dinh rang
clia ving mg suat t6i da s& lam giam tudi tho
modi cua cang banh rang thanh rang khoang
70%.

= MO hinh t6i vu héa thir ba ¢6 tudi tho moi
twong ty véi mo hinh thyc té. Tuy nhién, trong
lugng cuia né nhe hon 294 gram so véi mau
tiéu chudn, day la mdt logi thé 1on vé mat
kinh t.

= Dé loai bo su tap trung tmg sudt va ciing
tang tudi tho moéi clia cing banh rang thanh
rang, nén st dung hinh hoc tdi wu. M6 hinh

t6i wu hoa thir ba dat gia tri cao nhét.
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