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TOM TAT

Pbuc trong khuén méu héa khi la
phwong phép duc dwoc quan tam rét nhiéu
hién nay do cé nhiéu v diém néi bat. Khéng
cén mat phan khudn nén gidm thiéu duoc
sai léch mét, khdng st dung chét két dinh
nén gidm duwoc chi phi cho viéc x ly hén
hop lam khudn va than thién véi méi trirong,
quy trinh san xuét don gian, c6 thé dic duoc
nhéng chi tiét phic tap.

Trong nghién ctru nay, da khao sat anh
huéng cuda nhiét dé rét, chiéu day I6p son

mau (théng qua thoi gian nhing son) va dé
chén khéng dén kha nang dién day khudn
cua Vvat duc trong céng nghé dic mau hda
khi. Hop kim dwoc str dung la hop kim nhém
A356. Bdng phuong phép quy hoach thuc
nghiém da xay dung duoc phuong trinh héi
quy vé dnh hudéng cda cac théng sé diic néu
trén dén kha ndng dién day khudn. Két qua
cho thdy, néu ting nhiét do rét kim loai Ing,
tdng dé chan khdng, giam thoi gian nhing
mau thi sé thu duwoc vat duc cé mure do dién
day cao hon.

Ter khoa: dic trong khuén mau hoa khi;méu héa khi; chat son méu

1. GIOI THIEU

Cong nghé duc trong khuén mau héa khi co
nhiéu vu diém: cat 1am khudn khong can chat
dinh, c6 thé tao 13, hic cho vat diic ma khong can
rudt, vat dac dat do chinh xac cao do khong cé

mat phan khuén, it 6 nhiém méi truong, it tiéu
hao vat liéu 1am khuon, thiét bi va céng nghé don
gian ... Phuong phap dic nay dang duoc ung
dung rong réi trong nhiéu linh vuc, dac biét trong
nganh coéng nghiép 6 to.
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Céc budc co ban trong cong nghé duc trong
khudn mau hoa khi: 1) Ché tao mau xdp bang
cach cit hoic ép tao hinh; 2) Ghép thanh chum
mau; 3) Son mau; 4) Dat mau vao khuén, d6 cat
va rung lén chat; 5) Phu mang mong bang nhya
déo 18n bé mat khudn; 6) R6t kim loai long vao
khuén ddng thoi hat chan khong; d& khuén va
ldy vat duc ra (hinh 1).

Tuy nhién dic trong khuén mau héa khi cé
hai nhugc diém: vat duc d& bi chay dinh cét va
kha nang dién day khudn khong cao.

Hinh 2 trinh bay co ché thay thé kim loai
long/mau xdp trong qua trinh rét khudn [1].
Trong qué trinh dac nhém, khi tiép xdc vai kim
loai long, xop polystyrene phan hiy tao thanh
c4c giot 1ong nam trén 16p son mau, sau do, dudi
tac dung nhiét, mot phan trong ching s& héa khi
va thoat ra ngoai qua Iép son mau. Néu muc do
hit chan khéng khéng du, kha ning tham thiu
ctia mau x6p c6 thé vuot qua kha niang tham thau

o S
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cia 16p son mau, diéu nay co thé dan dén: 1)
Hinh thanh &p luc 16n trong hdc khuén, can tro
viéc dién day khudn, tham chi khi &p luc quéa cao
c6 thé dan dén hién twong phun trao; 2) Hinh
thanh cac nép gap trén bé mit vat dac; 3) C6 thé
t6n tai rd khi trong vat dac. Nguoc lai, néu muc
d6 hat chan khong qua 16n, kim loai long s& tham
thau qua I6p son mau va gay nén hién twong chay
dinh cat co hoc.

C6 nhiéu yéu t6 anh huong dén kha ning
dién day khuon khi duc bang céng nghé mau héa
khi: cat lam khudn va ché do rung lén chat, vat
lidu 1am mau xép, khéi lugng riéng caa mau xap,
nhiét do rot, loai son va chiéu day 16p son mau,
do6 chan khéng ... Cong trinh nay chi nghién cau
anh huéng cua ba yéu td (nhiét do rét, chiéu day
I6p son, d6 chan khong) dén kha nang dién day
khuon khi dtic bang cong nghé mau héa khi cho
hop kim nhém A356.

Phia son cdeh nhigt

1l

tdp rap thanh cum

Tach phél

Hinh 1. So @ nguyén Iy dic trong khuén miu héa khi
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Hinh 2. Tuong tac gitra kim loai va khuén

2. THUC NGHIEM
2.1. Nguyén vat liéu

Mdu xop: Puoc ché tao biang xdop
Polystyrene (EPS) theo phwong phap ép c6 khdi
luong riéng 30 kg/m®. Mau cé dang bac vai kich
thudc 220x80 mm, chiéu day cac bac lan luot &
20, 15, 10, 5, 3, 2 mm va duoc Ky hiéu lan luot
labac 1,2, 3, 4, 5 (hinh 3) [2, 4].

Cat lam khudn: Cét thach anh da qua tuyén
c6 ki hiéu TLCO315A [5].

Hén hop chdt son mau: Cong trinh sir dung
chat son mau cé thanh phan rin (theo khéi
luong): 80% bot zircon silicat (ZrSiOs > 90%,
trén 75% hat c6 kich thuéc < 45um, ngudn gc:
tuyén tir quing titan Binh Thuan), 6% nhya
thong, 14 % sét bentonite natri (khoang
monmérildnit > 90%, trén 60% hat co6 kich thudc

< 10um, ngudn géc: Bao Loc, Lam Ddng); dung
mdi: con 96%; ti 1& long : rin=1: 0,35.

Hop kim duic: A356.
2.2. Trang thiét bi thi nghiém

Thiét bj rung: P =2 HP; bién d6 rung: 1 mm;
phuong rung: déng; tan sé rung: 0 - 50 Hz; kich
thudc san rung: 900x600mm.

Hé thong cap chan khéng: P =5 HP, Q = 4
m3/ph0t, pmax: '760 mmHg, Vﬁch = 0,8 m3

Hom  khubn:  kich  thudéc  trong;
320x220x300mm; kich thudc mit ludi loc cat:
0,05mm; s vi tri cap chan khong: 2.

Céc trang thiét bj, dung cu khac: thiét bi
khuay son, thiét bi cit mau xp bang day dién tra,
dung cu do d6 nhét cua son (dung tich: 100ml,
duong kinh 16 thoat: 5mm), cac binh dong, dng
nghiém, can dién tu, ...
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Hinh 3. Mau xép

Khuén chén hinh V

Thwée kep

Vach chin méu

Khuén chan hinh V

Thwoc kep

Hinh 4. M6 phéng thao tac do chidu day I¢p son bang thudc kep

Kich thuéc trede khi son — kich thwéce sau khi son

Chiéu day I6p son =

2.3. Phuwong phap nghién ciru va danh gia

a) Phwong phap xic dinh chiéu day lép
son

Tién hanh do chiéu day cua mau trudc va
sau khi nhung son (& cling mot vi tri) bang thuéc
kep (pham vi do: 0-200mm; d6 chia nho nhat:

> (mm) (1)

0.02mm) dé xac dinh chiéu day 16p son. Sir dung
khudn chian hinh V d xéac dinh vi tri do chiéu
day. Thao tic do chiéu day son duoc thé hién
trong hinh 4.

Do viéc khéng ché chiéu day 16p son ¢b dinh
& mét gia tri rat khé nén trong nghién cau nay sé
khéng ché chiéu day son thong qua thoi gian

Trang 98



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K3- 2015

nhdng mau vao son. Hinh 5 trinh bay anh huéng
cua thoi gian nhiing mau va ti 18 rin/long cia son
1&n chiéu 16p son.
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Hinh 5. Anh huéng caa thoi gian nhing miu va ti 1é
ran/léng dén chiéu day 16p son

b) Phwong phap danh gia méc d§ dién
day

Str dung mau bac (hinh 2) dé danh gia muc
d6 dién day khuon. S6 bac ma kim loai long dién
day la:

m
§8 bac = n+—"2 (2)
Mn+1

Trong d6: n — b bac da dugc dién day day
da; M n41 — khéi luong day du cia bac n+1; m
—khéi Iwgng kim loai dugc dién day thyc té ¢ bac
n+1.

¢) Phwong phap lam khuon va rét khuon

Cho cét 16t vao hom khuon; dat mau Ién 1op
cét I6t; vira thém cat vao va vira tién hanh rung
khuén cho dén khi day cét trong hom khuon (thoi
gian rung: 90s, tin s rung: 40Hz, bién dé rung:
1mm [5]); phu mot tim mang mong 1én bé mat
khuon; rét kim loai vao khuén dong thoi voi qué
trinh hat chan khong (thoi gian rét khudn: 10+1

s): lay vat duc ra khoi khuén, 1am sach 16p son va
tién hanh danh gia.
d) Phwong an quy hoach thyc nghiém

Trong nghién ciu nay, st dung phuong
phép quy hoach thyc nghiém yéu t6 toan phan dé
xay dung phuong trinh hdi quy (PTHQ) va danh
gid sy twong thich cia PTHQ theo tiéu chuan
Fisher.

Phuong 4n thyc nghiém: thuc nghiém yéu té
toan phan véi k = 3 (ba yéu té anh huong: nhiét
do rét - Z, chiéu day l6p son - Z», do chan khong
- Z3), n = 2 (hai mirc do - gia tri hai bién). Nhu
vay can thuc hién N = 2k= 23 = 8 thi nghiém; sau
do tién hanh thém ba thi nghiém ¢ tam dé tinh
sZ, danh gid su tuong thich thuyc nghiém cua
PTHQ theo tiéu chuan Fisher. Tong cong thuc
hién 11 thi nghiém [6].

Pé xac dinh khoang khao sat cua cac bién
dau vao bao dam vat duc khong bi chay dinh cat
qua mirc, dé tién hanh cac thi nghiém tham do.
Tir két qua céc thi nghiém tham do, gié tri cac
bién dwgc chon nhu sau:

e Nhiét do rot (Z1): gisi han dudi: 670°C,
gigi han trén: 760°C, tam: 715°C;

e Thoi gian nhing (Z2): giGi han dudi:
20s, gidi han trén: 50s, tm: 35s;

e Do chén khong (Zz): gioi han dudi:
OmmHg, giéi han trén: 500mmHg, tam:
250mmHg.

Ham muc tiéu 1a kha ning dién day vat duc
Y (bac).
2.4. Két qua thuc nghiém va xir ly két qua thuc
nghiém

Cac két qua thuc nghiém duoc trinh bay &
bang 1. Hinh anh cac vat duc thuc nghiém duoc
trinh bay & hinh 6.
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a) Tam mau ¢ bién

b) Ba mdu ¢ tam

Hinh 6. Hinh anh vat dac

Bang 1. Két qua thuc nghiém

- Nhi¢t | Thoigian | Do chan Khéi Pién day theo Dién day Phan
T do nhing khong luong thuc nghiém theo PTHQ tré}m sai

rét (Z1) (Z2) (Zs) (gam) (bac) Yi (béc) 50 (%)
1 670 20 500 423.64 4.35 429125 | 1.350575
2 670 50 500 364.94 2.92 2.97875 | 2.011986
3 760 20 500 427.81 451 456875 | 1.302661
4 760 50 500 403.08 3.73 3.67125 1.57507
5 670 20 0 332.35 2.55 2.60875 | 2.303922
6 670 50 0 278.48 1.96 1.90125 2.99745
7 760 20 0 366.21 2.93 2.87125 2.00512
8 760 50 0 330.2 2.52 2.57875 2.33135
9 715 35 250 386.60 3.31 3.18376 3.81396
10 | 715 35 250 384.26 3.29 3.18376 3.22925
11 | 715 35 250 385.91 3.33 3.18376 4.39166

Tir céc s6 liéu & bang 1, da xay dung duoc phwong trinh hoi quy thyc nghiém nhu sau:

Y = 3.1858796 — 0.000157407Z, — 0.126564815Z, + 0.003948333Z, + 0.000153704Z,Z, +
3.33333 % 10777, Z, — 4.03333 x 1075Z,Z, (3)
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Kiém tra theo tiéu chuan Fisher thi phuong
trinh tim duoc twong thich vai thuc nghiém.

3. BAN LUAN CAC KET QUA THUC
NGHIEM

Sai sé gitra cac két qua nhan duoc theo
PTHQ va thuc nghiém (bang 1) 1a chap nhén
dugc (dudi 5%).

Tur PTHQ c6 thé xé4c dinh duoc cac méi
quan hé dinh luong gita kha niang dién diy
khuon véi cac bién tac dong. Tir (3), xay dung
dugc do thi biéu thi anh hwong cua thoi gian
nhing mau vao son va do chan khong (hinh 7a,
nhiét do rét 760°C), cua nhiét do rot va do chan
khéng (hinh 7b, thoi gian nhing mau vao son
50s), cua nhiét do rét va thoi gian nhing mau vao
son (hinh 7¢, d6 chan khong 500mmHg) dén kha
ning dién day khuén.

Trong khoang khao sat cua cac bién, cac do
thi trén cho thdy kha nang dién day khuon dat gia
tri I6n nhat & bién cua cac bién.

Kha ning dién day khuén ting khi ting nhiét
do rot, d6 do chan khéng va giam thai gian nhing
mau vao son. Diéu ndy ciing dé ly giai: nhiét do
1ot cao lam tang kha nang bu nhiét mat do trao
dbi nhiét va do linh dong cua kim loai long ciing
tang, do d6 mirc d6 dién diy khudn ciing ting;
thoi gian nhing miu ting twong Gng vai chiéu
day 16p son ting, diéu nay gy kho khan cho viéc
thoat khi ra ngoai va lugng khi nay sé tao mot tro
luc 1am giam kha nang dién day khudn; chan
khéng cang sau thi viéc hit khi cang tét, do do
lam ting kha ning dién day khuén. Tuy nhién,
qué trinh thyc nghiém ciing cho thay khi kha nang
dién day khuén ting thi mac do chay dinh cat
cling tang.

Tu do déc cua mat muc tiéu so véi cac bién
trong khoang khao sat cho thay do chan khéng c6
anh huong manh nhat dén kha nang dién day; anh

huong cua nhiét do rét va thoi gian nhing mau
vao son (tac déng nguoc chiéu nhau dén kha ning
dién day) khong chénh léch nhau nhiéu.

C6 thé sir dung PTHQ (3) dé xac dinh so bd
céc thong sé dac. Thi du, can duc vat dac dang
bac (hinh 2), mong muén dién day 4 béc, chon
nhiét nhiét do rét x;= 750°C, do chan khong xs=
500mmHg. Thay cac gia tri X1, X3 vao (3) véi diéu
kién Y= 4, nhan duoc x,= 36s.
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¢) Anh huong ciia nhiét do rét va thoi gian nhiing
mau dén kha nang dién day khuén ¢ chan khong
500mmHg
Hinh 7. Anh huong cua cac yéu tb khao sat dén kha
ning dién day khuon

Kiém ching bang thuc nghiém véi cac gia
tri X1, X2, X3 néu trén, nhan duoc Y= 3,87 (hinh
8). Sai s6 twong dbi gitta do dién day theo thuc
nghiém va theo phuong trinh hoi quy 1a 4,25%.

Hinh 8. Thi nghiém kiém chiing

4. KET LUAN

Cong trinh da nghién ciru anh huong dong
thoi cua ba yéu t6 (nhiét do rét, do chan khong,
thoi gian nhling mau vao son) dén kha ning dién
dAy khuon khi dic hop kim A356 theo cdng nghé
khudn mau héa khi.

Véi PTHQ tim duoc tir thuc nghiém, cho
phép danh gia dinh luong vé anh huéng cua nhiét
do rét, do chan khong, chiéu day son (thong qua
thoi gian nhing mau) dén kha nang dién day
khuon. Nhiét do rét, d6 chan khéng cang cao, thoi
gian nhing miu vao son cang thap thi kha ning
dién day khudn cang cao.

Tir PTHQ ¢6 thé xac dinh so bo cac théng
s6 diic cho nhitng vat duc c6 khéi luong va chiéu
day thanh khong qué lon.

PTHQ tim duoc chi danh cho céc chi tiét cd
dang bac. N6i nhu vay khéng cd nghia 1a véi
nhitng chi tiét c6 hinh dang bt ki (duoc duc bang
hop kim A356) thi khong thé tim duoc théng sé
duc. Co thé chuyén tir PTHQ theo dang bac sang
PTHQ theo ty & F/V (F: tong dién tich; V: thé
tich) ma van giir nguyén duoc su twong thich véi
thuc nghiém. Tir do, chi can tinh F, V cua chi tiét
duc két hop voi PTHQ theo ty 1& F/V 1a c6 thé
xac dinh dugc cac thong sb dic hop ly.

Véi nhitng hop kim nhoém dac khac ¢ nhiét
d6 néng chay va d6 chay lodng twong duong hop
kim A356 déu c6 thé str dung PTHQ dé tim théng
s6 duc phu hop.

Can c6 nhitng nghién ctu tiép theo dé xéc
Iap anh huong cua céc thong sé cong nghé dén
dong thoi kha nang dién day va mirc d6 chay dinh
cat khi duc trong khuén mau héa khi.
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Investigation of temperature, degree of

vacuum,

pattern coating

thickness

effects on mold filling In lost foam
casting (LFC) process of A356 alloy
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ABSTRACT

Lost foam casting (LFC) process with
outstanding advantages has been known as
a new casting technique in foundry
engineering. Especially, the operation
restricts errors of a mould because of using
expanded patterns without parting line being
appropriate for the complex model. Great
interest in this technology of the casting
manufacturers is mainly lower, compared
with the traditional process, investment
outlays and production costs. The use of
unbounded sand also reduces its treatment
cost, more friendly and simple with the
environment.

Keywords: Lost foam casting; Pattern coating

The study examines the simultaneous
effects of pouring temperature, degree of
vacuum, coating thickness (through dipping
time) on mold filling in LFC. A356 aluminum
alloy is used in this study. By using a full
two-level factorial design of experimental
techniqgue to identify the significant
manufacturing factors affecting the mold
filling. Results of this investigation indicated
that increasing pouring temperature, degree
of vacuum and decreasing dipping time
obtain casting with higher filling rate.
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