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TOM TAT

Nghién cuu nay 1ap trung vao viéc phat trién mot thiét ké khuén phun ép t6i wu héa, déic
biét cho viéc san xudt cdc mau composite gia co s bang tam soi carbon. Vi muc tiéu hang dau la dat
dwoc chat hrong bé mdt va gzam thiéu suw xudt hién ciia cdc khuyét tat. Bé dat dwoe diéu nay, quy
trinh nghlen cltu sé bao gom cdc giai doan sau: ddu tién la s dung phan mém mé phong 3D de
thiét ké khuén hai tdm cé san pham dang tron xoay rudt rong nén can cé 16i insert dé tao loz rong
va bon long khudn cé kich thude Iom dan sau d6 phan tich dong chay vit liéu va t6i wu héa cdu triic
khuon. Tié}) theo, mét bo khudn hai tam sé dwoc gia cong ché tao dira trén két qua thiét ké va mé
phong. Giai doan thir nghiém ép phun sé dwoc tién hanh, trong dé can gdn thii cong insert vao long
khuén dé tao I6p nhiea thir nhat. Tiép dén qudn 16p soi carbon dé tao ra san pham nhwa bao quanh
16p soi carbon. Giai doan ké tiép la thay long khudn I6n hon dé tao ra san pham day hon nham dat
dwoce san pham cudi ciing ¢6 bon 16p nhwa xen ké véi ba I6p soi carbon. Cdc théng sé quan trong
nhu nhiét @ truc vit (nhiét @é nhwa), dp sudt phun, thoi gian phun, dp sudt bdo dp, thoi gian bdo dp
va thoi gian lam mat sé dwoc tinh chinh diea trén mé phong nham giam thiéu cdc khuyét tdt thiong
@dp nhw khéng dién day, 16 réng, bot khi, hodc bién dang khéng mong muon. Hiéu sudt hoat dong
ctia khuén va chat lwong bé mdt cua cdc mau composite dwoc tqo ra sé dwoc danh gia mot cach
toan dién bang cdc phwong phdp do lwong va phan tich chuyén dung. Cudi cing, diea trén nhitng
két qua thu dwoc, nghién civu sé dia ra cdc khuyén nghi cu thé va chi tiét vé thiét ké khudn, cé tinh
ing dung cao trong méi truong sdn xudt cong nghiép, nang cao chdt heong san pham va giam thiéu
chi phi.

Tir khoa: Thiét ké khudn phun ép; Soi carbon dang tam; Vit liéu composite; M6 phong
Moldex3D, Creo Parametric; Loi ép nhwa; Mdu thu kéo.

ABSTRACT

This study presents the development of an optimized injection mold design for the fabrication
of carbon fiber-reinforced composite samples. The primary objective is to enhance surface quality
and minimize common molding defects. The methodology involves the use of 3D simulation
software to design a two-plate mold for a rotationally symmetrical hollow product, incorporating
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a manually inserted core and four interchangeable cavities with increasing dimensions. Flow
analysis and mold structure optimization are conducted to refine the design. A two-plate mold is
then fabricated based on simulation results. During molding trials, the insert is manually placed to
form the initial plastic layer, followed by the application of carbon fiber sheets. Subsequent molding
steps involve replacing the cavity with progressively larger ones to encapsulate additional layers,
resulting in a final structure comprising four plastic layers alternating with three carbon fiber
layers. Process parameters such as barrel temperature, injection pressure, injection time, holding
pressure, holding time, and cooling time are fine-tuned through simulation to minimize defects
like short shots, voids, air bubbles, and deformation. Mold performance and composite surface
quality are evaluated using specialized measurement and analysis methods. The study concludes
with practical recommendations for mold design applicable in industrial manufacturing to improve

product quality and reduce production costs.

Keywords: Injection mold design; Sheet-type carbon fiber;, Composite materials, Moldex3D
simulation; Creo Parametric; Molding defects, Tensile test specimen.

1. GIOI THIEU

Vat li¢u composite sgi carbon da va
dang tré thanh mot trong nhiing vat liéu tién tién
dugc ua chudng trong cac nganh cong nghiép
k¥ thuat cao nhu co khi, 6 t6, hang khong vii try
va nang luong tai tao [1]. Vi dic tinh ndi bat 1a
trong lugng nhe, do cing cao va kha nang chiu
tai vuot trdi, composite sgi carbon cho phép
ché tao cac chi tiét ky thuat c6 hi¢u suét cao,
dong thoi giam thiéu tiéu thy ning luong trong
cac ung dung di dong [2]. So vd&i céc vat ligu
truyén théng nhu thép hay nhom, composite
so1 carbon khong chi mang lai loi thé vé trong
lwong ma con cai thién dang ké cac tinh chit co
hoc, bao gém dd bén kéo, do cung va kha nang
chéng moi [3].

Ngoai ra, composite sgi carbon con sd
hiru kha ning chdng mai mon, chiu nhiét va
khang hoa chat vuot troi, gitip kéo dai tudi tho
san pham va giam chi phi bao tri [4]. Nhiing
dac diém nay da thac day sy d6i méi trong thiét
ké va san xuat, tir cic chi tiét may moc nho
gon dén cac bd phan 16n nhu khung gam 6 16,
canh may bay hay vo tau vii tru [5]. Trong boi

canh nhu cau vé cac san pham hiéu ning cao va
bén virng ngay cang ting, composite soi carbon
dong vai tro then chét trong viée dap tmg cac
tiéu chuan khat khe cta nganh cong nghiép
hién dai [6].

(*) Vai tro ciia phun ép trong sin xuit
composite s¢i carbon

Phun ¢ép 1a mdt trong nhiing phuong
phap san xuét quan trong dé tao hinh cac san
phém composite soi carbon, dac biét 1a cac chi
tiét c6 hinh dang phirc tap va yéu cau do chinh
xé4c cao [7]. Qua trinh nay bao gdm viéc phun
nhua nhiét déo hodc nhiét rin vao khudn chira
cac 16p soi carbon da duoc dinh hinh san, tir d6
tao ra san pham composite véi cu trac dong
nhat va tinh chat co hoc t6i vu [8]. So véi cac
phuong phap khac nhu ép nong hay duc thu
cong, phun ép mang lai hiéu qua san xuit cao
hon, kha nang lap lai t6t va kha nang tao ra cac
san pham vé&i dung sai chat ché& [9].

Tuy nhién, qua trinh phun ép composite
soi carbon doi mat voi nhiéu thach thic ky
thuat. Mot trong nhitng van dé chinh la dam
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bao dong nhwa chay déng déu bao quanh cac
16p soi carbon dé tranh cac khuyét tat nhu 15
rong, bot khi hay su phan b khong dong déu
ctia soi [10]. Nhitng khuyét tat nay co thé lam
giam dang ké do bén va tinh chit co hoc ctia san
phém cudi cung [11]. Ngoai ra, viéc dat dugc
bé mit san pham min, khong c6 cac 16i nhu vét
chay, bién dang hay nut giy doi hoi su kiém
sodt chit ch& cac thong s6 phun ép, bao gdm ap
suat, nhiét do va thoi gian 1am ngudi [12]. Do
6, viéc thiét ké khudn phun ép phu hop va toi
wu hoa quy trinh san xuét 1a yéu t6 quyét dinh
dé dam bao chat luong san pham composite soi
carbon [13].

(*) Thach thirc trong thiét ké khudn phun ép
cho composite sgi carbon

Thiét ké khuon phun ép cho cac san
pham composite soi carbon dang tAm doi hoi sy
can nhic k¥ ludng vé ca khia canh k¥ thuat va
vat li¢u. Mt trong nhiing thach thice 16n nhat 1a
dam bao kha nang chtra dung céac 16p soi carbon
dang tdm trong long khudén ma khong lam anh
huong dén qua trinh phun nhya [14]. Khuén
phai duoc thiét ké sao cho c6 thé mé rong long
khuén dé dat soi carbon mot cach chinh xac,
dong thoi duy tri d6 kin dé ngan chin ro ri nhya
trong qua trinh phun [1].

Ngoai ra, viéc kiém soat dong chay cua
nhya trong khuon 1a mot véan dé phuec tap, dac
biét khi soi carbon dang tdm c6 thé can trd sy
phan b dong déu cua nhya [2]. Néu dong nhua
khong dugc tdi wu hoa, san phém ¢ thé xuét
hién cac khuyét tat nhu ving thiéu nhya, bot
khi hoac su phan tz‘ing gitta nhya va so¢i [3].
Hon ntra, cac thong s6 van hanh nhu ap suét
phun, tdc do phun va nhi¢t do khuon can dugc
diéu chinh ti mi dé phu hop véi tinh chat ciia ca
nhua va soi carbon, nham dat dugc san pham
c6 chat lwong bé mit va co tinh tot nhit [4].

Mot thach thirc khac 13 giam thiéu cac
16i san xuat tiém an, chiang han nhu bién dang
nhiét, co ngoét khong dong déu hodc mg suat
du trong san pham [5]. Nhiing 16i nay khong
chi anh huéng dén hinh dang va kich thudc cua
san pham ma con lam giam d6 bén lau dai cia
composite [6]. Do d0, viéc danh gia hiéu suét
khuon va kiém tra chat luong san phdm mau la
can thiét dé xac dinh cac giai phap thiét ké va
van hanh t6i wu [7].

(*) Muc tiéu va phwong phap nghién ciru

Nghién ctru ndy tap trung vao viéc thiét
ké mot hé théng khuon phun ép cho san pham
composite soi carbon dang tron xoay 13i rong,
v6i muyc tiéu chinh 1a t6i wu héa qua trinh san
xuat va chit lugng san pham [8]. Cu thé, nghién
clru s€ tap trung vao viéc mo rong long khuon
dé chira cac 16p soi carbon dang tim, dong thoi
tinh chinh cac théng sb van hanh nhu ap suit,
nhiét 6 va thoi gian phun dé giam thiéu cac
khuyét tat san xuét [9].

Pé dat duoc muc tiéu nay, hiéu suat hoat
dong cua khuon s€ dugc danh gia thong qua cac
thi nghiém mo phong va thuc nghiém, tap trung
vao kha ning phan bd nhya va do chinh xac
ctia san pham [10]. Chét lwong bé mit cta cac
san pham mau ciing s& dugc kiém tra k¥ ludng
dé xac dinh cac 16i nhu bot khi, vét chay hoic
bién dang [11]. Két qua tir cac phan tich nay s&
cung cap co so dé dé xuat cac giai phap thiét
ké khu6n mang tinh thuc tién, pht hop voi moi
truong san xuét cong nghiép [12].

2. THIET KE BQ KHUON HOAN CHINH
* Muc tiéu miu deé ra:

Mau thir duge thiét ké v6i dang hinh
tron xoay rong rudt, bao gdom bon 16p nhya xép
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chéng 1én nhau. Dé tang cuong do bén co hoc,
gitra cac 16p nhua c6 theé dugc chén thém cac
16p sgi carbon (carbon fiber).

Dé dam bao vi tri dut xay ra tai ving
giita khi chiu tai, hinh dang mau dugc thiét ké
v6i bé day giam dan tir hai dau vé trung tam,
trong d6 duong kinh nho nhat nim tai phan
giita mau thir.

Muc tiéu nghién ctru ciia mau thir 1a
phuc vu thi nghiém kéo, do d6 yéu cau mau
phai dat chat luong cao v6i o hoan thién bé
mit tot. Piéu nay giup dam bao tinh on dinh va
do tin cay cta két qua thir nghiém.

o Thiét ké mau thir:

Mau thir duoc thiét ké dua trén kich
thudc chiéu dai theo tiéu chuan ISO 6892-
1:2019 (Loai mau thir dugc sir dung cho dang
ong).

N

Lép nhya 1 —{5
L6p nhya 2——{
L6p nhya 3—
Lép nhya 4 —

Hinh 2.2. Mdt cdt doc ciia mau thir 4 nhua 0 CF
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Lép nhya 4

Hinh 2.3. Mdt cdt doc ciia mdu thir 4 nhya 1 CF
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Hinh 2.4. Mdt cdt doc ciia mau thir 4 nhya 2 CF
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Lép CF3
Lép F 2
Lép CF 1
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Lép x|
Lip rhoa 2
Lép vt 3
Lip v 4

Hinh 2.5 Mt cat doc ciia mau thir 4 nhua 3 CF

« Thiét ké 6 hinh 3D cho khuon:

Sau khi 4p dung céc cong thure tinh toan
dé xac dinh cac thong s6 can thiét cho thiét ké
khuon, nhom thuc hi¢n da su dung phén mém
Creo Parametric 11.0 dé xay dung mé hinh 3D
cua khuon.

Creo Parametric 1a mot phin mém CAD
(Computer-Aided Design) chuyén nghiép, duoc
st dung rong rai trong nhiéu linh vuc thiét ké
ky thuat, bao gom ca thiét ké khuon ép nhya.
Phan mém nay cung cap cic cong cu manh mé
cho phép xay dung mé hinh chi tiét, t5i uu hoa
thiét ké va dé dang chinh sira theo yéu cau.

* Quy trinh thiét ké khuén bang phan
mém Creo 11 bao gom céac bude chinh nhu sau:

- Chuén bj m6 hinh san phém: Tao hoac
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nhap mo hinh 3D san pham, kiém tra tinh hoan
chinh va dg chinh xac. Xé4c dinh huéng md
khuon, duong va mat phan khuon.

- Tach khuon: Str dung Module Mold
Cavity dé v& mit phan khudn va tach khuén.
Thiét 1ap kénh dan nhya, cong phun. Tty chinh
cac kich thude dé thiét ké tim khuén am va
duong.

- Thiét ké vo khuon: Thiét ké cac tim
kep trén, tam kep dudi, tam day, tam gitt. Chon
cac chi tiét dan hudng, dinh vi theo tiéu chuan.

- Thiét ké hé thong day san pham: Bo tri
chot day va hé thong day san pham hi¢u qua.

- Lap rap khudén: Hoan thién mé hinh
khudén bang ché do Assembly, bao gom tat ca
cac thanh phan.

Sau khi tinh toan va dung hinh, khuén
mau thir dugc nhom thiét ké gdm hai bo riéng
biét, mdi bo gém hai long khuon. B khuon thir
nhat dung dé ép 16p thw nhét va tht hai, trong
khi b khuon tht hai dugc st dung dé ép 16p
thr ba va tht tu. Cac 16p duogc thiét ké voi ban
kinh tai vi trf can kéo dut chénh 1éch nhau 2
mm.

Hinh 2.6. M6 hinh khuén 3D hoan chinh

3. UNG DUNG CAE MO PHONG QUA
TRINH PHUN

Nghién ctru nay sit dung phan mém
Moldex3D 2024 dé phan tich dong chay nhwa
nham tim ra cac thong sé ép phu hop. Kiém
tra tinh kha thi cua thiét ké, phat hién céc van
dé tiém 4n nhu bién dang san phém, nhiét do
khong dong déu.

Vit liéu st dung trong nghién cuu la
nhua PA6.

Két qua mo phong cho thdy voi thoi
gian dién day (Filling times) 1s, san pham dién
day hoan toan.

[y —

a) Long khuén thir nhdt

b) Long khuon thir hai
Hinh 3.1. Thoi gian dién day.

San pham xuat hién hién turong bay khi,
chu yéu tai cac vi tri khong quan trong, khong
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anh huong dang ké dén chit luong tong thé. Tuy
nhién, mot s it béy khi dugc ghi nhan tai ving
vi tri kéo dut cia mau thi, co thé anh hudng
dén tinh chinh x4c cua két qua thi nghiém kéo.
Mot s6 cach khic phuc ma khong can thay doi
két cau khuon:

v/ Tang thoi gian dién day;
v" Giam toc do phun.

a) Long khudn thir nhat

b) Long khuon thir hai
Hinh 3.2. Vi tri xudt hién bay khi

Két qua mo phong cho thiy, dudng han
da dugc phat hién & mot s6 vi tri trén san phém.
Cac duong han nay c6 thé xuat hién tai vi tri
kéo, diéu nay c6 thé anh huéng dén tinh d6 bén
ctia san pham néu khong dugc xtr Iy dang cach.

Mot sb cach khic phuc:

v" Tang nhiét do khudén hodc nhiét do nhua
nong chay;

v" Giam thoi gian dién dﬁy;
v’ Tang toc do phun.

a) Long khuén thir nhdt

b) Long khuon thir hai
Hinh 3.3. Vi tri xudt hién duong han.

4. KET QUA VA THAO LUAN

V& phan khuon, sau qua trinh gia cong,
khuon da dat dugc cac yéu ciu dé ra ca vé mat
k¥ thuat 1an kinh té. Cy thé, kich thudc khuon
duoc gia cong chinh xac theo diing ban vé thiét
ké, dam bao do phil hgp cao véi chi tiét can tao
hinh (hinh la). Bén canh dé, san pham khuén
cling tiém can vdi cac yéu cau thuc té trong
qué trinh san xuat, cho thay su hop 1y trong lya
chon vat li¢u, phuong phép gia cong cting nhu
két céu tong thé (hinh 1b). Ngoai ra, chi phi
thuc hién khudén nam trong pham vi ngan sach
cho phép, cho thay hiéu qua kinh té duoc dam
bao ma van khong anh huéng dén chét luong.
Nhin chung, khuén sau khi gia cong co thé sir
dung t6t trong thuc tién san xuat, dong thoi dap
ung dugc céc ti€u chi vé kich thude, do chinh
xéc va tinh kinh t& mot cach hop 1y.
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Hinh 4.2. Cac chi tiét khuén

Vé phan mau ép, trong nhitng 1an thi
nghiém ban dau, nhom di tién hanh ép theo cac
thong s6 14y tir mo phong. Tuy nhién, két qua
thu duoc van chua thue sy 6n dinh va xuét hién
mot sb 161 dang chu y. Cu thé, ¢ 1op 1 va 16p
2 (hinh 2) cta san pham c6 hién tuong khong
dién déy vat liéu, dan dén cac khuyét tat vé
hinh dang va két cdu. Pdng thoi, mot sb vi tri
con xay ra tinh trang hd 16p va 101 soi carbon
(CF), anh huong dén chit luong tong thé cua
mau.

Bdng 4.1. Théng sé ép ban dau

Nhiét do nhya 280°C

Ap suét dién day 50 Mpa
Thoi gian dién day Is

Ap suit bao ap 48 Mpa
Thoi gian bao ap Ss
Thoi gian lam mat 20s

Hinh 4.3. Méu bi 16i

Trude nhitng van dé d6, nhom di tién
hanh diéu chinh lai cic thong sd ép nhu nhiét
do, ap suét, thoi gian giir luc,... Qua mot vai
lan thir nghiém va tinh chinh, cac 18i dan duoc
khic phuc, va miu ép da dat duoc do hoan thién
t6t hon rd rét & ca bon 16p 1, 2, 3 va 4 (hinh 3).
Két qua nay cho thay viéc hiéu chinh thong s6
ép dong vai tro quan trong trong vi¢c dam bao
chét luong san pham cubi cung.

Bdng 4.2. Théng sé ép da thay doi

Nhiét 4o nhya 260°C
Ap suét dién day 70 Mpa
Thoi gian dién day 2s
Ap suit bao ap 65 Mpa
Thoi gian bao ap Ss
Thoi gian lam mat 25s

==

Hinh 4.4. Mdu
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Két qua ép thir nghiém cho thidy méu
nhua sau khi ép dd dat chat lugng tot, voi viée
han ché t6i da cac khuyét tat hinh hoc thudng
gip nhu thiéu vat liéu (short shot), bavia (flash),
16 khi (voids) va hién twong 10i s¢i carbon (CF).
Diéu nay cho thiy qua trinh diéu chinh thong
) ép da dugc thyc hién hi€u qua, giup cai thién
dang ké chit luong san pham. B& mit méiu ép
dat do 6n dinh cao, khong xuét hién cac vét nit,
xude hay hién tugng xu xi, cho thiy qué trinh
kiém soét nhiét do va ap suét trong khuon da
duoc téi vu hoa. Viéc kiém soat chit ché cac
thong s6 nay giup tranh dLrOC cac khuyet tat bé
mat nhu vét chay, vét sin hay vét han tir chot
day. V& d6 chinh xéc kich thudce, khu vuc trung
tAm ciia mau dat gan nhu chinh xéc so v&i thiét
ké ban dau, v6i sai léch nhé nam trong gidi han
cho phép. Sai léch nay chu yéu do hién twong
co rit cua nhya trong qua trinh lam ngudi, mot
yéu t6 thuong gip trong ¢p nhya va da duogc du
tinh trudc trong thiét ké khudn. Dbi véi cac 16p
soi carbon (CF), khi duoc quan dung k¥ thuat
va theo diing hudng dan, hién tuong 10i soi ra
ngoai bé mat di duoc giam thiéu dang ké. Viéc
sap xép hop 1y cac 16p CF khong chi giup cai
thién tinh thim my ma con dam bao dong chay
cua nhyua khong bi can trg, tor d6 nang cao chét
lugng va do bén cua san phém.

g olle °

1I>A
1\ Q

(/e @€ ~U(+ES

Hinh 4.5. Mdu 4 16p nha 0 16p CF

5. KET LUAN

Trong qué trinh thyc hién dé tai thiét ké
va ché tao khudn ¢p nhua, nhém da hoan thanh
viéc gia cong khudn dap tng day du cac yéu
cau k¥ thuat va kinh té. Kich thudc khudn duoc
gia cong chinh xac theo ban vé& thiét ké, dam
bao do phu hop cao véi chi tiét can tao hinh.

San pham sau khi ép thir nghiém dat duoc cac
yéu cau vé hinh dang va kich thudc gan giong
v6i thiét ké ban dau. Tuy nhién, trong qua trinh
ép thir, nhom gip phai mot sé khé khin do phai
thyc hién thao tic thay long khuén, dan dén
thoi gian ép kéo dai. Mic du vay, voi két qua
dat dugc, bd khudn van co thé ap dung hiéu qua
trong hoc tap va nghién ctru, dong thoi 14 co s¢
cho cac huéng phat trién tiép theo cua dé tai.
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