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Toém tat - Trong qué trinh duc &p lwc cao, viéc tinh toan dong chay
kim loai v&i van toc, nhiét dd hop ly d& ddm bao cho kim loai dwoc
ddng thoi phun vao Iong khuon, dién day tt ca cac vi tri goc, rénh
va qua trinh két tinh ddng déu 1a rat quan trong dé tao ra dwoc san
phdm cé chét lwong tbt. Bai bao nay trinh bay phwong phap mé
phéng dé tinh toan dong chay kim loai trong khuén. Cac két qua
cho thay, van téc dong chady va nhiét d6 dong chay kim loai anh
hwéng dén chét lwgng san pham. Trong viing khao sat, khi van téc
dong chay v = 0,7 m/s, nhiét do d(‘)ng chay T = 650°C thi thoi gian
déng dic nhé nhét, 6 co ngét gidm va vi tri ré khi ndm & khu vue
dau ngét. Cac két qua nay gilp danh gia, didu chinh cac théng sb
cdng nghé va hinh hoc nhw tiét dién kénh dan, van téc phun, nhiét
dé dau vao ciing nhw viéc phan phéi dong chay sé glup giup kiém
soat chat lwgng clia san pham trwéc khi dwa vao san xuat.

Tir khéa - Md phong; dong chay kim loai; dic ap lwc cao; chét
lweng san pham

1. Pit van dé
“Puc ap lyc cao 1a cong nghé trong d6 kim loai 1ong dién
day khuon va dong dic dudi tic dung ciia ap luc cao do dong
khi néng hodc dau ép trong xilanh ép tao ra” [1-2]. Déi véi
duc ap luc cao, dong chay dugc gia thiét 1a dong chat long
Newton. Trong qua trinh tinh toan dong chay, can tinh dén
dong kim loai chay v6i van toc bao dam khong giy ra dong
chay rbi. Mot trong cc yéu cau quan trong la dong chay phai
béo dam van toc du 16n dé kim loai duoc dong thoi phun vao
cac 1ong khuon, do d6 s& lam cho qua trinh két tinh ddong
déu. Qua trinh x4c dinh van tdc dong chay cua kim loai khi
duc ap lyc cao s& gitp tdi uu kich thudce ranh dan, kich thude
ctra phun, van tdc, ap luc phun, va thoi gian dién day khuon.
Qué trinh két tinh ctia kim loai phu thudc vao cac yéu té nhiét
dong hoc. Bang phuong phap m6 phong c6 thé xac dinh thoi
gian ngudi, thoi gian két tinh, ving két tinh nhanh nhat va
cham nhét cta vat duc. Trén co s¢ do co thé dy doan qua
trinh két tinh bao dam t6 chirc kim loai dong déu trén tiét
dién san pham va déng déu trén céc san pham khac nhau véi
cung mot lan duc. Ngoai ra, mé phong ciing gitip xac dinh
{mg suét du tai cac ving khac nhau cta vat dic. Pong thoi
¢6 thé tinh bén ciia khuén khi chiu 4p luc va nhiét do cao [3].

Viéc tinh toan thiét ké khuon duc néu khong c6 mod phong
s& doi hoi phai ché thir va can c¢6 nhiéu kinh nghiém, gy ton
kém thoi gian, kinh phi, lam ting gia thanh san phdm. Chinh
vi véy, viéc img dung ky thuét m6 phong, theo phuong phap
thiét ké cong ngh¢ hién dai dé giam thiéu cac chi phi va nhanh
chong dua san pham ra thi trudng 1a diéu can thiét. Trén co s¢
tinh toan so bd cac thong sb cong ngh¢ duc ap luc cao, lay cac
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Abstract - In the high-pressure casting process, calculating the
metal flow with a guaranteed speed, a reasonable temperature
ensures that the metal is simultaneously injected into the mold cavity,
filling all the corners, grooves, and positions. This paper presents a
simulation method to calculate the metal flow in the mold. The results
show that the metal flow rate and temperature affect the product
quality. The simulation results in the survey area demonstrate that
when the flow rate v = 0.7m/s, the flow temperature T = 650°C, the
solidifying time is the smallest, the shrinkage is reduced and the
blowhole is located in the feeder head area. This results help to
evaluate and adjust technological and geometrical parameters such
as channel cross-section, injection speed, inlet temperature.
Besides, the flow distribution can be used to control the quality of the
product before it goes into production.
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thong s d6 1am diéu kién dau vao cho mé phong.

Trén thé gi6i da c6 mot sd cong trinh nghién ctru vé linh
vuc dic ap luc. Guoding Yuan va cac cong sy [4], da
nghién ctiu nhém kiém soat toan dién, hop 1y va chinh xac
cac thong so khéc nhau trong qua trinh duc ap luc, tir do
dam bao sy 6n dinh ctia qua trinh san xuét va ning cao chét
luong cuia san pham. Trong nghién ctru [5], Jayant K.
Kittur d& mé hinh héa qua trinh dac khuén ap luc cao bang
cach st dung thuit todn mang no-ron lan truyén nguoc.
Qua trinh duc ap lyc dugce coi la mot mo hinh dau vao - dau
ra v6i van toc phun nhanh, ting cudng ap sut, thay d6i pha
theo diém va thoi gian duoc coi nhu cac thong so dau vao,
trong khi d6 nham bé mit, d6 ctg va do xdp duoc coi nhu
cac thong s6 dau ra cia hé thong. Y. Abdulfatah Abdu va
céc cong su [6] dd dé xuat cach thiét ké va phan tich khuon
duc ap luc. Nham dat dugc dung sai nho nhat, giam chi phi
gia cong va c6 thé 1am cho quy trinh trg thanh lya chon tdi
uu cho san xuat s§ lwgng nho. M. Thirugnanam trong
nghién ctru [7] phan tich vé quy trinh duc hién dai, da khéc
phuc duge nhitng nhuoc diém cua cac qua trinh dac binh
thudng nhu khong khi va 16 thoat khi dugc giam thiéu rat
nhiéu, cdu trac té vi cla san phim sau khi dic tbt, do day
thanh duc da giam xudng gia tri sdp xi 0,5 mm ma trong
qua trinh dtc thong thuong khong thé 1am duge va sy co
it cuc bo duoc ép ra ngoai.

Qua khao sat ta thiy, phan mém Procast c6 day du chirc
nang cho viéc phan tich mo6 phong qua trinh duc ap luc. Do
do, trong nghién ctru nay, phﬁn mém Procast duoc sir dung
dé mo phong va md dun Postprocessor dugc str dung dé lay
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Kkét qua. Phan tich cac Kkét qua tinh toan vé nhiét do, van toc
phun, thoi gian phun, so sanh cac phuong an dé tim ra dugc
ket qua tot hon.

2. Vat liéu va phuong phap
2.1. Mé hinh vit liéu

Chi tiét dung dé duc ap luc 1a chi tiét st dung trong den
LED c6 chra cac canh mong tan nhiét, mot dang chi tict rat
kho duc. Ban vé chi tiét duc dugc thé hién nhu Hinh 1. St
dung vat liéu dic la ph()m ADCI12 v6i thanh ph@n hoéa hoc
nhu Bang 1, tinh chat vat 1y va déc tinh duge thé hién nhu
Béng 2.

SECTION A-A
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Hinh 1. Bdn vé chi tiét diic
Bdng 1. Thanh phdn héa hoc ciia nhém ADC12

VAP |y 06| si 96 Mg %[ Zn% |Fe 96Mn 94N efsn og Al
15+1 96+ Ccon

ADC12 35 12 <0,3|<10(<0,9(<0,5[<05]<0,3 Jai

Bing 2. Tinh chdt vit Iy va ddc tinh ciia nhém ADC12
P Nhigt | .. .

M3 h bén | Pp | do g)hll;tt Din | Din 1:: lTrg::g
kimqp kéo | gidn | nong tinh dién %| nhiét ian I:éng
(Kol | % | chay [ 2™ | Lacs| cas | & 9

o (°C) no %

mm2) (°C)
ADC12 33 1 663 491 23 0,23 1205 | 2,7
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Hinh 2. Bdn vé 3D long khuén va 16i khudn

Long khuén va 16i khuon duge thiét ké dé co thé duc
doéng thoi hai san pham theo tiéu chuan ciia hang
FUTABA, ban vé& thiét ké 1ong khuon va 15i khuon duge
thé hién nhu Hinh 2. Vat liéu lam khuén 1a SKD61 voi
thanh phan héa hoc nhu Bang 3.

Bing 3. Thanh phén héa hoc ciia SKD61

Mac Thanh phﬁn hoa hoc (%)
thép C Si Mn Cr Mo
SKD61 |0.4+05| <0.35 <10 [10+15|02+04

2.2.So do khoi mé phong dong chdy trén phian mém
Procast

Muc tiéu cua bai toan mé phong nay 1a thoi gian dién
day céc san pham gan bang nhau, tai thoi diém két thuc
dién ddy, nhiét d kim loai 1ong trong long khudn véan trén
nhiét d két tinh. Néu khong dép ung yéu cau, diéu chinh
dong chay kim loai théng qua diéu chinh hinh dang kich
thudc ranh dan va cira phun. Véi cac kich thude so bo clia
long khuon trong cac tinh toan, thiét ké khuon & trén, luya
chon céc chi tiét co ban dé mé phong: Khuon giita, khuon
trén, khudn dudi. Cac chi tiét con lai nhu tim ga dong, tim
g4 tinh, tim ddy, chét, bulong, ty ddy, theo tiéu chuin cua
may duc ap luc 350 tan. Cac 16 khoan phuc vu cho ga lap
khong mé phong trong bai toan nay. So d6 khdi qua trinh
md phong dong chay kim loai trong khudn khi dic ap luc
duoc thé hién nhu Hinh 3.

Xéac dinh mo hinh hinh hoc,
diéu kién bién, vat li¢u

Hiéu chinh m6 hinh
hinh hoc

MO phdng qua trinh dic

Sai

M6 hinh da
toi uu?

Hinh 3. So do khoi mé phong diic dp luc
Diéu kién bién nhiét:
- Khéi khudn ngudi trong khong khi 40°C;
- B& mit long khuon sau khi sdy dat 250°C;
- Lam ngudi vat duc bang duong nudc 20°C;
- Nhiét 6 bé mat khuon 16n nhit 650°C.
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Diéu kién bién dong chay

- Van tdc cua nap: 1 m/s;

- Van tbc cong: 30 m/s;

- Vén t6c 16n nhat khi bin max: 44,5 Kg/s;
- Pau nap: 95 KgJs.

3. Két qua va ban luin
3.1. Anh hwong ciia vin toc dong chdy kim logi
3.1.1. Anh huong dén thoi gian dong ddic
Khao sat nhié’t d6 dong kim loai ¢ mac T =700°C, hai
trudng hop van toc V =1m/svaV = 0,7 m/s.

Tune to Sobdus [sec]

Step Mo | Time Step  : 590 / 10000100
Simvlated Teme s e

Fraction Solkd -
1IN

£
Hinh 4. Thoi gian dong ddc cia truong hop V=1 m/s, T = 700°C

Time t0 Sobus [eec] maphong

K.
Hinh 5. Thoi gian déng ddc ciia truong hop V = 0,7 m/s, T = 700°C
Bing 4. Thoi gian dién ddy trong 2 trieong hop van téc khdc nhau

mongss | i [ b
Thoi gian dong déc cua chi tiét 15,6s 15,05s
Thoi gian dong déc cua ranh dan 47,79s 47,71s
Thoi gian déng dic ciia du nap 62,34s 62,23s

M6 phong cho phép quan sat dugc dong chay cua kim
loai 16ng theo thoi gian. Két qua mé phong thiét ké ban
dau nhén thy, kim loai 16ng dién day 1an luot tir chi tiét
gan dau rot, sau moi dén chi tiét xa hon. Néu thdy dong
chay chua hop ly, chinh stra lai md hinh, kich thudc
duong dan va ctra phun. Chay mé phong nhiéu lan, tinh
toan dong chay dé b tri cac ranh dan va ctra phun hop 1y,
khi d6 kim loai 16ng phun vao long khuon va két thuc dién
day gin nhu cung thoi diém. Do d6, bao dam cho qué
trinh nhiét dong déu. Thoi gian chénh léch dién ddy cua
hai san pham 1a 1,52s.

3.1.2. Anh hwong dén vi tri ré khi

Qua két qua mo phong cho thay, vi tri tap trung rd khi
nhiéu nhét cua ca 2 truong hop déu tap trung vao dau rot
va dau ngot cia san pham duc, cac vi tri 16 khi cta ca 2
truong hop khong anh hudéng dén chi tiét, nhu vy van toc
gan nhu khong anh huong dén rd khi.

Voids Step Mo/ Time Step  : 540 / 1.000e+00
Sinwlated Timo £ 65612 soc
Percent Filed som0

Cusatt below cas

2

z

£,

Hinh 6. Vi tri r6 khi ciia trieong hop V =Im/s, T = 700 °C

Step Mo / Time Step  : 540 / 1.0000400
57191 see
)

Fraction Sobd 1000
Cuoft betow .

Hinh 7. Vi tri ¥4 khi ciia truong hop V= 0,7 m/s, T = 700°C

3.1.3. Anh huong dén dé co ngét

Co ngd6t 1a mot trong nhitng tinh chat cta hop kim nhém
duc khi hop kim duge chuyén tir thé 16ng sang thé rén cho
dén khi né duoc lam ngudi dén nhiét d6 phong. Co ngot
duogc chia thanh ba giai doan: co ngét chat long, co ngot
héa rin va co ngét ran. Sy co ngét cua hop kim c¢é anh
huong quyét dinh dén chat luong vat duc, anh huong dén
kich thudc 16 co ngét, su sinh Gmg suét, su hinh thanh vét
nGt va sy thay ddi kich thude cua vat duc.

8o £ ve ey
‘Sivatatod T £ 855112 s0c
Poreen g "o

Teta Shwinkage Porosty [%] 40 1 1000000

Cunctt abowe '

Hinh 8. B¢ co ngdt cuia truong hop V=1 m/s, T = 700°C

Total Sirinkage Porosity (%]

Hinh 9. D¢ co ngét ciia truong hop V = 0,7 m/s, T = 700°C

Cac két qua mod phong cho thiy, tai trudng hop
V =1 m/s co ngdt tap trung tai ddu ngo6t ranh dan va dic
biét tap trung nhidu & thanh chi tiét. Con truong hop
V =0,7 m/s co ngot chi tap trung nhiéu & d4u rét va rinh
dan va xuat hién rt it & chi tiét nén khong gay anh huong
dén chi tiét. Do d6, c6 thé thiy, néu ting van tc dong kim
loai long thi d6 co ngdt ciing ting va nguoc lai. Néu do co
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ngot 16n s gdy ra tap trung tmg sudt cang 16n va didu d6
lam tang kha nang nit san pham.

Ca hai truong hop khong anh hudng dén thoi gian dong
dic cua chi tiét. Dong kim loai chay déu trén ca 2 chi tiét,
kim loai long phun vao long khu6n va két thic dién day
gan nhu cung thoi diém, nhu vay, bao dam cho qua trinh
nhiét déng déu.

3.2. Anh hwong ciia nhigt dp
3.2.1. Anh huong dén thoi gian dong ddic
Tién hanh khao sat véi thong s van téc dau vao
= 0,7 m/s, nhiét d6 dong kim loai T = 650°C va
T =700°C. Cac két qua md phong dugce thé hién trén Hinh
10 va trong Bang 5.

Temperature ot Fill Time [C] mophong £ 635 1 19000000

Samulated Time £ 560007 sec
a0

Fraction Sobd + 1000
Cutoft between : 692004600

z

K,

Hinh 10. Phdn b6 nhiét ciia truong hop V = 0,7 m/s; T = 650°C
Bing 5. Thoi gian dién ddy trong 2 trwong hop nhiét dé khdc nhau

N P Truong h Truong he
Thong so Te a0 | o006
Thoi gian dong déc cua chi tiét 12,45s 15,05s
Thoi gian dong dac ciia rénh dan 40s 47,71s
Thoi gian dong dac cia du nap 52,24s 62,23s

Két qua md phong cho thiy, thoi gian dong dic trén
toan vat duc trong truong hop T = 650°C nhanh hon nhiéu
thoi gian dong dic trong truong hop T = 700°C. Do do,
nhiét d6 ddu vao cua dong kim loai c6 anh hudng l6n dén
van tdc dong dac. Nhiét d6 cang cao thi thoi gian dong dac
kim loai cang cham va ngugc lai.

3.2.2. Anh hwéng dén vi tri vé khi

Trong trudng hop T =700°C c6 xuét hién nhirng rd khi
ndm dai rac trén dau rét va dau ngot cua vat duc, tuy nhién
trong trudong hop T = 650°C khong xuét hién hién tuong
16 khi. Nhu vy, su nung qué nhiét kim loai trong qua trinh
duc gay ra hién tuong rd khi.

3.2.3. Anh huéng dén do co ngét

Két qua md phong cho thay, truong hop T = 700°C ¢6
xudt hién d6 co ngét nhiéu trén chi tiét ddn dén tap trung
tmg xudt va do d6 gdy nit san phim. Trudng hop
T = 650°C d9 co ngot trén chi gan nhu khong xuét hién,
chi xuét hién v6i mat do it trén dau rot va dau ngot. Do do,
su qua nhiét cua dong kim loai long anh hudng nhiéu dén
su co ngot cua san pham dtc. Nhiét d6 qué nhiét cang lon
thi d6 co ngét san phdm cang cao.

Tir cac két qua nhu phan tich mo phong & trén cho thay,
van toc dong chay va nhiét do dong kim loai anh huong
nhiéu dén chét luong san phiam. Trong qué trinh thiét ké
truyén thng, khi thiét ké khuon s& tinh toan theo cac cong

thirc kinh dién va dya vao sb tay ciing nhu kinh nghiém
thiét ké, viéc kiém soat chét luong cua san phém sau khi
thiét ké gap rat nhidu kho khan. Do d6, viéc md phong dong
chay kim loai trong khuon dé danh gia va diéu chinh cac
thong s6 cong nghé va hinh hoc nhu tiét dién kénh dan, van
téc phun, nhiét do dau vao cing nhu viéc phén ph01 dong
chay sé giup giup klem soat chat lugng clia san pham trudc
khi dua vao san xuit. Dién tich kénh dan thu hep dan tur
budng ép t6i hoc khuon. Hé thong rot thu hep dan c6 tac
dung lam giam su cudn khi vao vat duc, dong thoi lam ting
vén toc dién day.

Total Shrinkage Porosity (] £ 635 1 1.0000:00

Fraction Solid 1000
w0 1

s00¢

z

K.

Hinh 11. Dg co ngot trong truong hop V = 0,7 m/s; T = 650°C

4. Két luan

Xay dyng mé hinh san phdm va mé hinh hinh hoc
khuén duc nhom ADCI12 dam bao cac yéu cau ky thuat
theo tiéu chuan khuéon FUTABA.

Khi van tdc dong chay kim loai ting thi thoi gian dong
déc tang, do co ngot tang. Tuy vy van tdc dong chay gan
nhu khong anh huéng dén vi tri rd khi.

Nhiét do dong chay kim loai anh huong nhiéu dén thoi
gian dong dic, vi tri rd khi va o co ngét. Khi tang nhiét do
dong chay kim loai thi cac yéu té thoi gian dong dic va do
co ngdt tang 1én ciing v6i d6 1a xuét hién rd khi trén chi tiét.

Khao sat diéu chinh va mé phong dong chay kim loai
s& gitip lya chon hop 1y cac thong s6 cong nghé, tinh toan
hop 1y cac thong sé hinh hoc va két ciu khudn trong qua
trinh duc ap luc cao.
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