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Chuong 1. TONG QUAN

1.1 Tong quan cong nghé phun ép nhya va diéu khién nhiét do khudn

Trong qué trinh san xuit cac san pham nhya, dau tién, hat nhya
duogc sdy dé loai bo hoi am, sau d6, hat nhya dugc dua vao phéu cap lidu
trén may ép. Tur ddy, hat nhya duogc truc vit van chuyén téi bo phan gia
nhiét dé gia nhiét Iam cho nhya tir trang thai ran chuyén qua trang thai long.
Khi nhua da chay long hoan toan s& duoc truc vit phun ép qua hé théng
kénh dan nhya vao dién day long khuon. Sau khi long khudn dugc dién day
hoan toan thi san pham nhwa duoc 1dm nguoi dé nhya tir dang long chuyén
vé lai dang ran ban dau va lay ra khoi khudn, két thic mot chu Ky san xuét
san pham nhua.

- Vat ligu 1lam khuon
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Hinh 1.1: Cac hudéng nghién ctru chinh trong linh vuc khuén phun ép nhua




Trong linh vgc khubn phun ép nhya, cac nghién ctu trong nhirng
niam gan day chu yéu tap trung vao 04 huéng chinh nhu hinh 1.1.

Ngoai kha ning nang cao co tinh ciia san pham nhya, téi uu hoa
qué trinh diéu khién nhiét do khudn la mot trong nhing céch hiéu qua nhat
nham nang cao chat luong bé mat san pham nhya. Vi vay, muc tiéu quan
trong cua qua trinh diéu khlen nhi¢t do khudn phun ép la: gia nhiét cho bé
mat khuén dén nhiét d yéu cau, nhing van dam bao thei gian chu ky phun
ép khéng qué dai.

1.2 Tinh hinh nghién ctru ngoai nwéc

Trong cac nghién ciru ndy, phuong phap gia nhiét bang cam tng tir
dugc két hop voi luu chét giai nhiét nham diéu khién nhiét do khuon. Gia
nhiét bang cam ung tir c6 nhimg wu diém vuot troi so Véi cac phuong phap
khac nhu:

- Tbc d6 gia nhiét cao.

- Thoi gian gia nhiét c6 thé kéo dai dén 20 s.

- C6 thé &g dung cho khuén phun ép nhu mdt module dinh kém,

nghia 12 khong can thay déi két cau khuén c6 sin.

Ngoai ra, nham dap tng yéu cau gia nhiét cho cac bé mat phuec tap,
phuong phap phun khi nong vao long khuon (gas heating) da duoc nghién
ctru va danh gi& hiéu qua. Qui trinh gia nhiét cho khuén phun ép bang khi
néng dang duoc tién hanh nhu hinh 1.2. Cudi chu ky phun ép, hai tam
khudn mo ra va san pham sé& duoc lay ra ngoai (hinh 1.2 - Budc 1). Sau do,
tam khuon di dong s& dugc di chuyén dén vi tri gia nhiét (hinh 1.2 - Budc
2). Tai budc nay, khi néng sé dugc phun vao long khubn. Qua qua trinh
truyén nhiét d6i luu gitra khi néng va bé mat khuén, nhiét ning cua khi
nong sé 1am bé mat khuon tang nhiét d6 dén gia tri can thiét. Cudi cuing, khi
néng s& dung phun, va hai tim khuén s& dong hoan toan (hinh 1.2 — Buéc
3). Tiép theo, nhya ndng chay s& duoc ép vao long khudn.

V6i phuong phap nay, nhiét d6 bé mat khudn c6 thé duogc ting tir
60 °C dén 120 °C trong thoi gian 2 s. Tuy nhién, qué trinh gia nhiét nay s&
dat t6i trang thai bdo hoa khi thoi gian gia nhiét kéo dai hon 4 s. Uu diém
ctia phuong phap “gas heating” 1a toc do gia nhiét rat cao, va thoi gian chu
ky cua san pham s& dugc rat ngan. Tuy nhién, thiét ké cia khudn phun ép
can dugc thuc hién lai nham tich hop hé théng gia nhiét vao.




vao khudn vao khuon

vao khuén

Duong khi l Duong khi Puong khi

Bude 3: Khuon dong
lai, nhya phun vao
long khudn

Budce 1: Khuoén mé ra Budc 2: Khi néng phun vao
long khudn

Hinh 1.2: Qui trinh gia nhiét bang khi néng cho khudn phun ép nhya
1.3 Tinh hinh nghién ctru trong nwéc

Linh vuc diéu khién nhiét 6 khudn chi dugc hiéu va thuc hi¢n theo
hudng giai nhiét cho khudn hodc han ché hién twong giam &p suat cua dong
nhya trong qué trinh chay vao long khudn, véi muc tiéu quan trong nhat la
lam nguoi khuon trong thoi gian ngan nhat. Nguoc lai, vén dé giir bé mat
khudn & nhiét d6 cao trong qua trinh ép phun nham nang cao chat lugng
san pham, dac biét 12 san pham phuc vu nganh dién tur va cac san pham yéu
ciu d6 chinh xé4c cao, di bit dau dugc chu y thong qua dé tai nghién ctu
cua PGS. TS. Pang Van Nghin. Do d6, nhin chung, thyc trang ctia san XUAt
san pham nhya tai Viét Nam dang dung lai & nhdm cac san pham don gian,
chat lwong trung binh, va chu yéu tap trung vao linh vuc hang tiéu dung.
Ngoai ra, kha ning han ché cac khuyét tat cho san pham nhya theo phuong
phap diéu khién nhiét o khuén van chwa dugc xem xét va ing dung.
1.4 Van dé khoa hoc con ton tai

Phuong phap phuong phéap gia nhiét bang khi néng con nhiing han ché
nhu sau:

- Két cau khudn can duoc thiét ké lai.

- Vi két cdu khudn thuc té, két qua gia nhiét cho bé mat khuon

van chua tot.

Vi vy, nham ting kha niang @ng dung cia phuong phap gia nhiét
bang khi néng cho khudn phun ép nhwa, dé tai nghién ctu “Nghién ciu
dnh hwéng cia gia nhigt khudn phun ép bang khi néng dén dp bén san
phdm nhea thanh méng ” duoc thuc hién trong Luan an nay.

1.5 Tinh cép thiét ctia dé tai

Viéc nghién ctru cong nghé va ché tao thiét bi phun ép nhwa phuc vu
cho qué trinh san xuat san pham nhya k§ thuat yéu cau do chinh xac cao la
mot huéng di day tiém nang trong linh vuc khudén miu ndi riéng va cac
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nganh cong nghi¢p chinh xac noi chung. Cong nghé nay s& gop phan nang
cao chit luong san pham, mo rong kha nang cong ngh¢ cua phuong phép
phun ép nhua, cling nhu tao tién dé cong nghé san xuat cac san pham nhya
ky thuat phét trién nhiéu hon nita trén dia ban Thanh phé HS Chi Minh.
1.6 Y nghia khoa hoc
Vi cac két qua cua luan an, phuong phap gia nhiét cho bé mét khudn
s& c6 them mot phuong phap mai hiéu qua hon vé kha nang:
- biéu khién vang gia nhiét.
- Nang cao téc d6 gia nhiét khudn.
- Han ché t6i da viéc thay dbi két ciu khudn.
- Phun ép vai cac san pham dang thanh mong vai hinh dang phic tap.
- Tang d6 bén ciia duong han trén san pham nhya thanh mong.
1.7 Gia tri thyc tién
Viéc nang cao chat luong san phdm nhuya, ciing nhu viéc tim céc
cdng nghé mai nham nang cao chat lwong va san luong cua san pham nhya
dang 1a mot trong nhitng yéu cau cap thiét cho nganh nhya tai Viét Nam.
Do d6, d tai “Nghién ciru dnh hwéng ciia gia nhigt khudn phun ép bang
khi néng dén dp bén sin pham nhga dgng thanh méng” duoc dé xuat
nham gop phan nang cao chat lwong san pham nhya ky thuat, dic biét véi
nhém san pham duoc san xuit tir cdng nghé phun ép.
1.8 Muc dich nghién cau
Thong qua phuong phéap gia nhiét cho khudn phun ép bang khi
nong tir bén ngoai, dé tai s& tap trung nghién ciru cac muc tiéu sau:
e Lam rd anh huong cua cac thdng sé chinh dén qua trinh gia nhiét bang
khi cho khuon.
e Timrava danh gia phuong phap md phong qua trinh gia nhiét khudn.
e Dinh gi4 két qua gia nhiét cho long khudn bang khi nong.
e Ung dung phuong phép gia nhiét cho long khudn biang khi nong trong
viéc nang cao d6 bén cua san pham nhwa dang thanh mong.
1.9 Péi twong nghién cieu
Luan &n nghién cu mé hinh gia nhiét bang khi néng mang tinh
kha thi cho khudn phun ép nhya véi ngudn khi néng dugc phun tir ngoai
khudn. Tir d6, nghién ciru anh huong cia gia nhiét bang phuong phap nay
dén san pham nhya nhiét déo thanh méng theo tiéu chuan ASTM D638.
1.10 Nhiém vu nghién ciru va giéi han dé tai
- Luan an chi tap trung vao phuong phap nghién ctu gia nhiét bang
khi nong vai ngudn khi dugc cap tir ngoai khuén.
- Qua trinh gia nhiét, nhiét d6 va truong nhiét 4o duoc khao sat thong
qua thyc nghiém va mé phong bang phan mém ANSYS.
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- Qua trinh phun ép nhya vao long khudn duoc nghién ctu thong qua
thuc nghiém va mo phong bang phan mém Moldex3D.

- Nhiét d6 khi nong thay doi trong khoang 200 °C dén 400 °C.

- Nghién ciu tmg dung cho md hinh san pham nhya thanh mong cé
chiéu day tir 0,4 mm dén 0,8 mm.

- Vit liéu nhua duoc nghién ciru la PA6 va PA6+30%GF.

- Trong gidi han thoi gian va kinh phi cua luan &n nén téc gia chi tap
trung nghién ctru do bén kéo cua san pham hhya.

- Cac thiét bj thi nghiém duoc cung cip bai phong thi nghiém khudn
mau thuoc truong Pai hoc Su pham Ky thuat Tp. HCM.

1.11 Phwong phap nghién cau

- Thu thap va phan tich dix liéu.

- M6 phong qua trinh gia nhi¢t va qua trinh nhya dién day long khuon.

- Thuc nghiém qua trinh gia nhiét va tao cac mau san phan @ng vai cac
qui trinh phun ép dé khao sat anh huong cua budc gia nhiét long khuon dén
d6 bén kéo san pham nhya thanh mong.

Céc phuong phap nghién ctru dugc thyc hién trén co so cac trang thiét
bi hién c0 tai truong PH Su Pham Ky Thuat Tp.HCM nhu: may phun ép
nhua, thiét bi do nhiét (camera hong ngoai, cam bién nhiét,...) va cac loai
khubn phun ép théng dung tai Viét Nam.

1.12 B6 cuc luin an

Chuong 1: Tong quan - Trinh bay cac van dé lién quan dén cdc hwéng
nghién cizu vé céng nghé phun ép nhya, cac van dé con ton tai va dua ra
hwong nghién cuu.

Chuong 2: Co sé |y thuyét - Tap trung lam rd céc van dé lién quan
dén qué trinh gia nhiét cho 1ong khuén phun ép nhia bang khi néng phun
ter bén ngoai.

Chuong 3: M6 ta m6 phong va thuc nghiém - Qua trinh gia nhiét
khuén bang khi néng bén ngoai khuén, qua trinh nhuea dién day 1ong khudn
va cac thiét bj si dung cho thec nghiém diroc mo ta cu thé.

Chuong 4: Anh hudng cua thdng sé gia nhiét dén phan b nhiét do bé
mat long khuon - Chuwong nay sé cho thay anh hwong cua cac thdng s6 gia
nhiét (gom bé day tam insert va khe ho (khoang cdch) giiza dau phun khi
néng va bé mat long khuén) dén két qua gia nhiét bang khi néng.

Chuong 5: Anh huong cua phuong phap gia nhiét bang khi nong dén
d6 bén san pham nhya dang thanh mong - Ank hurong ciia phwong phap gia
nhiér dén dé bén kéo cua san pham nhya dang thanh méng sé duroc nghién
ciu bang md phang va thuc nghiém.

Chuong 6: Két luan




Chuong 2. CO SO LY THUYET

Qua trinh thiét ké cac thi nghiém, ciing nhu phan tich cac két qua
clia dé tai s& duogc tién hanh trén co sa cac ly thuyét sau:

- Qui trinh phun ép nhya.

- M6 phong dong chay caa nhya trong khuon.

- Dong chay nhwa trong chi tiét dang tAm/hop.

- Truyén nhiét ddi luu.

- Dong chay nhua Fountain Flow.

- Anh huong cua 16p bé mat “Frozen layer” trong qua trinh dién day

Iong khuén cua nhya.

- Do bén kéo theo tiéu chuan ASTM D638.
2.1 Qui trinh phun ép nhya

Cac budc co ban cta quy trinh phun ép dugc trinh bay nhu hinh

2.1. Vat liéu tho dang hat duoc cho vao phéu va roi vao xi lanh. Trong xi
lanh, vai chuyén dong xoay va tinh tién cua vit-me, két hop voi cac dién tro
gia nhiét bén ngoai xi lanh, vat liéu nhya tir dang hat s& dugc gia nhiét dén
trang thai déo va néng chay thanh dang long & nhiét do tir 150 °C dén
320 °C. Thong qua chuyén dong tinh tién cua vit-me, nhya néng chay trong
xi lanh s& duoc ép vao long khudn thdng qua dau phun (nozzle). Tai vi tri
cong phun, nhya hoan toan & thé long. Sau khi toan bo long khudn duoc
dién day, qua trinh dinh hinh (packing step) sé tién hanh. Trong qua trinh
nay, nhua sé tiép tuc duoc ép vao 16ng khudn nham bu vao phan thé tich bi
thiéu hut do hién tuong co ngét vat liéu. Qua trinh dinh hinh s& két thic khi
vat liéu nhya tai vi tri cong phun déng dic hoan toan. Sau do6, nhiét d6 cua
san pham s& tiép tuc giam qua qué trinh giai nhiét (cooling step). Khi toan
bo san pham dat dén nhiét do md khuén (rejection temperature), khuén s&
ma ra va san pham s& duoc lay ra ngoai.

Ay

Plastic materials ' o

Injection Molding machine Plastic
Product
Melt Filling Packing  Cooling  Mold opening

Hinh 2.1: Quy trinh phun ép nhya
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2.2 Mo phéng dong chay nhwa trong khuén

Phéan t& nhya A Do nhét phi-Newton
Nhiét do thap

Do nhot

Nhiét d6 cao

\ 4

Tbe do truot

Vi du: PE, PP,...

Do nhét = f(cau tric, T,p)
Hinh 2.2: Cau triic phan tir (bén trai) va d6 nhét cia nhya (bén
phai)

. . A
Aﬂo 4

B
I <=
E =)
= <«
B A
=1
v
an ———
= —
‘b A —_—
Vung | Vang Il Vung 11

Téc d6 truot

Hinh 2.3: Buong dac tinh déo cta nhya nhiét déo
D6 nhot 1a mbi quan hé giita sw can tré dong chay dén su chay cua
luu chit. PO nhét cta luu chat nhu: nude, dau,... thuong 1a mot gia tri
khong d6i & mot nhiét do nhat dinh. Cac loai luu chét nay hau nhu tudn
theo 1y thuyét vé luu chét ciia Newton. Tuy nhién, do nhét cta cac nhya
nhiét déo thi rt phirc tap va phi Newton [109]. Khong giéng nhu nhimng
chét déo thong thuong khac, 0 nhét ctia cac nhya nhiét déo phy thude
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vao cau tric hoa hoc, nhiét d6 (T) va ap suat (p) ciia chiing nhu hinh 2.2.
Ung voi mot clu tric va cong thirc hod hoc cho trude, do nhdt cua cac
nhya nhiét déo phu thudc chu yéu vao nhiét do, tde do trugt (shear rate)
va ap sut. D¢ hiéu ban chit do nhét ctia nhya nhiét déo, can dinh nghia
rd ung suét truot va toc do trugt nhu hinh 2.3.

A

“¢— Nhua v6 dinh hinh

Thé tich riéng

"~ Nhua ban tinh thé

.
Ll

Nhiét do

Hinh 2.4: Su phu thudc cta thé tich riéng vao ap suét va nhiét do
ung véi nhya vo dinh hinh va ban keét tinh

2.3 Anh hwéng 16p bé mit “frozen-layer” dén dong chay nhya

Trong qué trinh nhua dién day 16ng khuén, do anh hudng cua quéa
trinh truyén nhiét gitra nhwa nong va long khudn, 16p bé mat caa dong chay
nhya s& bi mat nhiét, giam nhiét do. Do do, tai bé mit tiép xdc gitta nhya va
long khuon s hinh thanh 16p ngudi (Frozen layer). Chinh hién tuong dong
dic nhanh nay, dong chay nhya s& c6 nhitng dic diém khong giéng nhu
dong chay thong thuong. Trong linh vuc phun ép nhya, dong chay nhya
trong long khuén tuan thu theo cac tinh chat cua dong chay Fountain Flow
V6i cac dic diém nhu: Phan nhya tai tdm dong chay s& chay nhanh hon
phan nhya gan véi long khuon. Trong do, tai vi tri tiép xdc véi 1ong khudn,
nhya duoc xem nhu khong chay. Nhya tai dau dong chay duoc ép vé phia
trugc va bi cudn vé phia long khudn (hinh 2.5).

Két qua cua hién tudong nay la: trong qué trinh nhua dién day long
khuon, phan nhua duoc ép vao long khudn trudc tién s& bi cudn vé phia
long khuén trudc, hién twong ndy xay ra lién tuc dén khi nhya da dién day
hoan toan long khudn.




Thanh khuon Lop dong dic

Thanh khuén  Dong chay Fountain

Lép Bé& mat
Thanh khudn  gong dac 1Gi

A—L
Sy

Thanh khu6n Dong chay Fountain
) Hinh 2.5: Dong chay cua nhya trong khudn
2.4 Kiém tra d§ bén kéo
2.4.1 Tiéu chuan do bén kéo ASTM D638

T

RO [ W \;f; I]
) ot
L
D
Lo
TYPE IV

Hinh 2.6: MAu thir kéo theo tiéu chuan ASTM D638
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Tiéu chuan ASTM D638 nhu hinh 2.6 12 tiéu chuan pho bién dé
xac dinh co tinh cta vat liéu nhua nhiét déo dudi tac dung cua luc kéo. Qua
trinh thir nghiém theo tiéu chuan nay duoc thuc hién bang cach tac dung
luc kéo 1én mau thir va xac dinh c&c dic tinh khac nhau cua mau thir khi
chiu ng suét kéo.

C6 rét nhiéu phuong phap thtr nghiém khéc nhau cho mau thir dugc
ché tao tir vat liéu nhya nhiét déo. Trong do, tiéu chudn ASTM D638 duoc
wu tién sir dung cho cac mau thtr cd dang thanh mong.

Bang 2.1: Thang s kich thuéc mau thir [108]

Thong s6 kich thuwéc mau thir twong wng véi cac bé day (dom vi mm)
Bé day 7 mm Bé day 7 dén Bé day <4 mm
14mm
Loai |l | Loai Loai Il Loai IV | LoaiV | Dung
1 sai
w 13 6 19 6 3.18 +0.5
(WC)
L 57 57 57 33 9.53 0.5
WO 19 19 29 19 +6.4
LO 165 183 246 115 63.5 Khong
gioi han
trén
G 50 50 50 7.62 +0.25
D 115 135 115 65 25.4 15
R 76 76 76 14 12.7 1
RO 25 +1

2.4.2 Cong thirc tinh d§ bén kéo , i
Do bén kéo 1a dic tinh chiu kéo 16n nhat caa mau thir va dugc xac
dinh theo c6ng thuc sau:

F

__max.
A
Trong d6: ctla do bén kéo can tim (MPa)
Fmax 12 luc kéo 16n nhat (N)
A la dién tich mat cit ngang ban dau cia mau thir (mm2)

O't:
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Chuong 3. MO TA MO PHONG VA THUC NGHIEM

Trong chwong nay, qué trinh gia nhiét khuén bang khi nong bén
ngoai khuén, qué trinh nhwa dién day long khudn va céc thiét bj sir dung
cho thuc nghiém dugc mé ta cu thé. Hién nay, qui trinh phun ép nhya c6 su
hd tro cua budc gia nhiét bang khi ndng 1a mot trong nhirng qui trinh mai,
do d6, cac phan mém chuy@n vé mé phong khudn mau nhu Moldex3D hoac
Moldflow chua hoan thién cac module nay. Vi vay, dé hoan thanh cac muc
tiéu dé ra, luan &n s& sir dung phan mém ANSYS dé phan tich qué trinh gia
nhiét bang khi néng cho khuén, sau d6, dé l1am rd qué trinh nhya dién day
khudn, phan mém Moldex3D sé& dugc sir dung cho qué trinh phan tich dong
chay nhya, ciing nhu ap suét nhya trong qué trinh dién day.
3.1. M hinh miu mé phéng va thwe nghiém

]

=TT 1 4 ] T ]
i

180

Hinh 3.1: Hinh dang va kich thudc cia mau mo phong va thuc nghiém
3.2. Qua trinh gia nhiét khuén cé hd tre ciia khi néng
Cac budc co ban cua quy trinh phun ép nhya cé hd tro gia nhiét
khuon bang khi néng bén ngoai khudn da duoc trinh bay nhu hinh 3.2.

Hé théng diéu | Tin hiéu diéu khién

I khién Ex-GMTC | vankhi |

;
i /{)

Tin hiéu diéu
khién
rd
Khi

|

o
’g

=2
£5
&2

<
Z X

y
NN
Khuon am

. . -

He¢ thong dicu
khién nhiét do
nudce

Hinh 3.2: Hé théng Ex-GMTC
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. Trong nghién citu nay, khi ndng s& duoc str dung nhu ngudn nhiét
nham nang n‘hiét do tai bé mat khudn. Hinh 3.3 trinh bay cac budc gia nhiét
cho khudn bang khi ndng phun tir ngoai.

Buéc 1: Khudn mé a Budce 2: Khi nénq phun vao long Budc 3: Khuén déng lai,
khuén chuén bi cho nhya vao long
khuén

Hinh 3.3: Khudn va khéi gia nhiét cho khi trong buéc gia nhiét cho long
khuodn

Hinh 3.4 trinh bay vj tri twong d6i cua hé thong gia nhiét bang khi
va khuén khi duogc lap trén may phun ép nhua. Trong luan an nay, khoi gia
nhiét cho khi ¢ kich thuéc 240 mm x 100 mm x 40 mm (hinh 3.4). Trong
thiét bi nay, cac kénh din khi rong 5 mm, sau 10 mm dugc gia cong dé tao
moéi truong gia nhiét cho khi. Vung gia nhiét trén khuén duoc thiét ké véi
chi tiét tim insert c6 kich thudc 100 mm x 50 mm. Dé danh gia kha ning
gia nhiét ciia phuong phap Ex-GMTC, 5 cam bién nhiét dwoc lap tai bé mat
khuon dé thu thap cac gia tri nhiét d6 thay do6i trong sudt qua trinh gia
nhiét. Trong cac nghién ciu trude day vé linh vuc gia nhiét bé mat khuén,
thiét ké khuon véi bo phan tim insert thuong duoc sir dung nham ting hiéu
suit cua qué trinh gia nhiét. Cac nghién ctu nay cho thay chiéu day cua
tam insert la mot trong nhitng thdng sb quan trong, ¢6 anh huéng l6n dén
két qua gia nhiét cho khuén. Vi tri twong ddi ciia khudn, tim insert va cac
cam bién duoc trinh bay nhu hinh 3.6. Trong suét qua trinh thyc nghiém va
mod phong vé anh huong cia cac théng s gia nhiét, vi tri cua cac chi tiét
duogc gitr nhu hinh 3.7.
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Pau phun
khi nong

B0 khudn

Tay may
gia nhiét

S1

S2 S3 5S4 S5 15.0

-1 oo o - o[~}

’!< 22.5 ’!4 22.5 " 22.5 |i=,__o>

I 50| 225
>

- 130.0 .
Tam insert 70
- 51 S2 S3 sS4 s@
Jiemeeteerd]
NN
N\

X-X Hé théng 1am ngudi

Hinh 3.5: Vi tri cam bién, tim insert so véi khuon

May phun ép
nhya SW-120B
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G: Khe ho giita diu phun khi va bé mat tm insert

h: B& day tAm insert

30.0

Hé théng
lam nguoi

X-X "
Hinh 3.6: Vi tri gia nhiét cia dau phun

Péu phun
khi néng

—

Bé mit gia nhiét

Pon vi: mm

Tuong tuy nhu cac nghién ciu trude day, mo hinh mé phong trong
luan &n nay chi bao gdm hai phan chinh: thé tich tim insert va thé tich
khong khi. Md hinh md phong duoc tién hanh chia ludi nhu hinh 3.8. Cac
diéu kién bién dugc trinh bay nhu hinh 3.9, va cac théng sé6 md phong.

Bang 3.1: Pic tinh vat liéu md phong qué trinh gia nhiét bé mat khudn

Vit ligu Tén Pon vi Gia tri
Khéi luong phan tir kg/kmol 28.96
Khéi luong riéng kg/m? 1.185
Khi Nhiét dung riéng J/kgK 1004.4
Do nhaét dong luc hoc kg/ms 1.831e-5
Hé s6 dan nhiét W/mK 0.0261
Thép Kh(f)i lugng phan tir kg/kmol 55.85
Khoi lugng riéng kg/m?® 7854

14




Nhiét dung riéng Jkg K 434

Hé s dan nhiét W/mK 60.5

Khi ra
Nhiét d khi: 30 °C
Ap suit khi quyén: 0,1 MPa

Khivao
Nhiét d¢ khi: 300 °C
Ap suat khi: 7 MPa
Hudng dong khi: vudng goc
bé mit cAn gia nhiét

Thé tich khi

Diéu kién ban dau:

e Nhiét d6 khi: 30 °C

e Ap suét khi quyén: 0,1 MPa
e Van tc khi: 0 m/s

Hinh 3.7: Biéu kién ban dau caa qua trinh mé phong

Thé tich gia nhiét
Nhiét d6 ban dau: 30 °C

3.3 Qua trinh nhya dién diy long khudn

Nham giap ngudi van hanh ¢ thé lya chon bo théng sb thich hop,
luan an nay s€ nghién ctru va dua ra qui trinh mé phong qué trinh phun ép
6 str dung budc gia nhiét cho long khuon.
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Tién xte ly Phan tich Két qua

Moldex3D Moldex3D s Moldex3D
Designer M Project N & Project N &
Xay dung hé théng Nhap thudc tinh vat Phan tich két qua
kénh dan nhya liéu nhya dién day
Xay dwng hé théng A A A Phan tich két qua
kenh lam mét Nhap thong s0 ép b&o &p
h 4 h 4
Teoluidang khdi —  Tiénhanhphantich — | an tich ketqua

lam mat

Phan tich két qua
cong vénh
Hinh 3.8: Luu d6 thuc hién qué trinh mé phong
3.4 Qua trinh thuc nghiém
Tién hanh thuc nghiém qua hai giai doan:

v Giai doan 1: Thyc nghiém gia nhiét 1ong khuon dé danh gia kha
ning gia nhiét bang khi nong phun tir ngoai

v Giai doan 2: Cac budc thuc nghiém:

o Budéc 1: Thyc nghiém gia nhiét long khudn mau thit ASTM D638
dé chup phan bé truong nhiét d6 10ng khudn bang camera nhiét nhim danh
gia sy phan b nhiét do va gié tri nhiét do dat dugc.

o Budc 2: Chon cac gia tri nhiét ¢6 khuén, tién hanh phun ép san
pham mau tha: ASTM D638 trén méay phun ép nhya SW-120B nham ché
tao c&c mau thur.

o Budc 3: Mang mau thir da phun ép tién hanh thir kéo dé danh gia
anh huong ciia phuong phép gia nhiét bang khi nong tir ngoai khudn dén do
bén san pham nhya dang thanh mong.

Qua trinh thuc nghiém dugc tién hanh tai phong thi nghiém khuén
mau thude Khoa co khi ché tao may — Trudng Pai hoc Su pham Ky thuat
Tp. HCM Vi cac vat liéu PAG va PA6+30%GF va céc thiét bi nhu sau:

- May ép nhya Shinewell — 120B (SW-120B)
- Tay méy gia nhiét

- Bo khudn thi nghiém

- Camera do nhiét do

- Cam bién do nhiét do tiép xdc

- May thtr do bén kéo

16



Chuong 4. ANH HUONG CUA THONG SO GIA NHIET PEN PHAN
BO NHIET PO BE MAT LONG KHUON

Thong qua qua trinh nghién ciu, chuong nay s& cho thdy anh
hudng cua cac thdng sb gia nhiét (gdm bé day tim insert va khe hé (khoang
cach) gitta dau phun khi néng va bé mat long khuén) dén két qua gia nhiét
bang khi nong. Trong qué trinh nghién ctu, cac gia tri nhiét do khi nong
khac nhau ciing s& duoc sir dung. Ngoai ra, két qua gia nhiét ciing s& duoc
danh gia théng qua s6 liéu vé toc do gia nhiét va phan bé nhiét do cua bé
mat long khuén.
4.1 Anh hwéng cia chiéu day tim insert dén qua trinh gia nhigt

V6i cac théng sb thi nghiém nay, cam bién s& thu thap gia tri nhiét
do cua bé mat khudn vai thoi gian gia nhiét 1a 20 s tng véi cac chiéu day
khac nhau cua tdm insert. Cac két qua nay duoc trinh bay nhu hinh 4.1 va
hinh 4.2. Thyc nghiém nay duoc 1ap lai voi 4 loai chiéu day khac nhau cua
tam insert. Két qua nhiét do tir cam bién S3 cho thay téc do gia nhiét la 8,3
°C/s, 8,0 °C/s, 7,1 °C/s and 6,4 °C/s tuong tng Véi cac chiéu day 0,5 mm,
1,0 mm, 1,5 mm, and 2,0 mm. Két qua nay cho thay V6i cac tim insert co
chiéu day cang 16n, téc do gia nhiét s& giam do can nhiéu nhiét nang hon dé
nang nhiét o cua thé tich tam gia nhiét.

220
200 e
180 - PSS o
| ™ & o® G A
o n ® A A
O 160 . « A - g
- - o v
*8140— e 'vVv"'
o e, A T Y.
= 120
= 20 ,A v
1004 ¥ w7 . .
1% = B¢ day tam insert 0,5 mm
80 | e Bé day tam insert 1,0 mm
1/ A B¢ day tam insert 1,5 mm
60 | A qno A s
4 v B¢ day tam insert 2,0 mm
40
d I . T 1 d I d T o T i | ¢ || v 1 ¥ 1
0 2 B 6 8 10 12 14 16 18 20

Thoi gian gia nhiét (S)
Hinh 4.1: Nhiét do tai cam bién S3 vai cac chiéu day cua tim insert.
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230.0

192.5

155.0

117.5

80.0

0.5 mm 1.0 mm 1.5mm 2.0 mm

Hinh 4.2: Phan bé nhiét do tai bé mat tam insert véi nhiét d6 ban dau la 30
°C, nhiét do khi 12 300 °C tai ap suit phun 7 bar, thoi gian gia nhiét 1a 20 s.

Dé danh gia d6 chinh xac cua két qua md phong, qua trinh thiuc
nghiém da duoc tién hanh véi cac thong sb va diéu kién bién nhu qua trinh
mo phong. Cac thuc nghiém nay dugc tién hanh 10 1an cho mbi truong hop
chiéu day tdm insert, va gia tri trung binh vé nhiét d¢ tai cac cam bién dugc
thu thap, tinh toan va so sanh véi két qua md phong nhu hinh 4.3 va hinh
4.4. Nhin chung, sai léch gitra két qua md phong va thuc nghiém dudgi 10
°C. Sy sai léch nay co thé do trong qua trinh thuc nghiém, gia tri nhiét do
do duoc tai cac cam bién co do tré so véi truong hop md phong, dic biét
trong truong hop gia nhi¢t cho bé mat long khuon, nhi¢t nang s& lan truyen
rat nhanh dén cac vang co6 nhiét do thip hon. Tuy nhién, nhin chung két
qua md phong va két qua thuc nghiém cho thiy kha phu hop véi nhau.

210 4 2104
200 200 4
180 4
180 4
170
160
150
140
130 4
120
110
100

190 4
180 -|

—

O 170

NEp.

o

"3 150 -]

o

D 140

=

Z 130

1204

Nhiét do (°C)

_ . Bé day thm insert 0,5 mm (M phong)

—= B¢ day tim insert 0,5 mm (Thuc nghiém) e ~- Bé day tm insert 1,0 mm (M6 phong)

100 | B2 day tAm insert 1,0 mm (Thyc nghiém)
20 ! 1 . : ' %0 - : . v T
1 2 3 4 5 1 H 3 4 5

Cam bién Cam bién

Hinh 4.3: So sanh két qua md phéng va thuc nghiém véi cac gia tri nhiét
d6 tai duwong X — X, bé day 0,5 mm va 1mm.
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210 4

190
180 -
170 o

210 4

& 5

O 160 ~ 160

- 1501 g 150

S 140 & 1a0

%‘ 130 % 130

Z 120 2 . i R 120
110 -~ Bé day tam insert 1,5 mm (Md phong) 110 e o
100 ] ™ B@ day tam insert 1,5 mm (Thuc nghiém) 100.] - - Be day tam insert 2,0 mm (M6 phong)

%0 %0 =— Bé day tim insert 2,0 mm (Thuc nghiém)
1 2 3 4 5 1 2 3 ] 5
Cam bién Cam bién

Hinh 4.4: So sanh két qua md phong va thuc nghiém véi cac gia tri nhiét
. d6 tai duong X — X,obé day 1,5 mmva 2 mm..
4.2 Anh hwéng caa khe hé gitra cong phun khi néng va beé mat khuén

dén qua trinh gia nhiét

Hinh 4.5 trinh bay phan b nhiét d cua tim insert @ng véi cac khe
ho khac nhau. Két qua nay cho thy véi khe ha cang nho, nhiét do sé tap
trung tai viing trung tam cua tam insert, két qua la vang trung tam co6 nhiét
d6 cao hon va chénh léch nhiét do trén bé mat tim insert ciing ting cao. Két
qua so sanh gitta mod phong va thuc nghiém dugc trinh bay nhu hinh 4.6.

230.0

1925

155.0

117.5

80.0

°C
4.0 mm

=

® 196 ® 1384
® 167 ‘ . ® 169 I
7.0 mm 10.0 mm

Hinh 4.5: Phan b nhiét do cua tim insert voi khe hé thay doi tir 4 mm dén
10 mm, thoi gian gia nhiét la 20 s va tam insert c6 chiéu day 0,5 mm.
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2204 2204

210 [ 210
At
200 S 200
. o
50 AR 190
O ®4 ,f:"A\\Q‘\ O 180
< 10l ’zr,f = & < 1704
o ©
S 0 R . g o
Q- 50 P Ad s @ 150
f 40 7?’ \\ f 140
304 g” .} 130
1204 _ o - Khe hg 4 mm (Md phong) 120
104 - o - Khe hg 7 mm (M6 phong) 110+ - o - Khe ho 4 mm (M0 phong)
100+ -&- Khe ho 10 mm (Mb phong) 1001 —*— Khe hé 4 mm (Thyc nghiém)
80 T T T T T 40 T T T T T
1 2 3 4 5 1 2 3 5
Cam bién Cam bién
220 220
210 210 - & - Khe h¢ 10 mm (Mo phong)
200 200 —+— Khe hé 10 mm (Thuc nghiém)
1804 190
—~
O g0 ~ 180
S
~ 170 Qo
< <
S 160 o «©- 160
Pol ©
EREE B
Z 1404 = 140
130 Z s
120] 120
1104 - o - Khe hé 7 mm (Mo phéng) 1101
10 *— Khe ho 7 mm (Thyuc nghiém) 100
20 T T T T T 90 T T T T T
1 2 3 4 5 1 2 3 4 5
Cam bién Cam bién

Hinh 4.6: Két qua so sanh nhiét d6 tai duong X — X gitra md phong va thuc
nghiém rng véi cac khe hd khac nhau.
4.3 Két luan

- Chiéu day cua tam insert c6 anh huong l6n dén tée do gia nhiét,
cling nhu phan b nhiét do trén bé mat long khuén. Cac gia tri thuc nghiém
va mo phong cho thiy toc do gia nhiét cao s& dat dugc véi cac tam insert
méng, trong khi d6, cac tim insert day s& cho phan bd nhiét d6 dong déu
hon.

- Khe h¢ gitra dau phun khi nong va bé mat khuén ciing cé anh
huéng dén toc do va phan b nhiét do. Vi khe ho nho, toe do gia nhiét s&
cao, nhung chénh 1éch nhiét d6 s€ I6n hon. Ngugc lai, vai khe hé 1on, nhiét
d6 s& phan bb déu hon.

- Qua trinh md phong ciing cho thiy phuong phap gia nhiét bang khi
nong phun tir ngoai ¢é thé dwoc tién hanh phan tich trudc, nham chon duoc
cac théng s toi wu tuy thugc vao hinh dang san pham va két cau khuén
phun ép.

- S0 vdi cac phuong phap didu khién nhiét do khudn trong nhiing
nim gan day, két qua nghién ctu cua chuong nay cho thiy phuong _phép
gia nhiét bang khi nong tur ng0a1 khudn di khic phuc duoc nhitng ton tai
ctia mot sé phuong phap hién c6.
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Chuwong 5. ANH HUONG CUA PHUONG PHAP GIA NHIET BANG
KHI NONG PEN PQ BEN SAN PHAM NHUA DANG THANH
MONG

Trong chuong nay, anh huéng cua phuong phap gia nhiét dén do
bén kéo cua san pham nhua dang thanh mong sé duoc nghién ciru bang mo
phong va thuc nghiém théng gua cac ndi dung chinh nhu sau:
- Qua trinh gia nhiét cho long khudn s& dugc tién hanh md phong va
thuc nghiém cho long khudn phun ép mau san pham cé thanh
mong. Trong luan &n nay, vat liéu 1am tam insert cho khuén duoc
sir dung la nhdm (Al) nham gidp qua trinh hap thu nhiét va truyén
nhiét dugc tdt hon so véi cac vat liéu thdng dung khéc trong nganh
khuén mau.
- Qua trinh phun ép san pham nhya thanh mong dugc tién hanh md
phong nham khao sat anh huong cua nhiét do khuon dén ap suét
dinh hinh cua san pham.
- Hién nay, vat liéu nhya PA6 va PA6+30%GF la mét trong nhitng
vat lidu phd bién trong linh vuc khudn mau, vi vdy, qua trinh thir
d6 bén kéo cua san pham tir céc vat lidu nay duoc tién hanh va cac
két qua duoc so sanh nham quan sat kha niang nang cao do bén cho
san pham dang thanh mong khi long khuén duoc gia nhiét.
5.1 M6 phéng qua trinh gia nhiét cho long khuon.

Qua trinh gia nhiét cho tam insert bang khi nong duoc tién hanh
théng qua viéc md phong bang phan mém ANSYS CFX véi mé hinh nhu
hinh 5.1.

~
— R

|
\

B
| —

0.00 50.00 100.00 (mm)

Hinh 5.1: M6 hinh mé phong qua trinh gia nhiét cho tim insert bang khi
nong
M6 hinh md phong va mé hinh ludi dugce trinh bay nhu hinh 5.2.
Véi md hinh nay, qua trinh md phong dwoc tién hanh twong tu nhu mé hinh
trong Chuong 4 véi cac thong s6 md phong nhu bang 5.1. Tuy nhién, diéu
Kién bién dugc cai dat nhu hinh 5.2. Trong mé hinh phun ép thanh thi do
bén kéo, vi viing gia nhiét cho khudn nho, do dé, chi hiéu suat gia nhiét cho
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khuon duge danh gia thong qua gia tri nhiét do cao nhét tai viing trung tam
cua tam insert. Hinh 5.4 cho thay dap @ng nhiét cuaa mé hinh & cac muic
nhiét d6 dong khi gia nhiét khac nhau (thay déi tir 200 °C dén 400 °C) trong
cling mot khoang thai gian gia nhiét 1 20 s. Cac két qua nay cho thiy nhiét
d6 cao tap trung tai bé mat cua tam insert, tai vi tri tao két ciu dang ludi
cho san pham nhya.

Khi néng vao

Thé tich khi nong

~— Khi néng vao
—— Khinéng ra

c—uvxn W_m-m = J ~ Téminsert  Ludiinflation
Hinh 5.2: M6 hinh sau khi chia lu6i phan dugc gia nhiét thanh thir d6 bén
kéo
ix‘;";’.:‘w..‘.,,.r o '_-_-:-_-_ i ansYs,

Tini=200°C S

ToE300°C U Tesd0t e A
= - =

Tini= 400 °C i1 B
Hinh 5.3: Phan b nhiét do tai tam insert voi thoi gian gia nhiét 20 s
Gia tri md phong su thay dc}i nhiét do tai bé mat tam insert duoc
thu thap va so sanh nhu hinh 5.4. Két qua mé phong cho thay ung véi cac
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gia tri nhiét do cua dong khi néng, nhiét d6 cua bé mat long khuén sé ting
rat nhanh trong 5 s dau tién cua qué trinh gia nhiét. Sau do, trong 10 s tiép
theo, nhiét do tai bé mat khudn s& tang cham lai. Khi nhiét do cua dong khi
noéng thay doi tir 200 °C dén 400 °C, sau 20 s, nhiét do caa bé mat khuén s&
duy tri 6n dinh.

Nhiét do ngudn khi 250° C

—s—Thyc nghi¢m

Nhiét do (°C)
2
Nhiét o (°C)

— o Thyc nghiém

50 - » -Mb phong 50 T Mbphong
404 40
304 304
T 10 15 20 25 30 35 40 45 %0 85 60 S 10 15 20 25 30 35 40 45 50 85 0
Thoi gian gia nhiét (s) Thoi gian gia nhiét (s)
150 160 Nhigt d6 nguén khi 350° C

Nhiét do ngudn khi 300° C

~ g
O w04 ~
< g
g z
3 ——Thyc nghiém 2w :
E w] N hg ¢ z 5 Thye nghi¢gm
z = *-MG6 phong - =~ Mo phong

1] 0

P
1 T T T T T T T T T T T 1 0
0 5 W 15 20 2 3 35 40 45 N 55 60 0 5 o 15 20 25 3 35 40 45 S0 85 60
Thoi gian gia nhiét () Thosi gian gia nhiét (5)

Nhiét d ngudn khi 400° C

e At a-g- -9 4-
150
135 B
.
~ =
O s
< 05
€ =
T 5
o 5; —e—Thyc nghiém
= = =Mo phong
a5
0
0 5 10 15 0 25 30 35 40 45 S0 65 60

Thoi gian gia nhiét (s)
Hinh 5.4: Nhiét do tai tim tim insert voi thoi gian gia nhiét 20 s

5.2 Mé phéng qua trinh nhya dién diy long khuén véi qui trinh phun
ép co sir dung budc gia nhiét bang khi néng

Trong cac qui trinh phun ép nhya, 4p suét tai chu ky bao ap (hay ap
Suit giir - packing pressure) anh huong rat 16n dén qua trinh tao hinh san
pham, co tinh vat liéu caa san pham sau khi ép. Vi vy, qua trinh mé phong
VGi cac thdng sé ép khong thay doi, luan an sé tién hanh khao sat sy phan
bd ap suat cuia mau thi nghiém tai chu ky bdo ap ¢ 5 nhiét d6 khudn khéc
nhau tir 60 °C = 180 °C ddi véi 2 loai nhya PA6 va PA6+30%GF.
5.2.1 Nhya PAG6
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< 8] N 120°C

6 ‘-\ —v—90°C
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Thoi gian dinh hinh (5)
Hinh 5.5: Biéu d6 so sanh sy phan bd ap suét tai long khudn véi nhiét do
khubn khac nhau cua san pham c6 chiéu day luéi 0,4 mm (nhya PAG)
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g _a_180°C
g e 150°C
e 120°C
2] e, —v—%°C
1 \ \‘--‘__. 60 °C
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Thoi gian dinh hinh (5)
Hinh 5.6: Biéu d6 so sanh sy phan bd ap suét tai long khudn véi nhiét do
khubn khac nhau cua san pham c6 chiéu day luéi 0,6 mm (nhya PAG)

—a—180°C
1 —e— 150 °C
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Hinh 5.7: Biéu db so sanh su phan bé ap suét tai long khudn véi nhiét do
khudn khac nhau cua san pham c6 chiéu day ludi 0,8 mm (nhya PAG)
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5.2.2 Nhwa PA6+30%GF
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Hinh 5.8: Biéu d6 so sanh sy phan bd ap suat tai long khudn vei nhiét do
khubn khac nhau cua san pham c6 chiéu day luéi 0,4 mm (PA6+30%GF)
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Hinh 5.9: Biéu d6 so sanh sy phan bé 4p suat tai long khudn véi nhiét do
khubn khac nhau cua san pham c6 chiéu day luéi 0,6 mm (PA6+30%GF)

324

Ap suit (MPa)

o
L

T T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 08 10 14

Thoi gian dinh hinh (s)

Hinh 5.10: Biéu do so sanh sy phéan b ap suat tai long khudn véi nhiét do
khuén khac nhau cua san pham c6 chiéu day luwéi 0,8 mm (nhua

PAG+30%GF).
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5.2.3 Nhan xét

Véi cung diéu kién phun ép, khi gia tri nhiét 6 cua tam insert thay doi
tir 60 °C dén 180 °C, su thay ddi cua ap suat dinh hinh theo thoi gian duoc
khao sat thong qua phuong phap md phong bang phan mém Moldex3D
trong khoang thoi gian 0,1s dén 1 s Gng véi cac truong hop chiéu day san
pham khac nhau (thay d6i tr 0,4 mm dén 0,8 mm). Két qua mé phong
duoc so sanh véi nhau va cac két luan sau dugc rat ra:

Véi gia tri ap suat dinh hinh (packing pressure) trinh bay nhu cac
hinh 5.5 dén hinh 5.10, c6 thé thiy do giam cua ap suat dinh hinh
theo thoi gian tir 0,1 s dén 1 s. Nhin chung, cac két qua nay cho
thay khi nhiét &6 khudn cang cao, ap suat dinh hinh s& dugc gitr 1au
hon, gitp nhiéu nhya duoc ép vao 1ong khudn hon. Piéu nay cé thé
giai thich dwa vao hién twong dong dic caa nhya khi tiép xac véi
long khuén. Khi nhiét d6 khuén cao, hién tuong doéng dac co
khuynh huéng dién ra cham hon, do d6, nhya s& & trang thai long
1au hon, va két qua la ap suét tac dong tai vi tri duong han duogc git
& muc cao trong khoang thoi gian 1au hon so véi truong hop nhiét
d6 khudn thap.

Ngoai ra, khi chiéu day san pham cang nho, ap suit dinh hinh giam
cang nhanh hon. Piéu nay la do chiéu day dong chay nhya mong,
nhiét lugng truyén ra ngoai s& nhanh hon, va qua trinh dong dac s&
nhanh hon so véi truong hop san pham cé chiéu day 16n hon. Tuy
nhién, khi 4p dung budc gia nhiét cho long khuén, 4p suat dinh
hinh van c6 thé duoc gitt & mic cao, dic biét véi trudng hop san
pham day 0,4 mm nhu hinh 5.5 va hinh 5.8.

Két qua md phong nay ciing cho thiy phuong phap gia nhiét bé mat
long khudn bang khi nong cé kha nang tac dong kha tét dén su thay
d6i cua ap suat dinh hinh. Day 1a mot trong nhitng co s¢ quan trong
dé cai thién d6 bén cua san pham phun ép.
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5.3 Thye nghiém anh hwéng cia phwong phap gia nhiét cho khudén
bang khi néng den dd bén ciia san pham
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Hinh 5.11: Long khudn cho qua trinh thuc nghiém

Trong phan nay, nham kiém nghi¢m cac két qua mo phong, cling
nhu cac két qua ve do bén caa san pham, md hinh khudn véi san pham la
thanh thir @6 bén kéo dugc st dung cho qua trinh thuc nghiém. Hinh 5.11
trinh bay tAm khudn am véi cac két cau dé lap tim insert vao long khuén.

Qua trinh thyc nghiém s& sir dung céc thiét bi nhu sau:

- Tay may gia nhiét

- Ngu0n khi

- Thiét bj do nhiét: Thermal couple va camera hong ngoai
5.3.1 Khao sat trwong nhiét d cia tam khudn trong qua trinh gia
nhiét cho tam insert

Thong qua camera héng ngoai, phan bd nhiét do tai bé mat tim
khuon ciing duoc thu thap va trinh bay nhu hinh 5.12 dén hinh 5.16. Cac
két qua nay cho thiy kha ning gia nhiét cuc bo cia phuong phap Ex-
GMTC kha tét. Cu thé, nhiét do chi tap trung tai vi tri xuat hién duong han,
ngoai ra, cac vi tri khac nhiét do duoc giit & muc thap. Pay 1a mot trong
nhitng wu diém cua phuong phap gia nhiét bang khi néng noi riéng va gia
nhiét bé mat néi chung. Chinh vi dic diém nay, sau khi gia nhiét va nhya
dugc dién day long khuén, budc giai nhiét cho long khuén s& duoc tién
hanh d& dang voi ving nhiét d6 cao rat nho so véi toan bo thé tich tim
khuon. Ngoai ra, vé khia canh tiét kiém nang lwong, phan b nhiét do tai bé
mat tim khudn ciing cho thay gan nhu tat ca nhiét ning cua qua trinh gia
nhiét chi tap trung tai vang can gia nhiét, didu nay cho thiy hiéu qua cua
phuong phép gia nhiét Ex-GMTC la rét tét.
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Hinh 5.14: Nhiét d6 tai bé mat khudn khi gia nhiét véi ngudn khi 300 °C
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Hinh 5.15: Nhiét d6 tai bé mat khudn khi gia nhiét véi nguon khi 350 °C
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Hinh 5.16: Nhiét d6 tai bé mat khuén khi gia nhiét voi nguon khi 400 °C

5.3.2 Thuc nghiém dd bén cia san pham &ng véi cac qui trinh phun ép
€6 nhiét do khudn khac nhau

Két qua thir kéo dugc tong hop va so sanh théng qua 2 biéu d6 nhu
hinh 5.17 va hinh 5.18. Két qua nay cho thay anh huong rd rét caa nhiét do
tam insert va chiéu day lu6i dén kha ning chiu luc kéo cua san pham.

+ Doi Vi cac san pham dugc ép tir nhua PAG:

- Trong cting mét nhiét do long khudn (hinh 5.17): khi tang chiéu
day ludi thi kha nang chiu lyc kéo caa san pham ting 1én. O nhiét do long
khudn 60 °C, véi chiéu day lugi 0,4 mm lyc kéo twong ung l1a 7 kgf, khi
tang chiéu day ludi 1én 0,6 mm thi luc kéo ting 1én 7,5 kgf, ting 6,83 %.
Tuy nhién, mirc do tang ctia do bén kéo ngay cang rd rét, dic biét véi ving
nhiét d tim insert cao hon 120 °C.

- Nhin chung, khi nhiét d¢ tim insert tang tir 30 °C dén 150 °C, do
bén kéo cua san pham cé su cai thién rd rét vai tat ca cac dang chiéu day
san pham. Tuy nhién, két qua thuc nghiém ciing cho thiy véi chiéu day nho
hon, ti 1& phan trim ting ctia d6 bén s& lon hon.

+ Pdi véi cac san pham duoc ép tir nhya PA6+30%GF: do ¢d tron thém
soi thiy tinh trong thanh phan hat nhya nén cac san phim nay c6 kha ning
chiu luc kéo cao hon so v&i cac san pham duoc ép tir nhia PAB. Xét & cing
nhiét o 1ong khudn 30 °C va chiéu day ludi 1a 0,4 mm, d6 bén kéo cua
mau san pham PAG6 la 1,75 MPa trong khi mau san pham PA6+30%GF la

30



2,51 MPa. Hién tuong d6 bén cia san pham ting khi phun ép véi nhiét do
tam insert cao hon cting xuat hién vai vat liéu composite nay.
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Hinh 5.17: D6 bén kéo cua san pham thanh mong bang nhya PAG
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Hinh 5.18: D6 bén kéo cua san pham thanh mong bang nhua PAG+30%GF
< Dé tim phuong trinh hoi quy v& méi lién hé giita do bén kéo cua
nhya PAG véi nhiét do khudn va chiéu day san pham bing phan

mém Minitab nhu sau:

o = 2,209 + 0,006T — 1,47h (5.1)
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Trong d6: o Do bén kéo (MPa)
T: Nhiét do khuon (°C)
h: Chiéu day san pham (mm)

Phuong trinh hoi quy nay duogc kiém nghiém do chinh xac trén
phan mém Minitab vai do tin cay R-sq (ajd) = 92,95 %. Vi vy, phuong
trinh nay c6 thé sir dung dé du doan cho cac truong hop san pham nhya
PAG6 véi nhiét do va chiéu day khac nhau.

< Pé tim phuong trinh hoi quy vé mdi lién hé gitra d6 ben kéo voi
nhiét do khuén va chiéu day san pham bang phan mém Minitab
cua nhya PA6+30%GF nhu sau:
ot = 3,317 + 0,006T — 2,335h (5.2)
Trong d6: o Do bén kéo (MPa)
T: Nhi¢t d6 khuon (°C)
h: Chiéu day san pham (mm)

Phuong trinh héi quy nay kiém nghiém do chinh xac trén phan
mém Minitab véi do tin cay R-sq (ajd) = 93,28 %. Vi viy, phuong trinh
nay co thé st dung dé du doan cho cac truong hop san phim nhya
PAG+30%GF vai nhiét d6 va chiéu day khac nhau.

5.4 Két luan

- Két qua md phong qua trinh gia nhiét cho tim insert cho thiy nhiét do cao
tap trung tai bé mat cua tam insert, tai vi tri tao két cau dang ludi cho san
pham nhura.

- Két qua vé su thay ddi nhiét do tai bé mat tam insert cho thy wng véi cac
gia tri nhiét d6 cua dong khi néng, nhiét d6 caa bé mat long khuén s& ting
rat nhanh trong 5 s dau tién cua qué trinh gia nhiét. Sau do, trong 10 s tiép
theo, nhiét d6 tai bé mat khudn s& ting cham lai.

- Qua trinh nhya dién diy long khuon duoc khao sat théng qua phan mém
Moldex3D. Két qua md phong cho thdy do giam cua ap suat dinh hinh theo
thoi gian tir 0,1 s dén 1 s.

- Céc trudng hop sir dung budc gia nhiét bang khi néng cho thiy ap suat
dinh hinh van c6 thé dwoc giit & muc cao, dic biét voi truong hop san pham
day 0,4 mm.

- Cac két qua vé chup phan b nhiét o cia bé mat khuén cho thdy kha
ning gia nhiét cuc b cua phuong phap Ex-GMTC kha tdt.

- Két qua thir kéo san pham nhya thanh méng ciing dugc tong hop va so
sanh véi 2 loai nhya 1a PA6 va PA6+30%GF. Két qua nay cho thay anh
hudng rd rét cua nhiét do tim insert va chiéu day ludi dén kha ning chiu
luyc kéo cua san pham.
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Chwong 6. KET LUAN
- Théng qua qua trinh md phong va thuc nghiém, cac két qua cho thay:

e Chiéu day cua tim insert c6 anh huong l6n dén téc do gia nhiét,
cling nhu phan bd nhiét do trén bé mat long khudn.

e Khe ho gita dau phun khi nong va bé mat khudn ciing cé anh
hudng dén toe do va phan bd nhiét do.

e Qua trinh md phong ciing cho thay phuong phap gia nhiét bang khi
nong phun tir ngoai ¢6 thé duoc tién hanh phan tich truéc, nham
chon dugc cac thdng s ti wu tuy thudc vao hinh dang san pham
va két ciu khudn phun ép.

- V6i md hinh san pham dang thanh moéng, két qua trong luan &n cho thay
nhi¢t do cao chi tap trung tai bé mat cua tim insert, tai vi tri tao két cau
dang ludi cho san pham nhya. Pay ciing 1a mét trong nhimg uu diém noi
bac ciia phuong phap gia nhiét bang khi nong.

- Qua trinh gia nhiét cho thay nhiét d6 cua bé mat long khudn s& ting rat
nhanh trong 5 s dau tién cua qua trinh gia nhiét. Sau d6, trong 10 s tiép
theo, nhiét d6 tai bé mat khuén sé& ting cham lai, sau 20 s, nhiét do cua bé
mat khuén s& duy tri 6n dinh.

- Céc truong hop sir dung budc gia nhiét bang khi nong cho thiy ap suat
dinh hinh van c6 thé duoc giit & muc cao, dic biét voi truong hop san pham
day 0,4 mm.

- Cac két qua vé& chup phan bd nhiét 6 cua bé mat khudn cho thay kha
ning gia nhiét cuc b cua phuong phap Ex-GMTC kha tét.

- Két qua thir kéo san pham nhya thanh mong cho thay anh hudng tich cuc
cua nhiét do khudn va chiéu day ludi dén kha ning chiu luc kéo cua san
pham. Dic biét, két qua thuc nghiém ciing cho thiy véi chiéu day nho hon,
ti 1é phan trim ting ctia d6 bén s& Ion hon.
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Chapter 1. OVERVIEW

1.1 Overview of plastic injection technology and mold temperature
control

In the production of plastic products, the resins are first dried to
remove the moisture, then the it is fed into the feed hopper on the injection
molding machine. From here, the plastic is transported by the screw to the
heater for heating, causing the resin to turn from the solid state to a liquid
state. When the plastic has melted completely, it will be injected by the
screw through the runner system to fill the mold cavity. After the mold
cavity is completely filled, the plastic product is cooled so that the plastic
from the liquid form returns to its original solid form and is removed from
the mold, ending a plastic product manufacturing cycle.

- Mold material

- Mold processing materials

- Processing method / technology
- Mold design process

Depends heavily on:
- Metallurgical technology
- CAD / CAM-CNC technology

A
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Figure 1.1: Main researches in the field of injection mold technology

1



In the field of injection mold, studies in recent years mainly focus
on four main directions as shown in Figure 1.1.

In addition to the ability to improve the mechanical properties of
plastic products, optimizing the mold temperature control is one of the most
effective ways to improve the surface quality of plastic products. Therefore,
the important goal of injection mold temperature control is: heat the mold
surface to the required temperature, while ensuring that the injection cycle
time is not too long.

1.2 Overseas research situation

In these studies, the induction heating method is combined with the
cooling fluid to control the mold temperature. Heater by induction has
outstanding advantages compared to other methods such as:

-High heating rate.

-The heating time can be as long as 20 s.

-The injection molding can be applied as an attached module, which
means there is no need to change the existing mold structure.

In addition, in order to meet the heating requirements for complex
surfaces, the method of gas heating has been studied and evaluated for
effectiveness. The heating process for injection molding via hot air is
underway as shown in figure 1.2. At the end of the injection molding cycle,
the two mold plates open and the product is taken out (Figure 1.2 - Step 1).
Then the movable plate will be moved to the heated position (Figure 1.2 -
Step 2). At this step, hot air is injected into the mold cavity. Through the
convection heat transfer process between the hot air and the mold surface,
the heat energy of the hot air will increase the mold surface temperature to
the required value. Finally, the hot air will stop spraying, and the two mold
plates will close completely (figure 1.2 - Step 3). Next, the molten plastic is
injected into the mold cavity.

With this method, the mold surface temperature can be increased
from 60 ° C to 120 ° C in 2 s. However, this heating will reach saturation
when the heating time is longer than 4 s. The advantage of the “gas
heating” method is the very high heating speed, and the product cycle time
will be shortened. However, the design of the injection mold needs to be
redesigned in order to integrate the heating system.




Gas inlet Gas inlet Gas inlet
channel channel channel

v

Step 2 (Heating Position) Step 3 (Molding Position)
Hot gas flow passes and heats the Close Mold to Molding Position
mold surface and Injection

Step 1 (Mold Open Position)
Close mold to heating position

(*) X: Air gap
Figure 1.2: Hot air heating process for plastic injection molding.

1.3 Researches in our country

Mold temperature control is only understood and implemented in the
direction of cooling the mold or limiting the pressure drop of the plastic
flow in the process of flowing into the mold, with the most important goal
is to cool the mold in the shortest time. On the contrary, the problem of
keeping the mold surface at high temperature during injection molding in
order to improve product quality, especially products for the electronics
industry and products requiring high precision, has begun to be noticed
through the research topic of Assoc. Prof. Dang Van Nghin. Therefore, in
general, the situation of manufacturing plastic products in Vietnam is
stopping at the group of simple products with average quality, and mainly
focusing on the consumer goods sector. In addition, the possibility of
limiting defects for plastic products according to the mold temperature
control method has not been considered and applied.
1.4 Scientific problem still exists

The hot air heating method has the following limitations:

- Mold structure needs to be redesigned.

- With the actual mold structure, the heating result for the mold

surface is not good.

Therefore, in order to increase the applicability of the hot air
heating method for plastic injection molds, the research topic "Study on the
influence of external gas assisted injection molding on the tensile strength
of thin wall product " done in this thesis.

1.5 The urgency of the subject

Researching technology and manufacturing plastic injection
equipment for the production process of engineering plastic products
requiring high accuracy is a potential direction in the mold field in
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particular and the industrial general accuracy. This technology will
contribute to improving the product quality, expanding the technological
capabilities of the plastic injection method, as well as creating a premise for
more development of technical plastic products in Ho Chi Minh City.
1.6 Scientific significance
With the results of the thesis, the heating method for the mold surface
will have a new and more efficient method of:
- Heating zone control.
- Improve mold heating speed.
- Minimize the change of mold structure.
- Increase the strength of weldline on thin-walled plastic products.
1.7 Practical value
Improving the quality of plastic products, as well as finding new
technologies to improve the quality and output of plastic products are one
of the urgent requirements for the plastic industry in Vietnam. Therefore,
the topic "Study on the influence of external gas assisted injection molding
on the tensile strength of thin wall product” is proposed to contribute to
improving the quality of technical plastic products, especially for products
are manufactured by injection molding technology.
1.8 Research Purposes
Through the heating method for injection molding with hot air
from outside, the topic will focus on researching the following objectives:
e Clarify the influence of key parameters on the gas heating process
of the mold.
¢ Find and evaluate simulation methods for mold heating process.
o Evaluate the result of heating the mold cavity by hot air.
e Applying heating method for mold cavity by hot air in enhancing
the durability of thin-walled plastic products.
1.9 Research subjects
The thesis studies the feasible hot air heating model for injection
molds with hot air injected from outside the mold. From there, study the
effect of heating by this method on thin-walled thermoplastics products
according to ASTM D638.
1.10 Research tasks and topic limitations
- The thesis only focuses on research method of heating by hot gas
with gas source supplied from outside the mold.
- The heating process, temperature and temperature field were
investigated through experiment and simulation using ANSY'S software.




- The process of plastic injection into the mold cavity is studied
through experiment and simulation by Moldex3D software.

- The hot air temperature varies between 200 ° C and 400 ° C.

- Applied research for thin-walled plastic products with a thickness of
from 0.4 mm to 0.8 mm.

- The plastic materials studied are PA6 and PA6 + 30% GF.

- Within the time limit and budget of the thesis, the author only
focuses on the tensile strength of plastic products.

- Laboratory equipment is provided by the mold laboratory of the
HCMC University of Technology and Education.

1.11 Research methodology

- Simulation of heating and plastic filling of mold cavity.

- Experimenting the heating process and creating product samples
corresponding to injection molding processes to investigate the effect of the
heating step of the mold cavity on the tensile strength of thin-walled plastic
products.

Research methods are implemented on the basis of existing equipment
at HCMC University of Technology and Education such as: injection
molding machine, thermometric equipment (infrared camera, temperature
sensor, ... ) and common injection molds in Vietnam.

1.12 Thesis structure

Chapter 1: Overview - Presenting issues related to research directions
on injection mold technology, outstanding issues and giving research
directions.

Chapter 2: Co so Iy thuyét - Focus on clarifying issues related to the
heating process for plastic injection molds with hot air sprayed from the
outside.

Chapter 3: M6 ta mé phong va thuc nghiém - The hot air heating
process outside the mold, the plastic filling process of the mold cavity and
the equipment used for the experiment are described in detail.

Chapter 4. Effect of heating parameters on the temperature distribution
of the cavity surface - This chapter will show the effect of the heating
parameters (including the insert thickness and the gap (distance) between
the hot air nozzle and the mold cavity surface) to heating result by hot air.

Chapter 5: The effect of hot air heating method on the strength of thin-
walled plastic products - The effect of heating method on the tensile
strength of thin-walled plastic products will be studied by simulation and
experiment.

Chapter 6: Conclusion.




Chapter 2. THEORETICAL BASIS

The design of experiments, as well as analysis of the results of the
topic will be conducted on the basis of the following theories:

- Plastic injection process.

- Simulate the flow of plastic in a mold.

- Plastic flow in sheet / box part.

- Convection heat transfer.

- Plastic Fountain Flow.

- The effect of the "Frozen layer" on the plastic mold filling process.

- Tensile strength according to ASTM D638.
2.1 Plastic injection process

The basic steps of the injection molding process are shown in
Figure 2.1. The granular raw material is fed into the hopper and dropped
into the cylinder. In the cylinder, with the reciprocating and translating
motion of the screw, combined with the heating resistors outside the
cylinder, the plastic material from the granular is heated to a plastic state
and melted into a liquid in temperatures from 150 ° C to 320 ° C. Through
the translating screw motion, molten plastic in the cylinder is pressed into
the cavity through the nozzle. At the injection position, the plastic is
completely liquid. After the whole cavity is filled, packing step will
proceed. In this process, plastic will continue to be pressed into the mold
cavity to compensate for the volume loss due to material shrinkage. The
forming process is finished when the plastic material at the gate is
completely frozen. Then, the temperature of the product will continue to
decrease through the cooling step. When the whole product reaches the
rejection temperature, the mold will open and the product will be removed.

oy

Plastic materials ' o

Injection Molding machine Plastic
Product
Melt Filiing Packing  Cooling ~ Mold opening

Figure 2.1: Plastic injection process
2.2 Simulate plastic flow in a mold
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Viscosity is the relationship between the flow resistance to the flow
of a fluid. The viscosity of fluids such as water, oil, etc. is usually a
constant value at a certain temperature. These fluids mostly follow
Newton's theory of fluids. However, the viscosity of thermoplastics is
very complex and non-Newtonian [109]. Unlike other conventional
plastics, the viscosity of thermoplastics depends on their chemical
structure, temperature (T) and pressure (P) as shown in Figure 2.2.
According to a given chemical structure and formula, the viscosity of
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thermoplastics depends mainly on temperature, shear rate and pressure.
To understand the viscosity nature of thermoplastics, it is necessary to
define shear stress and shear rate as shown in Figure 2.3.

«— Amorphous plastic

/

Specific volume

\
Semi-crystalline plastic

L
ra

Temperarure

Figure 2.4: The dependence of the specific volume on pressure
and temperature corresponds to amorphous and semi-crystalline plastic.

2.3 The effect of the ""Frozen layer" on the plastic mold filling process

During the plastic filling process of the mold cavity, due to the
effect of heat transfer between the hot plastic and the mold cavity, the
surface layer of the plastic flow will lose heat, reducing the temperature.
Therefore, at the contact surface between the plastic and the mold cavity
will form a Frozen layer. It is this rapid solidification that flows out of the
resin will have the same characteristics as conventional flow. In the plastic
injection field, the plastic flow in the mold cavity complies with the
properties of the Fountain Flow with features such as: The plastic part at
the center of the flow will flow faster than the plastic part near the mold
cavity. In which, at the position in contact with the mold cavity, plastic is
considered not flowing. The plastic at the beginning of the flow is pressed
forward and rolled towards the cavity (figure 2.5).

The result of this wall is: during the filling of the mold cavity, the
plastic that is pressed into the mold cavity will first be rolled to the cavity
first, this phenomenon occurs continuously until the plastic is completely
filled mold heart.




MaldWall  Frozen Laver
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Figure 2.5: The flow of plastic in the mold.
2.4 Tensile test
2.4.1 Tensile Standard ASTM D638

Lo

TYPES I, II, NI & V
RO We W \;f;) [I
) et
L
D
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TYPE IV

Figure 2.6: Tensile test pieces comply with ASTM D638
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ASTM D638 as shown in Figure 2.6 is a popular standard for
determining the mechanical properties of thermoplastic materials under the
effect of pulling force. A test according to this International Standard is
carried out by applying a tensile force to a test piece and by determining the
different properties of the test piece under tensile stress.

There are many different test methods for test pieces made from
thermoplastic materials. In which, ASTM D638 standard is preferred for
thin wall test pieces.

Bang 2.1: Thang s kich thuéc mau thir [108]

Specimen Dimension for Thickness, T, (unit mm)

7 or under Over 7to 14 4 or under
Type | Type Type 1l Type Type | Tolerances
I Il v vV
W 13 6 19 6 3.18 +0.5
(WC)

L 57 57 57 33 9.53 +0.5
WO 19 19 29 19 +6.4
LO 165 183 246 115 63.5 No upper

limitation

G 50 50 50 7.62 +0.25

D 115 135 115 65 25.4 +5

R 76 76 76 14 12.7 +]1
RO 25 +1

2.4.2 Formula for calculating tensile strength
The tensile strength is the maximum tensile property of the test
piece and is determined by the following formula:

F

— _max.
A
With & : tensile strength (MPa)
Fmax : max force (N)
A : section area (mm?)
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Chapter 3. SIMULATION AND EXPERIMENTAL DESCRIPTION
In this chapter, the process of heating the mold with hot air outside
the mold, the plastic filling process of the mold and the equipment used for
experiment are described in detail. Currently, the injection molding process
with the help of hot air heating is one of the new processes, so the mold
simulation software such as Moldex3D or Moldflow have not perfected
these modules. Therefore, to complete the set objectives, the thesis will use
ANSYS software to analyze the hot air heating process for the mold, then,
to clarify the plastic filling process of the mold, Moldex3D software will
used for plastic flow analysis, as well as plastic pressure during filling.
3.1. Model of simulation and experimence

1 | — I T 1

Jﬁ@,

Figure 3.1: Model dimension
3.2. Mold heating by hot air

The basic steps of injection molding process with hot air heating
support outside the mold are shown in Figure 3.2.

_______ Ex-GMTC Gas valve__
CONTROLLER [ control signal |
|

~|
=
S|
=]
9|
o

Close signal

— — — — — — — —

GENERATOR

Core plate

PULSED COOLING
SYSTEM

e 060
Cavity plate

Figure 3.2: EX-GMTC system
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In this study, hot air will be used as heat source to raise the
temperature at the mold surface. Figure 3.3 shows the heating steps for the
mold with hot air injection from outside.

»11 0

Step 1: Mold opens Step 2: Blow hot air into the
mold Step 3: Mold closes

Figure 3.3: Mold and gas heating block in the heating step

Figure 3.4 shows the relative positions of the gas heating system
and the mold when mounted on the injection molding machine. In this
thesis, the gas heating block has dimensions of 240 mm x 100 mm x 40
mm (Figure 3.4). In this device, the air channels 5 mm wide and 10 mm
deep are machined to provide a heated medium for the gas. The heating
zone on the mold is designed with insert details of 200 mm x 50 mm. To
assess the heating ability of Ex-GMTC method, 5 heat sensors are installed
at the mold surface to collect temperature changes during heating. In
previous studies in the field of mold surface heating, mold design with the
insert plate part is often used to increase the efficiency of the heating
process. These studies show that the thickness of the insert plate is one of
the important parameters, having a great influence on the heating result for
the mold. The relative position of the mold, insert plate and the sensors are
shown in figure 3.6. During experiments and simulations on the influence
of heating parameters, the position of the parts is kept as shown in figure
3.7
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Figure 3.5: Sensor position, insert plate in the mold
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G: the gap between gas gate and heating surface

h: stamp thickness

30.0

Hot Gas
gate

—

Heating surface

Cooling
channel

g - S Unit: mm
Figure 3.6: Heating position of nozzle
Similar to previous studies, the simulation model in this thesis
includes only two main parts: insert plate volume and air volume. The
simulation model was meshed as shown in Figure 3.8. The boundary
conditions are shown in figure 3.9, and simulation parameters.
Table 3.1: Material properties simulate the surface heating of the mold

Material Name Unit Value
Molecular mass kg/kmol 28.96
Density kg/m?® 1.185
Air Specific heat J/kgK 1004.4
Dynamic viscosity kg/ms 1.831e-5
Coefficient of thermal W/mK 0.0261
conductivity
Steel Molecular mass kg/kmol 55.85
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Density kg/m?® 7854
Specific heat Jkg K 434
Coefficient of thermal W/mK 60.5
conductivity

Air outlet

- Enviroment pressure: 1 atm
- Air temperature: 30°C

S TS

‘;.I. .\i

Hot air inlet

- Alir pressure: 7 MPa

- Air temperature: 300°C

- Air flow direction: Normal
to inlet surface

Stamp volume Air volume
Initial conditions:

Initial temperature: 30°C
- Air velocity: 0 m/s

- Alir pressure: 1 atm
- Air temperature: 30°C

Figure 3.7: Initial conditions of the simulation process

3.3 The plastic process fills the mold cavity
In order to help the operator to select the appropriate set of

parameters, this thesis will research and propose a simulation process of the
injection molding process using the heating step for the mold cavity.
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Figure 3.8: Flowchart for the simulation process
3.4 Experimental process

Experimental process in two phases:

v’ Stage 1: Experiment on heating the mold bed to evaluate heating
ability by hot air sprayed from outside

v/ Stage 2: Experimental steps:

o Step 1: Experiment on heating the core of the test specimen ASTM
D638 to capture the temperature field distribution of the mold cavity with a
thermal camera to evaluate the temperature distribution and obtained
temperature values.

o Step 2: Select the temperature values of the mold, proceed to
injection test ASTM D638 product on injection molding machine SW-
120B to create test samples.

o Step 3: Carry out the injection molding test to the tensile test to
assess the effect of the hot air heating method from outside the mold on the
durability of thin-walled plastic products.

The experimental process was conducted at the mold laboratory of
the Faculty of Mechanical Engineering - HCMC University of Technology
Education - with materials PA6 and PA6 + 30% GF and equipments:

- Injection molding machine - Shinewell 120B (SW-120B)
- Hot air system

- Experimental mold set

- Camera to measure temperature

- Sensor for measuring contact temperature

- Tensile testing machine
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Chapter 4. EFFECTS OF THERMAL PARAMETER ON
TEMPERATURE DISTRIBUTION OF MOLD SURFACE
Through the research process, this chapter will show the influence
of heating parameters (including insert plate thickness and gap (distance)
between hot air nozzle and cavity surface) on heating result by hot air.
During the research, different hot gas temperature values will also be used.
In addition, the heating result will also be evaluated through data on heating
speed and temperature distribution of the die surface.
4.1 Effect of insert thickness on the heating process
With these experimental parameters, the sensor will collect the
temperature value of the mold surface with a heating time of 20 s
corresponding to the different thickness of the insert. These results are
shown in Figure 4.1 and Figure 4.2. This experiment was repeated with 4
different thicknesses of the insert. The temperature results from the S3
sensor show that the heating rates are 8.3°C/s,8.0°C /s, 7.1°C/sand 6.4
°C / s corresponding to the 0.5 mm, 1.0 mm, 1.5 mm, and 2.0 mm. This
result shows that the larger the thickness of the inserts, the heating rate will
decrease because more heat is needed to raise the temperature of the
heating plate volume.

220
] R e
180 - e
—~ T . «® 1 R
2 160 . P s s A AT
~ 7 [} - A A v v
% | & s : Ak . e Y
§ 140 " e o 4 -V vVYvY
o 1 m/@ A vv?y
E 120— £ A v
o ] A v
F 100 &y " _
15 = Insert thickness 0,5 mm
80 | e Insert thickness 1,0 mm
o 1 ’f 4 Insert thickness 1,5 mm
1} v Insert thickness 2,0 mm
40
! T L A T A

0 2 4 6 8 10 12 14 16 18 20
Heating time (s)
Figure 4.1: Temperature at sensor S3 with the thickness of the insert.
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Figure 4.2: Temperature distribution at the surface of the insert plate with
an initial temperature of 30 °C, gas temperature of 300 °C at a pressure of 7
bar, heating time is 20 s.

To evaluate the accuracy of the simulation results, the experimental
process was conducted with the same parameters and boundary conditions
as the simulation process. These experiments were conducted 10 times for
each case of the insert plate thickness, and the average value of the
temperature at the sensors was collected, calculated and compared with the
simulation results as shown in Figure 4.3 and Figure 4.4. . In general, the
deviation between simulation and experimental results is below 10 ° C.
This deviation may be due to the fact that during the experiment, the
temperature value measured at the sensors has latency compared to the
simulation case, especially in the case of heating the mold cavity surface,
the heat will spread. transfer very quickly to areas with lower temperatures.
However, in general the simulation results and experimental results show
that they are quite consistent.
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Figure 4.3: Compare simulation and experimental results with temperature
values at X - X line, 0.5 mm and 1 mm thick.
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Figure 4.4: Compare simulation and experimental results with temperature
values at X - X line, 1.5 mm and 2 mm thick..

4.2 Effect of the gap between the hot air nozzle and the mold surface
on the heating process

Figure 4.5 shows the temperature distribution of the insert for
different gaps. This result shows that the smaller the gap, the more
temperature will gather in the center of the insert, resulting in higher
temperature in the center and higher temperature difference on the insert
surface. The comparison results between simulation and experiment are
presented as figure 4.6.
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192.5
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117.5
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°c

Figure 4.5: Temperature distribution of insert with clearance varies from 4
mm to 10 mm, heating time is 20 s and insert plate thickness of 0.5 mm.
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Figure 4.6: Results of comparing the temperature at X - X line between
simulation and experiment with different gaps.
4.3 Conclusions

- The thickness of the insert has a great influence on the heating rate,
as well as the temperature distribution on the surface of the mold.
Experimental and simulated values show that a high heating rate will be
achieved with thin inserts, meanwhile, thick inserts will give a more
uniform temperature distribution.

- The gap between the hot air nozzle and the mold surface also has an
influence on the speed and temperature distribution. With small gap, the
heating rate will be high, but the temperature difference will be larger.
Conversely, with large openings, the temperature will be more evenly
distributed.

- The simulation process also shows that the heating method by hot air
injection from outside can be analyzed first, in order to choose the optimal
parameters depending on the product shape and injection mold structure.

- Compared with the mold temperature control methods in recent
years, the research results of this chapter show that the hot air heating
method from outside the mold has overcome the shortcomings of some
existing methods.
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Chapter 5. EFFECTS OF HOT AIR HEATING METHOD ON
STRENGTH OF THIN-WALL PLASTIC PRODUCTS
In this chapter, the effect of the heating method on the tensile strength
of thin-walled plastic products will be studied by simulation and
experimentation through the following main contents:

- The heating process for the mold cavity will be simulated and tested
for the injection molding of thin-walled product molds. In this thesis, the
mold insert material used is aluminum (Al) to help the heat absorption and
heat transfer process better than other common materials in the mold
industry.

- The thin-wall plastic injection molding process is simulated to
investigate the effect of the mold temperature on the product's forming
pressure.

- Currently, PA6 and PA6 + 30% GF plastic materials are one of the
popular materials in the mold field, so the tensile test of products from
these materials is conducted and Results are compared to observe the
ability to improve the durability of thin-walled products when the cavity is
heated.

5.1 Simulation of the heating process for the mold cavity.

The heating process for the hot air insert plate was conducted
through simulation by ANSYS CFX software with the model shown in
figure 5.1.

0.00 50.00 100.00 (mm)

25.00 75.00

Figure 5.1: Modeling simulation process for hot air insert plate

Simulation and grid model are shown in Figure 5.2. With this
model, the simulation is conducted similar to the model in Chapter 4 with
simulation parameters as shown in Table 5.1. However, boundary
conditions are set as shown in Figure 5.2. In the tensile injection model
injection model, because the heating zone for the mold is small, therefore
only the heating efficiency for the mold is assessed by the highest
temperature value in the center of the insert. Figure 5.4 shows the thermal
response of the model at different heating gas flow temperatures (varying
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from 200 °C to 400 °C) over the same heating period of 20 s. These results
show that high temperatures are concentrated at the surface of the insert, at
the site of creating a mesh texture for plastic products.

Hot air inlet

Hot air volume

—>Hotair inlet
—>Hot air outlet

A A
igure 5.2: Meshed model

— —

Insertpart  Inflation mesh

WSS

J. Te=350°C — A

Tini= 400 °C o om onm g
Figure 5.3: Temperature distribution at insert with heating time of 20s

Simulated values of temperature change at the insert surface were
collected and compared as shown in Figure 5.4. The simulation results
show that corresponding to the temperature values of the hot air, the
temperature of the mold cavity surface will increase very rapidly in the first
5 s of the heating process. Then, over the next 10 s, the temperature at the
mold surface will slowly rise. When the temperature of the hot air changes
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from 200 °C to 400 °C, after 20 s, the temperature of the mold surface will
remain stable.
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Figure 5.4: Temperature at center of insert with heating time of 20 s

5.2 Simulate the process of plastic filling the mold cavity with injection
molding process using hot air heating

In plastic injection processes, the pressure at the holding (or
packing pressure) has a great influence on the process of shaping the
product, the material properties of the product after injection. Therefore, in
the simulation process with the pressing parameters unchanged, the thesis
will investigate the pressure distribution of the test sample at the cyclone
cycle at 5 different mold temperatures from 60 °C to 180 °C for 2 resins
PAG6 and PA6 + 30% GF.
5.2.1 PAG plastic
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Figure 5.5: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.4 mm mesh thickness products
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Figure 5.6: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.6 mm mesh thickness products

—a—180°C
"1 —e— 150 °C
10 '\\\. 120°C
o] Mo g m —v—90°C
ol . 60 °C

Pressure (MPa)
.
/
.

Packing time (s)
Figure 5.7: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.8 mm mesh thickness products
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5.2.2 PA6+30%GF plastic
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Figure 5.8: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.4 mm mesh thickness products
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Figure 5.9: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.6 mm mesh thickness products
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Figure 5.10: Diagram comparing the pressure distribution at the mold
cavity with different mold temperatures of 0.8 mm mesh thickness products
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5.2.3 Results and discussions

With the same injection conditions, when the temperature value of
the insert changes from 60 °C to 180 °C, the change of the forming pressure
over time is investigated through simulation methods using Moldex3D
software. in 0.1 s to 1 s intervals corresponding to different product
thickness cases (varying from 0.4 mm to 0.8 mm). The simulation results
are compared with each other and the following conclusions are drawn:

- With the value of packing pressure presented as in Figure 5.5 to
figure 5.10, it can be seen the decrease of holding pressure over time from
0.1 s to 1 s. In general, these results show that the higher the mold
temperature, the longer the forming pressure will be, allowing more plastic
to be pressed into the cavity. This can be explained by the solidification
phenomenon of plastic when it comes into contact with the mold cavity.
When the mold temperature is high, solidification tends to take place more
slowly, so the resin will stay in a liquid state longer, and as a result the
pressure applied at the weldline position is kept high in the range of longer
time than in the case of low mold temperature.

- In addition, when the product thickness is smaller, the packing
pressure drops faster. This is because the plastic flow thickness is thin, the
heat transferred out will be faster, and the solidification process will be
faster than in the case of products with larger thickness. However, when
applying a heating step to the cavity, the forming pressure can still be kept
high, especially in the case of a 0.4 mm thick product as shown in Figure
5.5 and Figure 5.8.

- The results of this simulation also show that the method of heating
the surface of the mold cavity with hot air has the ability to impact quite
well on the change of holding pressure. This is one of the important bases
for improving the durability of injection molding products.
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5.3 Experiment on the effect of hot air heating method on product
durability
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Figure 5.11: Mold for the experimental process

In this section, to test the simulation results, as well as the results of
the product's strength, the mold with the product is the tensile test bar used
for the experiment process. Figure 5.11 shows a cavity plate with structure
for inserting the insert into the mold cavity.
The experimental process will use the following equipment:
- Hot air system
- Gas source
- Thermal measuring equipment: Thermal couple and infrared camera
5.3.1 Investigate the temperature field of the mold surface during the
heating process for the insert

Through the infrared camera, the temperature distribution at the
mold surface is also collected and presented as shown in Figure 5.12 to
Figure 5.16. These results show that the local heating ability of EX-GMTC
method is quite good. Specifically, the temperature is concentrated only at
the location where the weldline appears, in addition, the temperature is kept
low at other locations. This is one of the advantages of hot air heating in
particular and surface heating in general. Because of this feature, after
heating and the plastic is filled in the mold cavity, the cooling step for the
mold cavity will be carried out easily with a very small high temperature
zone compared to the entire mold plate volume. In addition, in terms of
energy saving, the temperature distribution at the mold surface also shows
that nearly all of the heat energy of the heating process is concentrated in
the area to be heated, which indicates the efficiency of Ex-GMTC heating
method is great.
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Figure 5.12: The mold surface temperature when heated with the gas

source 200 °C
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Figure 5.13: The mold surface temperature when heated with the gas
source 250 °C
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Figure 5.14: The mold surface temperature when heated with the gas

source 300 °C
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Figure 5.15: The mold surface temperature when heated with the gas
source 350 °C
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Figure 5.16: The mold surface temperature when heated with the gas
source 400 °C

5.3.2 Test product durability with injection molding processes with
different mold temperatures

Tensile test results are synthesized and compared through 2 charts as
shown in Figure 5.17 and Figure 5.18. This result shows a clear influence
of the insert temperature and mesh thickness on the tensile strength of the
product.

+ For products made of PAG6 plastic:

- In the same cavity temperature (Figure 5.17): when the mesh thickness
increases, the product's tensile capacity increases. At a temperature of 60
°C, with a mesh thickness of 0.4 mm, the corresponding tensile force is 7
kgf, when the mesh thickness is increased to 0.6 mm, the tensile force
increases to 7.5 kgf, an increase of 6.83%. However, the degree of tensile
strength increase is more and more pronounced, especially in the area
where the insert temperature is higher than 120 °C.

- In general, when the insert temperature increases from 30 °C to 150 °C,
the tensile strength of the product improves markedly with all types of
product thickness. However, the experimental results also show that the
smaller the thickness, the higher percentage increase of strength will be.

+ For products made of PA6 + 30% GF: due to the addition of glass
fiber in the resin composition, these products have a higher tensile strength
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than products made of PA6. Considering the same mold temperature of 30
°C and mesh thickness of 0.4 mm, the tensile strength of product made of
PAG6 is 1.75 MPa while product sample PA6 + 30% GF is 2.51 MPa. The
phenomenon of durability of the product increased when injection molding
with higher insert temperature also appeared with this composite material.
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Figure 5.17: Tensile strength of thin wall products made of PA6
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Figure 5.18: Tensile strength of thin wall products made of PA6 + 30% GF
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s To find regression equation on the relationship between tensile
strength and mold temperature and product thickness by Minitab
software of PAG resin as follows:

ot=2,209 + 0,006T — 1,47h (5.1)
With ot Tensile strength (MPa)

T: Mold temperature (°C)

h: Thickness (mm)

This regression equation was tested accuracy on Minitab software
with the reliability of R-sq (ajd) = 92.95%. Therefore, this equation can be
used to predict cases of PA6 plastic products with different temperatures
and thickness.

s To find regression equation on the relationship between tensile
strength and mold temperature and product thickness by Minitab
software of PA6 + 30% GF resin as follows:

ot = 3,317 + 0,006 T — 2,335h (5.2)

This regression equation tests the accuracy on Minitab software
with the reliability of R-sq (ajd) = 93.28%. Therefore, this equation can be
used to predict the case of PA6 + 30% GF plastic products with different
temperatures and thickness.

5.4 Conclusion

- The results of simulating the heating process for the insert shows that high
temperatures are concentrated at the surface of the insert, at the position of
creating a mesh grid for plastic products.

- The results of the temperature change at the surface of the insert show that
corresponding to the temperature values of the hot air stream, the surface
temperature of the mold cavity will increase very rapidly in the first 5 s of
the heating process. Then, over the next 10 s, the temperature at the mold
surface will slow down.

- The molding plastic filling process was investigated through Moldex3D
software. Simulation results show the reduction of forming pressure over
time from0.1sto 1s.

- Cases of using the hot air heating step show that the forming pressure can
still be kept high, especially in the case of 0.4 mm thick products.

- The results of the temperature distribution of the mold surface show that
the local heating ability of the Ex-GMTC method is quite good.

- The results of pulling plastic products into thin wall were synthesized and
compared with 2 types of plastic, PA6 and PA6 + 30%GF. This result
shows a clear influence of the insert plate temperature and mesh thickness
on the product's tensile capacity.
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Chapter 6. CONCLUSION
- Through simulation and experimentation, the results showed:

¢ The thickness of the insert has a great influence on the heating rate,
as well as the temperature distribution on the surface of the mold cavity.

e The gap between the hot air nozzle and the mold surface also has
an influence on the speed and temperature distribution.

e The simulation also shows that the hot air injection method from
outside can be analyzed first, in order to choose the optimal parameters
depending on the product shape and injection mold structure.

- With the thin-walled products, the results in the thesis show that high
temperatures are concentrated only at the surface of the insert, at the
position of creating a mesh grid for plastic products. This is also one of the
outstanding advantages of the hot air heating method.

- The heating process shows that the temperature of the surface of the mold
will increase very quickly in the first 5 s of the heating process. Then, over
the next 10 s, the temperature at the mold surface will slow down, and after
20 s, the temperature of the mold surface will remain stable.

- The case of using hot air heating step shows that the forming pressure can
still be kept high, especially in the case of 0.4 mm thick products.

- The results of the temperature distribution of the mold surface show that
the local heating ability of the Ex-GMTC method is quite good.

- The results of tensile test on thin-walled plastic products show positive
effects of mold temperature and mesh thickness on the product's tensile
capacity. In particular, the experimental results also show that the smaller
the thickness, the higher percentage increase of the strength will be.
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