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Hé¢ thong kénh 1am mat truyén thong ché tao bang phu’o‘ng phép khoan
16 thang khéng dam bao dugc viéc lam ngudi nhanh va dong déu dbi voi
cac san pham nhya c6 hinh dang hinh hoc phirc tap. Nghién ctru nay gidi
thiéu hé thong kénh lam mat theo duong cong bam theo bé mit cua long
khuén, dugc ché tao bang phuong phap in 3D kim loai. Phwong phap
tinh toan thiét ké hé thong 1am mat toi wu ca vé hiéu nang ciing nhu dam
bao tinh cong nghé trong két cau dbi vai phuong phap in 3D duoc gidi
thi€u thong qua vi du minh hoa cho mot san phém nhya. Nghién ctru cho
thiy, v6i chi tiét c6 hinh dang phirc tap dbi v6i hé thong 1am mat truyén
théng, néu thiét ké kénh lam mét hop 1y c6 thé gidm thoi gian lam ngudi
san pham dén 50%, bén canh d6, chat lugng san pham ciing tot hon. Pay
la mot minh ching cho thiy tinh hiéu qua ky thuat cua cong nghé in 3D
trong cong nghiép ché tao khuén mau mic du gia thanh ché tao bing
cong nghé in 3D kim loai van twong dbi cao.

Abstract
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The conventional cooling channel system manufactured by straight-
through drilling does not guarantee rapid and uniform cooling while
making plastic products with complex geometric shapes. This study
introduces a conformal cooling channel system made by 3D metal
printing that conforms to the surface of the injection mold’s cavity. The
optimum design of the cooling system in terms of cooling performance
and manufacturability for the 3D printing method is introduced through
an example of a plastic product. The research result shows that if the
geometry of the molded part is complex for traditional cooling systems,
the proper channel design of conformal cooling channel can reduce the
cooling time by up to 50%; besides, the product quality is also higher.
This work demonstrates the technical efficiency of 3D printing
technology for the injection mold industry, despite the cost of
manufacturing by 3D metal printing is still relatively high.
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1. GIOI THIEU

Trong qua trinh ché tao san pham nhya bang cong nghé dic ép phun, giai doan lam ngudi
chiém to1 hai phan ba chu ky. Ngoai ra, qua trinh lam ngudi con anh hudng dén chat lugng cua
chi tiét dac. Néu hé thong lam mat lam ngudi chi tiét mot cach dong déu, do cong vénh, ing suat
du ciing giam di va chit luong chi tiét ting 1én. Vi vy c6 thé noi hé thong lam mat khuon dong
mot vai tro cuc ky quan trong. Theo cach thong thuong, kénh lam mat trong hé thong 1am nguodi
duogc ché tao bang phuong phap khoan 16. Tuy nhién, ddi voi mot s6 san pham duc c6 hinh dang
phure tap, hé thong lam nguoi truyen thong kho c6 thé lam mat ddng déu bé mit cua chi tiét duc.
Gan day, phuong phap ché tao mau nhanh bang cong nghe in 3D kim loai da mang dén mot tiém
niang cho viéc ché tao cac kénh lam mat bam theo bé mit cong cua chi tiét (conformal cooling
channels) dé ting cuong chat lwrong va hiéu suat lam mat [1-3].

Nhiéu nghién ctru gan day cho that hé thong lam mat bam theo bé mit chi tiét t5t hon so
voi hé théng kénh 1am mat truyén thong bang phuong phap khoan 15 thing 4p dung cho truong
hop chi tiét diic phic tap. Uu diém cta kénh 1am mat bam theo bé mat chi tiét 1a giam dwoc thoi
gian lam ngudi va giam do cong vénh cua chi tiét do co riit va bién dang nhiét [4, 5]. Ahn D.G va
cong su [6] di ché tao khuon bang phu:ong phap in 3D nung chay bang laser ap dung cho chi tiét
canh quat dién va da két luan rang thoi gian 1am ngudi c6 thé giam xap xi 35%. Viéc giam thoi
gian 1am mat din dén giam dugc thoi gian chu ky va ting ning suit qua trinh duc, giam gia
thanh san xudt san pham.

Mac du h¢ thong Jam mat bam theo bé mit chi tiét dugc cho 14 t6t hon so v6i hé thong lam
mat truyén thong vé mat hi¢u nang va do dong déu trong sy phan bd nhiét do bé mat khudn, tuy
nhién, hé thong lam mat nay chi phat huy t6i da hiéu qua ciia n6 khi dugc thlet ké t61 wu. Mot s6
tac gia da nghién ciru vé t6i uu hé thong lam mat bam theo bé mat cua chi tiét, tuy nhién, 1am thé
nao dé thiét két dugc mot hé thong 1am mat tét nhit chua dwgc nghién ciru mot cach k¥ ludng.

Jahan va El-Mounayri [4], Wu va cac cong sy [7] da nghién ctru phuong phap t6i uu hoa
cac thong s6 ctia kénh lam mat thong qua mot vi du cho mdt chi tiét don gian c6 hinh try trong
do su dung phuong phap mé phong . s6 va quy hoach thuc nghiém. Nhiéu nghién ctru khac [2, 6,
8] da phat trién cac phuong phap toi vu hé thong ldm mat bam theo bé mit chi tiét dic nham
nang cao hiéu qua lam mat, tuy nhién cac nghién ciru nay thudng chi bo hep cho cac nghién ciru
tinh huéng ma hé thong tuong ddi don gian. Khi chi tiét diic phirc tap, doi hoi h¢ thong lam mat
phurc tap hon va qua trinh t61 wu hoa cling kho hon. Lam thé nao dé t6i da hoa hiéu ning cia hé
thong Jam mat bam theo bé mit chi tiét 13 mot nghién ctru c6 ¥ nghia boi vi hién nay cong nghé
in 3D kim loai c6 gid thanh con kha cao va khong phai kim loai nao ciing co thé in dwoc. Nhom
nhién ctru cta chung to1 da bat dau mot sd nghién ctru t6i wu hoa hé thong lam mat bam theo bé
mit cong ctia san pham ap dung cho mdt san pham nhya trong 6-t6 [9-11]. Két qua cho thiy thoi
gian lam ngudi giam dugc 23%, trong khi dich can dat duoc dé minh chirng cho hiéu qua cua h¢
thong lam mat bam theo bé mit cua san pham dic phai dat dugc tir 50 % tro 1én. Vé nguyén tic
Iy thuyét ciing nhu thyuce tidn cho thiy hiéu qua ctia hé théng lam mat bam theo bé mit chi tlet S0
voi kénh lam mat truyén thong phu thude vao do phirc tap cua chi tiét va k¥ thuat thiét ké t6i wu.
Nghién ciru nay giéi thiéu h¢ thong kénh 1am mat theo duong cong bam theo bé mit clia long
khudn dugc ché tao bang phuong phap in 3D kim loai. Phwong phép tinh toén thiét ké hé thong
Jam mat t6i wu ca vé hiéu ning ciing nhu dam béo tinh cong nghé trong két cdu ddi v6i phuong phap
in 3D duoc gidi thi€u thong qua mot vi du minh hoa ctia cho mét san pham nhuya c6 hinh dang tuong
d6i phure tap. Tiép theo do, két qua tinh toan thiét ké dugc kiém chimg bang thuc nghiém.
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2. NANG CAO HIEU QUA CUA HE THONG LAM NGUQI TRONG KHUON NHU'A
2.1. Mdi quan hé giira cic thong s6 ciia hé thong 1am mat dén thoi gian 1am ngudi san pham

Thoi gian lam ngudi chi tiét duc phu thudc vao chiéu day cua san phém, tinh chat cua vat
liéu nhya, vat li¢u lam khudn va cac thong s6 cong ngh¢ duc €p phun khac theo cong thirc:

2
S 4 (T, -T
tclen | MW (1)
T a 7\ Ty —Ty

Trong d6 s[mm] 1a chiéu day cua chi tiét duc, Ti, Tw, Tr [°C] lan lwot 14 nhiét d6 nong
chdy cua nhya khi dién vao long khuon, nhiét do trung binh bé mat long khuon va nhiét do cua
chi tiét diic tai thoi diém diy san phim ra khoi khuon; @ 1a hé sé khuéch tan nhiét dugc tinh bang
cong thirc a = k /(pcp) trong d6 p [kg/m’], k [W/mOC] cp[J/kgOC] lan luot 1a khéi lwong riéng,
hé s6 dan nhiét va nhiét dung riéng ctia polymer.

Nhiét do nong chdy cia nhya phu thudc vao tung loai nhya va dugc xem nhu thong s6 ¢b
dinh. Nhiét do bé mit 1ong khu6n va nhiét d6 ma ¢ do cho phep ddy san phim nhya ra khoi
khuén ciing dugc nha san xuat vat liéu nhya khuyén dung trong mét pham vi nao dé tuy vao
ting loai nhya. RS dang thdy rang Ty, va T de dang 4n dinh va kiém soat nhung nhiét d6 bé mat
long khudén Ty lai phu thudc vao cac thong s6 hinh hoc cta kénh lam mat va nhiét d6 dau vao
ctia nudc 1am mat.

Dé xét mbi quan hé gitra thoi gian 1dm mat va cac thong s6 ctia kénh 1am mat ciing nhur cac
thong sd cong ngh¢ cua qua trinh dic san pham, xét phuong trinh cin bang nhiét giira nhiét
luong ma san pham mét di do 1am ngudi va nhiét lrong ma hé thong lam mat 1iy di (b6 qua
lwong nhiét truyén cho méi trudng xung quanh nhu khong khi hoic tam kep khudn ciia may).

0, +0.=0 (2)
Trong d6 mat d§ dong nhiét ciia nhya nong truyén cho nuéce hodc mdi chit lam mat dugc
tinh bang cong thirc:
. -3 . S
Op =10 [ (T, —TE)+lm]pEx 3)

Trong do ¢, in [J/kgl, p x lan Iuot 1a nhiét dung riéng, nhiét két tinh, khdi luong riéng cua
nhya va khoang cach hay budc (pitch) gira cac duong nudce trong hé thdng kénh lam mat.

Mat do dong nhiét trong khuon truyén cho nude lam mat trong khoang thoi gian ¢, (tinh
bang gidy) duoc tinh theo cong thirc [9]:

-1
Qc=10‘3r{ S j (1, -1.) @)

10~ ard k¢tSe

Trong d6 k,, d, ks, Se, Tc lAn luzo“[ la hé s6 dan nhi¢t cua nhya, dudng kinh kénh 1am mat, hé
s6 dan nhiét cta thép 1am khudn, hé sé hinh dang va nhiét do ctia nudc lam mat. .

Anl} hudng cia vi tri cia cdc dudng lam mat dén do dan nhiét duoc dua vao bang cach ap
dung h¢ so hinh dang Se [10].

2
Se = -
[2xsmh(2ﬂy / x)}
In| ——MM -
zd

)
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Trong d6 x 1a khoang céch giita cac dudng lam mat va y (tinh bang mm) 1a khoang cach tir
tam duong lam mat dén bé mat cta long khudn nhu trén hinh 1.
H¢ s0 truyén nhiét cia nudc dugce tinh bang cong thue [11]:

31.395 s
o= R~ 6
P (6)
trong do hé s6 Reynolds
d
R, =u— (7

v

trong d6 d[mm], u[m/s], va v [m?/s] 1a dudng kinh kénh lam mat, van tdc va do nhét dong
hoc cua méi chat lam mat (nudc). )
Keét hop cac phuong trinh tur (1) dén (7) ta co:

s . Y
T _T ] — 2 h(2z =
[e,(Ty, E)+zm]p2x | x sinh( ﬂx) N 1 B 52 ln{“[wj} (8)
a

T, - T, 27k, nd 0.031397R % [ 7%a | z\ T, -T,

Khi thiét ké hé thong lam mat, phuong trinh (8) c6 3 a an s6 vé thudc tinh hinh hoc 1a x, y va
d. Mot phuong trmh v6i 3 an 86 s& c6 vo sb nghiém. DE giai phuong trmh nay, ta phai dung thém
cac rang budc vé mdi quan hé gitta x = S;d va y = Bod trong d6 cac hé sb B va B duge xac dinh
theo kinh nghiém trong khoang 2< /< 5 va 1< < 5, dong thoi khoang cach y giita bé mit long
khudn va tim duong nudc lam mat ciing chon trudc trong pham vi tir 2 dén 2,5 lan kich thudc d.

T I |

I I ./
v

I I |

IR Bi / &
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Hinh 1. M6 hinh cac dong nhiét va hé théng lam mat trong khuén duc ép phun nhya.

2.2. Khi ning giim tdi da thoi gian 1am mat

Céu hoi quan trong dét ra khi thiét ké kénh lam mat bam theo bé mat khudn ché tao bﬁng
phuong phép in 3D dé thay thé cho hé thong lam mat truyen thong ché tao bang cach khoan 16
thing 1a ching ta giam dugc thoi gian lam mat bao nhiéu phan traim dé tir 46 tinh ra hidu qua k¥
thuat va quyet dinh str dung hé thong lam mat tién tién nay Tir cong thire tinh thot gian lam mat
(1), c6 thé suy ra m01 quan h¢ gilta thoi gian 1am ngudi va nhiét do khudn néu giit cac thong 5O
khic bang hang s. P thi trén hinh 2 cho thay, khi nhiét d6 khudn cang cao, néu glam dugc
nhiét d6 khudn bang cach thiét ké hé thong lam mat phu hop thi hiéu qua rat ngan thoi gian lam
ngudi cang nhiéu.



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

25
ez
3. 20
>
D
€15
£
©
c 10
.8
o
® 5
o o=
|_
0
20 30 40 50 60 70 80 90
Nhiét d6 bé mat long khuén (°C )

Hinh 2. Vi du vé mdi quan hé giita thoi gian 1am ngudi va nhiét d6 khuon.

Gid st vi ly do nao do, nhiét do trung binh cta bé mit khudn & mot vung nao do cd nhiét
d6 72°C dbi voi truong hop kénh lam mat truyén thong; nhiét do cho phép c6 thé ddy san pham
ra 1a 78°C, chidu day cta san pham 1a 2 mm, nhiét d6 Ty, = 240°C, vét liéu nhya 1a PP, thoi gian
lam mat khoang 12,3 gidy. Néu nhiét d6 trung binh ctia bé mit khudn giam con 44°C, thoi gian
lam nguéi luc ndy chi con khoang 8,2 glay, giam di khoang 33%. Thoi gian lam mat chi giam
duoc tbi da khi nhiét do bé mit khu6n giam dén mirc thip nhat cho phép. Néu giam qua muc s¢
gdy ra hién tugng ngudi nhanh vé mit san pham, giy ra hién tugng khong dién day khudn hoic
xay ta hién tuong tng sut truot 1on.

2.3 Phuong phap t6i wu héa hé¢ thong kénh 1am mat khuén nhya

Muc tiéu cta tdi wu hoa hé théng lam mat 1a cuc tiéu hoa thoi gian lam ngudi va cuc tiéu
héa d§ chénh I¢ch nhiét d) tai cac vung khac nhau cia long khudn. Néu nhiét o6 khuon déng
déu, do cong vénh cua san phém 1a nho nht. Tuy nhién, véi mét san phém duc c6 chidu day cho
trude va cac thong sb cong nghé dac ép phun xac dinh, thoi gian 1am ngudi chi con phy thudc va
nhiét d6 ctia bé mat khudn. Nhu vdy, toi thiéu hoa thoi gian 1am ngudi twong dwong véi viée lam
sao cho nhi¢t do cua long khudn dat mét nhiét do thép nhét cho phép nao d6 dugc xac dinh nhu
mot rang budc.

Pé tim duoc mot thiét ké tdi wu vé cac thong sb hinh hoc cua hé thdng lam mat, phuong
phép ldp trén co so ctia thudt toan trén hinh 3 dugc ap dung. Thay doi cac thong s hinh hoc ctia
hé théng lam mat sao cho nhiét dé bé mit khudn dat dén mot gia tri thép mong mudn sao cho do
léch chudn ciia sy phan bd nhiét do trén bé mat khuon 1a bé nhit (nhiét d6 phan bd dong déu
nhét) s& thu dugc mot thiét ké t6i wu.

Cosoly thuyét vé truyén nhiét trong thuét toan ¢ hinh 3 dwoc tom tit nhur sau:

Truyen nhiét trong san pham nhya trong qué trinh lam ngudi c6 thé xem gan dung nhu bai
toan mot chidu nhu trudng hop tAm phang. Sy phan bd nhiét 6 theo chidu day ctia san pham duc
dugc mo ta bang phuong trinh sau:

oT o'T
—=a
ot 0z

Phuong trinh dao ham riéng (9) dugc giai mot cach tién loi bang phuong phap sai phan
hitu han theo phuong phép Laasonen trong d6 bién z theo phuong chiéu day ctia san pham.

©)
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Su truyén nhiét tir san phidm sang bé mit khudén gap phai mot nhiét trd dwoc tinh bing

cong thirc:

h|T,-T,|=-k or

" o (10)
Mat @6 dong nhiét truyén tir san pham duc sang khuon duoc biéu dién nhu sau:

o
q " on (11)
Mat @6 dong nhiét trung binh trong mot chu ky dugc tinh bang cong thirc:
3 1 L.
7=—[qdi (12)

c 0

Trong d6 f. 14 thoi gian lam ngudi duge xac dinh bang cong thic (1) & muc 2.1.

/" Nnaps, ak, k, T, T. Toban dauvah, |
|

Y
Giai hé thong cac phuong trinh truyén nhiét
(1-5) bang phuong phép sai phan hitu han
v

/ Thu duoc t, G , Tps Toaw Va Ty /

Nhap cac thong s6 cua hinh hoc mit cit
ngang cua kénh lam mat va nhi¢t d6 nudc
]

St dung phuong phap phﬁn tu hiru han
de tim sy phan bo nhiét o

}

/ Thu dugc nhiét d6 cia b mit 1ong khuén /

T.n> va sai léch chuan cua nhiét do

<2 o
L Dung

Khong
T, +T,

m m2

m 2

Hinh 3. Thuét toan xa‘ic dinh nhiét d¢ cua long khuoén, dg 1éch chuén
cua nhi¢t do bé mat khuodn va thoi gian lam ngudi [15]
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3. KET QUA NGHIEN CUU

Dé minh ching cho hiéu qua lam mat cta hé thong lam mat bam theo bé mat long khudn
ché tao béng phuong phap in 3D kim loai, mt chi tiét nhya din dung nhu hinh 4. Vat lidu ché
tao chi tiét la Polypropylene do LG Chemical san Xuét. Nhlet d6 nung chay trong qua trinh duc 1a
2300C nhiét do khuyen nghi cua bé mit 1ong khuon la 45°C, nhiét d c6 thé dy duoc chi tiét ra
khoi khuon 1a 85°C. Chiéu day trung binh cta chi tiét 13 2,5 mm va kich thudc duong kinh 16n
nhét cua chi tiét 1a 87 mm va thé tich vat liéu 1a 58 cm’. Do chi tiét nay c6 hinh dang twong d6i
phirc tap va c6 ving khe hep nén rat kho 1am ngudi bang hé théng lam ngudi thong thudng.

Néu sir dung hé thong kénh 1am mat béng cach khoan 16 thing, véi vat lieu lam khuén (ca
tam c4i va tAm 161) 14 thép KP-4M cua Han Qudc c6 hé sé dan nhiét 1a 41 W/m °K, méc du dé co
ging sir dung cac vach lam mat (baffle), nhiét d6 ctia long khuon & phan 16i khuon rit cao (hinh
5c¢), khoang 80,7°C. Su phan bd nhiét d6 trén bé mit caa phan 161 khong dong déu, d6 chénh léch
nhiét do 16n nhat hon 30°C. Thoi gian lam ngudi khoang 20 gidy. Thoi gian 1am ngudi nay la
kha dai. Véi chiéu day 2,5 mm, néu chi tiét c¢6 dang tim phang, thoi gian lam nguoi ly tudng chi
khoang 8,5 gidy. Nhu vay con rat nhiéu tiém ning dé giam duoc thoi gian lam nguoi bang cach
thiét ké hé thong kénh 1am mat bam theo mit cong cua long khudn va dugc ché tao bang phuong
phap in kim loai.

Hinh 4. Minh hoa san phém dtc dugc so sanh hi€u qua lam mat gitta hai loai kénh lam mat khac nhau

EL';?DE‘;IBET'P, mold Temperature, mold

= B0.71[C]

1

IdS.UO

4003

le]

I 80.71

66.81

35.08
I52.91

30.08

(a) (b) (©)

Hinh 5. Kénh lam mit truyén thong (a), sy phan bd nhiét d¢ trong long khuén: phan khuén céi (b)
va phan khuén duc (c) thu dugc bang mo phong
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Can ctr va dic diém hinh hoc cua san phém dac, kénh lam mat cong dugc phat thao nhu
hinh 6 dya trén nguyén tac nhiing vung ma nhiét do bé mit khuon cao thi cAn bé tri duoc 1am
mat gan voi bé miat d6. Ngoai ra ciing phai chu y dén tinh cong nghé trong két cdu ctia qua trinh
in 3D nhu chiéu day t6t thidu cta vach co thé in dugc, duong kinh 16 ¢6 thé in duoc, két chu
kénh 1am mat sao cho khong phai in hé théng chéng d& (support structure).

Hinh 6. Phéc théo hé thong lam mat bam theo bé mit cta long khudn

Budc tiép theo ctia qua trinh t6i wu hda hé thong kénh lam mat 1 xac dinh kich thudc hop
Iy cua tiét dién ngang va vi tri cia phu hop cua tiét dién sao cho phan sé nhiét do trén bé mat
long khudn va ddng déu nhat co thé va nhiét do trung binh trén bé mat khuon bang nhiét do
mong mudn dé thoi gian 1am ngudi 13 ngan nhit va chat luong san phim dam bao. Phuong phap
sir dung dé t6i uu hoa kich thudce va vi tri cia kénh lam mat 1a sir ~dung ngdn ngir 1p trinh
Python dé tao file script chay tu dong chwong trinh v& hé thong mit cét ngang cia hé thong lam
mat tai cac vi tri quan trong va tu dong phan tich ciing nhu xuét két qua vé su phan bd nhiét do
trong phdn mém Abaqus. Ddi v&i mit cat ngang, dién tich miat cit ngang hop 1y 14 hinh elip hon
14 hinh tron vi ddc diém cia ving khong gian cta 161 khudn. Vi tiét dién hinh elip, chu vi tiép
xtc cua moi chat lam mat véi khudn 16n hon so véi hinh tron véi cung mot dién tich.

+++tt+F bttt
PFRRRRRRRRRRR R

Hinh 7. Téi vu héa hinh déng va kich thuéc tiét dién cta kénh lam mat
bang phuong phap phan tur hitu han véi sy ho trg ciia may tinh.
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DPéi voi phﬁn chop cua 161 khudn, do dac thu hinh dang cia san phém, néu cit doc theo san
phim sé& thdy mit cat ngang ciia duong nudc lam mat nhu hinh 8. Mat cit ngang ciia duong lam
mét c6 dang hinh giot nudc dé dam bao tinh cong nghé trong két cau ciia in 3D. Dang hinh giot
nude rong s& gitp loai bo két cdu chdng dd khi in. Néu phai in két cau chdng d&, rit kho loai bo
hé thong cot chng d& sau bén trong dudng lam mat ngoan ngoéo sau bén trong 15i khuon, giy
tac hé théng duong dan nuéc lam mat.

Sanphidm  Phan 15
duc khuoén Buong
lam mat

a) (b)

Hinh 8. Ciu tao cua 16i khuén (a), hinh dang tiét dién ngang ciia duong lam mét tai vi tri chop
cua 16i khuodn (b) va toi wu hoa hinh dang va vi tri cta tiet dién (c).

Temperature, mold
= 48.08[C]

IC]

.48.06

43.10

I38.15

33.19

28.24

Hinh 9. Két qua mo phong su phan b nhiét d¢ trén 161 khudn véi hé thong lam mét bam
theo b& mat cong chi tict véi thoi gian lam ngudi 10 gidy.

Vé mat ly thuyét, néu dung vat li€u c6 hé s6 dan nhiét 16n thi hi¢u ndng lam mat cang lon.
Tuy nhién van dé phat sinh trong cong nghé in 3D kim loai d6 1a rat d& xay ra hién tién nit do
nhiét khi in cac vat liéu co6 hé sé dan nhiét 16n va c6 ham luong cac-bon cao. Do vy, trong
nghién clru nay, vat li€u bot kim loai twong duong véi thanh phﬁn cua thép mactensit hoa gia
(maraging steel) c6 ham luong cac-bon thip nhung c6 d6 bén cao dugc st dung dé in 15i cua
khudn. Hé s6 dan nhiét ciia thép mactensit hoa gia 1a 23 W/m °K. Két qua mo phong hé thong
Jam mat bam theo bé mit cong cua chi tiét duc bang phin mém Moldflow nhu hinh 9. Két qua
cho thay véi thoi gian 1am ngudi 10 gidy, nhiét do cao nhat trén bé mat 15i khudn giam con 48°C,
nhiét do trung binh trén bé mit khudn khoang 42°C. Ddng thoi, két qua phén tich ciing cho thiy
nhiét d6 trén bé mat cua 16i khudén phan bd kha dong déu.
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Nhu vy, v6i chi tiét diic trong nghién ciru nay, thoi gian lam ngudi da giam tur 20 xubng con
khoang 10 gidy, tirc la da giam dugc 50% thoi glan lam ngu01 bay la mét con s ¢o y nghia vé
mit hiu qua k¥ thuat rét 16n. Giam duoc thoi gian 1am ngudi s& rit ngin duoc thoi gian chu ky
ctia san pham, dan dén tiét kiém dugc thoi gian va ning lwong, ha gia thanh san pham. Két qua
nhién ctru la mot phﬁn cua ndi dung cta dy an lién két cua truong dai hoc, vién nghién clru va cong
ty san xuat lién quan dén cong nghé san xuét vat liéu bot, cong nghé in 3D kim loai dung tia laser
(SLS) va k¥ thuat thlet ké ché tao khudn nhya dé tang hidu qua lam mat ciia khuon nho cong nghé
in 3D dang dugc trién khai tai Han Qudc ma nhom nhién ctru ching t6i dang tham gia. Hai bg
khuon miu d dugc ché tao: mot bd khuon ¢ dudng lam mat truyén théng ché tao hoan toan bang
thép KP-4M va mot bd khudn co hé théng lam mat ché tao bang thép mactensit hoa gia cho phan
161 theo phuong phap in 3D trong d6 c6 dudng lam mat bam theo bé mdt chi tiét dtc s& thir nghiém
dé minh chung két qua. Vi ly do chua duge phép cong bd két qua thyc nghiém nén khong dugc
phép trinh bay truc tlep trong bai bao nay. Két qua thuc ‘nghiém s& duoc trinh bay tai hoi nghi. Két
qua thuc té c¢6 sai sb so voi md phong, tuy nhién sai s6 ¢6 thé chip nhan dugc trong k¥ thudt va
cho thiy két qua tinh toan twong di tring khop véi thuc nghiém.

4. KET LUAN

Nghién ctru nay d trinh bay hé thong kénh lam mat theo duong cong bam theo bé mit cua
1ong khudn (conformal cooling channel), dugc ché tao bang phuong phap in 3D kim loai nung
chay bang tia laser. Phwong phép tinh toan thiét ké hé thong 1am mat toi wu ca vé hiéu ning ciing
nhur dam bao tinh céng nghé trong két cau ddi vai phuong phap in 3D dugc gidi thi€u thong qua
mot vi du minh hoa ctia cho mdt san pham nhya. Dé tdi uu héa hé thong lam mat khudn, cac
phuong phép giai tich, kinh nghiém thiét ké ciing nhur cic cong cu phan tich mé phong bang may
tinh (CAE) dugc sir dung mot cach két hop. Két qua nghién ctru cho thdy, kha ning ting dugc
hiéu qua lam mat néu sir dung hé thong 1am ngudi méi phu thudc vao do phirc tap ciia san pham
duc. Nghién ctru cho thiy, véi chi tiét c6 hinh dang phirc tap dbi voi hé thong lam mét truyén
thong, néu thiét ké kénh lam mat t6i wu ¢ thé giam thoi gian lam ngudi san pham dén 50%, bén
canh d6, chit lwong san pham ciing t6t hon. bay la mot minh ching cho thiy tinh hiéu qua ky
thut cua cong ngh¢ in 3D trong cong nghiép ché tao khuén mau mic du gia thanh ché tao bang
cong ngh¢ in 3D kim loai van tuong d01 cao vi gia kim loai bt cao va thoi gian in tuong d6i lau
d6i vi cac san pham 16n. Nghién ctru vé hidu qua k¥ thuat ‘mang lai so v6i chi phi dau tu cho gia
cong khudn véi cong nghé in 3D sé& 1a nhitng nghién ciru tiép theo can dwoc trién khai.

LOI CAM ON

Tac gia cam on sy hd tro cua Trudng DPai hoc Nha Trang va Truong Pai hoc Ulsan.
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