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UNG DUNG MO PHONG SO NGHIEN CUU QUA TRINH DAP NONG
CHE TAO BANH RANG TU PHOI ONG
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Toém tat:

Hién nay, nhiéu logi banh rdng trong cdc bé truyén dong dwoc ché tao bang phwong phdp truyén
théng nhw dap khéi tir phéi ddc, sau dé gia cong cdt got. Phirong phdp nay thwong gdy lang phi vat liéu
ddang ké do phdi cat bo di mét heong du gia cong 16n khodng trén 30%. Pé tiét kiém vit liéu, ndng cao hiéu
qua san xudt, phéi dang ong cho qud trinh dap khoi la mét lwa chon thich hop. Tuy nhién, viéc ddp khéi tiv
phéi ong can dwoc tinh todn ky cang dé tranh phéi bi mat én dinh va hinh thanh khuyét tdt trong qud trinh
tao hinh. Trong bdi bdo nay phwong phdp mé phong sé dwoc g dung dé phan tich quda trinh ddp nong
banh rang tir phéi ong trong khuén kin. Dong vat liéu, nguy co phd hity, bién dang ciing nhw iing sudt da
dige dir dodn. Két qua cho thdy cé thé ddp thanh céng banh rang bang phicong phdp ddp néng trong khuén
kin tir phéi ong.

Tir khéa: Dip khoi, Ddp néng, M6 phong sé qud trinh ddp tao hinh, Banh rang, Khuyét tdt san pham ddp

khoi.

1. Pit van dé

Bénh ring 1a mot chi tiét may phd bién dung
dé truyén luyc va chuyén dong giita cac truc. Truyén
d6ng banh rang duoc dung rat rong rii boi vi chung
¢6 nhitng vu diém nhu kha nang truyén lyc 16n, dam
bao ty ) tmyén 6n dinh, hé sb ¢o ich 16n (hi¢u sut
cao) va truyén dong ém. Banh ring c6 rt nhiéu kiéu
khéc nhau, nhung dugc sir dung kha phd bién trong
cac bo truyén dong 1a banh ring tryc rong (Hinh 1).
Do yéu lam viéc nén banh rang phai chiu duogc tai
trong va dap, rung dong, moé men xo&n 16m, doi hoi
vat lidu c6 d0 bén cao nén chung hau nhu khong ché
tao bang phwong phép duc ma thudng dugc ché tao
béang phuong phap dap khéi, sau d6 gia cong cit got
dé dam bao do chinh xac lap ghép [1,2].

Céc chi tiét banh rang truc rong thudng rong,
¢6 bac va vai nén néu dap khéi tir phdi dic dé tao
hinh chi tiét nhu cach lam truyén thong s& dan dén
lang phi vat liéu khi gia cong cit got, ddc biét 1a
khoan 15 réng. Hiéu suét sir dung vat liéu chi dat
60-65%. Hon nita, dap khdi tir phéi ddc can luc
16n, phéi phai bién dang trén toan b thé tich s& tiéu
hao ning lwong ctia may 16n ciing nhu tudi tho cua
khuén giam. Mot trong nhitng hudng nghién ctu
méi nham tiét kiém nang lugng, thoi gian tao hinh
cling nhu giam thiéu tiéu hao vat liéu phdi da duoc
dé xuat va trién khai thuc hién 1a dap khi tir phoi
ong [3].

Bai bao nay nghién ciru dé xuit phuong an
cong nghé dap nong ché tao chi tiét banh ring tir
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phoéi dng va tmg dung mé phong s dé xac dinh kich
thudc phoi, cac thong s6 cong nghé, phan tich trang
thai Gmg suat, bién dang, dong chay vat liéu, qua
trinh dién day khuon dé nhan dinh vé kha ning xuat
hién khuyét tat trong san phdm. Két qua mé phong
ciing cho phép xéac dinh luc dap dé tir d6 nguoi k§
thuat lua chon thiét bi tao hinh phu hop.
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Hinh 1. Bdnh ring truc rong [4]

2. Nghién ciru cong nghé dip néng banh ring tir
phai 6ng

Béanh ring nhu trén Hinh 1 ¢6 dic diém
rong gitra, phan dau c¢6 dudng kinh 16n hon phan
duéi. Nhu vay, néu ap dung phuong phéap dap trong
khu6n kin qua trinh c6ng nghé s& don gian chi can 1
nguyén cong. Tuy nhién viéc tinh toan can rat chinh
xac dé tranh khuyét tat gap hinh thanh do qua trinh
tao hinh voi mirc d6 bién dang 16n [5].
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Trong trudng hop chi tiét banh ring nay,
c6 thé Iya chon phuong an tao hinh qua 2 nguyén
cong; nguyén cong dau tién 1a chdn cuc bd dé ting
kich thudc phan bac va nguyén cong thir 2 1a dap
khdi & trang thai nong trong khuén kin dé tao hinh
banh rang.

So d6 chdn cyc bo (chdn dau) duge trinh bay
trén Hinh 2. Phoi ding cho nguyén cong chon dau
duoc xac dinh dua trén dinh luat thé tich khong ddi.
Nhu véy, phéi dang dng c6 kich thude dudng kinh
ngoai 40 mm, dudng kinh trong 20 mm va chiéu cao
1a 60 mm. Chi tiét duoc ché tao tir vt ligu thép C45.
Céc thong sb cong nghé dau vao bao gdm: Nhiét do
nung phdi 1150 °C, hanh trinh dau truot tir khi dau
chay tiép xuc voi phéi cho dén khi dat 1a 7 mm.
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Hinh 2. Nguyén céng chon cuc bé

Nguyén cong dap khdi trong khuon kin tao
hinh banh rang dugc trinh bay trén Hinh 3. Phoi
danh cho nguyén cong nay la san phim ctia nguyén
cong chdn cuc bd. Qua trinh dap khéi duoc tién
hanh nhu sau: Phéi trung gian (dugc nung téi 1150
°C) dat trong long khuon di dong gitra truc dinh tdm
ty trén 16i khudn. Long khuon lién két v6i dé khuon
qua hé thong bu 16ng treo va 16 xo. Dé khudn duoc
bét 1én ban may nhd tim kep. Khuon trén (chay)
duoc lép véi dau truot va thuc hién qua trinh dép
tao hinh. Khi chay di xudng, tic dung vao 1ong
khuén, ca hai di xudng cting hanh trinh (1ong khuén
trugt trén 161 khudn) va phai s& bi ép chon dau phia
dudi, bién dang phinh to dan va dién diy vao long
khuon dudi theo hanh trinh di xudng cua chay. Khi
chay, long khuén thuc hién hét hanh trinh 15 mm
ké tir vi tri ban dau tiép xic v6i mat dau cia phoi,
qué trinh tao hinh chi tiét s& két thiic. Khuon trén
chuyén dong khu hoi, long khuon tro lai vi tri ban
dau, san pham duoc day ra khoi 1ong khuén nho hé
thdng chét day. San pham duoc 1y ra két thuc qua
trinh dap.

Dé xac dinh duge lyc dap va du doan kha
nang xay ra mat on dinh, hinh thanh khuyét tat gip
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trong san phdm c6 thé ap dung md phong sé qua
trinh tao hinh.
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Hinh 3. Nguyén cong ddp khoi trong khuon kin
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3. Mé phéng s6 qua trinh dip tao hinh banh
ring tir phdi dng
3.1. Cac budc mo phong bai toan tao hinh trong
Deform 3D

Dé md phong qua trinh dap khdi chi tiét
khop banh rang trong khuon kin & trang thai nong,
¢6 thé sir dung phan mém Deform 3D.

Céc budc tién hanh mo phong sd dugc trinh
bay trén Hinh 4.
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k

Mé hinh vt liéu
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Dit didu kién bién: Nhiét dg,
tiép xtc, ma sét...
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Hinh 4. Cac budc thuc hién bai toan mé phong [6]

Mo hinh hinh hoc ciia phéi 6ng duge xay
dung dua trén kich thudc phoi da dugce xac dinh khi
tinh todn cong nghé. M6 hinh ciia khudn dugc thiét
ké, xdy dung duya trén kich thudc, hinh dang ciia san
pham banh ring.

Dé dam bao do chinh xac két qua mé phong,
phoi dugce chia 80.000 phan tir (Hinh 5).

Journal of Science and Technology 19



ISSN 2354-0575

Hinh 5. Lu6i phan tir ciia phéi

Diéu kién bién ciia bai toan & trang thai nong
duoc xac dinh nhu sau:

- Puong cong chay cua vat ligu C45 phu
thudc vao nhiét d6 (Hinh 6). Cac thong sb vat liéu
khéac nhu mé dun dan hdi E, hé sb poission, hé sb
gian no nhiét... duoc léy ra to thu vién vat liéu
trong phin mém Deform 3D.

- Nhiét d6 ban dau ciia khudn bang nhiét do
ctia moi truong: 20 °C

- Nhiét d6 ban dau ciia phéi: 1150 °C

- Chuyén vi ctia chay: 7 mm va 15 mm tng
véi tiing nguyén cong

Hé s6 ma sat gitra phdi va 1ong khuon bién
dang ¢ trang thai nong: 0.4 [7]

Bai toan dugc xdy dung cho truong hop bién
dang & trang thai nong, c6 ké dén anh huéng cua
truyén nhiét gitta phoi, dung cu gia cong va mai
truong. Qué trinh md phong s duogc thyuc hién trén
may tinh (Intel® Core™ i5-3360M CPU 3.20 GHz
Ram 8GB) véi thoi gian tinh toan 1a 6 gio.

Bién dang cuia phoi ¢ step 48

Flow Stress
211.081

o 0.084 0.1868 0.252

Strain

0336 D42

Hinh 6. Quan hé giita itng sudt va bién dang & cdc
nhiét do khac nhau cua vat lieu C45(A1S1-1045)

3.2. Phin tich két qua mé phéng

Két qua mo phong cua nguyén cong chon
cuc bo (Hinh 7) cac budce tao hinh c6 thé th'?iy duoc
phoi ban dau bi chon, tang tiét dién ngang va co xu
hudng bi phinh tang chdng ra ngoai tuy nhién co thé
thiy dugc mudc do x6 léch mang khong qua 16n.
Giai doan chon cuc bo két thiic khi chay di hét hanh
trinh 7 mm (Step 72).

Bién dang ctia phoi ¢ step 20

Bién dang ctia phoi ¢ step 72

Hinh 7. Qud trinh bién dang trong nguyén céng chon cuc bo
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Két qua mod phong cac bude tao hinh banh
ring (Hinh 8) ¢6 thé thiy dugc phoi trung gian tiép
tuc bi chdn, phinh to hon. Giai doan chon s& két
thiic khi phoi tiép xuc voi cac mit long khudn va
bt dau bi ép chay cuc bd do kim loai bién dang vao
vung tao rang. Tai thoi diém dat duoc 25% hanh
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trinh phoi d bat dau tiép xtc véi cdi kim loai bi day
nguoc vao phia trong cham vao phan dinh vi phoi
tir d6 tao dugc bién dang 6ng thang. Két thuc giai
doan ép chay cuc bd, kim loai sé& dién déy vao cac
goc luon dé tao ra hinh dang chinh xac cua chi tiét.

Hinh 8. Qud trinh bién dang tao hinh chi tiét banh rang

Véi viée thiét ké khuodn tao diéu kién thuén
loi cho bién dang cua vat li€u va dya trén hinh anh
ludi bién dang & cac giai doan tao hinh ciing nhu
phan b téc do bién dang cho thiy phoi dng khong
bi mat 6n dinh va khong xuat hién khuyét tat gép
trén san phim. D6 thi quan hé lyc - thoi gian trén
Hinh 9 hoan toan phii hop véi cac giai doan bién
dang d6 1a lyc tang cham trong giai doan chdn, ting
nhanh hon trong giai doan ép chay dé tao rang va
tang rat nhanh khi kim loai dién diy vao cac héc
tao rang trong long khuon. Lyc 16n nhét & cudi qua
trinh dap va dat 141 tan.

015
Time (sec)

Hinh 9. Biéu dé luc tao hinh
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Két qua phén tich hinh anh luéi bién dang
& thoi diém két thiic mé phong sé (Step 80), tic 1a
kim loai dd bién dang xong, cho thiy kim loai di
dién day vao cac hdc cua long khuén. Nhu vay, do
chinh xé4c vé bién dang hinh hoc cta san phdm dam
bao duoc yéu cau.

Hinh 10. Phdn bé nguy co phd hiy vt liéu

Hinh 10 trinh bay biéu do phan bd nguy co
pha huy trong vat lidu. C6 thé thay rang, hau nhu
trén toan bo chi tiét khong xuat hién phd huy hay
khuyét tat boi gia tri nguy co pha huy rat thap (nho
hon 1). Chi cé céac vi tri goc luon khuon, vat licu
kim loai kho dién ddy, dong chay kim loai bi ddi
hudng va sy thay doi dot ngot cua toe do chay (Hinh
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10) s& dé gay ra khuyét tat b& mat. Tuy nhién, véi
gia tri mac do pha huy vat li¢u 16n nhat la 5.97 s&
khong gay ra khuyét tat tai cac vi tri kho bién dang.

Strain - Effective (mm/mm)

Hinh 12. Phén b6 dong chay vit liéu

Hinh 11 va 12 biéu dién phan b bién dang
va tmg suat tuong duong twong dwong cia chi tiét
tai thoi diém két thic qua trinh dap tao hinh. Gia
tri ing suit va bién dang chi 16n tai cac vi tri géc
lwon cdi. Dong chay cua vat liéu tap trung chii yéu
& phan rang cia banh rang noi kim loai dugc ép
xudng dé dién day khuon banh rang.

Tuy nhién, v6i mirc d6 bién dang 16n nhat
& goc khuon 29.4 mm twong ng voi tmg sudt 1on
nhit 1200 MPa khi tao hinh & trang thai néng trong

Tai liéu tham khao

khuén kin s& khong gay pha huy ddi voi vat liéu
thép C45.

Stress - Effective (MPa)

Hinh 13. Phdn bé iimg sudt

Qua phén tich mot s6 két qua mo phong sé
dwa trén hinh anh phan b dong chay, nguy co pha
huy vat li¢u, Gng sut, bién dang co thé cho ta danh
gia chat lugng san phim dat yéu cdu vé mit hinh
dang va khong xudt hién khuyét tat khi dap khoi tir
phoi 6ng

4. Két ludn

Viéc nghién cutru, lya chon cong nghé dap
khéi tir phoi dng dé tao hinh banh ring cho thiy
hoan toan c6 thé tao hinh duoc cac dang chi tiét
rong, c6 vai va tiét dién ngang thay d6i nhim giam
chi phi san xuét, tiét kiém vat liéu.

V6i viée ap dung mo phong sé dé phan tich
qua trinh tao hinh cho ta xac dinh dugc cac thong $6
cong nghé dap khdi & trang thai nong trong khudn
kin va hinh dang, kich thudc phéi dng phu hop dong
thoi danh gia dugc kha ning tao hinh ciing nhu xuat
hién khuyét tat trong san pham nhu khuyét tat gép.

Str dung cong nghé tao hinh tir phdi dng
khi ché tao chi tiét khép ndi vAu da tiét kiém duoc
téi 44%, vat liéu, déng thoi nang cao co tinh cua
san pham thong qua to chirc thé kim loai lién tuc.
Nhimng két qua nghién ctiru mé phong nay s& dwoc
ap dung, trién khai trong thuc tién san xuét dé minh
chimg vé hiéu qua kinh té va k¥ thuat ciia phuong
phép cong nghé dap khdi tir phoi rdng.
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APPLICATION OF NUMERICAL SIMULATION STUDY TO HOT FORMING PROCESS FOR
MANUFACTURING OF SPUR GEAR BY USING TUBE WORKPIECE

Abstract:

Currently, most gear in the actuator are made by traditional methods such as bulk forming from
block billet and then cutting for finishing. Such manufacturing methods often lead to material wastes due
to cutting out of a large about 30% amount of excess processing. To save material and improve production
efficiency, we can choose tube billet for bulk forming. However, when using bulk forming with tube billet, it
should be calculated carefully to avoid being of instability and appearing of folding defects in workpiece.
This article presents the research on forming process of the coupling detail using methods numerical
simulation and based on obtained results to determine the suitable geometry of tube billet for the forming
in closed die.

Keywords: Bulk foming, Hot foming, Numerical simulation of forming process, Spur gear, Defect in bulk
formed product.
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