P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

NGHIEN CU'U (NG DUNG MO PHONG SO TOI UU HOA
THIET KE KHUON EP CHAY VO DONG CO DIEN HOP KIM NHOM

RESEARCH APPLICATION OF SIMULATION TO OPTIMIZING DIE DESIGN EXTRUSION ALUMINUM ALLOY

ELECTRIC MOTOR CASE

Nguyén Trong Mai'", Tran Piic Quy', Pham Buic Cudng’,

Nguyén Xuan Chung’, Nguyén Van Thién', Hoang Tién Diing’

DOI: https://doi.org/10.57001/huih5804.88

TOM TAT

Khudn c6 vai tro quan trong quyét dinh truc ti€p dén do chinh xac va chat
lugng ctia san pham trong qud trinh ép chdy hop kim nhom [1, 4]. D& dam bao
do chinh xdc vé hinh dang hinh hoc ca san pham phai dam bao van téc san
phdm thoat ra tai cic diém bat ky trén cra khudn |3 béng nhau. Do d6 thiét ké
khudn phai dam bdo can béng dong chdy kim loai thoat ra tai ctfa khudn [3, 4, 6].
V6 dong co dién hgp kim nhom dugc ché tao bang phuong phap ép chay la mot
phuong phap mdi dem lai hiéu qua kinh t€ va chat lugng san pham. Md phéng s6
qua trinh ép chdy hgp kim nhom bang phan mém Qform Extrusion gitip du bao
chinh xdc hinh dang san pham ép chay ra ddi véi mdi phuong an thiét k& khuon
[2,5,10]. Qua dé gitip cac nha thiét ké khudn hiéu chinh cac thdng so thiét ké dé
t0i uu hda thiét ké khudn. Bai béo trinh bay phuang phap ting dung md phdng so
dé t6i uu héa thiét ké khudn ép chdy vo dong co dién hop kim nhom 6063.

Tir khéa: Mo phdng sd; téi uu hda thiét ké, khuén dun, vé ddng co dién, hop
kim nhém 6063.

ABSTRACT

The dies an important role that directly determines the accuracy and quality
of the product in the aluminum alloy extrusion process [1, 4]. To ensure the
correct geometry of the product, the exit velocity of the product at any point on
the die bearing must be equal. Therefore, the die design must ensure the balance
of metal flow out at the die bearing [3, 4, 6]. Aluminum alloy electric motor case
made by extrusion method is a new method that brings economic efficiency and
product quality. Numerical simulation of aluminum alloy extrusion with Qform
Extrusion software helps to accurately predict extruded product shape for each
die design option [2, 5, 10]. Thereby helping die designers calibrate design
parameters to optimize die design. This paper presents a method of applying
numerical simulation to optimize the design of 6063 aluminum alloy electric
motor case extrusion die design.

Keywords: Numerical simulation; Optimized design, extrusion die, electric
motor case, aluminum alloy 6063.
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KY HIEU
Ky hiéeu Ponvi  Ynghia
B mm D6 rdéng vung dan nhém cla
khuén
h mm D6 rong clta khuon clia khudn
H mm D6 sadu vung dan nhém cda
khuén
mm Do dai clia ctra khuén
mm Khodng cich tu cla khuon
dén tam khuén
1. GIGI THIEU

Qua trinh ép chay 1a qua trinh dung luc (chay ép) dé ép
chdy phéi qua khe hé bién dang trén khuon (ctra khuon)
tao thanh thanh hgp kim nhém dinh hinh (hinh 1) [1, 4].
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1.Dau chay; 2, 3. Hai ntia khuon; 4,6,7. Dém khudn; 5,9. Ao khudn; 8. Ban may

Hinh 1. Cau tao hé thdng ép chdy thanh hgp kim nhom [4]

Khuén ép chay thanh hgp kim nhém c6 ciu tao gom
cac phan chinh nhu trén hinh 2.

Trong qua trinh ép chay thuan trén loai khuén ép thanh
hgp kim nhém, van téc dong chay kim loai ra khoi cua
khuén phu thudc vao cac yéu té:

- Vung dan nhém: d6 rong vung dan nhém B; do sau
vung dan nhom H.

- Clra khuon: d6 dai cda ctra khuén L; do rdng cla clia
khuén b;
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- Vi tri cfa khuon trén khuon: Khodng cach tu vi tri maé
ctia khudén dén tam khuodn e.

[

1.Viing dan nhom; 2. C&ra khudn; 3. Ving thoat
Hinh 2. Cau tao khudn ép thanh hgp kim nhom

Khi thiét ké khuén néu thiét ké c6 dinh cac théong sé
hinh hoc vung dan nhém (B, H), chiéu dai ctra khuén (L)
khéng déi thi téc do dong chay kim loai ra khéi cira khudn
tai cac vi tri khac nhau trén khuén sé khéng bang nhau. Vi
vay n6 anh hudng truc tiép dén chat luong san phadm vé
hinh dang hinh hoc nhu sdn pham bi cong, méo hodc lugn
séng (hinh 3), tham chi khéng thé thuc hién qua trinh ép
chay ra dugc san pham.

Hinh 3. S&n phdm bi gon song do tdc dd ra khdng déng déu [6]

Nguyén nhan cta hién tugng nay la do téc do dong
chay kim loai tai khu vuc tam khuén c6 t6c d6 cao han khu
vuc cach xa tam khuén vi khu vuc cach xa tam khuon 6 luc
ma sat gilra phoi véi thanh 6ng chda phoi, khu vuc viing
kim loai chét (viing kim loai khéng di chuyén) va bé mat
cra khuon nhu hinh 4.

1 2 3

-

-

Than chay é _ San pham
e
Bac

Buong chira phoi Khuén

1. Ma sat phoi - ong chta phoi; 2. Ma sat phoi - ving kim loai chét;
3. Ma sdt phai - c(ta khudn
Hinh 4. Ma sét trong qua trinh ép truc tiép [4]
Mét nguyén nhan khac nira la khi d6 day san phdm b
thay d&i thi vi tri c6 dé day san pham 16n sé c6 t6c¢ dd dich
chuyén ctia dong kim loai nhanh han va ngugc lai [3, 6].
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Bén canh d6 khudn c6 thé bi bién dang dan héi dudi tac
dung cta luc ép ciing cé thé gay ra hién tugng bién dang
clra khuén tai cac vi tri khac nhau gop phan lam cho t6c dé
ra khéng déng déu tai cac diém khac nhau trén ctra khuén.

Mot thiét k& khudn tot phai dam béo t6c do ra cla san
phdm tai cac diém khac nhau trén clfa khuén phai béng
nhau. D€ giadi quyét van dé nay thudng c6 ba phuong phap:
thay d&i dé dai clra khuén; thay déi dé rong vung dan nhém;
thay d6i két hap ca dé dai va d6 rong vung dan nhém [3].

Hién nay mo phong sé qua trinh ép chay hop kim nhom
da dat dugc budc tién I6n khi dat dugc su tuong dong gilia
két qua mo phdng s6 véi qua trinh ép chay thuc té [én dén
95% [7-9]. Do vay c6 thé ing dung mé phdng s6 qua trinh
ép chay hgp kim nhém dé du doan chat lugng san phadm
Ung vGi moi phuong é&n thiét ké khuén. Trén co s& dé dua
ra phuong an cai tién thiét k€ nham t6i uu hda thiét ké
khuén dé dam bao chat lugng sadn pham, déng thai gidm
thiéu chi phi thit va chinh stta khuén.

Vo dong co dién hop kim nhom dugc ché tao bang
phuong phéap ép chdy la mét phuong phap mdéi dem lai
hiéu qua kinh té va chat lugng san pham.

Bai bao tap trung (ng dung mo phdng s6 vao qua trinh
t6i (ru hoa thiét ké khudn ép chay sadn pham vo déng co dién.
2. UNG DUNG MO PHONG SO TOI UU HOA THIET KE
KHUON EP CHAY VO DONG CO DIEN HOP KIM NHOM
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Hinh 5. Tiét dién v dong co dién

Tién hanh mo phdng s6 dé can bang dong chay trong
khuén ép chdy vé dong co dién hgp kim nhém nhu hinh 5.
Do san phdm co su thay déi do day tiét dién nén can can
bang dong chay theo phuong phap thay déi két hop ca
chiéu dai clra khuén va dé réng vung dan trén phan mém
mé phong Qform Extrusion.

Tinh toan thiét ké khuon theo kinh nghiém dugc bd
khuoén cé két cdu nhu hinh 6, 7, 8.
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Hinh 6. Ban vé thiét ké khudn theo kinh nghiém
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b) Ban vé 3D ntra 6i khudn
Hinh 7. Hinh vé 3D thiét ké khudn theo kinh nghiém
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Hinh 8. Thiét ké chiéu dai ctia khudn va ving dan nhom clia khudn thiét ké

lan 1

Tién hanh s dung phuong phap mé phong sé trén
phan mém Qform danh gia san pham ép, lam cc s& hiéu

a) Thiét ké chiéu dai ctra khudn tai cac vi tri

R 70

70

b) Thiét ké bé rong viing dan nhom (N)

chinh thiét ké khuén. Qua trinh nay lap lai nhu hinh 9.

Thiét ké khuén

NO . | NO =
l Hiéu chinh Lbearing H M6 phong so l—»l Hiéu chinh B viing dan ‘

OK

Hinh 9. S d6 thiét ké khudn

Toan bd cac théng sé clia qua trinh mo6 phong ép san

pham theo bang 1.

Bang 1. Di¥ liéu md phdng

STT Cac thong sé md phéng
1 |Vatligu phoi 76063
2 | Kich thudc phoi: Chiéu dai L = 650; dudng kinh @ =180
3 | Vatliéu khuon SKD61
4 | Nhiét d 6ng chiia phoi, (°C) 420°C
5 | Phdi, (°0) 450°C
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6 | Nhiét dd khuon, (°C) 490°C

7 |T6cdb cha chay ép, (mm/sec) 5mm/s

Két qua mé phong s6 trén phan mém Qfrom du doan
hinh dang s&n phadm ép ra nhu hinh 10.

] -
-y —
.o
-

Hinh 10. M& phdng s6 qua trinh ép sdn pham trén phan mém Qfrom vdi
thiét ké khuon lan 1

Vi thiét k& khudn da co, sau khi xay dung moé hinh toén
va PTHH cho khuon, két qua mé phdong cho thdy cac canh
san phadm c6 téc do ra chua déu. Vi thé khudn can dugc
hiéu chinh thiét ké, 1ap lai mé phong va téi uu hoa céac
tham sé thiét ké&. Dong kim loai ép ra tai vi tri cac canh tan
nhiét ddng co cé xu hudng ra nhanh hon. Trudc hét can
ti€n hanh tang chiéu dai cla khuén tai cac vi tri canh tan
nhiét (kich thudc khoanh tron) nhu bang 2, sau dé mo
phong lap lai ta dugc két qua dong chay kim loai nhu trén
hinh 11.

Bang 2. Thay ddi chiéu dai ctra khuon

Chiéu dai L ctta khudn cii Tmm 5mm
Chiéu dai L cta khudn mdi 2mm 10mm

) e
1 gid tri cll
: gia tri moi

a) Hiéu chinh chiéu dai ctra khuon

khuén lan tha 2

b) Két qua mé phdng
Hinh 11. Két qua md phng dong chay hop kim nhom khi thay doi két cau
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a) Hiéu chinh viing dan nhom cta khuon

"

b) Két qua md phdng
Hinh 12. Két qua md phdng dong chay hop kim nhom khi thay d6i két cau

Nhin vao két qua mé phong hinh 11b cho thdy dong
chdy & vi tri cAnh tan nhiét cla san phdm da chay cham hon
nhung dong chady & vi tri dé déng co c6 xu hudng chay
nhanh hon. Chiéu dai cta khuén & vi tri d6 da hiéu chinh
[&én 10mm, néu tiép tuc tang thém chiéu dai sé dé gay ra
vét mau xam trén san pham do su chénh léch d6 dai cta
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khuén I6n véi vung bén canh. Do vay sé st dung bién phap
thay déi dé rong ving dan nhém cho lan hiéu chinh két
cau khuon tiép. Tién hanh m& réong vung dan nhém cho
khu vuc canh tan nhiét va han ché bé rong dan nhém ving
dé dong ca duac két qua nhu hinh 12a. K&t qua mé phong
nhu 12b.

Nhu vay, sau mét s6 1an hiéu chinh kich thudc viing dan
nhém két hop hiéu chinh chiéu dai clia khudn véi su ho trg
ctia phan mém mo phong sé Qform Extrusion da dat dugc su
can bang dong chay ra clia san pham. Day la yéu t6 quyét
dinh dén d6 chinh xac vé hinh dang hinh hoc clia sadn pham.
3. KET QUA VA THAO LUAN

Tién hanh ché tao bo khudn theo phuong an thiét ké da
dugc t6i uu thiét k&, dua khudn vao dun thir san pham trén
may dun ép nhu trén hinh 13 tai Nha may nhém Béng Anh

b) San pham vé dong co dién

Hinh 13. Qué trinh th{ khudn tai Nha méy nhom Ddng Anh

Qua qua trinh kiém tra céc kich thudc va cac yéu cau ky
thuat khac tai phong ky thuat nha may nhém bong Anh da
xac nhan san pham dat cac tiéu chuan ky thuat cta nha
may ngay tu lan thi dau tién ma khong can phai hiéu chinh
lai thiét ké hay stta ngudi lai khuén. Nhu vay (ng dung
phuong phap mé phéng s6 dé can bang dong chay trong
qua trinh thiét k& khuon ép chay than dong co dién hop
kim nhém da gop phan nang cao hiéu qua kinh té trong
san xuat, gidm thaoi gian sifa ngudi khudn va rat ngan qua
trinh t6i uu két cau khuédn.
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4, KET LUAN

Bang viéc ung dung moé phéng sé trén phan mém
Qform theo phuong phép can bang dong chay két hgp da
tim ra két cdu khuén hop ly dam bao can bang dong chay
san pham vé dong ca dién hgp kim nhom 6063.

Qué trinh thi khuén tai nha méy cho thay két mé
phong sé tuong dong véi két qua mé phong, cho thay do
tin cay trong st dung két quéd mé phéng dé can bing dong
chay kim loai khi thiét k& khuén dun nhém.

Ung dung mé phéng s vao qua trinh téi uu hda thiét
ké khuén giip cho nha thiét ké khuon, ché tao khuén va
stia khuén rat ngan dugc qua trinh thir nghiém va chinh
stia khuon gop phan nang cao hiéu qua kinh té cho céc nha
may thiét ké, ché tao khuon mau.

LOI CAM ON

Tac giad chan thanh cdm on sy giup d& cha hang phan
mém Qform, Nha may nhém Béng Anh trong qua trinh tac
gia thuc hién bai bao nay.
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