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TOM TAT

Bai bdo nghién ciru thiét ké khudén va xdy dung quy trinh ché tao khudn ép phun chi tiét dé
noi com dién sir dung gidi phdp tich hop CAD/CAM/CAE trén phian mém CATIA. Vi san pham
dang hop tron sdu va nhiéu géan phice tap, nghién civu da thiét ké hoan chinh b khudn 3 tam, két cdu
1 long khuén, két hop hé thong cdp nhwa cong phun diém va dwong nwde lam mat vong quanh t6i
wu. Két qua mé phong dong chay nhwa xdc dinh thoi gian dién day dat 1,85 gidy, dp sudt phun 85
MPa va kiém sodt do cong vénh duwdi 0,5 mm. Nghién civu ciing xdy dwng quy trinh cong nghé ché
tao long khuén gom 09 nguyén cong va xudt méa G-code gia céng CNC on dinh. Gidi phdp nay giip
riit ngdn 35-40% thoi gian san xudt so voi phwong phdp truyén théng, gép phan ning cao nang liec
chu dong cong nghé khuon mau néi dia.

T khéa: Khuén ép phun nhwa; Phan mém CATIA; Quy trinh céng nghé; Gia cong CNC;
Pé noi com dién.

ABSTRACT

This research paper studies the design of molds and the development of a manufacturing
process for injection molding a rice cooker base using an integrated CAD/CAM/CAE solution on
CATIA software. For a deep, round box-shaped product with complex ribs, the study designed
a complete 3-plate mold with a single cavity structure, incorporating an optimized point-gate
injection molding system and a surrounding cooling water system. Simulation results of the plastic
flow determined a filling time of 1.85 seconds, an injection pressure of 85 MPa, and warping control
of less than 0.5 mm. The study also developed a manufacturing process for the cavity consisting of
9 operations and generated stable CNC machining G-code. This solution helps shorten production
time by 35-40% compared to traditional methods, contributing to the enhancement of domestic
mold technology capabilities.

Keywords: Injection mold; CATIA; Manufacturing process, CNC machining; Rice cooker
base.
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1. GIOI THIEU

Trong nén san xudt hién dai, nganh
khudén mau déng vai trd ¢t 18i dé ché tao hang
loat san pham nhya chat luong cao. Viéc ung
dung gidi phap tich hop CAD/CAM/CAE trén
phan mém CATIA la xu hudng tit yéu giup
ddng bo hoa dit licu, tdi vu hoa két cdu khudn
va rat ngan chu ky san xuat.

Dé ndi com dién 1a chi tiét nhya gia
dung pho bién nhung c6 két ciu phuc tap véi
hé théng gan tang ctng day dic va 16 thoat khi.
San phém doi hoéi do chinh xac hinh hoc cao va
yéu cau do bén co 1y cao. Do ciu trac dang hop
tron sau, viéc thiét ké mat phan khuon va hé
thdng lira ddy rat dé xay ra khuyét tat ket hodc
bién dang san pham néu khong duoc tinh toan
k¥ ludng.

Céc nghién cuu trude day trén CATIA
thudong tap trung riéng 1é vao khau thiét ké
(CAD) hoac gia cong (CAM). Nghién cuu nay
ké thira cac phuong phap tach khuon tién tién,
ddng thoi cai tién bang cach xdy dung mot quy
trinh cong nghé tich hop toan dién va dong bod
tir khau phan tich cong nghé san pham dén 1ap
trinh CNC.

Bai bao nay tap trung vao thiét ké hoan
chinh b¢ khuon ép phun va Xay dung quy trinh
cong ngh¢ gia cong CNC t01 wu cho chi tiét dé
ndi com di¢n trén phan mém CATIA, gop phan
nang cao nang suit va chat luong ché tao khudn
mau ndi dia.

Hinh 1. Hinh anh thuc 1é ciia dé néi com dién Midea

2. THIET KE KHUON EP PE NOI COM PIEN

Thiét ké tong thé ctia khudén bao gdm
hai phan chinh la: Thiét ké két cau bo khuon va
hé thong cong nghé trén khudn.

2.1. Thiét ké két cau bd khudn

Phén két cdu bo khudn co ban gdm céc
phan sau: Ving long khudn; B phan dan vat
lidu; Thiét bi day ldy san phdm; Bo phan diéu
tiét nhiét d6 khudn; Bo ga lap khudn vao may;
Chi tiét khuon co ban.

Ving long khuén 1a ving truc tiép tao
ra san pham va dugc hinh thanh tir hai nira
khuon. Do chinh xéc kich thudc va trang thai
bé mit cua vung long khudn cé y nghia dén
chét lwong san pham, do vdy ving long khuon
14 bo phan quan trong nhét. Cau tao ving long
khuon c6 quan h¢ sau sic véi bd phan dan liéu
va ung voi cac phuong phap tao hinh khac nhau
ma c6 két cu khuén dic thu khac nhau.

Phan tiép xtic gitra 161 va long khuon
goi la duong (mat) phan khuon.

Theo churc nang, bd khudn con dugce thiét
ké thanh cac bo phan chinh (1+19) dudi day:

1) Tam kep phia trude: Kep tAm cb dinh
cua khuon vao may.

2) Tam khuén trudce: La phan c¢b dinh
cua khudn tao thanh phan trong va phan ngoai
cua san pham.

3) Vung dinh vi: Bam bdo vi tri thich
hop cta khuon va voi phun.

4) Bac cudng phun: Néi voi phun va
kénh nhya véi nhau qua tam kep phia trude va
tam khuon trudec.
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5) San pham.

6) B6 dinh vi: Bam bao cho su phu hop
gitra phan co dinh va phan chuyén dong ctua
khuodn.

7) Tam d&: Giit cho manh ghép cua
khuon khong bi roi ra ngoai.

8) Khéi d&: Dung lam phan ngin giita
tam d& va tam kep phia sau dé€ cho tam day hoat
dong duoc.

9) Tam kep phia sau: Kep phan chuyén
dong cua khuon vao may.

10) Chét day san pham: Dung dé day
san pham ra khoi khuén bi mé.

11) Tam giir: Giit chét ddy va tim day.

12) Tam day: Pay chét diy dong thoi
voi qua trinh day.

13) Bac dan hudng chdt: Dé tranh cho
mon va hong chot do, tam day va tam git do su
chuyén dong ctia chung.

14) Chét hoi vé: Lam cho chdt day co
thé hoi vé khi khuon dong lai.

15) Bac mé rong: Dung 1am bac kep dé
trdnh mai mon, hong tam kep phia sau tam do
va khoi do.

16) Chét d&: Dan huéng chuyén dong
va dd cho tam day, tranh cho tam khudn khoi bi
cong do ap luc day cao.

17) Tam khudn sau: La phan chuyén
dong cua khuon tao 1én phan trong va phan
ngoai cua san pham.

18) Bac dan huéng: Dé tranh mai mon
nhiéu lam hong tam khuon sau.

19) Chét din huéng: Dan phan chuyén
dong t6i phan c¢d dinh cua khuén [1].

R 77772
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Hinh 2. M6 hinh tong thé khuén da thiét ké

2.2. Thiét ké cac hé thong cong nghé trén khudn

Duya trén két qua phan tich cong nghé
chi tiét dé ndi com dién, cau triic bo khuén
dugc thiét ké t6i vu trén module Mold Tooling
Design ctia CATIA véi cac hé thong chinh sau:

Hé théng cép nhwa: St dung kénh din
nhya ba tim dang tron (¢8mm) dé can bang
dong chay. Hé thong st dung cong phun diém
(Point Gate, ¢1.5mm) dit truc tiép tai tim day
chi tiét. Thiét ké nay giup dong nhya phan bd
déu dén cac gan, tu dong cit dudi keo khi mo
khuon va dam bao thim my cho bé mit ngoai
san pham.

Hé thdng lam mat: Dé giai nhiét dong
déu cho chi tiét hop tron sau, cac duong nude
lam mét (¢10mm) dugc thiét ké chay vong
quanh (vong long khuon va vong 161 khuon).
Khoang cach tir tim duong nude dén bé mat
long khuon duge tdi wu tir (15-20mm), dam
bao ha nhi¢t d§ nhya nhanh, giam chu ky ép va
tranh bién dang cong vénh.
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Heé thdng lira ¢ay san pham: Do lyc bam
dinh ctia dé ndi com dién vao 15i khudn (Core)
rat 16n khi co rut, hé théng day duoc thiét ké két
hop: Sir dung tim gat (Stripper Plate) doc theo
chu vi ngoai cung hé thong chét day, (¢6mm)
tai chan cac gan tang cimg. Su két hop nay gitp
phan bd déu luc day, tranh gay nut v& hodc dé
lai vét 1m 16n trén chi tiét.

2.3. M6 phéng khuon

Cong tac mdé phdéng duogc thuc hién
nham kiém tra dong hoc két ciu khuon va danh
gié tinh cong nghé cua qua trinh ép phun:

Mo phong dong hoc dong/md khuodn:
Str dung module DMU Kinematics trén CATIA
dé mo6 phong chu trinh hoat dong cia khudn
3 tam. Két qua mo6 phong xac nhan: Khoang
mo gitra tim kep trudc va tim gat cudng phun
da dé dudi keo roi ty do; khoang mé giita tAm
tinh va tdm dong du dé hé thong gian diy dua
san pham ra ngoai an toan. Toan bo chu trinh
khong xdy ra va cham hinh hoc gitta cac chi tiét
chuyén dong.

Mo phong dong chay nhua (CAE): M6
hinh hinh hoc tir CATIA duogc xuat sang moi
truong mo phong dong chay chuyén dung dé
danh gia thiét ké. Két qua cho thdy: Véi ap suat
phun (85MPa) va nhiét dd khuon (60°C), dong
nhya PP+GF dién diy hoan toan long khudn
(100%) trong thoi gian (1.85 gidy). Cac vi tri
bay khi va duong han nhya chi xuat hién nho &
ria mép ngoai, khong anh hudng dén co tinh va
tham my ctia dé ndi com dién [2], [4].

Hinh 3. Hé théng khuén thiét ké hoan thién.

3.XAY DUNG QUY TRINH CONG NGHE
GIA CONG LONG KHUON VA QUA
TRINH SAN XUAT CHI TIET PE NOI
COM PIEN

3.1. Xay dung quy trinh c6ng ngh¢ gia cong
long khuén

Phan tich chirc ndng 1am viéc cua long
khuon: Long khudn yéu ciu phai c6 do ctng,
d6 bén nhiét va d6 bong cao do phai tiép xiic
v6i chat déo ndng chay.

Phan tich tinh cong nghé trong két cau
ctia long khuon: chi tiét dang hop; Cac yéu cau
ky thuat chung bao gom:

- Do phing va do song song cua cac bé
mat chinh trong khoang 0,05-0,1 mm trén toan
bd chicu dai, d6 nhdm bé mat Ra = 1,25 um.

- Cac 16 do chinh xac cap IT7..IT8 va
d6 nham bé mat Ra = 1.25-0,63 um.

- D6 vudng goc giira mat dau va tam 15
trong khoang 0,01-0,05 mm/100 mm.

- Chi tiét du d6 cung vimg khi gia cong,
khong bi bién dang va c6 thé dung ché do cat

cao dé dat nang suat cao.

O day, voi muc dich nghién ciru va thu

nghiém, ta chon dang san xuat don chiéc loat nho. &
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Vat lieu duoc chon dé ché tao long
khuon 1a thép 2316, la thép hop kim Crom
Molybden khong gi da dugc t6i va ram san voi
cac dic tinh sau: Kha niang chdng gi cao, danh
bong tét, chbng mai mon cao, gia cong dé dang,
d6 cting ddng nhit moi kich thudc, chi phi bao
tri khuon thap.

- Vat liéu cta tim kep trudc, tam kep
sau, tam gilr tam day: Chon la thép C45.

Chon phuong an cong ngh¢ va lap thu
tu nguyén cong ché tao chi tiét long khudn.

Chon phuong an ché tao phoi: Phoi tim.
* Lap thir tw nguyén cong:

Nguyén cong 1: Cat phoi kich thudc
300%300x47 mm.

Nguyén cong 2: Phay 2 mit phang day
dat kich thudc 44! mm.

Nguyén cong 3: Phay 4 mat bén cua
phoi dat kich thudc 2962 mm.

Nguyén cong 4: Khoan 4 16 ¢10 va
khoan 8 16 $15 tao kénh dan nudc. Khoan 2 15
$15 (dé chuéan bi taro 2 16 M16 lap moc treo &
nguyén cong sau).

Nguyén cong 5: Mai 2 mat day dat kich
thude 43*%%va 36 nham Ra = 0,63 pm.

Nguyén cong 6: Gia cong mat dudi cua
chi tiét. Khoan 156 ¢18; 4 16 $23 va khoan 4 15
¢9. Thyc hién trén may CNC.

Nguyén cong 7: Gia cong toan bd long
khudn (mat trén). Thuc hién trén may CNC.

Nguyén cong 8: Taro 4 16 ren M10; Taro
10 16 ren M16; Panh bong toan bo 1ong khuon.

Nguyén cong 9: Tong kiém tra.

3.2. Lap trinh gia cong 1ong khudn trén phan
mém CATIA

Sau khi gia cong xong long khuon, tur
Manufacturing Program trén cay thu muc, chon

Generate NC Code Interactively.
Chon kiéu xuat 1a NC Code tai 6 NC
Data type.

Tai thé NC Code chon Execute dé tién
hanh xuat chuong trinh gia cong.

Cudi cung, ta dugc chuong trinh NC
nhu sau:

%

00001

N1 G94 GO1 X3761.359 Y7673.34 Z179.137
F300. S70 M3

N2 Z-74.863

N3Y7518.4

N4 X7518.4 F1000.
N5YO0.

N6 XO.

N7Y7518.4

N8 X3761.359

N9 Y7482.205
N10Y7446.01

N11 X7444.214

N12 X7453.359 Y7453.359
N13 X7446.01 Y7444.214
N14Y74.186

N15 X7453.359 Y65.041
N16 X7444.214 Y72.39
N17 X74.186

N18 X65.041 Y65.041

N14064 Y7518.171 Z-323.798
N14065 X6601.46

N14066 Y7163.74 Z-323.452
N14067 X6576.06 Y7125.792 Z-323.415
N14068 Y7518.171 Z-323.798
N14069 X6550.66

N14070 Y7065.461 Z-323.356
N14071 Z-170.956

N14072 G5 PO

N14073 M5

N14074 G91 G28 Z0.
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N14075 G28 X0. YO.
N14076 M30
% [3].

Céc hinh anh bd khuon thyc té:

Hinh 4. BJ khuén thuc té

3.3. Qua trinh san xuit chi tiét dé néi com
dién trén khuén ép phun véi may XY1600

Quia trinh san xuat thuc té chi tiét dé noi
com dién sir dung bd khuon di thiét ké duoc
thuc hién trén may €ép phun nhya thay luc 160
tan voi chu trinh cong nghé gém 4 giai doan cbt
161:

Giai doan 1 — Chuan bi vat liéu va Kep
khuoén (Clamping): Hat nhya nguyén sinh PP
gia cudng soi thiy tinh (PP+GF) duoc sy kho
& nhiét do 80°C trong 2-3 gid dé loai bo 6 am.
Nhua sau d6 duoc cp vao phéu chira. May ép
tién hanh dong khudn; hé théng thuy luc tao ra
luc kep 16n (tinh toan 1y thuyét Pkp > 150 tan)
dé giir chat tim dong va tam tinh, chong lai ap
suat ddy nguoc tir dong nhua nong chay.

Giai doan 2 — Phun nhua va Dién day
(Plasticating & Injection): Nhya dugc truc
vit gia nhiét nong chay dén trang thai long
(210°C-230°C). Tryc vit chuyén dong tinh tién
vé phia trudc nhu mot pittdng, ddy dong nhya
qua bac cudng phun, hé thong kénh din 3 tim
va cong phun diém (Point Gate) dé dién day
hoan toan 10ng khuon. Ap suét phun duoc duy
tri 6n dinh & mtrc 80-90 MPa.

Giai doan 3 — Duy tri 4p sudt va Lam
ngudi (Holding & Cooling): Sau khi nhya dién
day 100% long khudn, may chuyén sang giai
doan giit 4p (ap suat duy tri khoang 60-70%
ap suat phun) dé bu lai luong nhua bi co rat
khi ngudi, ngan ngira khuyét tat vét 1om & cac
chan gan day. Dong thoi, hé théng nude lam
mat thiét ké vong quanh long va 18i khuén
hoat dong lién tuc nhim ha nhiét do san phém
xudng dudi nhiét do bién dang nhiét (T, =~
50-60°C).

Giai doan 4 — M¢ khuoén va Pay san
pham (Opening & Ejection): Khi chi tiét da
dong ctng hoan toan, tim dong Iui vé phia sau
theo truc Z. Nho két cAu khudn 3 tAm, hé théng
kénh dan nhua dugc tach roi va tu dong cat dit
khoi san pham tai vi tri cong phun diém. Hé
théng gian day kich hoat, ddy tAm gat (Stripper
Plate) két hop cac chdt day (Ejector Pins) tac
dong déu 1én chu vi va chan gan dé day dé noi
com di¢n roi ra ngoai an toan, két thuc mot chu
ky ép (Cycle time = 25-30 giay).

Hinh 5. May ép phun XY1600
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Qua trinh ép tao san pham gom cac
budc sau:

Budc 1: Nhao tron va gia nhié¢t trong
xylanh may ép.

Budc 2: Qua trinh ép phun gii 4p suét
¢p va lam mat.

Budc 3: Van hanh hé théng lam mat,
m¢ khuon 14y san pham.

4. KET LUAN

Nghién ctru da ung dung thanh cong
giai phap tich hop CAD/CAM/CAE trén phan
mém CATIA dé hoan thién quy trinh thiét ké va
ché tao khuén ép phun cho chi tiét dé ndi com
dién, dat duoc cac két qua dinh luong cu thé:

Hiéu suit va thoi gian thiét ké: Viéc
g dung giai phap CAD/CAM dong bd trén
CATIA gitip rt ngan thoi gian thiét ké két ciu
bo khudn va 1ap trinh gia cong xudng tir 35%
dén 40%. Do st dung chung mét co s¢ dir liéu,
moi thay doi hinh hoc tir chi tiét dé ndi com
dién 3D s& tu dong cap nhat sang long khuon,
161 khudén va duong chay dao CNC, triét tiéu
hoan toan thoi gian stra 16i thi cong.

Do chinh x4c hinh hoc: Cong nghé mo
hinh héa bé mit ning cao (Generative Shape
Design) dam bao dd chinh xac hinh hoc cua
long khuon va 16i khuon dat dung sai bé mit
duéi (£0.01) mm. Piéu nay dic biét quan trong
dbi véi cac bién dang tron sau, hé théng gin
tang ctng phirc tap va cac 1 thoat khi cta dé
ndi com dién, gitp loai bd hién tuong sai 1éch
kich thuéc lap ghép va giam thoi gian ra ga,
danh bong stra khuon thuc té.

T4i wu hoa hé thdng cong nghé qua mod
phong Moldflow: Két qua phan tich dong chay
nhua tir Autodesk Moldflow da chirng minh tinh
dung dan cua viéc thiét ké hé thong cip nhua.

Vé6i cong phun diém (Point Gate) dat tai tim
day chi tiét, thoi gian dién day nhuya PP+GF dat
(1.85 gidy) voi ap suat phun can bang 6n dinh &
muc (85 Mpa).

Kiém soat khuyét tat san pham: Mo
phong dong chdy x4c nhan nhiét do dong nhua
tai cudi ky dién day khong bi giam qua (5°C),
ngin nglra hién tuong nghén dong hodc thiéu
li¢u tai cac gan moéng. Cac duong han nhya
(weld lines) va bay khi (air traps) duoc kiém
soat ddy hoan toan ra ria bién ngoai ctia chi tiét
— noi bb tri cac ranh thoat khi trén tAm khuon
— gitp bé mit san pham khong bi rd, chay khét
hay suy giam co tinh. Hién tugng co rat thé
tich dugc bu dip tét thong qua giai doan giir
ap, dam bao do cong vénh téi da ctia san pham
sau khi 1am ngudi nam trong giéi han cho phép
(<0.5 mm).

Hudng phat trién tiép theo 1a mg dung
cac thuat toan téi wu hoa théng minh (nhu
Thuat toan di truyén — GA, Bé mit dap tng —
RSM) nham tbi uu hoa cac thong sé ché do cit
khi phay CNC thép 2316. Nghién ctru qua trinh
mod phdong dong chdy trong khuon, tir d6 ta xac
dinh duoc nhiét do, 4p suét, kha nang dién day
ctia khuén, giam khuyét tat khuon. <
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