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T6m tat nhirng dong gép maéi vé ly luan va hoc thuat cta luan an:

1. V&i mo hinh co ban nghién ctu anh hwéng cia nhiét d6 khudén dén do dién
day vét liéu composite trong kKhu6én phun ép, mé hinh nghién ctu dong chay trong
long khuén da dwoc thiét ké va ché tao véi kha nang diéu chinh nhiét do khuén tir
300C dén 110°C thong qua hé théng kénh dan va gia nhiét bang khi néng. Két qua
kiém tra chiéu dai dong chay cho thiy khi tang nhiét d6 khudn tir 30°C dén 1100°C,
chiéu dai dong chay nhwa tang cho ca 3 trwong hop chiéu day san phdm 0,5 mm,
0,75 mm va 1 mm. Tuy nhién, mirc d6 tang la khac nhau khi chiéu day san phim thay
doi, chdng han: & treong hop nhwa PA6 0%GF, nhiét dd khudn ting tir 30°C dén
1100C va long Khuén c6 chiéu day 1 mm thi chiéu dai ting tir 114.8 mm lén 145.8
mm (tic la ting 31 mm). V&i ving nhiét d6 khudn thay doéi tir 30°C dén 1100C, két
qua mdé phong trén phan mém Moldex3D la twong do6i giong véi két qua thuc
nghiém.

2. V&i mo hinh dong chay cé thanh moéng va nhiét dé khuén cao, phwong phap
gia nhiét cho bé mit khudn bang khi néng da dwoc stt dung dé nang nhiét dé6 khudn
1én dén hon 140°C. K&t qua thuwc nghiém cho thay:

- M6 hinh khao sat dong chay cé thanh mong: Vé&i vat liéu PA6 va
PA6+30%GF, ti 1€ cai thién kha nang chay ctia dong vat liéu cang dwogc cai thién ro
rét hon. Cu thé, v&i vat liéu PA6 va chiéu day dong chay 0,6 mm, chiéu dai dong chay
duwoc tang thém khoang 90,6% (tang tir 38,96 mm 1én 74,25 mm) khi gia nhiét 20s.
Véi vat liéu composite PA6+30%GF, két qua thwc nghiém cho thiy véi chiéu day
dong chay la 0,6 mm, khi gia nhiét 20s, chiéu dai dwgc cai thién tir 28,5 mm dén

58,95 mm, twong dwong 108,6%. Cac két qua nay cling cho thdy dong chay cda vat
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liéu nén PA6 (PA6 va PA6 + 30%GF) c6 d6 nhay véi nhiét do khuon hon vat liéu PP
va ABS, v&i kha nang cai thién chiéu dai dong chay la trén 80% v&i thoi gian gia
nhiét 1a 20s.

- MO0 hinh &ng dung cho gian méng: Khi nhiét dé6 khuon tiang tir 45°C dén
75°C, chiéu cao gin da tang tir 2,8 dén 4,2 mm. Khi Ex-GMTC dwoc str dung, nhiét do
khuén thay déi tir 112,0°C dén 140,8°C va chiéu cao gan moéng dat 7,0 mm. Do Ex-
GMTC khong bi &nh huwdng béi két cAu khudn, nén phwong phap gia nhiét nay ho tro
phan bd nhiét d6 tét hon so véi phwong phép gia nhiét bang nwéc; két qua 1a s can
bang dong chay vat liéu trong khudén t6t hon. Ngoai ra, qua trinh gia nhiét cho thay
vi tri gia nhiét khong nhit thiét tai khu viwc thanh méng. Vung gia nhiét cé thé duoc
chon sao cho han ché dwoc lép ddong dic nham han ché hién twong can tré dong
chay vat liéu vao khu vuc c6 thanh méng.
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Summary of theoretical and academic contribution of the dissertation:

1. With the common model of melt flow length, the equipments were designed and
manufactured for controlling the mold temperature with the range of 302C to 1102C
by the cooling channel and Ex-GMTC. The result of melt flow length shows that the
melt filling was improved with the flow thickness of 0,5 mm, 0,75 mm and 1,0 mm.
However, the imprivement is different with each thickness, as: with the case of PA6
0%GF, flow thickness of 1.0 mm, when the mold temperature increases from 30°C to
1100°C, the melt flow length was raising from 114.8 mm to 145.8 mm (the improving
of 31 mm). In addition, in this temperature range, the simulation of Moldex3D is
fitted with the experiment result

2. With the thin wall model and high mold temperature range, the Ex-GMTC was
applied for heating he mold surface to over 140 ¢C. The experiment result show
that:

- With the model of thin wall melt flow length: With the material of PA6 and

PA6+30%GF, the improvement of melt flow length was observed clearly. In detail,
with the PA6 material and the flow thickness of 0.6 mm, the melt flow length was
increase about 90.6% (raising from 38.96 mm to 74,25 mm) with the heating time
of 20 s. With the PA6+30%GF material, the experiment result shows that with the
0.6 mm flow thickness, heating time of 20 s, the melt flow length was improved
about 108.6% (raising from 28,5 mm to 58,95 mm). Thse results also prove that the
PA6 and PA6 + 30%GF are more sensitive with the mold temperature than the PP
and ABS, which were increased about 80% in melt flow length with the same
heating time of 20 s.

- With the thin rib model: When the mold temperature increase from 45°C
dén 75°C, the rib height was increase from 2,8 mm to 4,2 mm. When the Ex-GMTC

was applied with the mold temperature ranged is 112,0°C to 140,8°C, and the thin
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rib was full fill with the height of 7.0 mm. Due to the Ex-GMTC is not influence by the
mold structure, so, this heating method support a better mold temperature
distribution than the hot water heating method, and the result is the better balance
of melt flow. On the other hand, these results also prove that the heating position
does not need to be at the thin wall location. The heating location should be selected
for reducing the frozen layer, so, the reducing of melt flow at the thin wall location

will be eliminated

HCMC, / /2020
Supervisor PhD candidate
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Chuwong 1. TONG QUAN

1.1. Khai quét chung vé cong nghé phun ép nhya

San pham phun ép nhya hién nay rat da dang, tir don gian dén phirc tap, tur kich
thudc 16n dén kich thude nho. Véi sy phat trién nhu h1en nay, yéu cau méi voi
cong nghé phun ép lu6n duge dit ra, mot trong nhitng yéu ciu cap thiét nhat la: ché
tao cac san phiAm nhua v6i bé day nho hon 1 mm phuc vu cho cac Chlp y sinh, cac
thiét bi quang hoc,...M&i mét san pham trong quy trinh phun ép déu c6 nhitng dic
trung va yéu cau ky thuat khac nhau dé dam bao d¢ dién day, d6 bong bé mat, do
bén san pham,...Vi véy, can chon loai vat li¢u, nhiét d6 khu6n phu hop de tranh
nhitng sai hong trong qua trinh phun ép ciing nhu dam bao dugc yéu cau vé co tinh
va thAim my ctia san pham.
1.2. Tinh hinh nghién cau
1.2.1. Ngoai nuéc

Trong nhitng nam qua da c6 mot s6 nghién cu nham nang cao niang suit va
chat luong san pham trong quy trinh phun €p cho vat li¢u polymer va composite.
Céc nghién ctru nay chu yéu tap trung vao cac huéng chinh nhu sau:
- Nghién ctru cac qui trinh méi nham giai quyét cac khé khin trong qua trinh
phun ép. Trong cac nghién ctru cua X. Xu, S. Wong, H. X. Huang, nhya bot khi
dugc tién hanh thyc nghiém véi cac danh gia vé chat lugng san pham cho thay kha
nang chdng co rat 1a mot trong nhitng diém ndi bat cua loai vat liéu nay. Ngoai
nhua bot khi, quy trinh phun ép danh cho nhom vt liéu polymer két hop véi vat
liéu gém cing duoc nghién ctru boi F. Sommer, W. Liu. Cac nghién ctru nay cling
cho thay vt li¢u nhya két hop voi gom sir cling ¢o nhleu tinh nang uvu viét, nhung
quy trinh phun ép van con nhiéu van dé can dugc cai tién.
- Nghién ctru anh hudng ciia cac chat phu gia nhim nang cao co tinh cua vat liéu
composite, hodc ting kha nang gia cong cia vat liéu. Trong nghién ciru cia A.
Maltby, bé mit khuon dugc boi tron bang hdn hop dic biét nhé‘lm tang kha nang
chay cua dong nhya. Trong qua trinh phun ép voi nhya bot gd, J. Markarian da
tang cac chit lién két giita bot gd va nhuya nhim ning cao co tinh cua vat liéu.
Ngoai ra, dé ting kha ning chay ctua dong nhua, phuong phap két hop hai vat liéu
nhya c6 d6 nhot khac nhau da dugce J. E. M. Alfonso gidi thiéu. Pic biét, trong qua
trinh phun ép bang vét liéu composite, hién tuong ma sat giita dong chay
composite va thanh khuoén ciing dwgc nghién ctu boi J. L. Laursen. Cac nghién
ctru nay cho thiy cac chat phu gia ¢6 thé duoc st dung nhu mot trong nhitng giai
phap nham ting kha ning chay cua dong vay liu trong khudn, ciing nhu gitup giam
hién tugng co rat va cong vénh ciia cac loai san pham phun ép.
- Nghién ciru két cdu khuon phun ép va vt liéu ché tao khuon phun ép véi muc
tiéu toi wu hoa kha ning dién ddy khuén va han ché do cong vénh, co rat cua san
phdm. Trong nghién ciru ciia G. Wang va S. C. Chen, két cau khuon da dugc diéu
chinh dé thich nghi v6i yéu cau gia nhiét cho khudn trong thoi gian ngén. Trong
nghién ctru cua H. L. Lin, két cdu khuén véi cudn day gia nhiét dwoc tich hop
nham hd tro kha ning gia nhiét cho khuén bing cam tng dién tir. Nhom tac gia
Chen va cac cong sy tim hiéu vé phuwong phép kiém soat nhiét d6 bé mat khuon
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béng cac cach khac nhau bao gom 16p phu bé mit khudn, nhiét cam tng, nhiét cam
hong ngoai va két hop cua 16p phu bé mit véi cach nhiét bé mat khac nhau dwoc sir
dung dé diéu khién nhiét ¢6 bé mat khuon nhanh chong. Lop phu bé mét bang vat
liéu cach nhiét c6 thé 1am cho hiéu tng tré nhiét va nhiét do bé mat tlep xtc nhua -
khuén c6 thé duy tri cao trong mot khoang thoi gian, dong thoi loai bo cac duong
han cho san pham.

- Nghién ctru diéu kién phun ép nham ting ning suat voi cac thong s chinh nhur:
ap suat phun ép, ap suit dinh hinh, nhiét d6 nhua, nhiét d6 khuén da dugc nghién
ctru boi A. Kumar, H. L. Chen, A. C. Liou, G. Wang. Trong d6, thong s6 vé nhiét
d6 khuén dugc nhiéu nghién ciru dé cap dén nhu mot trong nhitng thong sb anh
huong 16n dén chat luong bé mit san pham va nang suat phun ép. Tac gia Young
va cac cong sy di nghién ciru anh huong cua didu kién phun ép dén tng suat du va
qua trinh co rat ciia san pham nhuya sau khi dugc 13y ra khoi khudn. Vi nghién
clru ndy, nhom tac gia chon san pham phun ép 1a thau kinh c¢6 chiéu day 1on. Két
quéa nghién ctru cho thiy nhiét d6 khuon 13 yéu t6 quan trong nhit anh hudng dén
dd co rut cua thau kinh. Téc gia Mustafa Kurt va cac cong su ciing cho théy tde do
phun, 4p suat phun va nhiét d6 néng chay vat liéu 1a cac thong s6 co anh huong 16n
dén 6 co rut va d6 nham bé mit san pham.

Nhin chung, diéu khién nhiét d6 khuén phun ép la mét trong nhitng giai phap
hiéu qua va c6 thé nang cao niang suit, chit luong san pham, ciing nhu giam chi
phi san xuat ddi véi san pham la vat liéu composite. Trong mét chu ky phun ép,
néu nhiét a6 bé mat long khudn cao, do nhét vat liéu composite s& thap hon. Do
d6, kha nang dién day 1ong khuon s& d& hon, d6 bong bé mat san pham s& duoc cai
thién dang ké, ddng thoi cac khuyét tat san phim ciing s& giam. Tuy nhién, néu
nhiét do cta khudn tang qua cao, thoi gian giai nhiét s¢ tang va chu ky phun ép s&
kéo dai, cling nhu chi phi nhan cong va gi4 thanh san pham s& ting lén. Vi vay,
nghién ctru anh huong cua nhiét do khudn trong quy trinh phun ép nham diéu
khién nhiét d6 khudn phu hop de nang cao chit lwong san pham composite nhu do
dién ddy, d6 bén kéo, d6 bén udn va do dai va dap la rat can thiét va dang duoc céc
nha nghién ctu trén thé gidi quan tam.

1.2.2. Trong nuéc

- Bai bao khoa hoc ciia nhom tac gia Hoang Van Thanh va Tran Dinh Son di
trinh bay nghién ctru vé xay dung luu d6 thuat toan cho viéc thiét ké, ché tao mot
san phim quang hoc. Trong do, tinh toan, thiét ké va mo phong dong nhya chay
trong khuon bang cac phan mém CAD/CAM/CAE. Trén co s& do, thiét ké va che
tao hoan chinh mot b khudn tmg dung cho viéc khao sat thuce ngh1em cac thong s6
anh huong dén chat luong san pham quang hoc trén may phun ép. Tur két qua mo
phong va thuc nghiém, da khao sat dwoc mot sé thong s anh hudng den chat
lwong san phim nhu nhiét d6 khudn, nhiét do vat liéu, 4p sudt phun, p suat ép va
thoi gian ép.

- Dé tai nghién ctru khoa hoc thude chwong trinh KH&CN trong diém cip Nha
nudc “Nghién ctru thiét k& va ché tao hé thong khudn ép phun nhya nhiét déo k¥
thuat voi kénh dan nong c6 diéu khién”, mi s6 KC.03.22/11-15 do PGS. TS. Ping
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Vin Nghin 1am cha nhiém, di tién hanh nghién ctru, thiét ké, ché tao va thir
nghiém 2 bd khudn ép phun nhya nhiét déo k¥ thuat voi voi kénh dan néng co diéu
khién. Két qua nghién ctru da tiép can nhiing van dé khoa hoc ky thuat co ban va
xu thé phat trién méi cua nganh khudn mau nhya. Tuy nhién, két cau khuon dugc
thiét ké ddc biét nham tich hop hé thong kénh dan nong. Do d6, véi cac khudn
thong thuong, phuong phap nay hau nhur khong thé ap dung duoc.

- Ngoai ra, mot s6 nghién ctru lién quan khéc cta céac tac gia trong ciing nhom
nghién ctiru khuén mau tai Pai hoc Su pham K§ thuat TP.HCM nhu: Lé Quoéc Viét
nghién ctru anh hudng cua cac thong sé cong nghé phun ép va phu gia dén do bén
cta vat liéu polymer va composite, L& V8 nghién cttu anh hudng ctua nhiét do
khuon va nhiét do nhua dén do cong vénh san phém nhya dang tAm, ...

Nhin chung, chat lugng san pham trong quy trinh phun ép phu thudc vao nhiéu
thong sd, trong d6 nhiét do khudn 1a mot trong cac thong sé quan trong. Néu nhiét
d6 khuon thap thi dong chay nhya s& bi mét nhiét nhanh va gap khé khan trong qua
trinh dién ddy long khudén. Nhuoc diém nay cang nghiém trong hon khi vat ligu
phun ép dang composite do d6 nhét cia vat liéu composite cao hon so véi nhya
thong thuong. Khi tiép xdc voi thanh khudn c6 nhiét do thap thi do nhét vat ligu
composite s& ting cao va dong chay composite s& gap tro khang rat I6n. Ngoai ra,
V6i céc nghién ctru trong nude va cling nhu trong qua trinh san xuét, linh vuc didu
khién nhiét ¢ khudn chii yéu tap trung theo hudng giai nhiét cho khudén nham lam
ngudi khudn trong thoi gian ngin nhat. Nguoc lai, qua trinh gia nhiét cho khuén
van chua dugc quan tim ding mirc.

1.2. Tinh céap thiét dé tai

Trong cac nghién ctru vé dong chay trong khuon, hai nguyén nhan chinh gay
Can tré qua trinh dién day long khuon 1a:
- Hién tuong dong dic nhanh cua vat liéu composite khi tiép xdc véi thanh
khudn.
- Do nhét caa vat lieu composite cao hon céac loai vat liéu nhya thong dung khac.
Chinh vi diéu ndy, qua trinh chay cua vat liéu composite vao long khudn s& gip
nhiéu kho khan, dac biét khi nhiét do khudn thap.

V6i dic diém nay, cac khudn phun ép cho san phim composite thudng c6 s6
Iong khuon it nén san lwong phun ép s& giam rét nhiéu khi vat liéu composite dugc
str dung. P& khac phuc, qui trinh phun ép duoc van hanh véi &p suit phun cao. Tuy
nhién, khi &p suit phun duoc chon & gié tri cao, cAc van dé khac s& xuat hién nhu:
hién tuong bavia tai cac vi tri khuén khong dwoc gia cong kin, d6 bén cua may
phun ép s& giam dang ké do phai hoat dong & trang thai 4p Suit phun ép cao... Dé
ting kha nang dlen day khudn cua qua trinh phun ép vai vt liéu composite, cling
nhu nang cao tudi tho cua may va chat luong san pham, phuong phap diéu khién
nhiét d6 khudn dugc dé xuat nham:
- Han ché hién tuong dong dic nhanh cua vat liéu composite trong qué trinh dién
day long khuon.
- Giir do nhét cua vat lieu composite & muc thip, tir d6, qué trinh chay cua vat
liéu composite vao long khudn dugc thuan loi hon.
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Vi vdy, nhim muc dich ning cao chat lugng, ning suat san phiam nhya
composite va ting kha ning canh tranh cua san pham trong nudc S0 Vi ngoai
nhap, dé tai “Nghién ciru anh hwong cia nhiét d¢ khuén dén dé dién day cua vat
ligu composite trong quy trink phun ép” 1a rat can thiét. Két qua nghién cau sg
dugc chuyén giao cho cac don vi trong linh vuc san xuat san pham nhya composite
bang phuong phap phun ép. Ngoai ra, ddy ciing 1a co s& khoa hoc, tai liéu tham
khao phuc vy cong tac nghién ciu khoa hoc va dao tao tai cac truong ky thuat noi
chung trong nganh co khi, dac biét 1a trong linh vuc khudn mau.

1.3. Muc tiéu nghién ciru
- Nghién ctu anh huéng cua nhiét do trén bé mat khudn phun ép dén do dién day
cua vat ligu composite voi bién thay doi (nhiét do, phan tram soi, chiéu day san
pham) bang md phong va thuc nghiém.
- Ché tao thiét bj didu khién nhiét do khudn nghién ciu muc do dién diy, cai
thién chiéu dai dong chay vat liéu composite véi san pham thanh mong trong qui
trinh phun ép.
- Xac dinh phuong trinh hdi quy théng qua quy hoach thuc nghiém gitra chiéu
dai dong chay véi nhiét do, phan tram soi, chiéu day san pham.
1.4. Noi dung nghién ciru
- Nghién ctru tong quan cac van dé lién quan dén khudn phun ép nhua, tap trung
vao mot s6 van d& chinh ¢ anh hudng dén dong chay composite.
- Nghién ctu ché tao thiét bi didu khién nhiét do khudn véi kénh dan nude (nhiét
d6 khuon thay d6i tir 30°C dén 110°C) va khi néng (nhiét do khudn cao nhat
140°C).
- Thiét ké va ché tao mé hinh co ban nghién ctu anh huéng caa nhiét do khudn
dén chiéu dai dong chay vat liéu composite trong khuén phun ép véi chiéu day
thanh thay ddi v6i 3 gia tri : 0.5 mm, 0.75 mm va 1 mm.
- Thiét ké va ché tao m6 hinh nghién ctiru dong chay composite véi san pham c6
thanh mong va nhiét d6 khubn cao véi 2 md hinh:

« M& hinh dong chay thanh mong véi 3 gid tri: 0.2 mm, 0.4 mm va 0.6 mm.

« M0 hinh tng dung cho san phiam c6 gan mong.
- Thuc nghiém va danh gia kha nang dién day Iong khudn cua dong chay vai cac
loai vat liéu khac nhau.
1.5. Pham vi nghién ctru va giéi han dé tai
- Luén &n chi tap trung danh gia kha nang chay ciaa dong vat liéu théng qua kha
ning dién day cua vat liéu vao long khuén tng voi céc chiéu day san pham khéac
nhau.
- Nhiét @6 khuén duogc nghién cau vai 2 nhom chinh la:

+ \Vung nhiét d thong dung hién dugc khuyén co sir dung cho timng loai vat

liéu (nhiét do thay doi tir 30°C dén 110°C).
+ VUng nhiét do cao duoc tao ra thong qua phuong phap gia nhiét bang khi
noéng (nhiét do cao nhat 140°C).

- Vat liéu nhya duoc sir dung gom 2 nhém chinh:
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+ Vat liéu théng dung gom PP, ABS va PAG.
+ Vat liéu composite c6 nén 1a PA6 tron véi soi thay tinh theo ti 16 thay ddi tir
0% dén 30%.

1.6. Phwong phap nghién citu
- Thu thap va phén tich di liéu.
- M0 phong qua trinh gia nhiét va qua trinh nhya dién day long khuén.
- Thuyc nghiém qua trinh phun ép dé quan sat kha ning dién day long khudn cua
vat lidu g vai cac mirc nhiét do khudn, ty 1¢ phan tram soi thay tinh va chiéu day
san pham khéc nhau.
1.7. Y nghia khoa hoc
- Vi cac két qua caa luan an, phuong phap phun ép véi ving nhiét 46 khudn cao
cho thay 1a mét trong nhiing giai phap nham nang cao kha ning chay cta dong vat
liéu trong long khudn.
- Két qua nghién ctru ciing cho thiy phuong phap gia nhiét bang khi néng c6 thé
tng dung cho cac truong hop phun ép san pham cé thanh mong nham ting kha
ning dién day long khudn.
- Viéc tang nhiét do 1ong khudn c6 thé tién hanh tai toan bo long khudn, hoic tai
mot s6 vi tri trude khi dong vat lidu chay vao vi tri c6 thanh mong.
1.8. Gia tri thyc tién

T nhitng phén tich nhu trén, viéc ndng cao kha nang chay cua dong vat liéu
composite trong 10ng khudén da dwoc nghién ctru trong luan &n nay nham ting kha
nang ché tao cac san pham nhwa no6i chung va dac biét 1a cac san pham composite
co thanh mong noi riéng. So véi cac cong nghé hién co, thay vi phai phun ép vei ap
sudt va nhiét do vat liéu cao, dé san xuat cac san pham c6 thanh mong bang cbng
nghé phun ép, diém mai cua dé tai nay l1a viéc két hop ky thuat gia nhiét bé mat véi
két cau khudn hop ly.

Viéc nghién cau thanh cong phuong an nang cao kha nang chay cua vat liéu
trong Iong khudn, thdng qua viéc phun ép vaéi nhiét do khudn cao, gilp céc cong ty
c6 thé nang cao kha ning cong nghé phun ép nhung khong tén qua nhleu chi phi
dau tu cac thiét bi ngoai nhap, nhung van cé thé dap g dugc cac yéu Ccau Vi cac
san pham c6 thanh mong va vat lidu ¢6 do nhét thap, nhu cac dang vat lidu
composite.

V6i nhitng phan tich nhu trén, viéc nang cao kha ning ché tao san pham
nhya, ciing nhu viéc tim cac cong nghé méi nhim nang cao chat lwong va san
luong ciia san pham nhya dang 1a mot trong nhitng yéu cau cap thiét cho nganh
nhuya tai Viét Nam. Do do6, d& tai “Nghién ciu anh huong cia nhiét dé khuon dén
dé dién day cua vat liéu composite trong quy trinh phun ep” da duoc tién hanh
nham gép phan mé rong kha ning san xuat cac san pham c6 thanh mong bang
cdng nghé phun ép.



Chuong 2. CO SO LY THUYET

2.1. Cong nghé phun ép

Cong nghé phun ép duoc sir dung dé ché tao cac san pham nhya tir don gian
dén phuc tap. Trong d6, quy trinh phun ép bao gom 4 budc chinh nhu néng chay
vat liéu, dién déy, dinh hinh v m& khudn. Trong quy trinh nay, vat liéu thd dang
hat duoc chira trong phéu céap liéu va dugc dua dan vao xi lanh trong hé théng lam
néng chay nhya. Trong xi lanh, vai chuyén dong xoay va tinh tién cua vit-me, két
hop véi cac dién tré gia nhiét bén ngoai xi lanh, vat liéu nhya tir dang hat s& dugc
gia nhiét dén trang thai déo va nong chay thanh dang long ¢ nhiét do tir 150°C dén
320°C. Thang qua hé théng phun ép, nhya néng chay trong Xilanh dugc vit-me
chuyen dong tinh tién va ép vao hé thong khuén théng qua céng phun. Tai vi tri
cong phun, nhya hoan toan & thé long. Sau khi toan bo 1ong khuén dugc dién day,
qué trinh dinh hinh s& dién ra. Trong qué trinh nay, nhua s& tiép tuc dwoc ép vao
long khudn nham bu vao phan thé tich bi thiéu hut do hién tuong co ngét vat liéu.
Qué trinh dinh hinh s& két thic khi vat liéu nhya tai vi tri céng phun dong dac hoan
toan. Sau d6, nhiét d6 cuia san pham sé tiép tuc giam qua qua trinh giai nhiét. Khi
toan bo san phiam dat dén nhiét d6 ma khudn, hai nira khudn s& mé ra va san pham
s& dugc lay ra ngoai.
2.2. Vit liéu composite nhwa nhiét déo

Vit liéu composite nhya nhiét déo trong cong nghé phun ép 1a vat liéu té hop tir
hai (hodc nhiéu) vat liéu c6 ban chat khac nhau. Trong do, vat liéu nén 1a nhua
nhiét déo, dong vai tro lién két vat liéu gia cudng véi nhau, truyén lyc co hoc, ciing
nhu bao vé vat lidu gia cudng chdng choi véi méi trudng xung quanh va vat lisu
gia cudng la cac soi ngan va gidp cho compisite ¢ kha ning chiu lyc I6n hon.
Hién nay, trong cdng nghé phun ép thuong sir dung 2 loai vat liéu composite nhya
nhiét déo vai hai loai soi gia cuong khac nhau (soi ngan thiy tinh va soi ngan
carbon). Trong nghién ctu nay vat liéu composite nhya nhiét déo gia cuong soi
ngén thity tinh dugc chon 1 vat lidu “chinh dé nghién cu, c6 cac dic diém va tinh
chat nhu: vat lieu PA6+30%GF 1a vat liéu composite c6 nén nhya PA6 va gia
cudng 30% soi ngan thay tinh (30%GF) va duoc pha tron thanh dang hat, st dung
trong cong nghé phun ép. Trong do, vat liéu thanh phan PA6 (polyaminde 6) la
mot loai nhya nhiét déo dwoc hinh thanh bai phan wng cong cua cac hop chit vong
va cd nhiing tinh chat chung cia nhém polyamide polymer (PA), vt liéu soi ngén
thiy tinh 13 vat lidu gia cudng nham tang d6 bén, déo dai cua san pham. Tuy thugc
vao ti 18 sgi ma co thé 1a PA6+20%GF (twong Gng ti 18 sgi 20%), PA6+10%GF
(twong wng ti 18 soi 10%),...C4c loai vat liéu nay c6 mot s6 dic diém nhu: do bén
cao, kha niang chiu nhiét tét va chéng mai mon tét. Tuy nhién, kha ning chdng
thAm nuéce va chbng axit khong cao.
2.3. Xac dinh ti 1€ s¢i ctia composite

Ti 1& soi cua vat liéu composite c6 thé xac dinh bang mot trong hai phuong
phap sau:
- Phuong phap 1 (d6i v6i loai c6t soi khong bi chay): Dau tién do khdi lugng mau
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composite bao gdom ca s¢i va nén nhya. Tiép theo, d6t chdy miu composite thi vét
ligu nén nhua bi chay, con lai vat lidu soi. Sau d6, tién hanh do khdi luong ctia vat
lidu soi nay dé xac dinh ti 1& cta thanh phan soi trong vat liéu composite.
- Phwong phap 2: Ti 1€ soi dugc xac dinh dua vao ti trong soi (ps), ti trong nhua
(pm) va ti trong composite (pc), v6i cong thire tinh duge xac dinh nhu sau:
v, = Pe = Pm (2.1)
Pt~ Pnm
2.4. Méi quan hé gitra d9 nhét va nhiét do
Do nhét 1a mobi quan hé giita sy can tré dong chay dén su chay cua vat liéu. Do
nhét ciia nude, dau thuong 1a mot gia tri khong d6i & mot nhiét o nhat dinh va
tuan theo 1y thuyét vé luu chit cia Newton. Tuy nhién, ¢ nhét clia cac nhwa nhiét
déo thi rat phuc tap va phi Newton. P9 nhdt cua cac nhya nhiét déo phu thudc vao
céu triic hoa hoc, nhiét do va ap suat va duoc thé hién nhu Hinh 2.1. Ung véi mbi
cAu trac va cong thire hoa hoc cho trudce, dd nhdt cua cac nhya nhiét déo phy thudc
chu yéu vao nhiét do, toc do trugt va ap Suét.
Phan tir nhya A Do nhét phi-Newton
Nhiét do thép

L) 2
<=
& &
P A Nhiét d6 cao
Tée do truot
Vi du: PE, PP,...

Do nhét = f(cau trac, T,P)

Hinh 2.1 Cdu triic phdn tir (bén trdi) va dé nhot cia nhiea (bén phdi)
A
Newton i Phi Newton

Ung suét trugt
Do nhat
DO nhét

Chiéu tang nhiét do

Ving | H Ving Il I Ving Il

Téc do trugt >
The do trugt
Hinh 2.2 Duong dac tinh déo cuia Hinh 2.3 M6i quan hé do nhot va nhiét
nhwa nhiét deo do

Dé hiéu ban chat d6 nhot cua nhya nhiét déo, can dinh nghia rd Ung sut truot
va tbc d¢ trugt nhu Hinh 2.2, Khi toc o trugt nho, do nhét cia vat ligu gan nhu 1a
hang s6 (img véi vang T). Cac chudi polymer gan nhu thang hang khi téc do trugt
tiép tuc gia tang, do do, d6 nhét cuia vat liéu sé giam (ing véi ving 2). Khi tat ca
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cac chudi polymer sép xép théng hang, d6 nhét cta vat liu dat gia tri cuc tiéu (ung
v6i vung II1). 0 vung I va Il, o thé quan sat dugc & hau hét cac vat liéu nhwa. Tuy
nhién, vung I thi hau nhu khong thé quan sat dugc do su tan ra cua cdc phan tir 6
diém cyc dai cua toc do trugt. Trong qua trinh phun ¢p, nhleu yéu té anh huong
dén d6 nhot cua vat lidu nhu: nhiét do, toc do trao doi nhiét, toe do truot, va chiéu
day ciia san pham. Trong d6, do nhét cuia cac nhya nhiét déo phu thudc rat nhiéu
vao nhiét d6 voi hién tuong dién hinh cho tinh chét nay la: Do nhdt cua nhya nhiét
déo s& giam manh khi nhiét d6 cta vat liéu do ting nhu Hinh 2.3.
2.5. Méi quan h¢ giira chiéu day va chiéu dai dong chay

Trong qua trinh phun ép, chiéu dai dong chay nhua c6 méi quan hé dén kha
ning chay va chiéu day cua chi tiét. Cach don gian dé kiém tra mdi quan h¢ nay la
xem ty 18 gitra chiéu dai dong chay va chiéu day san phim nam trong pham vi hop
ly. Hinh 2.4 1a vi du cho thiét ké nhwa néng chay vao 1ong khudn tir cong phun dén
diém cudi cua san pham. Do nhot cua dong nhwa c6 anh huong dén kha ning dién
day trong qué trinh phun ép nhwa vao long khuén.

Hinh 2.4 Ty Ié chiéu dai dong chay véi chiéu day san pham (ty 16 L/t)
Ving twong doi dé
dién day khuon
100 200 300

| I I |

Ving dé dién dy khuén Ving khoé dién day khuén

Hinh 2.5 Ty I¢ chiéu dai dong chdy véi chiéu day san pham
Bai vi chiéu day san phim va chiéu dai dong chay c6 anh huong dén kha
nang dién day, méi quan hé gitra chiéu dai dong chay va chiéu day san pham dugc
sir dung trong thiét ké dé danh gia thiét ké c6 téi wu hay khdng va dugc xac dinh
theo cbng thirc 2.2 nhu sau:
L Chiéu dai dong chay tir céng phun dén diém cudi san phim 22)
t Chiéu day san phdm .

Nhu thé hién trong Hinh 2.5, ty Ié chiéu dai dong chay vai chiéu day san
pham c6 thé du doan duoc sy kho khan trong qué trinh thiét ké va gia cong khuon.
2.5. Anh huéng ciia trang thai khong can bang trén mé hinh PVT

Vit liéu polymer ban tinh thé c6 thé hoan toan v dinh hinh & trang thai ran,
c¢6 nghia 1a cac chudi cua polymer dugc dinh huéng theo kiéu hoan toan ngiu
nhién. Khi thay ddi nhiét do, thé tich trong cac polymer vo dinh hinh tuan theo
duong cong A - D nhu Hinh 2.6, trong d6, viing D — C thé hién polymer & dang
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thuy tinh. Khi vat liéu dugc gia nhiét dén nhiét d6 Ty (nhiét do déo) thi vat liéu tro
nén mém déo glong nhu cao su. Day 1a mot nhiét do quan trong danh du diém
thay doi thudc tinh xay ra trong vat liéu, vt liéu dé bi bién dang hon trong khoang
nhiét do Ty Nhiét do tiép tuc tang s& lam tang tu do thé tich ving C - B - A, lam
cho polymer thay d6i thanh nhua long.

A

i
Glass+Crystallites.

Crystallites

»

.
Hinh 2.6 Su thay doi thé tich ciia polymer véi nhiét dé T doi véi

Trong thuc té, ching ta gan nhu khéng gap polymer tinh thé hoan hao, ma
thuong gap cac polymer bén tinh thé, c6 thé chira cac thanh phan khac nhau. Céc
polymer bén tinh thé nay thuong c6 ca Tq (nhiét do déo) va T (nhiét do chay) nhu
duong biéu dién F - C - B - A. Ngoai ra, T(,; dac trung cho nhiét @6 ndng chay cua
vt liéu tinh thé hoan toan cé khéi lugng mol phan tir cao.
2.6. Anh hwong 16p bé mit “frozen layer” dén dong chay

Trong qua trinh nhya dién day long khudn, do anh huong cua qua trinh truyén
nhiét gitra nhua néng va 1ong khuon, 16p bé mat (skin layer) cua dong chay nhya s&
bi mat nhiét va giam nhiét do. Do do, tai bé mat tiép xGc giita nhya va long khudn
s& hinh thanh I6p nguoi (frozen layer). Chinh hién tugng dong dac nhanh nay, dong
chay nhya s& c6 nhig dic diém khong gidng nhu dong chay théng thuong. Trong
linh vuc phun ép nhya, dong chay nhua trong long khuén tuén thu theo céc tinh
chat ciia dong chay Fountain Flow véi cac dic diém nhu: phan nhya tai tam dong
chay s& chay nhanh hon phan nhya gan véi long khuon. Trong do, tai vi tri tiép xdc
véi 1ong khuoén, nhya dugc xem nhu khong chay. Nhya tai dau dong chay dwoc ép
vé phia truéc va bi cubn vé phia 1ong khudn nhu Hinh 2.7.

Skin Layer
Shear Flow Region
Shear Layer
i =
t —
;
E \ Elongational
H Flow Region
: =/
v

H
H
H
1
H
H
T
i
H
E ree surface

Laminar Flow (Sleady) i Fountain Flow (Transient)

Hinh 2.7 Dong chay cua nhya trong khuon
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Két qua cua hién tuong nay la: trong qué trinh nhya dién day long khudn, phan
nhya dugc ép vao long khudn trudce tién sé bi cudn vé phia 1ong khuén trude, hién
tugng nay xay ra lién tuc dén khi nhwra da dién day hoan toan long khuén.

Sy hinh thanh 16p bé mat s& duoc quyét dinh boi dac tinh nhiét tai bé mat
khuén, trong d6, hé s6 truyén nhiét gitra nhya va long khuon la mét trong nhiing
thong s6 quan trong, dac biét vai san pham nhya thanh mong. Cac nghién cuau
trude day cho thay nhiét lugng truyén tir nhya sang 1ong khuén duoc xac dinh theo
cong thac:

(iT? = hXA(AT) (2.3)

Trong d6: Q 1 nhiét lugng truyén tir nhya sang thanh khuén (Joules), h 1a hé sé
truyén nhiét (heat transfer coefficient — HTC), A la dién tich tiép x(c gitra nhya va
thanh khuén va AT la chénh léch nhiét @6 gitta nhya va thanh khuon.

Cong thtre trén cho thdy, mubn giam that thoat nhiét cua dong chay nhya (nham
giam chiéu day cua I6p bé mat), cach duy nhét 1a giam chénh léch nhiét do giira
nhua va long khuén.

2.7. H@ s truyén nhiét khuén

Trong qué trinh dién day khudn trong cong nghé phun ép, nhiét do trén bé mat
Iong khubn (Tm) thuong cao hon so véi nhiét do khuoén (Tmp) nhu Hinh 2.8. Sy
khac biét gitta Trmb VA Tt phu thude vao tinh chit cua vat liéu lam khudn, nhiét do
nong chay cia vat liéu va cac diéu kién lién quan duoc sir dung trong quy trinh
phun ép.

Understimated temperature by Reasonable temperature
a constant mold temperature through HTC

Hinh 2.8 Truyén nhiét tiép xiic vt liéu néng chay trong 1ong khuén

Hé s truyén nhiét khudn (HTC) dugc xac dinh bai dinh luat cia Newton:

q= hc (Tmt —Tmb) ) (2.4)

Trong d6 hé so truyen nhiét (he) gitra chi tiét va khuon phu thudc vao vt liéu,
nhiét do va diéu kién quy trinh thyc hién. N6i chung, pham vi he 1a tor 1000 dén
25.000 W/ m?-K.

Khi str dung hé s truyén nhiét cang 16n thi lugng truyén nhiét q cang 1on.
Nhiét do vat liéu noéng chay trén bé mat cua khuon Ty s€ g?m vO1 nhiét d§ co ban
ctia khuon T, Nguoc lai, khi sir dung hé sb truyén nhiét thdp hon, nhiét do Ty s&
cao hon nhiéu so vé&i nhiét 6 nén khuon Trp.
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Chuong 3. PHUONG PHAP MO PHONG VA THU'C NGHIEM
3.1. M hinh co ban nghién ciru anh hwéng caa nhigt do khuon dén chiéu dai

dong chay

3.1.1. M6 hinh md phéng

Dé quan sét kha nang chay cua dong vat liéu composite, 1ong khuon duoc thiét
ké dang hinh xoin ¢ véi kich thudc chi tiét nhu Hinh 3.1. V6i thiét ké nay, dong
chay composite ¢ chiéu rong 14 10 mm. M hinh nay lan lugc dugc st dung cho
cac gia tri nhiét d6 khudn khac nhau, ciing nhu céc ti 1€ khac nhau cua sgi thay tinh
c6 trong vat liéu nhya. Dé diéu khién nhiét d6 khudn ng vai cac gi tri khac nhau,
4 kénh giai nhiét (Hinh 3.2) duoc st dung véi Iuu chat 1a nude nong.

R=red

150 mm

150 mm

d=10mm

1
Hinh 3.1 Kich thwdc 1ong khuén

Hinh 3.2 Kénh gidi nhiét cho m6 hinh
co ban nghién ciu dong chay nhya
Véi cac gia tri nhiét d6 nude khac nhau, nhiét do khudn s& dugc thay ddi theo
c4c gié tri can khac sat. Trong qué trinh md phong, cac thdng sb co ban cua vat lidu
nhu Bang 3.1 s& dugc sir dung.
Bdng 3.1 Thong s6 co ban theo nha san xudt vat ligu nhyra PA6 va PA6+30%GF

Loai nhya PA6 PA6+30%GF
Tén Durethan B30S Durethan BKV 130
Nha san xuat Lanxess Lanxess

Phan tram sgi thuy tinh 0% 30%

Nhiét do chay 260 - 280°C 270 - 290°C
Nhiét @ khubn 80 - 100°C 80 - 120°C
Nhiét d§ dong dac 170°C 170°C

3.1.2. M6 hinh thgc nghiém

3.1.2.1. Hé théng diéu khién nhiét @9 khudn véi kénh din nwéc
Hé thdng diéu khién nhiét ¢o khudn véi kénh dan nudc dugc thiét ké so bo nhu
Hinh 3.3, nham théa mén cac yéu cau gia nhiét cho khudn vai nhiét do tir 30°C dén
110°C, Iuu lwgng dong chay Ié6n hon 0.1 m3/phdt, dung tich bon chira nudc 300 lit
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va c6 thé st dung cho cac loai dung dich, loai khubn khéc nhau. Hé théng didu
khién nhiét do véi kénh dan nudce va duoc két ndi véi khuon phun ép nhu Hinh 3.4.
Trong hé thong nay, cam bién nhiét do dugc dat trong bon nudce ¢d chire nang kiém
soat nhiét do cuia nuwoc, néu nhiét do thyc té chwa dat dén nhiét do thiét lap thi dién
tro s& hoat dong lam nong nudce, khi nhiét do thuc dat dén nhiét do yéu cau thi cam
bién s& hdi tiép tin hiéu vé mach diéu khién dé ngat nguon cua dién tro. Ca nhu
vay, dién tré s& lam viéc khi c6 sy chénh léch nhiét do cua thuc té nho hon nhiét do
dat va nhiét 6 nude s& on dinh véi dung sai +1°C.

‘ Congycap ‘ ‘ Cam blén
nuoc

ON/OFF
may bom
Bo diéukhién | | I
hiét do )
=2

Ddng hd do
luu lugng

Motor bom

nuoc

= x
P Cong thodt
nuée

Hinh 3.4 H¢ thang diéu khién nhiér dg két néi véi khudn trén may SW 120B
Trong qué trinh gia nhiét khudn, mot lugng nhiét c6 thé bi tén hao trén duong
dan nén c6 su chénh léch gitra nhiét do tai bdn chira va khuén. Vi vay, can xac dinh
bing m6 phong, thuc nghiém hozc tinh to4n nhim dam bao nhiét d6 khuén dwoc
chinh xé&c. Trong nghién cttu nay, gi4 tri chénh léch giira nhiét do tai bdn chia
12



nudc (dung dich) va nhi¢t do khudn sau khoang thoi gian 600s duoc xac dinh bang
thuc nghiém véi két qua nhu Bang 3.2.
Bdng 3.2 Nhiér d6 khudn va nhiér d6 tai bon chira nuéc (dung dich)

Nhiét do tai bén chwa (°C) | 30 | 40 | 50 | 62 | 72 | 83 | 94 | 104 | 114

Nhiét do khudn (°C) 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110

3.1.2.2. Piéu kién md phéng va thuc nghiém
- Vit lidu composite véi nén nhua PA6 (Polyamide 6) va 7 ti 1¢ soi thay tinh (glass
fibers - GF) khac nhau tir 0 — 30%.
- May phun ép Shine Well 120B.
- Chiéu day long khuén: 0.5 mm, 0.75 mm va 1 mm
- Nhiét d6 ndng chay nhua (melt temperature): 260°C.
- Ap suét phun (injection pressure): 30 Kg/cm2.
- Thoi gian phun ép (injection time): 1s.
- Nhiét do6 khudn (mold temperature): 30°C, 50°C, 70°C, 90°C, 110°C.
- Phan mém md phong: Modex3D R14.
3.2. M6 hinh nghién citu dong chay composite véi san pham cé thanh méng va
nhiét d§ khuén cao

Céc bude co ban cua quy trinh phun ép nhyua c6 hd trg gia nhiét khudn bang khi
nong bén ngoai khudn (Gas-assisted mold temperature control-Ex-GMTC) duogc
trinh bay nhu Hinh 3.5. Hé théng céng nghé phuc vu cho Ex-GMTC dugc chuan bi
gom cac thiét bi chinh nhu: Hé thong diéu khién GMTC, hé thdng cip khi nong
(9om may nén khi, khdi gia nhiét cho khi, h¢ théng diéu khién luu lugng khi) va hé
thdng giai nhiét cho khudn.

_______ Hé théng diéu | Tin hiéu diéu khién
I khién Ex-GMTC vankhi 1
1 '

Tin hidu didu
khién

— %
o
g : ®
‘:D'(E. ) — s <§
= D s =
EEE [ @ S
S = = =
~ . @ v
=
== e

Hinh 3.5 M6 hinh hé thang gia nhiét bang khi néng (Ex-GMTC)

_Trong truong hop nay, mo hinh nghién cau chiéu dai dong chay véi thanh san
pham mong (nho hon 0,5 mm) s& duoc thi€t lap. Ngoai ra, md hinh nghién ctru kha
nang tao hinh cho gan méng cta san pham nhya s& duoc thuc hién.

3.2.1. M& hinh md phéng
Dé nghién ctu sy phan bd nhiét do tai cac vi tri gia nhiét cua khuon, tac gia
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thyc hi¢n m6 phong bsi phan mém ANSYS, md hinh md phong dugc thiét ké gom
cong phun, hé thong kénh giai nhiét nhu Hinh 3.6.

Cavity insert

Cooling
channel

(a) Heating position (b) Simulation model (c) Meshing model
Hinh 3.6 M6 hinh gia nhiét bcing khi néng

Dbi véi khudn thanh mong, md hinh md phong duoc thiét ké nhu Hinh 3.7. Ché
d6 truyén nhiét xung quanh tat ca cac bé mat bén ngoai cua tim khuén dwoc dit ¢
vi tri d6i luu ty do vai khong khi, véi nhiét do moi truong ¢ 30°C va hé sb truyén
nhiét 1a 10 W/m2K. Gidng nhu thyc nghiém, dién tich tai tim khuon dugc thiét ké
vGi miéng thép dé cai thién hiéu qua gia nhiét. TAm chén khuén c6 kich thudc 40 x
25 x 1.0 mm3. Khi dau vao véi nhiét d6 400°C duoc sir dung dé mod phong.

Hot gas inlet ey Gas outlel gy

Heating
Insert block surface

Micro rib

Cooling channel

Hinh 3.7 M6 hinh mé phéng gia nhiét khuén san pham thanh méng
14



MG hinh dugc xay dyng gom hai phan: Cac vi tri gia nhiét va cac kénh dan khi
nong vai cac dieu kién bién dugc thé hién trong Bang 3.3.
Bing 3.3 Cdc théng s6 mé phong nghién ciru chiéu dai dong chay

Thong s6 md phéng

Nhi¢t o khong khi tai dau vao cia bo gia 30°C 7 bar
nhiét khi
Nhiét d6 khong khi tai du ra cua bo gia niét
cho khi (°C) g g 30 | 200 | 250 | 300 | 350 | 400
Ti trong khong khi (kg/m? 1.165 | 0.746 | 0.680 | 0.616 | 0.570 |0.524
Nhiét dung riéng caa khong khi Nhiét dun
fiéng i Ehénggkhl' R /kg*gK) 9 11004 | 1026 | 1035 | 1046 | 1057 | 1068
Hé sé dan no cua khong khi 332 | 21 | 193 | 176 | 164 | 152
Ap suit khdng khi 1 atm
Nhiét do ban du cta khudn 30°C
Ti trong cia nhom 2702 kg/m?®
Nhiét dung riéng ciia nhém 903 J/kgK
Hé sb truyén nhiét caa nhém 237 W/mK
Ti trong cta thép 7870 kg/m?®
Nhiét dung riéng cua thép P20 460 J/kgK
Hé sb truyén nhiét caa thép P20 29 W/mK
Dang md phong Transient
Thoi gian gia nhiét 0s > 30s
Thong sb khong khi ngoai moi trudng j ﬁﬂé‘:?ori‘r’:oﬁg"k?]? ;Oitg‘
- Vian téc khong khi: 0 m/s
Diéu kién ban dau cua khong khi - Ap suét khong khi: 1 atm
- Nhiét d6 khéng khi: 30°C

Sau khi nghién ciru anh huéng cua E

X-GMTC dén chiéu dai dong chay cua qué

trinh phun ép, phwong phap gia nhiét nay dwoc &p dung cho san phim c6 gan mong

nhu trong Hinh 3.8.

Thin rib

ST

03 :
L T n ] T
20 ———
Melt entrance’ RS
\
9 Rib{‘ \. Rib 2
N

80

Hinh 3.8 M6 hin
3.2.2. M hinh thgc nghiém

h chi tié¢t gan méng

Hé théng‘ Ex-GMTC bao gom bo diéu khién nhiét do khuon, hé thdng tao khi
nong (bao gom may nén khi, may say khéng khi c6 cdng suat 12 kW va b diéu
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khién luu luqng,thé tich ky thuat s6) va canh tay robot dé di chuyén h¢ thdng may
phat khi néng dén vi tri gia nhiét. Viéc lap rap hé thong Ex-GMTC va may phun ép
duoc thé hién nhu Hinh 3.9.

Robot arm .

Cavity

Core Hot gas plate
plate gates | position

position

Hinh 3.9 Thiét b; gia nhiét khuén bang khi néng tir bén ngoai
3.2.3. Piéu kién moé phéng va thuc nghiém
- Vit liéu dién vao long khudn:
+Nhya thong dung: Nhya théng dung duoc chon gém 3 loai:
e Nhura PP: c6 hé s nhét thip va kha nang chay tt.
e Nhua ABS: 1 vat liéu nhya c6 hé s6 nhét cao
e Nhya PAG6: 1a loai nhya thong dung, thuong duoc tron sgi thiy tinh dé gia
cuong.
+Nhwa composite: Vat liéu PA6+30%GF dugc sir dung dé khao sat kha niang
chay cua composite ng véi cac trudng hop nhiét do khudn cao va san pham cé
thanh mong.
- May phun ép: Shine Well 120B.
- Gia nhiét bang khi nong tir ngoai khuon.
- Nhiét d6 nong chay nhya (melt temperature): 260°C.
- Ap suit phun (injection pressure): 30 Kg/cm?.
- Thoi gian phun ép (injection time): 1s.
- Nhiét do khuén (mold temperature): thay ddi tir 45 dén 140°C
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Chuong 4. ANH HUONG CUA NHIET PQ KHUON DEN PQ DIEN DAY
VAT LIEU COMPOSITE

4.1. Anh hwéng cia nhiét 49 khuon dén do dién diy véi mé hinh co ban

4.1.1. Két qua moé phéng va thuc nghiém

Trong qua trinh md phong va thuc nghiém vat liéu nhya PA6 véi cac ti I soi
thily tinh thay doi tir 0% dén 30% s& duoc sir dung dé quan sat anh huong cua nhiét
d6 khudn dén chiéu dai dong chay. Ngoai ra, nhiét do khudn s& dugc diéu khién
V6i gia tri thay di tir 30°C dén 110°C vi 3 loai chiéu day san pham da duoc md
phong va thyc nghiém gom: 1 mm, 0.75 mm va 0.5 mm. Két qua md phong va
thuc nghiém cua chiéu dai dong chay tuong (ng vai cac loai vat lidu, chiéu day san
pham va nhiét do khuén khac nhau duoc thé hién nhu Bang 4.1, 4.2 va 4.3.
Bdng 4.1 Két qua chiéu dai dong chay nhua (L) bang mé phéng va thuc nghiém
Véi san pham c6 chiéu day 1 mm

ot | GF T Két qua mo6 phéng | Két qua thuc nghiém |  Sai léch
(%) (°C) (mm) (mm) (mm)
30 115.3 114.8 0.5
50 117.8 118.1 0.3
1 0 70 128.7 126.3 2.4
90 132.6 136.8 4.2
110 150.8 146.8 4.0
30 102.7 101.1 1.6
50 107.7 109.1 1.4
2 5 70 111.1 111.1 0
90 114.1 114.8 0.7
110 1175 116.3 1.2
30 94.3 96.1 1.8
50 100.7 101.5 0.8
3 10 70 105.7 106.8 1.1
90 110.4 108.4 2
110 1145 113.5 1.0
30 90.7 91.3 0.6
50 94.8 97.6 2.8
4 15 70 101.3 100.1 1.2
90 105.8 104.3 15
110 109.1 110.1 1.0
30 85.7 87.6 1.9
50 88.5 91.1 2.6
5 20 70 97.1 97.5 0.4
90 101.3 100.2 1.1
110 105.8 106.4 0.6
30 82.1 83.2 1.1
50 85.1 87.2 2.1
6 25 70 96.1 95.2 0.9
90 100.1 98.1 2.0
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110 101.1 102.3 1.2
30 80.6 79.9 0.7
50 82.1 846 25
7 30 70 93.1 936 05
90 97.1 96.1 1.0
110 99.9 100.3 0.4
Bdng 4.2 Két qua chiéu dai dong chay nhya (L) bang md phong va thuc nghiém
véi san pham c6 chiéu day 0.75 mm
1 | GF T Két qua md phong | Két qua thwc nghiém Sai léch
(%) ®) (mm) (mm) (mm)
30 89.5 87.1 2.4
50 91.3 89.1 2.2
1 0 70 97.3 95.1 2.2
90 101.7 99.3 2.4
110 107.8 105.1 2.7
30 78.6 79.1 0.5
50 80.7 813 0.6
2 5 70 86.3 83.8 2.5
90 90.1 87.4 2.7
110 93.7 93.1 0.6
30 75.1 745 0.6
50 76.9 76.5 0.4
3 10 70 80.7 77.8 2.9
90 87.1 81.8 4.3
110 91.7 88.3 2.4
30 72.1 711 1.0
50 743 73.1 1.2
4 15 70 771 75.4 1.7
90 815 79.0 2.5
110 85.7 85.1 0.6
30 69.1 68.4 0.7
50 71.7 70.6 1.1
5 20 70 748 733 15
90 775 75.4 2.1
110 81.7 79.1 2.6
30 68.1 67.1 1.0
50 70.3 69.8 05
6 25 70 721 722 0.1
90 75.1 74.4 0.7
110 80.7 785 2.2
30 64.3 64.3 0.0
50 65.6 66.2 0.6
7 30 70 718 70.4 1.4
90 73.3 726 0.7
110 75.7 76.4 0.7
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Bdng 4.3 Két qua chiéu dai dong chay nhya (L) bang mo phong va thuc nghi¢m
véi san pham c6 chieu day 0.5 mm

1 | GF T Két qua md phong | Két qua thwc nghiém Sai léch
(%) | (°C) (mm) (mm) (mm)
30 28.3 29.8 15
50 335 32.7 0.8
1 0 70 36.3 37.7 1.4
90 40.1 39.7 0.4
110 431 414 1.7
30 26.1 26.1 0.0
50 334 31.7 1.7
2 5 70 35.7 35.1 0.6
90 395 3738 1.7
110 44.4 39.8 46
30 24.1 25.3 1.2
50 314 29.1 2.3
3 10 70 34.7 30.8 3.9
90 36.8 34.2 2.6
110 421 383 338
30 20.8 223 15
50 24.7 25.1 0.4
4 15 70 30.5 29.1 1.4
90 34.8 327 2.1
110 39.8 35.7 4.1
30 19.7 20.1 0.4
50 20.8 223 15
5 20 70 26.1 26.1 0.0
90 30.3 28.4 1.9
110 34.7 317 3.0
30 15.7 18.3 2.6
50 22.7 212 15
6 25 70 26.4 247 1.7
90 274 26.2 1.2
110 30.7 30.1 0.6
30 14.7 13.3 1.4
50 15.3 15.3 0.0
7 30 70 18.8 19.7 0.9
90 19.7 236 39
110 215 26.8 43

4.1.2. Anh hwéng cia nhiét @9 khudn dén dp dién day vat ligu

4.1.2.1. Anh hwéng cia nhiét do khudn dén chiéu dai dong chay

Theo két qua mo6 phong va thuc nghiém vé chiéu dai dong chay déi véi md
hinh khudn co ban cua qué trinh phun ép nhwa composite vao 1ong khuén lan luot
V6i céc kich thude chiéu day san pham thay déi tir 0.5mm, 0.75mm va 1 mm ta tim
dugc méi lién hé giira nhiét do va chiéu dai dong chay nhu Hinh 4.1, 4.2 va 4.3.
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Hinh 4.3 Anh hiong ciia nhiét dé khuén dén chiéu dai dong chay doi véi san pham
chiéu day 1 mm

- Khi vét li€u chay vao long khudn, nhiét 4 dong chay tai vi tri tiép xuc voi
thanh khuén s& giam do qua trinh trao ddi nhiét voi tim khuon, do d6 16p nhuwa
long tai vi tri nay khong con du nhiét dé duy tri trang thai 16ng nhu ban dau (d6
nhot s€ tang 1€n) va hinh thanh nén 16p ngudi (16p dong dac). Khi dong nhya cang
di xa dau phun ctia may ép thi 16p ngudi nay s& cang day hon, din dén han ché kha
ning chay cia dong nhwa. Két qua thuc nghiém trong dé tai nay cho thay: chiéu dai
dong chay cua 1ong khuén ¢6 chiéu day 1 mm 13 16n hon so v&i chiéu day 0.75 mm
va 0.5 mm (Hinh 4.1, Hinh 4.2 va Hinh 4.3). Diéu d6 c6 nghia la chidu dai dong
chay sé& tang khi chidu day long khuén tang. Ngoai ra, chidu day 16p dong dic s&
giam khi nhiét d6 khudn dugc ning cao do qua trinh truyén nhiét tir nhya nong
sang thanh khudn s€ dugc han ché. Do d6, dong nhya noéng it bi mat nhiét hon, nén
nhua d& chay va di chuyén dugc khoang cach xa hon.

- Viéc lura chon va diéu chinh nhiét d6 khuén dong vai tro quan trong nhim can
bang dong chay cua nhya vao long khudn. Pay 1 co s¢ quan trong cho viéc dat
dugc chat lugng dong déu cho loat san pham 1én trong qué trinh san xuét theo
phuong phap phun ép, dic biét véi loai khudn co nhidu long khuén véi kich thudce

20

120



khac nhau va vat li¢u la composite. Vi vy, can phai danh gia anh huong cta nhiét
d0 khuon dén chiéu dai san pham d¢€ lya chon nhiét 6 khudn cho phu hop, sao cho

dam bao d6 dién dy va do bén san pham.

4.1.2.2. Anh hwéng cua ti I¢ sei dén chiéu dai dong chay
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Hinh 4.8 Anh huong ciia ti 1 soi dén chiéu dai dong chay tai nhiét dp khuén 110°C
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Chiéu dai dong chay khdng chi phu thudc vao nhiét do khudn (Hinh 4.1, 4.2 va
4.3), ma con phuy thudc vao ti 18 soi gia cuong nhu két qua thé hién ¢ Hinh 4.4, 4.5,
4.6, 4.7 va 4.8. Pay la cac két qua mo ta anh huong cua ti 1¢ soi dén chiéu dai dong
chay vat liéu composite rng voi cac nhiét d6 khudn khac nhau.

- Khi ti 1€ soi (Vy) tang 1én trong khoang khao sat tir 0% dén 30% thi chiéu dai
dong chay giam dang ké. Chang han nhu: tai nhiét d6 khudn 90°C va chiéu day san
phiam 1 mm thi chiéu dai dong chay 1a 114,8 mm va 96,1 mm twong tmg véi V¢ =
5% va Vi = 30%. Khi ting ti 18 soi 1én 25% thi chiéu dai dong chay cling giam
khoang 23 - 27 %. Dong thoi, chiéu dai dong chay ¢é xu hudng giam khi chiéu day
dong chay giam.

- Nhiét d6 khuon cé anh huong 16n dén dinh hudéng soi trong dong chay va
chat lugng bé mat. Néu nhiét d6 khudn thdp va chénh 1éch 16n voi nhiét do chay
ctia vét liéu thi bé mit ciia san pham s& rat tho va cac soi 16 trén bé mat. Khi nhiét
d6 khuén tang dan, chat luong bé mat cua san pham dugc tang 1én va cac soi phan
bd t6t hon va dugce dinh huéng theo dong chay vat lidu. Nhin chung, trong qua
trinh phun ép sén phém béng composite nhya nhiét déo thi nhi¢t d¢ khudn, ti I¢ s¢i
¢6 anh huong 16n dén dinh hudng cua soi, d dién day, do bong bé mit.

4.1.2.3. Anh hwéng cia nhi¢t do khudn dén lién két sgi thiy tinh

Anh huéng cuaa nhiét d6 khuon dén lién két soi thuy tinh duoc dugc thé hién
gua anh SEM (Scanning Electron Microscopy) nhu Hinh 4.9, 4.10, 4.11, 4.12, 4.13
v6i cac diéu kién cu thé: Vat lieu PA6+30%GF, chiéu day mau 1 mm, nhiét do
khuon thay d6i tir 30 ¢én 110°C, thiét bi chup SEM JSM-6480LV (Vién cong nghé
Nano - BH Quédc gia TP.HCM).

Hinh 4.9 Lién két sei khi nhiér dé Hinh 4.10 Lién két sgi khi nhiér do
khudn 30°C khuén 50°C

Hinh 4.11 Lién két sei khi nhiéz a6 Hinh 4.12 Lién két sei khi nhiéz @6
khudn 70°C khuén 90°C
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Hinh 4.13 Lién két soi khi nhiét d6 khudn 110°C

Lién két gitra c4c vat liéu thanh phan cia composite khéng chi phu thudc vao ti
I& pha tron ma con phu thudéc vao nhiét @6 khudn phun ép. Khi nhiét ¢ khudn
thip, 46 nhét caa dong chay nhua ciing thap dan dén thanh phan nhya (PA6) va soi
ngan thay tinh (GF) khé lién két véi nhau va hinh thanh nhiéu khoang tréng bén
trong (Hinh 4.9, 4.10). Biéu nay anh huong I6n dén chit lugng dién ddy trong quéa
trinh phun ép. Khi nhiét d6 khuén du I16n (> 70°C), @6 nhét cta dong chay tang 1én,
lien két gitra cac vat liéu thanh phan dugc cai thién rd rét va chat luong dién day
duoc tt hon (Hinh 4.11, 4.12, 4.13).

4.1.2.4. Anh hwéng cua ti 1§ sei dén lién két sgi thity tinh

Hinh 4.15 Lién két spi khi Vi = 5%

Hinh 4.17 Lién két soi khi Vi=15%  Hinh 4.18 Lién két soi khi Vi= 20%
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Hinh 4.19 Lién két soi khi Vi=25%  Hinh 4.20 Lién két soi khi V¢ = 30%

Tuong ty dé nghién ciu anh huong cua ti 1é soi dén lién két soi thuy tinh, tac
gia ding phuong phap chup SEM véi cac diéu kién cu thé: Vat licu: PAG,
PA6+5%GF, PA6+10%GF, PA6+15%GF, PA6+20%GF, PA6+25%GF,
PA6+30%GF (V= 0 — 30%), chiéu day mau: 1 mm, nhiét d6 khubn: 70°C. Két
qua chup SEM duoc thé hién nhu Hinh 4.14, 4.15, 4.16, 4.17, 4.18, 4.19 va 4.20.
Két qua cho thiy ti 1é soi anh huong déang ké dén phan bd va lién két giita cac
thanh phan vat liéu nén (PABG) va vat liéu cét (GF). Khi khong c6 soi gia cuong,
nhya PA6 duoc phan bd dong déu va cd cau triic nhu gon song (Hinh 4.14). Khi
dugc gia cuong soi véi Vs = 5 - 30% thi phan b soi khi phun ép c6 sy thay doi
dang ké. Trong o, vai ti 1¢ soi Vi = 30% thi d6 nhét cua vat liéu giam dang ké, dan
dén soi ngén thuy tinh c6 xu huéng don lai v6i nhau. Didu ndy anh huéng déng ké
dén dén do dién day cua vat liéu composite trong long khuén.

% Dé danh gia anh huong cua nhiét do khudn dén do dién day cua vat ligu
composite nhua nhiét déo vaéi ti 16 soi thay ddi tir 0% dén 30% trong quy trinh
phun ép, phuong trinh hdi quy v& mbi quan hé giita 6 dién diy (chiéu dai) voi
nhiét 6 khudn va chiéu day san phdm dwoc xac dinh bang phan mém Minitab
thong qua két qua thuc nghiém (Bang 4.1, 4.2 va 4.3) véi két qua nhu Bang 4.4.

Nhin chung, phwong trinh hdi quy tong quat vé mdi quan hé giita do dién

day (chiéu dai) véi nhiét a6 khudn va chiéu day san phdm nhu sau:
L=aT+bh-c (4.1
Trong do,
L: B¢ dién day (chiéu dai) san pham (mm)
T: Nhiét @6 khudn (°C)
h: Chiéu day san pham (mm)
a, b va c: Cac hé sb phu thuoc vao nhiéu yéu td nhu nhiét do khuon, ti 1&
soi va chiéu day san pham.
Bang 4.4 Phuong trinh hoi quy nhya véi ti 1é phan tram soi thiy tinh thay doi

Vi(%) Phwong trinh hdi quy P tin cay (R-Sq (adj))
0 L= 0.265T + 185h — 70.4 96.4%
5 L =0.179T + 152h — 49.9 95.9%.
10 L =0.176T + 147h —50.0 96.4%
15 L=0.171T + 143h — 48.8 98.4%.
20 L =0.170T + 142h — 53.0 95.4%.
25 L=0.175T + 138h —52.7 94.0%.
30 L =0.187T + 143h — 60.0 93.5%.
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4.2. Anh hwéng cia nhi¢t d9 khudén dén do dién day véi md hinh san
pham c6 thanh méng va nhiét dg khudn cao
4.2.1. M6 hinh dong chay vao long khuén hinh chir nhat
Trong phun ép, nhiét do bé mit long khudn ¢6 anh hudng rat lon dén chicu
dai dong chay do glam I6p dong ddc. Dac tinh nay la mot vén dé luu y quan trong
ctia qua trinh phun ép, dac biét 1a vai cac san pham siéu nho hoac cac san pham co
thanh mong Trong nghién ctru nay, dé tang nhiét d¢ long khudn, EX-GMTC da
dugc ap dung cho khudn c6 chiéu dai dong chay. Bé quan sat anh hudng cta Ex-
GMTC dén chiéu dai dong chay, tién hanh gia nhiét bang khi nong dat nhiét do
400°C va thoi gian gia nhiét thay doi tir 5 dén 20s. Sau qua trinh gia nhiét, hé
thong gia nhiét duoc di chuyén ra ngoai khu vuc phun ép va tim khudn hai nira
dugc dong lai dé qué trinh dién day bat dau. Trong giai doan nay, nhiét ¢o khudn
s& thay d6i va vao cudi hanh trinh s& anh hudng dén chiéu dai dong chay. Déi véi
thuc nghiém phun ép, Polypropylen (PP) va Acrylonitrile Butadiene Styrene
(ABS) da duoc st dung véi cac tinh chat vat liéu nhu trong Bang 4.5.
Bdang 4.5 Thong so khudn cho thuc nghiém chiéu dai dong chay

A X R Gid tri
m Thong sb khuon PP ABS PA6 | PA6+30%GF
1 |Nhiét do nhua 210°C | 230°C 215°C 270°C
2 |Ap suét phun 60 kg/cm?
3 |Thoi gian giai nhiét 20s
4 |Tbc do phun 50 mm/s
5 |Thoi gian phun 0.5s
6 [Thoi gian dong khuén 2.5s
7 |Thoi gian gia nhiét 5s, 10s, 15s, 20s
8  |Nhiét do khudn ban déu 30°C
9  |Pé néng chay 160°C | 190°C | 215°C |  255°C

4.2.2. Két qua qué trinh gia nhigt cho long khuén dang hinh chir nhat

Qua trinh gia nhiét duoc thuc hién ¢ nhiét do khi 200°C, 250°C, 300°C,
350°C va 400°C, thoi gian gia nhiét trong 30s va nhiét do bé mat long khudn ban
dau 12 30°C. Két qua mé phong cho thay sy phan bd nhiét d6 cua long khuén nhu
Hinh 4.21 va Hinh 4.22, nhiét do tai bén diém do dugc trong Bang 4.6. Theo két
qud md phong vé sy phan bd nhiét do 16ng khuén, ta thdy su khac biét vé nhiét 6
1d rang vao dau giai doan gia nhiét vi toc do gia nhiét tai cic cira rat manh trong
giai doan nay. Nguoc lai, khi tang nhiét d6 gia nhiét, sw khac biét vé nhiét d¢ ciing
thé hién rd vao cudi giai doan gia nhiét. Day la su mét can bang ning lugng giita
nang luong nhiét nhan gin cong gia nhiét va khu vyc nang lugng nhiét cach xa
cong gia nhiét. Do do, ¢ khu vuc cach xa cdng gia nhiét, nhiét do thip hon nhidu
so v6i khu vuc gin cong gia nhiét. Két qua nay duoc thiy rd hon & nhiét do gia
nhi¢t 400°C va thoi gian gia nhiét 1a 30s.
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Hinh 4.21 Két qua md phong si phan bé nhiér dé bé mat 1ong khudn véi chiéu dai
dong chay sau 30s gia nhiét vgi cac khodng nhiér @6 khac nhau

} | } }
}
} }

—

-
|

30s | =
(*) Hot air gate : epe- (*) Melt entrance: s
40 72 105 138 170
s o
Temperature [C]

Hinh 4.22 Phdn bé nhiét do tai mat cdt A - A véi nhiét @ gia nhiét 1a 400°C
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Bing 4.6 Két qud mé phong nhiét do tai long khudn vdi thoi gian gia nhi¢t bang
khi nong tir 5s den 30s

Thaoi _gian gia Vi tri Nhiét d9 gia nhiét (°C)
nhiét (s) : 200 250 300 350 400
P1 62.3 73.2 83.3 92.5 102.8
5 P2 58.1 69.3 81.4 84.5 95.4
P3 56.6 67.2 79.8 82.4 91.3
P4 57.8 66 78.9 76.6 88.4
P1 76 91.6 109.1 115.8 125.6
10 P2 78.3 92.6 109.5 1155 126.8
P3 74.5 84.4 105.6 104.3 115.7
P4 74.4 86.8 104.4 105.1 115.6
P1 90.8 105.7 119 131.8 148.4
15 P2 87.2 102.7 1175 123.7 144.2
P3 86.6 101.5 116.3 124.2 142.1
P4 85.5 101.3 1154 131 141.6
P1 92.2 114 125.6 147.8 154.8
20 P2 90.2 110.9 122.9 146.6 153.7
P3 88.3 108.1 119.7 145.9 151.1
P4 84.8 105.3 117.1 145.9 150.5
P1 95.6 116.2 129.8 147.4 160.1
25 P2 92.1 112.4 125.5 144 158.6
P3 91.2 112.6 123.3 142.1 157.8
P4 86.6 96.8 117.4 143.8 155.7
P1 96.5 119.6 132.9 151.7 161.3
30 P2 94.4 117.7 128 147.9 159.4
P3 94.3 116.9 127.4 145.3 158.1
P4 84 106.2 119.6 140.7 152.5

Dé kiém tra tinh chinh xac cta két qua md phong, tién hanh thyc nghiém véi
cac diéu kién bién nhu duoc st dung trong mé phong. Thuc nghiém duoc tién hanh
10 1an cho mdi truong hop va gia tri trung binh dugc thé hién. Nhiét do tai bdn
diém nhu Hinh 4.23 dugc ghi nhan bang camera nhiét va so v6i két qua mo phong
(Hinh 4.21). Dya vao gia tri so sanh nay, su khac nhau vé nhiét d¢ gitra mo phong
va thuc nghiém thép hon 12°C. Sy khac biét nay 1a do do tré ctia camera do nhiét,
dic biét 1a khi nhiét c6 thé truyén nhanh tu vung nhiét d§ cao sang vung nhiét do
thdp hon. Tuy nhién, nhin chung, két qua mé phong va thyc nghiém nay cho thiy
¢6 su phu hop va chinh xac cao.
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Simulation Experiment Simulation Experiment
(c) Heating time: 15 s (d) Heating time: 20 s

Unit: °C
Hinh 4.23 Két qua thirc nghiém phan bé nhiér do tai bé mat long khudn véi céc
thoi gian gia nhiét khac nhau

Thuc nghiém qué trinh phun ép vat liéu PP va ABS véi phuong phép gia
nhiét bang khi néng (Ex-GMTC) va thoi gian gia nhiét khac nhau. Cac thong sb
phun ép nhu trong Bang 4.5 va chiéu day dong chay lan luot 14 0.2, 0.4 va 0.6 mm.
Két qua cho thay chiéu dai dong chay duoc cai thién khi nhiét d6 khuon duoc nang
Ién cao véi thoi gian gia nhiét trong khoang tir 5s dén 20s (Hinh 4.24 va 4.25).
Chiéu dai dong chay nhya dwoc cai thién rd rét véi truong hop thoi gian gia nhiét
15s va 20s. Phan tram su cai thién vé chiéu dai dong chay dugc tinh toan va dugc
thé hién trong Hinh 4.26 (hinh a, b). Két qua cho thiy khi phuong phap gia nhiét
bang khi néng dwoc sir dung cho dong chay c6 do day 0.6 mm, chiéu dai dong
chay c6 thé dugc cai thién 23.5% véi vat liéu PP va 22.3% véi vat liéu nhura ABS.
Vé6i do day dong chay 0.2 mm, chiéu dai dong chay ting tir 37.85 1én 41.32 mm
véi vat lieu PP va tir 14.54 dén 15.8 mm véi vat liéu ABS.

Do nhu cau thuc té st dung véi cac san pham nhwa thanh mong hién nay, vat
liéu dugc s dung théng dung la PA6 va PA6+30%GF. Vi vt liéu nay ti 1€ cai
thién kha nang chay cta dong vét liéu cang dugc cai thién rd rét hon (Hinh 4.27 va
4.28). Cuy thé, véi vat lieu PA6 va chiéu day dong chay 0.6 mm, chiéu dai dong
chay duoc tang thém khoang 90.6% (ting tir 38.96 mm 1én 74.25 mm) khi gia nhiét
20s. \V/6i vat liéu composite PA6+30%GF, két qua thuc nghiém cho thiy véi chidu
day dong chay 1a 0.6 mm, khi gia nhiét 20 s, chiéu dai duoc cai thién tir 28.5 mm
dén 58.95 mm, twong dwong 108.6% (Hinh 4.29). Céc két qua nay ciing cho thiy
dong chay cua vat liéu nén PA6 c6 d6 nhay véi nhiét do khudn hon vt liéu PP va
ABS, véi kha ning cai thién chiéu dai dong chay trén 80% véi thoi gian gia nhiét
la 20s. Céc két qua vé chiéu dai dong chay giira cac vat liéu nay c6 thé giai thich
dva vao kha nang han ché qua trinh hinh thanh 16p frozen layer trong qua trinh vat
lieu chay trong Iong khuon.
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132.90 mm

143.26 mm
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Hinh 4.24 Két qud thuc nghiém chiéu dai dong chay vat liéu nhira PP véi thoi
gian gia nhiét khac nhau
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heating

Heating time
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Heating time
10s

Heating time
15s

Heating time
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0.2 mm thickness

14.54 mm

14.69 mm

14.85 mm
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0.4 mm thickness
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37.41 mm

38.09 mm

40.11 mm

43.69 mm

0.6 mm thickness
Hinh 4.25 Két qud thuc nghiém chiéu dai dong chay vdt liéu nhiza ABS véi thoi
gian gia nhiét khac nhau

25+
A
—a—0.2mm » = 02mm .
204 e 04mm 204 —«- 04mm
4 0.6mm 4— 0.6 mm .
€ €
5 15 y g 15
s 104 s 104 g
E . - E . .
S 8
.
51 i 5 5 .
ol +
-
.
~ -~ - &
Without 5 ¢ 105 55s 205 without g ¢ 105 155 205
heating heating
Heating time Heating time
(a) PP material (b) ABS material

Hinh 4.26 Cai thi¢n chiéu dai dong chay vai vdt liéu PP va ABS
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Hinh 4.27 Két qud thuc nghiém chiéu dai dong chay vdt liéu nhira PA6 véi thoi
gian gia nhiét khac nhau
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Hinh 4.28 Két qud thuc nghiém chiéu dai dong chay vat liéu nhira PA6+30%GF
vdi thoi gian gia nhiét khac nhau
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Hinh 4.29 Cui thién chiéu dai dong chay véi vt liéu PAG va PA6+30%GF
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4.2.3. M6 hinh dong chay vao long khudn dang gan micro

Dé danh gia hidu qua cua viéc han ché 16p frozen layer nham ting kha ning
chay cua vat liéu nhya, phuong phap nang nhiét d6 khuon dugc tién hanh sir dung
bo khudn cho san pham gan mong da duogc st dung. Kich thudc cua san pham nay
dugc hién thi trong Hinh 3.8, véi d¢ day gan thay doi tir 0.3 dén 0.5 mm va chiéu
cao gan la 7.0 mm. Céc vat liéu dung trong thuc nghiém la ABS, PP, PAS,
PA6+30%GF. Bdi véi quy trinh phun ép thong thuong, nhiét do khudn phai dugc
cai dit trong khoang 20°C dén 80°C. Tuy nhién, véi san pham thanh mong, nhiét
do khuon phai duoc cai dit cang cao cang tot dé cho viéc dién day hoan toan long
khuén. Diéu nay thuan lgi cho dong chay dién day vi giam I6p dong dac cia dong
chay (frozen layer).

Vi két cau trén, vi tri tai trung tam long khudn dugc thiét ké véi mot miéng
thép dé cai thién hiéu qua gia nhiét. TAm insert c6 kich thugc 40 x 25 x 1.0 mm.
Mot hé thdng gia nhiét khi néng c6 mot cong va nhiét do khi 400°C da duoc sir
dung cho thyc nghiém nay. Dé quan sat anh huong ciia Ex-GMTC dén bude dién
day gan mong, chu trinh phun ép dugc thuc hién vai nhiét do phun ép tir 45°C dén
75°C. Trong nhimng truong hop nay, bo diéu khién nhiét o khuén duoc st dung
bién phap gia nhiét bang nudc bén trong kénh 1am mat. Sau d6, Ex-GMTC duoc &p
dung vai thoi gian gia nhiét tir 4 dén 10s. Sau budc gia nhiét, dong chay duoc dién
day vao long khubn sau 6s dé dong khudn. Tat ca cac thuc nghiém chi tiét gan
thanh moéng da st dung cing mot vt liu ABS (Bang 4.5).

Dé nghién ciru budce gia nhiét cho khudn gan mong, nhiét 6 cua bé mit long
khudn duoc do tai ba diém. Bang thuc nghiém, nhiét do dugc ghi nhan trong Bang
4.7 va Hinh 4.30. Két qua cho thdy & cudi buéc gia nhiét, nhiét do khuon dat
112.0, 121.3, 132.5 va 140.8°C tai cAc thoi diém gia nhiét 1an luot 13 4, 6, 8 va 10s.
Ngoai ra, sau 6s dé dong khudn, nhiét d6 cua bé mat gia nhiét giam khoang 10°C
véi khudn gan mong.

Bing 4.7 Két qua thuc nghiém nhiét dg long khudn chi tiét gan thanh mong véi
thoi gian gia nhiét khac nhau

o Thoi gian tién Thoi gian gia nhiét (s
Vitrido | ©) 4 s g : 10
0 30 30 30 30
2 99.2 100.2 101.2 102.2
4 118.6 119.9 120.1 121.1
6 116.4 123.4 124.2 125.6
1 8 111.1 121.5 132.6 133.5
10 107 118 129.5 142.3
12 115.5 126.7 140.8
14 122 137.2
16 133
0 30 30 30 30
2 2 101.2 102.1 103.3 104.2
4 120.6 121.9 122.2 123.6
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6 118.5 125.5 126.6 127.2
8 116.7 124.4 134.7 135.1
10 112.0 121.3 132.5 140.8
12 118.4 130.2 144.2
14 1251 141.6
16 138.1
0 30 30 30 30
2 99.2 100.3 101.2 102.3
4 116.2 1175 118.3 119.9
6 1141 122.4 123.4 124.8
3 8 1104 120.1 130.5 131.1
10 105.6 117.2 128.9 1414
12 113.2 125.7 138.3
14 121.1 134.5
16 131.1
160 4 160 4
140 4 140 4
Time for mold closing Time for mold closinq
120 ‘—_" 120 — ‘:';5‘;;;1;_:_::1
O 100 O 100 I
% 80 End of heating step % 80 End of heating step Melt fills into
;‘- Melt fills into qé- the cavity
& 80+ the cavity & 60
—=— Point 1 —=— Point 1
404 +— Point 2 404 +— Point 2
(*) Heating time: 4 s —4— Point3 (*) Heating time: 6 s —4— Point 3
20 T T T T T T T 1 20 T T T T T T T 1
Time (s) Time (s)
(@ (b)
160 160
Time for mold closing
si0 ] Time for mold closing‘ 1404 ‘T_*““J
120 120
S 1004 S 1004 End of heating step
%}/ End of heating step i—:‘ Melt fills into
g 804 Melt fills_into g 80 the cavity
g the cavity g
g 60 - g 60 4
" —=— Point1 " —=— Point 1
404 *— Point 2 404 +— Point 2
(*) Heating time: 8 s —*— Point3 (*) Heating time: 10 s —*— Point3
20 T T T T T T T 1 20 T T T T T T T J
Time (s) Time (s)

©) (C)]
Hinh 4.30 Gi4 tr; nhiér dé bé mat khudn thanh mong tai ba vi tri do
Camera nhiét duoc sir dung dé xac dinh sy phan bé nhiét do trong khuén gan
mong & cubi budc gia nhiét. Cac két qua nay dwoc hién thi trong Hinh 4.31. Két
qua cho thiy su phan b6 dong déu nhiét do l1a rat tot va qué trinh gia nhiét chi anh
huong dén vi tri gia nhiét.
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(c) Heating time: 8 s (d) Heating time: 10 s
Max Temperature: 132.5 °C Max Temperature: 140.8 °C

Hinh 4.31 Phan b nhiér dg két thiic buée gia nhiét cho khudn gan thanh méng
thoi gian gia nhiét khac nhau
O mdi nhiét do khuén, chu trinh ép duoc thyc hién 20 1an dé dat duoc su 6n
dinh ctia hé thdng, trude khi 10 chu ky tiép theo duoc st dung dé so sanh chiéu cao
gan. Sau budc ép, cac mau ép duge thu thap va do chiéu cao gan. Két qua duoc thé
hién trong Hinh 4.32 va 4.33.

45.0°C 112.0°C

55.0 °C 121.3°C

65.0 °C 132.5°C

’I

75.0°°C 140.8°C

s
|

(a) Mold temperature control (b) Mold temperature control
with the hot water with Ex-GMTC

Hinh 4.32 Su thay doi chiéu cao cua gan meng ing véi cac nhiér dg khudn khac
nhau
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Hinh 4.33 So sanh chiéu cao gan méng véi cac nhiér dg khudn khac nhau ing véi
nhya ABS, PP, PA6, va PA6+30%GF

Theo cac két qua nay, khi nhiét d6 khuon ting tir 45°C dén 75°C, chiéu cao
gan tang tir 2.8 dén 4.2 mm. Tuy nhién, khi Ex-GMTC duogc sir dung voi khi
400°C, nhiét do cao nhat duoc tdp trung vao ph?ln khuon insert, sy cai thién cla
gin mong da dugc quan sat 16 rang. Cu thé, khi nhiét do khudn thay ddi tir 112.0°C
dén 140.8°C va chiéu cao gan mong dat tdi da 7.0 mm. Su cai thién nay la do kha
ning han ché chiéu day 16p dong dic khi dong chay chay qua tdm insert long
khuén, gitp ting ap luc dién day tai vi tri gin mong.

+ Nhan xét chung:

Trong phan nay, diéu khién nhiét d6 khuon ngoai dugc hd tro bang khi (Ex-
GMTC) da duoc &p dung cho chu trinh phun ép dé cai thién kha ning dién day
khuon. Cac mé phong va thuc nghiém da duoc thuc hién vai cac khudn c6 chiéu
dai dong chay va gan mong. D4i véi khudn cé chiéu dai dong chay, nhiét do duoc
thay di tir 200°C dén 400°C va chu trinh ép duoc thyc hién ¢ do day san pham
0.2, 0.4 va 0.6 mm. Véi khudn gan mong, Ex-GMTC dugc thuc hién bang cach st
dung khi 400°C & trung tdm cua long khuén. Viéc dién day vao gan mong duoc
quan séat khi sir dung bo diéu khién nhiét do khudn véi gia nhiét bang nuéc va Ex-
GMTC. Dua vao cac phan tich trén, c&c nhan xét sau dugc dua ra nhu sau:
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- Bang céach ap dung EX-GMTC cho d6 day dong 0.6 mm, chiéu dai dong chay
c6 thé dugc cai thién 23.5% véi vat lisu PP va 22.3% véi vat lisu ABS. Véi do day
dong chay 0.2 mm, chiéu dai dong chay ciing tang tir 37.85 1én 41.32 mm véi vat
liéu PP va tir 14.54 dén 15.8 mm véi vat ligu ABS.

- V6i khudn gan mong, khi nhiét d6 khuon tang tir 45°C dén 75°C, chiéu cao gan
da tang tir 2.8 dén 4.2 mm. Khi Ex-GMTC dugc sir dung, nhiét ¢ khuon thay doi
tir 112.0°C dén 140.8°C va chiéu cao gan mong dat 7.0 mm. Do Ex-GMTC khong
bi anh huong bai két cau khuon, nén phuong phap gia nhiét ndy hd trg phan bd
nhiét do tot hon so voi phuong phap gia nhiét bang nudc; két qua 1a su can bang
nhiét do tt hon trong dong chay c6 thé dat duoc.

- Qua trinh gia nhiét cho théy vi tri gia nhiét khong nhat thiét tai khu vuc thanh
moéng. Vung gia nhiét c6 thé dwoc chon sao cho han ché dwoc 16p déng dic nham
han ché hién tugng can tré dong chay vat liéu vao khu vuc c6 thanh mong.
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Chuong 5. KET LUAN
Théng qua qué trinh nghién ciu ché tao thiét bj va diéu khién dong chay
composite trong qui trinh phun ép da dat duoc cac két qua chinh nhu sau:
- Ché tao thanh cong céc thiét bi phuc vu qua trinh thiuc nghiém nghién ciru anh
huong cia nhigt do khuon dén kha nang chay cua vat liéu trong long khudn phun
ép, gdm cac mo hinh nghién ciru chinh nhu sau:

+ Thiét ké va ché tao mo hinh co ban nghién ciru anh huong caa nhiét ¢ khudn
dén chiéu dai dong chay vat liéu composite trong khudén phun ép véi chiéu day
thanh thay d6i v6i 3 gia tri : 0.5 mm, 0.75 mm va 1.0 mm.

+Thiét ké va ché tao M& hinh nghién ctu dong chay composite véi san pham
¢6 thanh mong va nhiét @o khudn cao véi 2 mo hinh:

« M6 hinh dong chay thanh méng véi 3 gié tri: 0.2 mm, 0.4 mm va 0.6 mm.

« M6 hinh tng dung cho san pham cé gan mong.
- Thyc nghiém danh gia anh huong cta nhiét do khudn vaéi 2 vang nhiét do khac
nhau.

+ Kha niang chay cua dong vat liéu composite khéng chi phu thuoc vao nhiét do
khudn ma con phu thugc vao ti I¢ soi gia cuong. Khi ti 1¢ soi (Vi) tang 1én trong
khoang khao sat tir 0% dén 30% thi chiéu dai dong chay giam dang ké. Cho nén,
khi st dung soi ngan gia cudng cho san pham phun ép thi can phai chon nhiét do
khudn phu hop nhim ting chat lwong ciing nhu dam bao hiéu qua kinh té (thoi
gian, chi phi nang luong) trong qué trinh san xuét.

+Véi mo6 hinh dong chay c6 thanh méng va nhiét d6 khuoén cao, phuong phap
gia nhiét cho bé mat khudn bang khi néng da duoc sir dung dé nang nhiét ¢ khudn
1én dén hon 140°C. C4c md phong va thuc nghiém di dwoc thuc hién voi cac
khuon c6 chiéu dai dong chay va gan mong. B4i vai khudn cé chiéu dai dong chay,
nhiét do dugc thay doi tir 200°C dén 400°C va chu trinh ép duogc thyuc hién & do
day san pham 0.2, 0.4 va 0.6 mm. V&i khudn gan mong, Ex-GMTC duoc thuc hién
bang céch sir dung khi 400°C & trung tdm cua long khudn.

- Két qua nghién ciru trén cho thay:

+Phuong phap phun ép véi vang nhiét ¢ khudn cao la mét trong nhitng giai
phép nham nang cao kha ning chay cua dong vat lidu trong 1dng khuén.

+Ngoai ra, phuong phap gia nhiét bang khi néng c6 thé tng dung cho cac
truong hop phun ép san pham c6 thanh mong nham tang kha nang dién day long
khuodn.

+Viéc ting nhiét d6 1ong khudn c6 thé tién hanh tai toan bo long khudn, hoic
tai mot sb vi tri trude khi dong vat liéu chay vao vi tri c6 thanh mong.
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